SQL - TC: A Topic - Centric Query Language for Web - Based Information Resources �

ø�6�$OWÕQJ|YGH + ,S.A.Öz el + ,Ö. Ulu so y +

�*�g]VR\R÷OX #

�=�0�g]VR\R÷OX #

Bilkent Universityand Case Western Reserve University

(ismaila, selma,oulusoy)@cs.b ilkent.edu.tr, ( tekin,meral)@eecs.cwru.edu

Abstract

This rep ort deals with the p roblem ofmodeling web information resources using exp ert knowledge and

personalized user information, and querying them in terms oftop ics and top ic relationships. We p ropose a ^web

in formation space~ metadata model for web information resources, and a querylanguage SQL - TC (Topic - Centric

SQ L) to querythe model. The web information sp ace model is composed ofweb - based information resources (XML

or HTMLdocuments on the web), exp ertadv ice rep ositories (domain - expert - specified metadata for information

resources as XTM documents), and p ersonalized information about users (captured as user profiles, that indicate

users´ preferences as to which expert advice theywould like to follow, and w hich to ignore, etc., as XML

documents).

Expert advice is specified using topics and relationship s among top ics (called metalinks), along the lines ofthe

recentlyproposed topic map s. Exp erts attach imp ortance values and domains to topics and metalinks t hat they

specify.And, users declareto accept, reject or ^don - t - care~about thechoices that experts make.

The querylanguage SQL - TC makes use ofthe metadata information provided in exp ert advice repositories and

embedded in information resources, and em ploys user preferences to further refine the q ueryoutput. Queryoutp ut

ob jects/tuples are ranked with respect to the (expert - judged and user - preference - revised) importance values of

req uested top ics/metalinks, and the queryoutp ut is limited byeither top n - ranked objects/tup les, or objects/tup les

with imp ortance values ab ove a given threshold, or both.Therefore, the q ueryoutput ofSQL - TC is expected to

producehighlyrelevantand semanticallyrelated resp onses to user queries within short amounts oftime .

1 Introduction

Due to the en ormous gro wth ofth e world wide we b in the last de cade, to daythe we b hosts very

large information rep ositorie s con tain in g huge volume s ofd ata ofalmo st e verykind o fmed ia.

Howe ver,d ue to th e lack ofa ce ntralize d autho rity governing th e web and a stric t sche ma

ch aracterizingthe da ta onthewe b ˘ which o bviou slypromotesthisinc red ib le gro wth ˘ find in gre le van t

information o n th e web is a majorstruggle.R ese arche rs in manyfie lds ofc omputer sc ie nce inc lu ding

databases,inf ormation re trieval, data mining an d AIinve stigate th e problem oflo cating on lythe

relevant informatio n and loc atin g it fast.

XML [1 0], one o fthe rece nt d eve lo pmen ts for web an d ad opted as a stan dard byW3C, provide sa

simple syntax forself - de sc ribing web d ata, and will like lyb ec ome a data e xc han ge mod el o n the web

[1]. Mean while ,the topic map s mode l [8],an other rec en tlyad opted standard ,allows we b

ad min istrators to define ad ditional seman tics for web do cume nts in terms ofto pics, to pic assoc iation s ,

etc.,and, th us,provide s a ne wwayofn avigating information re so urc es.Basically,a top ic map is a

se man tic data mo del describ in g the con te nts ofwe b doc umen ts in terms oftop ic s and top ic

asso ciatio ns, and the re fo re c onstitutes a ^metadata~ mode l. Thu s, to pic maps allo wwe b use rs to

be nefit from seman tic data mo deling th at maybe e mploye d in varie tyo fways,o ne ofwhich is to

impro ve the pe rforman ce ofsearc h en gines [29 ].As one wo uld anticipate, effo rts are un derwayto

co mbine XML and top ic maps, an d the resu lt is the XML topic map (XTM)effo rt th at inten ds to

express a syntactic and func tion al sub set ofthe top ic map stand ard in XML [29].

� Ash orter version of th ispaper appears in th eProceedingsofDE XA20 01 .For correspon dence,please contactth efirstauthor.T his

research is su pported bya joint gra nt f

URP�7h%ø7$.�JUDQW�QR�8�RI�7XUNH\�DQG�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�JUDQW�

INT - 99 12 22 9) of th eUSA.

+ Affiliation :D epartmen tofC omputerEn gin eerin g, Bilkent University,An kara, Tu rkey

# Affiliation :D epartmen tofE lectricalE ng.and Com pu terSc ien ce,C aseWestern ReserveU niversity, Clevelan d, Ohio4 41 06

To illustrate the advantage s ofu sing metad ata foran improved se arching/q uerying p aradigm,

co nside rthe movi e database at www.movie - bank.co m .Assu me th at we wo uld like to locate mo vies

liste d at this site an d are re late d to the n ove l^Carrie~ and written bythe n ove list Steph en King,and are

rated at le ast ^verygoo d~ ( i.e ., with an impo rtan ce valu e abo ve 0.7 in a sc ale of0 to1 )bythe movie

critic (e xp ert)Joe Siegel.Presen tly, suc h a task c an be p erfo rme d bybrowsing the mo vie pageso rbya

ke yword - base d searc h on a we b searc h engin e fo llowe d up bya loo kup o f(some of)the resulting hits,

which maybe ineffective as well as time - ineffic ie nt. Assume that we have an e xpe rt th at p ro vides a

data mo del fo rth is web site,wh ere ^n ove l~ ,^Carrie~, and ^Steph en - King~ are top ic s, Re late dTo an d

Writte nBy are relatio nsh ip s amon g topics (called asso ciation s in the top ic map stand ard,and, in this

repo rt,referre d to as topic metalinks ),an d fo reach topic, th ere are,p erhap s X - Po inte r - like pointers

po in ting to web do cume nts co ntainin g ^o ccu rrenc es~ ofthat topic, called topic so u rc es. The n,we

co uld fo rmulate and evaluate the qu ery"fin d movies Re late dTo no vel Carrie, Writte nBy Steph en King,

an d rate d abo ve 0.7 byJoe Sie gel"against the data mo del ofthe informatio n sou rc e,and satisfythe

user´s req uest in an e ffic ie nt manne r(a ssuming that th e que ryo ptimization takes plac e).One c an thus

view the data mo del as a ^kno wle dge ( - base d) - inde x~ to th e web information resource .Th en su ch a

kn owledge - inde x can b e th e starting p oint fora semantic - base d web se arch and co ntrolled de live ryof

the resp onse to u se rs.

In th is rep ort,we describ e a "we b in fo rmation sp ac e"data mode l fo rweb informatio n re so urc es,

an d th e que rylan guage SQL - TC, where TC stan ds fortop ic - ce ntric, to q uerythe data mo del and we b

information resource s in an inte grated manne r. The information space is co mposed of

· Web - base d information re so urces wh ic h are XML orHTML do cume nts.

· Inde pen den t ex pert a dvice repo sitories th at c ontain do main exp ert - sp ec ifie d mode lofin fo rmation

reso urces.We assu me th at the e xpe rt advi ce ,mod eled as to pic maps,is stored and maintaine d as

XTM doc umen ts.

· Pe rsonalize d informatio n abo ut u sers,capture d as u se rprofiles,that con tain u se rs´preferenc es as

to which expert advice the ywould like to follo w,and which to ignore, etc.,and use rs´knowled ge

ab out th e to pics that th eyare qu erying. We main tain u se rprofiles as XML doc umen ts.

In th is mo del,topics and top ic me talinks are th e fu ndamental con cep ts throu gh which we mo del

an d que rythe c onten ts ofinformation resou rce s.It isimpo rt an ttonotethatth eexpertadvice rep ository

is a metad ata mode l, designed ind epe nde ntlyfromthe assoc iate d information re so urc es (with the

excep tion o ftopic so urce sp ec ific atio ns)to mo del possiblymultiple info rmation resource s,and

capturin g the exp e rtise o fa do main exp ert in a lastin g mann er.The re fo re ,the expert advice rep ository

is stab le (i.e.,ch anges little ), stays re le van t (with the excep tion o fto pic so urc es)even whe n th e

information resource c hange s ove rtime ,an d is mu ch smalle rth an the information resource that it

mod els.An other imp lication is that th e to pic me talinks are more like lyto spec ifyrecu rsive

relatio nsh ip s betwee n to pics,su ch as th e re lationships Re late dTo, le adsTo, IsIn ,Prerequ isite,

Comp osedOf, etc.Finally,SQL - TC qu ery outpu tob je cts/tu ple sarerankedwithre spe cttothe(domain -

expert - judgedan duser - preferen ce - revise d)impo rtan cevalu eso frequ ested top ic s/metalin ks.The SQL -

TC qu ery output size s are kep t small byreturning either (a)to p n imp ortan ce value - ranked

ob j ec ts/tup le s, or(b)o bjects/tuples with imp ortan ce values above a give n th re sho ld ,or(c) both.

Thu s, th e main advantage ofo urp rop osalforweb se arch and que ryin gare (a)inco rp orating exp ert

ad vice and pe rsonalize d in formation, and (b)c ontrolle d delive ryofq ueryoutpu ts in terms oftop -

rankin g objec ts/tup le s abo ve a given imp ortance value threshold.T he disadvantage is the c ost of

creating and maintaining e xpe rt advic e and p erson aliz ed user in formation. Note th at the e xpe rt advic e,

be in g stable overti me,is aone - time e ffortto create ,amo rtiz ed b yitsuse overtime and fastresp onse to

userq ueries. We also make the prac tical assu mption that the mod eled information resource s, howe ver large theymaybe, do no t span the we b;the yare defined within su bn et s such as th e ACM SIGMOD

Antho lo gysites, orthe large rdo main ofMicroso ft Deve lo pers Network sites [27],o rthe ve rylarge

do main ofOn line Co llec tions ofthe Smithso nian Institu tion [32].An d,d iffe re nt e xpe rt advic e mayb e

provide d fo rthe same web i nformatio n re sou rc e to e xpress varyin g viewpo in ts o fdifferen t do main

experts.

The que rylanguage SQL - TC allows users to que rybo th the XT M - structured e xpe rt advic e

repo sito ries,an d th e assoc iate d in fo rmation resource s. Thu s, que rying resou rce s with res pe ct to

multiple e xpe rt advic es simultane ously,c ouple d with th e in corpo ration o fpe rsonalize d in formation,is

expec te d to p ro duc e highlyre le vant and se manticallyre late d re sp onses to users´q uerie s with in short

time span s.

In th e next se ctio n,we b riefly discu ss XML, to pic maps and the related standard ,an d XTM.

Se ctio n 3 is d evo te d to the we b in fo rmation sp ac e mode l with e xpe rt advic e and u se rprofiles.In

Se ctio n 4,SQL - TC qu ery langu age syntax and its fe atures are c ove red ,alo ng with a n umber of

exampl es.Se ctio n 5 describes the p ro totyp e imp le mentation emp lo ying XTMs as exp ert ad vice

repo sito ries.Finally, we con clude and po in t ou t fu tu re researc h direc tion s in Section 6.

2 Related work

Exte nsible Markup Language (XML) [10 ]is bec oming a un iversal stan dard ford ata exchange o n

the web ,reco mmend ed bythe W3C Co nso rtium.XML - Data [23] describ es d ata in a self - de sc ribing

format, eith ero nlyth ro ugh tags fo releme nts and attrib ute s (i.e.,we ll - de fine d doc umen ts), orthrough

se parate lyd efine d sc hema (i.e ., DTDs an d valid doc umen ts). XML sch emas spe cifyme tadata

information ,an d allo wo ne applic ation on the we b to rec eivedatafroman oth erapplicationwith outany

priorbu ilt - in descrip tion o fth e data.It is claimed that th e use o fXML will b ring a majo rch a nge in the

structure ofweb info rmation [9],an d XML will be the b asis for data interchange o n th e In te rne t, i.e .,

elec tron ic d ata in te rc han ge (EDI)fo rmat[1 5].Re cen trese arch activityon XML an d datab asesinclud e,

amo ngothe rs,storingan d que ryin gXML do cume nts,XML vie ws,XMLarc hitec tu re san dothers.(See

as an example [3]).

We su mmariz e th e Topic Map d ata mode l, as de sc ribe d in [6,8 ,33 ]. Defin ition ofa top ic is very

ge neral:a top ic c an b e anyth in g abo ut wh ic h anyth ing c an b e asserted byanymeans .As an example,

in th e con te xt o fEnc yclop edia, th e cou ntrySpain, orthe c ityRome are top ic s.T opics are type d, (e.g.,

type o fthe topic Rome is city),an d have names. Topic names are also type d;e .g., base name

(re quire d),disp layname (op tion al), etc. Topic names h ave sc ope s, e.g.,lan guage ,style, domain ,etc.

Top ic s have oc curre nce s with in addressable information re so urc es.Fo rexample, a to pic can b e

de sc ribed in a mo nograph, de picted in a vid eo or a picture,o r men tion ed in th e con te xt o fso mething

else .Moreo ver,e ach o cc urren ce is type d using the n otion o f oc curre nce role. A topic assoc ia tion

sp ec ifie s a relatio nsh ip b etween two or more top ic s. Fore xample ,topic Ro me is - in topic Italy;topic

Tom Rob bins was - bo rn - in topic USA, etc.A topic map is a stru cture,p erhap safile oradatab ase oran

XML doc umen t, which co ntains a topic data mode l, together with oc currenc es, type s,c ontexts,and

asso ciatio ns. Pub liclyavailable example topic map sand top ic map proce ssorsare provide d in [39 ,40 ].

Comme rc ial top ic map autho ring tools are presen te d in [37, 38].To pic - map e mbed ded p ro cee dings of

GCAco nfe re nc es is provide d in [38] and the ir creation is discu ssed in [7 ]. Ac ommercial to pic map

se arch e ngine is presented in [31]and a top ic map que rylan guage is propo sed in [22].

XTM (XML Top ic Map)is an e ffort to re prese nt top ic maps as XML d ocu ments. The p ro posals

an d DTDs forXTM are pu blic lyavailable in [4 2,43 ]. An XTM Pro cessing Mod el is provid ed in [44 ].

And ,a nu mber oftec hnical issues o n an XTM sp ec ification ;su ch as linking issue s (i.e.,using Xlink

[41]), add re ssin g issue s (i.e.,among top ic s and o ccu rren ces), issu e ofinc lu din g te mplates in the

sp ec ific atio n,spe cifyin gassoc iation p rop ertiesand inferen cerules,an dadd re ssingthe pub lictopicsa re disc ussed in [29, 34, 35]as well as the XTM workgroup (WG)mailing list doc uments [43].Forthe

time b eing, non e ofthese prop osals are formallyacc ep te d,b ut we assume ou rmode ls and tools wo uld

be flexible en ough to supp ort th e stan dardize d DTDversi on with mino rmod ific ations.

Rec en tly, the re h as b een significant activityon we b mode ling,an d tran sforming mo del - base d

information .Se mantic We b [5 ]is an RDFsche ma - base d effortto de fine an architecture forwe b,with a

sc he ma layer,logic al layer,an d a que rylan guage .The semantic we b worksh op [16]c ontains vario us

propo sals and e fforts for add in g semantic s to web.

While we p ro pose a metad ata - base d searc h and q uerying for spe cific su bne ts on th e web ,the

propo se d web qu erylangu age s in the lite ratu re have the broader goal ofque rying the web as a whole.

One c an vie wthe wo rld wid e web as a dire cted graph,and formulate que ries b ased on the c onten ts o f

web p age s [18].Que rylanguage s fo rthe web inc lu de WebSQL [25 ], STRUQL [17],Lo re l[2],an d

UnSQL [11 , 12].Th ere is also the issue ofintegrating informatio n on differen t web site s (u sing

^wrap pers~ [19 ]),and providing q uerycapab ilities o ver multiple web sites [24 ,26 ]. Mo re rec ently,a

qu erylangu age ,calle d XML - QL [1 4]is prop ose d to the World Wide We b Con sortiu m(W3C;

http://www.w3.org )as a qu ery langu age forXML.

3 Web Information Space Model

In th is sec tion, we present th e to pic - base d web information space mod el,as illu strated in Figure 1.

The three c ompo nen ts oft he mo del are in fo rmation reso urce mod el,expert advice mo del,and user

profile mod el.

Queries using topicand

metalink ob jects

Expert Advices

Personalized Information

for U ser U

                                                                                                                       WW W Information Resources

Tables of topic and

metalink ob jects

Query Outp ut

User U

                                                             Figu re 1. Web Info rmation  Spac e Mo del an d Querie s

3.1  Information Resource Model

               In formation re sou rc es are web - base d doc umen ts, co ntaining  multimed ia data of any arb itrar y

type . The y may h ave  b ulk te xt in variou s fo rmats (e.g., asc ii, p ostsc ript, p df, etc.), image s with

diffe ren t formats (e .g., jp eg), audio, video , au dio/video , etc. For the  p urposes o f th is researc h, we

assu me th at informatio n re sou rc es are  in th e fo rm of XML/HTML d ocu ments.

              To pic  sou rce  re prese nts an  o ccu rrenc e of a to pic  within an informatio n resou rc e. For e xamp le , the

topic (with name ) ^Van Gou gh~  o ccu rs mu ltiple times as HTML doc umen ts within th e doc umen ts o f

the information  resource  ^Onlin e Colle ctio n s of th e Smith son ian In stitutio n~ [32], and each such

HTML doc umen t oc currenc e con stitutes a to pic sou rc e. For XML - base d web do cume nts, we  assume

that a numb er o f to pic so urc e attributes are defined  with in  the  XML do cume nt (usin g XML e le ment

tags) such  as whe re  the  top ic  source  starts within  the  d ocu ment and  wh ere it end s, La stUpda te d,

La stVisite d, Au th or, an d  MediaTy pe  attributes,  etc.  Also, th e expert advice  mo del, d iscusse d next, has

an  e ntity, called To pic Source  R eferenc e, wh ic h con tain s (p artial) info rmatio n abo ut a topic source

(suc h as its web address, e tc ).

3.2  Ex pert Advice  Model

3.2.1  Topic and T opic Sourc e Reference Entity Types

              We assume  that the e xpe rts in the  web info rmation  spac e mode l are  registe re d and  known  e ithe r

through  the  u se r profiles o r each qu ery exp licitly, an d we have n experts, E

i

, 1  £  i £  n. Each  d omain

expert mo dels an  informatio n re sou rc e in  terms of to pic and  top ic  source  referen ce en titie s an d,

metalink relatio nsh ip s.  We start with the  top ic  e ntity, which co nstitu te s metad ata, and ha s the

following attrib utes.

                        ·  T(opic - )Name  (o f type  strin g) c ontains eithe r a sin gle word (i.e ., a ke yword) o r multiple

                        words (i.e ., a phrase). To pic name s ch aracterize the data (real - world sub je cts [4 2]) in

                        information  resource s. Examp le  top ic  n ames are ^da tabase ~ (a keywo rd ) an d ^Und erstand in g

                        the United Nation´s Global Warmin g Polic ie s~  (a ph rase ). T opic names are de fine d by do main

                        experts, and c an be  arb itrarily spe cified  p hrases or words.  T herefore, the  issue  o f similarity

                        be twe en topic names is ad dress ed . To  c hec k fo r the similarity of two to pics o n th e basis of the ir

                        names, we emp lo y SimT Name( ) func tion, which returns the name similarity o f two to pics with

                        arbitrarily lon g to pic name s as a real value within the range [0 , 1].

                        ·  T(opic - )Type  an d T(opic - )Domain  attributes spec ify, re sp ectively, th e type of th e to pic  and

                        the do main within which the topic is to  b e used. For e xample, the  top ic  "Hamlet" is of typ e

                        "character" in  the  d omain of "plays". Th e to pic "Paris" may be  o f  type  "Gre ek god" in the

                        do main  of "mythology", whe re as it is of typ e "c ity" in the do main "geography". An d, the  top ic

                        "diabe te s" may be of type "c hronic dise ase" in the do main of "medicine ". Again, we allo w

                        diffe ren t expe rts to  u se  d iffe re nt wo rd s/phrases for top ic  typ es and topic doma ins.

                        ·  T(opic - )Author attribute de fine s  the expert (name or id or simp ly a URL that un iq uely

                        iden tifies th e exp ert) who au tho rs the  top ic .

                        ·  T(opic - )Ma xDe tailLev el. Each topic can be represented  b y a topic so urc e in the  web

                        information  resource  at a d iffe re nt de ta il le vel . T herefore, e ac h top ic  e ntity has a maximu m

                        de tail le vel attribute.  As an example, assume  that leve ls 1 , 2 and 3 de note le ve ls ^begin ner~,

                        ^intermed iate ~, and ^advanc ed~ . Th erefore , for a we b - base d information re so urce on  fin an ce

                        (e.g., Mic ro so ft Mo neyCen tral [28 ]), for e xamp le , a source  for top ic  ^stoc k market~ can be  at a

                        be ginne r (i.e., d etail leve l 1) level, d eno te d by StockMarket

1
 (e .g., only ^Basic Inve stin g~ and

                        ^Sto ck Marke t In dexes~). Or, it may b e at an advan ced  (say, d etail leve l n)  le vel of

                        Stoc kMarket

                                                                  n
                                                                      (e .g., ^Risk An alysis and Random Walk The ory~), e tc . Note the co nve ntio n th at

                        topic x at detail level i is mo re  advanc ed (i.e., more de tailed ) than  top ic  x at de tail le vel j whe n

                        i>j. Also no te  that the de tail le vel value  o f a topic so urce must be  le ss than  o r eq ual to  the

                        maximu m d etail leve l attribute of th e to pic.

                        ·  T(opic - )id.   Each topic en tity has a T (op ic - )id  attribu te , who se  value is an artificially

                        ge nerated  ide ntifier, in te rn ally u se d for efficien t imp le mentation pu rp ose s, and  not availab le  to

                        users.

                        ·  T(opic - )Source Ref.  Each topic en tity has a T(o pic - )Source Ref attrib ute which c ontains a set

                        of Topic - So urc e - Referen ce  e ntitie s as d iscu ssed be lo w.

                        ·  Top ic s also  h ave  oth er attrib utes such  as ro le s, role - playin g, e tc . So me of the se a dd itio nal

                        attributes are discu ssed in th e to pic map standard and described  in de tail in [42].

              The  attrib utes (TName , TType, TDomain , TAutho r) c onstitute a ke y fo r th e to pic entity. And , the

Tid attribute is also  a key for topics.

              The  exp ert E
                                                         i

                                                          , 1  £  i £  n,  states h is/h er advice  o n to pics as a Top ic - Advic e fu nction TAdvic e() that

assign s an importa nce  v alue  to  top ic s from one  o f [0, 1 ] È  {No, Don´t - Care} . Th e imp ortance  value is

a measu re  for the  impo rtan ce of th e to pic , e xce pt for the  c ases b elow.

                                (a)  When  the  value  is ^No~, fo r th e expert, th e to pic is re je cted (whic h is different th an the

                  importanc e value  o f ze ro  in which  c ase  the  top ic  is acce pted, an d the  exp ert attach es a z ero value

                  to it), an d

                                (b)  When  the  impo rtan ce valu e is ^Don ´t - Care~ , the  e xpe rt doe s no t c are abo ut the  u se  o f

                  the topic (but will no t ob je ct if othe r experts use it), an d cho ose s not to  attac h an y value  to it.

                  Don ´t - Care value is use d whe n me rgin g multiple expert advice s.

              We give an example.

Exa mple 1. Assume  that the expert  E assigns th e following top ic  advice :

TAdvice(E, TType=~Diabetes~, TName=^*Diabetes Surgeries*~, TDomain=^ New Patient T raining~) = 0.3

TAdvice(E, TName=^Diab etes Management~, TDomain=^Patient Training~) = 1

TAdvice(E, TName=^*Kidney Comp lications*~, TDomain=^ Nurse Trai ning~) = 0.7

TAdvice(E, TName=^Advantages of Extreme Sports for Diab etes~) = No

TAdvice(E, TName=^Professional Sports and Diab etes~) = Don´t - Care

              whe re  * d eno te s a wild card ch aracter th at matc hes any string. The first to pic advic e states that, fo r

train in g ne w p atie nts, a to pic of type  diabe te s and  with a name  con tain ing the  p hrase ^Diabe te s

Su rge ries~ is of low importance  value . The  sec ond  top ic  advice  states that, for patient training, th e

topic name ^Diab etes Man age ment~ of any top ic  typ e is of h ighest importanc e. Th e fo urth  top ic  advice

state s th at, for any do main and  any type , the topic ^Ad van tage s of Extreme  Sports fo r Diabe te s~ is

rejected . And , as th e last to pic  advic e, the  e xpe rt doe s no t care  abou t the topic ^Pro fe ssion al Sports and

Diabe te s~  and do es no t ob je ct to its u se  as a topic name by othe r experts.

              Fo r th e to pic advic e fu nction TAd vice(), we use th e Clo se d Wo rld Assumption with  the  ^No~ (or

the ^Do n´t´ - Care~ ) op tion , de noted  as CWA - No (or CWA - Don ´t´ - Care) th at states that any T Advice ()

ch oi ce  that is not explicitly spe cified has the valu e ^No ~ (or ^Don ´t - Care~ , respec tive ly).

Exa mple 2. Using the  C WA - Don ´t - Care assu mptio n and  TAdvice () spe cifications in  e xamp le  1 , the

expert spec ifies:

                 TAdvice(E, TName=^Drinking~, TDomain= ^Professional Sp orts~)=^ Don´t - Care~.

              A T(opic - )S(o urce - )Ref(e re nce ) , also an  e ntity in  the  e xp ert advic e mode l, co ntains ad ditional

information  abou t topic so urces. A topic so urc e refere nc e entity h as the follo win g attrib utes.

                                                 ·  To pic s  (set of Tid valu es) attribute that re presents the se t of to pics for wh ic h th e

                                                 referenc ed so urce is a topic so urce.

                                                 ·  Web - Add re ss (URL)  of th e doc umen t th at con tains th e to pic  sou rc e.

                                                 ·
                                                               Start - Marker (add re ss) in dicating the startin g add re ss o f th e to pic so urc e re lative  to the

                                                 be g inning of th e doc umen t. For top ic  sou rc es in XML - base d web do cume nts, this attribu te  is

                                                 redu ndant.

                                                 ·  End - marke r (add re ss) in dicating the en d add re ss o f th e to pic so urc e re lative  to the

                                                 be ginning o f th e doc umen t. For top ic  sou rc es in XML - base d web do cume nts, this attribute is

                                                 redu ndant.

                                                 ·  Detail lev el (seq uen ce  of in te gers). Each  top ic  source  referen ce has a de ta il le vel

                                                 de sc ribing ho w advance d th e le ve l of the  top ic  sou rce  is for the  c orre spo nding top ic . The

                                                 de tail le vels are  o rde re d using the  same  o rd ering o f the co rrespon ding to pics in the attribute

                                                 Top ic s.

                                                 ·  Other attrib utes such  as Med ia ty pe, Role, Last - Modifie d, Last - Visited  etc.

                                   The  exp ert E

                                                                              i

                                                                               , 1  £  i £  n, state s his/he r ad vice on  top ic  source s as a Source - Advic e fu nction

                     SAd vice() that assigns an importan ce  value  to to pic so urc es fro m o ne of [0 , 1] È  {No, Don´t - Care} .

                     Exa mple 3.  Assume that th e exp ert  E assigns th e fo llowing topic so urce advice :

                     SAdvice(E, TT ype=~disease~, TName=^ Cancer~, T Domain=^PatientCare~,

Web - Address= www.mayo.org ) = 0 .5

                     SAdvice(E, TT ype=~chronic disease~, TName=^Diab etes Management~, TDomain=^ PatientCare~,

Web - Address= www.ada.org ) = 1

                     SAdvice(E, TName^ Breaking Diab etes News~, TDomain=~Diabetes Research~>} ,

Last - Modified=(Now ˘  2years)) = No

                                   The  last source  advic e states that, for th e to pic name  ^Bre akin g Diabetes News~  (of any top ic

                     type ) in the  top ic  d omain ^Diabetes R ese arch~ , any so urce that was last mod ified two years ago  is

                     rejected .

                                   In add itio n to  c o mparing topic e ntitie s by the ir n ames (as strings), we  c ompare  topics by their

                     topic so urces using the  func tion  SimTo picSo urc e( ), wh ic h re tu rn s th e similarity o f two  top ic s by the ir

                     topic so urces as a real valu e within th e range  [0, 1].

                     3.2.2  Metalink  T ype s

                                   To pic  Me ta link s  re prese nt relationships amo ng topics. Metalinks may have as attrib utes type s,

                     roles, domain s, e tc . An  e xamp le  me talink typ e is Re late dTo. Fo r example,  the topic with  n ame

                     ^Do wnhill Skiing~  at level 1  is Re late dTo the topic with  n ame ^Supe r  GS Ski Racing~ at le vel 1,

                     represented  u sing the no tation  ^Sup er GS Ski Racing

1~

Æ Re late dTo ^Do wnhill Skiing

1
~ .  Th e notation

Æ Re late dTo represents an instanc e of the  me talink typ e Re late dTo .  As anothe r example, con sider

learning - related metalink type  Pr ereq uisite , and the metalink instan ce  ^Diabetes Complic ations

2

                                                                                                               Æ  topic,    Prereq uisite : SetOf top ic Æ  SetOf topic }
whe re  the  first sign ature states that the Re late dTo metalink type  take s two  topics o f an y type as
argu ments, and  the  sec ond  signature state s th at the  Prerequ isite metalin k type  takes two se ts of topics
of any typ e as argumen ts. Now, assume  that the expert  E states the  following metalink (instanc e)
ad vice:

              MAdvice (E, Diabetes Care 1  Æ Rela tedTo  Diab etes Complications 1 )=0.8

              MAdvice (E, Diabetes Care 1  Æ Prereq uisite Healthy Ea ting 1 )=1

              MAdvice (E, Diabetes Surgeries 3  Æ Prereq uisite Diab etes Care 1 )=No

              The  first metalink state s th at the  impo rtanc e valu e of the  me talink ^th e to pic Diabetes

Comp lication s at the  b eginn er level (1) is related  to Diabe te s Care at th e begin ner le vel~ is  re asonably
high  (0.8) (The re  may be  o the r causes for d iabetes comp lications). The  sec ond  me talink state s th at
un derstan ding he alth y eating at a be gin ner le vel is a prere quisite to unde rstand ing d iabe te s care at a
be ginne r leve l. And, th e last metalin k sta tes that und erstan din g diabe tes care  at b eginn er level o r ab ove
is not a prerequ isite to und erstand in g th e to pic  diabe te s su rge ries at an exp ert leve l.

              We assume  that there are multip le  e xpe rts (and , thus mu ltiple  exp ert ad vices) on  informatio n
reso urces,  with each e xpe rt spe cifying (a) possibly differen t topic en titie s with similar names, (b )
overlapping topic source s, and (c) p ossib ly d ifferent metalink typ es and instan ce s. T hus, the system
may n eed  to merge  the  advice s from multip le  e xpe rts an d re solve  the po ssible c onflicts among the m.

An example illustrating this situ atio n along with a use r preferen ce - base d solution atte mpt is p rovid ed
in th e example que ry 9  o f Se ction  4 .

               In  this work, we assume  that the expert advice  d escrib ed he re  may eith er b e embe dd ed in
information  resource s or store d in dep end ently; in which  c ase, we  assume that th e exp ert ad vice  is in
the form of an XTM doc umen t. The  p rototyp e system describ ed in Sec tion  5  is de velop ed usin g XTM
do cume nts as e xpe rt advic e re positories. Note th at XTM is a rec en tly in itiated effort, and  the re  are
man y issu es with  XT M to be reso lved, con ce ptually or prac tically, su ch as n ame space s, top ic  map
merging and proce ssin g mode l [44] impleme ntatio ns. In  this sense, o ur research  also co ntributes to
reso lve so m e of th ese  issue s as it p ro vides a real life ap plic atio n fo r th e use of XTMs.

                     3.2.3  Topic and Me ta link Closures

                                   As state d before, metalin k types are  u su ally rec ursive. For e xample, Re late dTo  is b oth tran sitive

                     an d re flexive. IsIn  is transitive, but not re flexi ve ; Su bTop ic Of  is transitive. The re fo re, whe n a use r lists

                     a set X of top ic s, and  asks fo r to pic so urc es o f topics in X as we ll as o the rs th at are  Re late dTo topics in

                     X, we  nee d to  take th e ^topic closure~ of th e to pic set X with re sp ect to  the  rec ursive m etalink type

                     Re late dTo. We emph asiz e th e notion of To pic  Clo sures  with resp ect to  rec ursive metalink type s, in

                     orde r to  return qu ery results th at satisfy all the axio ms of the  associated  me talink typ es. Given a set X

                     of to pic s, th e que ry respon se will in cl ud e th e to pic closu re  X
+

, wh ic h is formed  o f all topics th at are

                     logically implie d by th e in itial set X.

                                   Assume  that the expert E spec ifies four top ic  e ntities A (with name  ^Diabe te s Care~ ), B (with

                     name ^Insulin Sh ot Plan~), C ( ^Diabetic Foo d Plan~ ), and  D (^Carb ohydrate Coun ting~), an d th e

                     metalinks A

                                       Æ Prerequ isite (B, C), an d C Æ Prerequ isite  D. (For the  sake of simp licity, assume that all
de tail le vel value s are 1, and  ign ore d). And , the user U asks fo r to pic so urc es o f topic A, subjec t to th e
ad vice of ex pe rt E. Sinc e th e Prerequ isite  metalin k is transitive, th e user´s req uest ab out to pic A n ee ds
to be expan ded  b y a topic closure  of A with  respe ct to the Prerequ isite  metalin k in stanc es spe cified by

E. Also note that we can always dec ompo se the right - hand s ide (RHS) o f a Prerequ isite metalink. That
is, the  me talink

                A Æ Prerequ isite (B, C) is e quivale nt to th e metalin ks A Æ Prerequ isite B and  A Æ Prerequ isite C.

              Thu s, th e corre ct respo nse  shou ld  inc lu de the topics A, B, C, D, and th eir reso urces. In th is
se ctio n,  we brie fly disc uss how to comp ute  To pic  Clo sures , i.e., give n a se t X of top ic s, o btaining the
closure X
                                +

                                    (the  set o f topics that are also lo gic ally implied and th us are  in th e re sp onse). Clearly,
co mputing to pic closure s requ ires a soun d and  c omplete set  of axioms for the  me talink typ es de ploye d
by the  e xpe rt E, and a po lynomial - time  algorithm th at c ompu te s th e to pic closure  u sing the  axioms.

              Con sider th e Prerequ isite  metalin k type. In  o ur e arlier wo rk [30 ], we  gave th e fo llowing set o f
so und  and co mplete  axiomatization  for the  Prerequ isite metalink type .

              Case 1.  Prerequ isite  me talinks are not le ft - hand - side  (LHS) dec ompo sable (that is,

A, B ® Prerequ isite C is not e quivale nt to the metalink A ® Prerequ isite  C and the me talink

B ® prerequ isite  C, and are allow ed  to be  c yclic.

Ax ioms : Let X, Y, an d Z den ote sets o f to pics.

                                       ·  Su bse t - Reflexivity. If Y Í  X the n X Æ  Pre re quisite  Y

                                       ·  Augmentation. If X Æ Prerequ isite  Y the n XZ Æ Prerequ isite  YZ for any Z

                                       ·  Transitivity. If X Æ Prerequ isite  Y and Y Æ Prerequ isite  Z the n X Æ Prerequ is ite  Z

                           The se  are  the  so - called  Armstrong´s axioms [45].

              Case 2 . Prerequ isite  me talinks are not LHS - de comp osable an d are acyclic .

              Ax ioms: Le t X, Y, Z and  W den ote se ts o f to pics.

                                       ·  Pseud o - transitivity. If X ® Prerequ isite  Y and WY ® Prerequ isite  Z the n

                        WX ® Prerequ isite  Z

                                       ·  Sp lit/join. If X ® Prerequ isite  YZ th en X ® Prerequ isite  Y and X ® Prerequ isite  Z, and vice -

                        ve rsa

              In [30 ], we have prove n th at the se  axioms are soun d and  c omplete.

                                   Case 3 . Prerequ isite  me talinks are LHS - de comp osable.

                      We first d eco mpose the LHS of all metalinks so that all metalinks h ave  a single topic in the  le ft

                     an d th e righ t hand side s. And, the n th e only axio m is

                                                             ·  Transitivity. If A Æ Prerequ isite  B and B Æ Prerequ isite  C the n A Æ Prerequ isite  C

                                               whe re  A, B, and C are to pics.

                                   Note that in  all th re e cases, the topic closure X
+

 of a set X o f to pics c an be  fou nd by u sing an

                     O(n.l) top ic  c lo su re algorithm, spec ified in Figure 2 be low, whe re  n  is the nu mber o f prereq uisite

                     metalinks, and l is the length of th e enc oding for a prere quisite metalink [3 0].

                                                                                 Figu re 2. Top ic  c lo sure algo rithm (invo lvin g mu ltiple metalin k types)

                                   Fo r each ne w me talink typ e add ed into th e exp ert ad vice mod el, sound  and c omplete axioms for

                     all me talink typ es, in cluding tho se that app ly to multip le  me talink type s ar e foun d. To  illu strate  this,

                     co nside r the Re late dTo metalink type  and the c yclic and  n ond eco mposable  Prerequ isite  metalin k type.

                     Note that, from its sign ature, all Re late dTo metalink instan ces have a single  top ic  in th e LHS an d th e

                     RHS. The n we have th e fo llo win g axioms:

                     Re late dTo Axioms:

                                   ·  Reflexivity.  If A Æ Re late dTo B th en B Æ Re late dTo A

                                   ·  Transitivity. If A Æ Re late dTo B and  B  Æ Re late dTo C th en A Æ Re late dTo  C

                     Prerequ isite  Axioms: Armstron g´s axioms (Case 1 above ).

                     Re late dTo an d Prerequ isite mixed  axioms:

                                   ·  I f X Æ

                                                                   Prerequ isite A and  A Æ Re late dTo B th en C Æ Re late dTo B fo r all C whe re  C
Î  X.

                                   ·  If X Æ  RelatedTo A and  A Æ Prerequ isite B th en C Æ Re late dTo B fo r all C whe re  C  Î  X.

                                   With these axio ms, we  c an  fin d th e to pic closu re  X
+

 of a set X o f to pics b y using the  O ( n.l)

                     closure algorith m in Figure 2, where n is th e numb er o f Prerequ isite  and  Re late dTo  metalin ks, an d l is

                     the max len gth of the  e nco ding fo r a Prerequ isite  or a Re late dTo  metalin k.

                                                                                         Inpu t:  Set of topic s X, Set M of metalink  types:

                                                                                          Var X: SetO f top ic ;

                                                                                                M: SetO f metalink;

                                                                                                C hange: B oolean;

                                                                                                O ld X : S etOf to p ic;

                                                                                         Ou tp ut : C losu re set X +  of to pics X with resp ec t to

                                                                                                       metalink  types M:

                                                                                          Var X +  : S etOf top ic;

                                                                                         be gin

                                                                                         X +  :=  X;

                                                                                         OldX  :=  X + ;

                                                                                         Ch an ge := True;

                                                                                         wh ile  (C hange) do

                                                                                              X +  :=  X + È  {y} suc h that there is a metalink  in stance of type T

                                                                                          in M of th e form Z

                                                                          Æ T {y} where Z Í  X

+ an d y Ï  X + ;

      if  (X + = Old X)

         then  Ch an ge := False

         els e  OldX  :=  X + ;

 en dwh ile

 en d

3.3  Pe rs ona lize d Informa tion Model: U ser Profiles

              The  use r profile mod el ma intains for e ach  u se r his/he r preferenc es abou t experts, top ic s, source s,

an d metalin ks as well as th e use r´s kn owledge abo ut top ic s.

3.3.1  Us er Preferences

              In th is rep ort, we  employ user pre fe re nce  spe cification s, alo ng the lin es o f Agrawal an d Wimmers

[4]. Th e user U spec ifies his/he r preferen ces as an ord ered se t of Acc ept - Expert, Acc ept - Expert -

Metalin k - Importance - Threshold, etc. statemen ts, as listed  b elow.

              (Accept - )Exp ert (U)= < E
                                                                                           i

                                                                                             ,�, E
                                                                                                              j

                                                                                                               >  1 £  i, j £  n          (sequence of ex perts whose advice is to be sa tisfied)

              (Accept - Ex pert - )T(opic - )Imp (ortance - Threshold) (U) =  {(E
i

, ValueThreshold),�, (E
j

, ValueThreshold)}

              (set of topic importance value thresholds, one for each expert)

              (Accept - Ex pert - )M(etalink - )Im(portance - Threshold) (U) = (E
i

, Valu eT hreshold),�, (E
j

, ValueThreshold)}

                              (set of metalink importance value thresholds, one for each ex pert)

              (Accept - Ex pert - )S(ource - )Imp (ortance - Threshold) (U) = { (E
i

, ValueThreshold),�, (E
j

, ValueThreshold)}

                              (set of source importance value thresholds, one for each exp ert)

              Reject - T(op ic - Attribute) (U) = {Attribute=value | < E
i

, Attribute=value>}

                             (set of top ic attrib ute values to b e rejected)

              Reject - S(ource - Attribute) (U ) = { Attrib ute=value| < E
i

, Attribute=value>}

                             (set of source attribute values to be rejected)

                                                               (Exp ert - )Conflict - R(esolution) (U) = Ordered - Accept | Accep t - All | Manual

                                                 (Accept advices in an ordered manner, as listed by the EXP ERT  function; or accep t all advice,

                                                 ignoring all conflicting advice; or let user choose which advice to accept in the case of a

                                                 conflict)

We illustrate th ese prefe re nc e fu nctio ns with an example.

Exa mple 5. Assume  that we have  three  e xpe rts W - Clin to n, A - Gore, and  GW - Bush. The user Joh n - Doe

sp ec ifie s the following p re fe re nce s:

Ex pert (John - Doe) = <GW - Bush, W - Clinton>

                                                (Accept the advices of GW - Bush and W - Clinton; reject any advice from A - Gore)

TImportance (John - Doe) = { (GW - Bush, 0.5), (W - Clinton, 0.9)}

                                                (Ac cept the topics from GW - Bush if GW - Bush - assigned imp ortance is above 0 .5 ; accept the

                                                topics from W - Clinton if W - Clinton - assigned imp ortance is above 0 .9 )

MImportance (John - Doe) = { (W - Clinton, 0.9)}

                                                (Always accep t the metalinks from GW - Bush; accept the meta links from W - Clinton if W -

                                                Clinton - assigned imp ortance is above 0 .9 )

SImportance (John - Doe) = { (GW - Bush, 0.5)}

                                                (Always accep t the sources from W - Clinton; accept the sources from GW - Bush if GW - Bush

                                                assigned imp ortance is above 0 .5 )

Reject - T (John - Doe) = { na me=~*Lewinski*~, <W - Clinton, Name=~Gift - Taking~>}

                                                (Always reject topics with names containing the word ^Lewinski~ (regardless of the ex pert);

                                                reject advice from W - Clinton on a topic with name ^Gift - Taking~)

Reject - S (John - Doe)={Web - Address= www.dirtypolitics.com )

Conflict - R=O rdered - Accept

                                                (Follow the order as sp ecified b y ^expert~: always accept the advice of GW - Bush; accept the

                                                advice of W - Clinton only when it does not conflict with the advice of GW - Bush)

3.3.2  Us er Knowledge

              Fo r a give n use r an d a to pic, the  knowled ge leve l of th e user on  the  top ic  (ze ro , origin ally) is a

ce rtain de tail le vel of that topic (and less th an the maximu m d etail leve l attribu te  o f th e to pic).  The  set

              U - Knowledge (U) = { (top ic, detail - leve l - value)} co ntains users´ kno wle dge  o n to pics in te rms o f de tail

leve ls. As in othe r sp ecific atio ns, to pics may be fully de fine d using the  three  key attribu te s TName ,

TType an d TDomain , or the y may b e partially spec ifie d in  whic h case  the  u ser´s kno wle dge  sp ans a se t

of to pic s satisfying the  given attribu te s. We  give an example.

Exa mple 6. Assume  that the user John - Doe  knows top ic s with  n ames ^Rac que tb all~  at an exp ert (3 )

leve l, and  ^Ten nis~ at a be ginne r (1 ) leve l, spe cifie d as

                      UKnowledge (John - D oe)={(TName=^ Racquetball~, 3), (TName=^ Tennis~, 1 )}

              Besides d etail leve ls, we  also ke ep the following h isto ry informatio n fo r each topic so urce that th e

user h as visited : web  addresse s (UR Ls) o f topic so urces, the ir first/last visit date s an d numb er o f t imes

the so urce is visited. We  u se  the  informatio n on user´s knowled ge while evalu atin g que ry c ond itions

an d comp utin g top ic  c lo su re s, in orde r to  red uce  the  size of th e in formation re tu rn ed to th e use r. In  the

ab se nce  o f a user p ro file , the  u ser is assume d to kno w n othin g abo ut any topic, i.e., the  use r´s

kn owledge le vel abo ut all to pics is ze ro . Here in th is rep ort, we  assume  that the user p rofile s are XML

do cume nts with single /mu ltiple  use r profiles.

4  Topic - Centric Query Language: SQL - TC

4.1  Ove rv ie w and Ba s ic Fea ture s

              SQL - TC is an integrated  SQL - like to pic - ce ntric language fo r qu eryin g web - base d information

reso urces, e xpe rt advic e re positorie s an d perso nalized  u se r in fo rmation . In  this section, we outlin e th e

syntax of th e langu age and  its spe cial con stru ct s. The n, we  illu strate  the  featu re s of o ur lan guage, with

qu erie s ove r information  resource s, inc orporating multiple expert advice  and  p erson aliz ed user

information . The  que ries d emon strate  the  n otion  o f closure comp utatio n on partic ular me talinks an d

se ar ch  o f info rmation  resource s. Next we provide  a few qu erie s th at are  p osed so le ly o n th e exp ert

ad vice information  in orde r to illu strate  add itio nal fe atures of SQL - TC.

              Note that th e que ry lan guage presen te d here is a multi - database (multiple exp ert ad vice  and  u se r

profiles, and multiple informatio n re sou rc es) que ry lan guage with  heteroge ne ous d ata ac cess.  SQL - TC

is stro ngly type d with each variable  havin g a well - de fine d type. Furth ermore, the  lan guage is ge neral

en ough to  b e ope rational on  any u nde rlying expert d ata mode l, as lon g as the  mod el sup ports metadata

ob je cts an d the ir attributes.

              First, we sp ec ify th e syntactic con stru cts of SQL - TC. The formal syntax in an  e xten ded  Backu s -

Nau r format is give n in  Ap pen dix C.

              select  [ topic {.a ttrib ute} | metal ink {.a ttrib ute} ]  as T

              from resources    XML: url1 , �

              using experts To pic Map 1: u rl1, �   a s E1 , �

              with user profile XML: URL  as U

              where  (i) conditions on topics and metalinks of experts

                                    (ii) content - based conditions on sources,

                         (iii) conditions  on user profile information.

              order by [topic] importa nce

              stop a fter n most impo rtant| when impo rtance belo w m

                       | after  n most impo rtant and when impo rtance belo w  m

              Variables are pre fixe d by $ symbo l, con stants are  in qu ote s, and  me talinks are i n italics. Stop after

clau se  is ad apted  from [13 ].

4.2  Que ry ing Web - ba sed Information Re source s

              In th is sec tion, we illustrate SQL - TC by e xamp le  q ueries. We assume  that we have two experts

who se  advice s are at www.sq l - tc.com/king.xtm  (e xpe rt E1) and www.horror - bo oks.c om/boo ks.xtm

(exp ert E2), respec tive ly.  The  in fo rmation reso urces are at http://www.steph enk inglibrary.c om  and

http://www.steph en - king.n et . As th e exp ert ad vice an d th e use r profile  informatio n, we  u se  the

instan ce s provide d in App end ic es A an d B, respec tive ly. Fo r example, from Appe ndix B, the  use r U

prefers to acc ept first the  advice  o f expert E1, and then , if th ere are no co nflicts, th e ad vic e of exp ert

E2.

Exa mple 7.  ( To pic  and source v ariab le s, a nd de ta il le vels )  Using o nly th e advic e at www.sq l -

tc.c om/king.xtm , f ind two highe st - ranked no vels that are writte n by the no velist Ste phe n Kin g and  the

no vels´ detail level 4  revie ws from the two in formation reso urces.

                        select  [$ topic.name, $sourceRef.web - address] as  T

                        from  reso urces http://www.stephenkinglibrary.com , http://www.stephen - king.net

                        using experts www.sql - tc.com/king.xtm  as  E

                        where    WrittenBy in E.Meta links and

                                                $topic = any  ( W rittenBy  ("Stephen King", ^ horror novelist~, ^ literature~, E,)) and

                                         $sourceRef = SourceOf($top ic, 4 , E) and

                                                 ^review~ in $sourceRef.roles

                        order by $top ic importa nce

                        stop a fter 2 most impo rtant

              This q uery re tu rn s  novel n ames (i.e ., to pic name s) and  the  we b add re sses of th eir re views (i.e .,

topic so urces) fro m two in fo rmation  resource s on the web . Th e re sult o f the que ry is a 2 - co lu mn table.

The  first atomic formula in the wh ere  clause states that Writte nBy  is a me talin k type de clared by e xp ert

E. Assume th at the  me talink typ e Writte nBy  has th e sign ature:

 WrittenBy (E) : SetOf author Æ  novel

              In th e sec ond  wh ere clau se state ment, the  variable $topic is in stantiated by o ne of th e novel

en titie s re tu rn ed by the  Writte n By () metalink  whe re  e ac h selec te d novel is authored by the  top ic  that

has TName  o f ^Ste phe n Kin g~, TTyp e of ^horror no velist~ an d TDomain of ^literature~ , an d spe cified

by the  e xpe rt E. Th is q uery illustrates two type s of variables, namely, $ to pic which is  a to pic variable,

an d $so urceR ef wh ic h is a top ic  source  referen ce variab le . So urceOf() is a fu nction th at takes in the

triple <topic en tity, d etail leve l, exp ert> , an d re turns a set of top ic  source  referen ce (TSRef) e ntities at

the give n detail level as sp ec ifie d by the give n expert. Thu s, in the ab ove  q uery, th e value  o f

$source Ref.web - ad dress exp re ssion  is, ac cording to expert E, th e web ad dresses of topic sources at

de tail le vel 4 obtaine d from th e to pic re fe re nce  e ntities for the  top ic  $ top ic .

              Plea se  note th at this q uery doe s no t emp loy the  use r profile. Thus, u sing the expert advice  in

App end ix A, th is q uery prod uce s 4 tu ples; howe ve r, only th e two  h ighest ranked  tuples (o ne for Carrie

with  the  importanc e valu e of 1, an d ano th er for the  Stand with  the importanc e value  o f 0.8) are

return ed as sho wn in  T able1 .

                                                                                          Table  1 .  Output of the SQL - TC qu ery in Example 7

                                                                                             Tname  So urc eRe f.Web - ad dress

                                                                               ^C arrie~  www.critics.c om/c arrie.html

                                                                               ^T he Stan d~  www.critics.c om/stand .h tml

Exa mple 8.  ( To pic  closu re  c ompu tation an d use r profiles )  Using on ly the  advice  of e xpe rt E and

excluding the  n ove ls read by the  u ser, f ind the high est ranke d novel and  its detail leve l 4  revie ws whe re

the no vel is written  b y Steph en King an d re late d to  the  no ve l ^Wizard an d The  Glass~ .

                        select  [$ topic.name, $sourceRef.web - address] as  T

                        from  reso urces http://www.stephenkinglibrary.com , http://www.stephen - king.net

                        using experts www.sql - tc.com/king.xtm  as  E

                        with user profile  www.myprofile.com

                        where  Written By, Rela tedTo in E.Metalinks and

                                    $top ic = any  ( W rittenBy  ("Stephen King", ~horror novelist~, ~literature~, E,) and

                                                Rela tedTo * (^Wizard and The Glass~, ,~literature~, E,) ) and

                                              $sourceRef = Sourc eO f($top ic, 4, E) and

                               ^review~ in $sourceRef.roles and

                                         $topic no t in  GetTopics(U.UserKnowledge)

                  order by importa nce

                stop a fter 1 most impo rtant

              We assume  for th is q uery that th e metalin k type Re late dTo of exp ert E  has th e sign atu re

                                       R elatedTo (E) : novel Æ  novel

              Note that Re late dTo ()  metalink in th is q uery uses the  topic variab le  $ to pic, wh ic h in  turn has all

four key attribu te s (i.e., TName, T type, TDomain, TAutho r) spe cified .

In th is q uery the user asks fo r

the high est - valu ed tu ple, not th e highe st - valu ed no vel. De rive d imp ortance  value co mputation of

ou tp ut tuples [2] takes place , an d th e tu ple in  Table 2 is cho se n.

              Le t us d iscuss the interpretatio n of this que ry using the  e xpe rt re pository an d use r profile instance s

in th e Appe nd ix. The  n ove ls that are  related  to the novel ^Wiz ard and  T he Glass~ are recu rsively

locate d. Fro m Ap pen dix B, the ou tp ut returns on ly tho se no vels that are no t kno wn by the user. Fo r

instan ce , ac cording to th e expert advice  in App end ix A, th e to pic s that  are re late d to  ^Wiz ard and  Th e

Glass^ are ^The Waste fu l Lands~, ^Drawin gs o f Three ~ and  ^Dark Towe r~ . Howe ve r, since  the  n ove l

^Dark T ower~ is alre ady known  acc ordin g to  the  u se r profile (given in Appe ndix B), it is not in clude d

in th e final re su lt, and t he  tup le  (NOT th e novel) with  the  h ighest importanc e value  is selected .

                                                                                          Table  2 .  Output of the SQL - TC qu ery in Example 8

                                                                                             Tname  So urc eRe f.Web - ad dress

                                                                               "The Waste fu l Lan ds"  www.critics.c om/d ark3.html

Exa mple 9. ( User preferenc es, user k nowled ge an d multiple ex perts )  Using first the expert www.sql -

tc.com/king.xtm , and then , if there are no  c onflic ts, the expert www.horror - books.com/b ooks.xtm , find all

no vels and th eir su mmarie s su ch that  th e main characters of the  selec te d novels are influe nce d from

"Jac k Park", the  main  c harac te rs o f the no vel ^Th e Stand ~, and retrieve  only th ose sou rc es that have

no t  bee n visite d by the user in the last 30  d ays.

                        select  [$ topic.name, $sourceRef.web - address] as  T

                        from  reso urces http://www.stephenkinglibrary.com , http://www.st ep hen - king.net

                        using experts www.sql - tc.com/king.xtm  as  E1,  www.horror - books.com/b ooks.xtm  as  E2

                        with user profile  www.myprofile.com  as U

                        where No velsOfNovelCharacters , Influ enced By  in (E1, E2). Metalinks and

                              $ topic= any No velsOfNovelCharacters (

                                                            In fluencedBy * ("Jack Park", hero, novel characters, ,), , )
and

                                   $ sourceRef= any  SourceOf($topic, , ) and

                                   ^summary~  in $sourceRef.roles and

                                   $sourceRef.web - address in  GetSourceAddresses (U.UserKnowledge) and

                                GetLastVisitedDays(U.UserKnowledge, $sourceRef.web - address) > "3 0"

              The  s ec ond  wh ere clause assign s a novel to the topic variab le  $ to pic where the no vel has a main

ch aracter in flue nce d by a main ch arac te r of the  n ove l ^T he Stan d~ in th e domain  of ^literature~ . Fo r

bo th  e xpe rts, we assume  that the signatures o f the metalink type s Influe nc edBy  and

Nov elsOfNov elCharac te rs are the same, and  e ac h is d efin ed as

              Influ enced By (E): novel - character Æ  novel - character   and

              No velsOfNovelCharacters (E): novel - character Æ  SetOf novel

              whe re  E d eno te s eith er o f th e two exp erts. Note that, in t he  q uery, th e se le ction  o f the expert for

the ab ove  me talinks  (and  the  e xpe rt of the func tion  Source Of()) is n ot spec ified in th e que ry, an d

de fe rred  to th e user´s p re fe ren ce s. Also, in th e Sou rc eOf() fun ctio n, a top ic  source  at any de tail le vel is

ac ce pte d.

              Fo r th is example, we  assume that th e Influe nc edBy  metalin k is b in ary, transitive, and  c yc lic, and

we apply th e corresp ond in g to pic closu re  c ompu tation  algorithm fo r this case. Acco rd in g to  the  advice

of exp ert www.sql - tc.com/king.xtm  (E1  in App end ix A), the  n ove l ^T he Stan d~ has th e main character

^Jac k Park~ , who  influen ces the  c haracter ^Joh n Smith~ . As ^Jo hn Smith ~ is c laime d to  b e th e main

ch aracter of the  n ove ls ^Scream~ an d ^Man iac~ by e xpe rt www.horror - books.com/b ooks.xtm  (E2 in

App end ix A), the  top ic  c lo sure co mputation will b in d eac h of ^Scream~ an d ^Man iac~ to th e $topic

variab le . Thu s, $so urceRe f.we b - ad dresses will be  assigned  to the co rrespo nd in g sou rc es

www.boo ks.c om/scream.h tml  and  www.boo ks.c om/maniac .h tml . T he fu nction GetSo urceAd dresses()

return s ad dresses o f visited so urces and  the  fun cti on  Ge tLastVisite dDays() retrieves the  d ays since  the

last - visit o f a give n sou rc e from the user p ro file  d atab ase  U (in  Ap pen dix B). Sub seq uen tly, th e entire

qu ery will return www.boo ks.c om/maniac .h tml  as it  is the  o nly so urc e th at is visited  b y th e use r an d

no t in the  last thirty days.

              Note that as this qu ery employs more th an on e expert advice , the issue of possible con flicts amo ng

diffe ren t expe rt advice  come s up. In  the  u ser preferenc es (given  in App end ix  B), first the  advice  o f E1

an d th en, if th ere  are no co nflicts, th e advic e of E2  are  to be  acc epted . Assume  that the follo win g

metalink ad vice instance s are en cou nte re d during the topic closure comp utation  with re spe ct to the

Influe nc edBy  metalin k type:

              MAdvice(E1 , ^Jack Park~ Æ Influ enced By  ^John Smith~) = 0 .8

              MAdvice (E2, ^Jack Park~ Æ Influ enced By  ^John Smith~) = ^ No~

              The  que ry e valuation relie s first o n E1 an d in clude s th e character ^Jo hn Smith ~ in  the  c lo su re set,

or re lies o n E2 and  d iscard s th e ch arac te r ^Joh n Smith~  (an d th us all o th er top ic s th at may possibly be

ad ded  to the closure bec au se of th e in clusion  o f ^John  Smith~ ) from the closure. To  resolve  the

co nflict, the  q uery en gin e co nsu lts the metalink - importanc e - thresh old statemen ts dec lare d i n the user

preferen ces, and disc ards the ad vice  with  a lower importanc e value  than th e give n threshold. The  u ser

preferen ces (of Appe ndix B) d eclare thresh old value s 0.5 an d ^Don ´t - Care~

1
 fo r experts E1 and  E2

resp ec tively. And , th e co nflict - reso lu tion  sta temen t of the  use r´s preferen ces d ec lare s an orde re d

ac ce ptanc e of advice s. Thus, we  add ^John  Smith~  into th e to pic closure  set.

Exa mple 10.  ( Multileve l n este d que ries a nd the ag gre gation op era to rs )  Find the advice , at any level,

of th e exp ert www.sq l - tc.com/king.xtm  fo r a no vel writte n by Steph en King such  that the no vel has th e

high est imp ortance  value ac co rding to the reviews at www.king - review.co m .

              select  [$ sourceRef.web - address] as  T

              from  reso urces http://www.stephenkinglibrary.com , http://www.stephen - king.net

              using experts www.sql - tc.com/king.xtm  as E1

              where $top ic  in E1 .T opics and

                   $sourceRef=SourceOf($topic,,E1 ) and

                          $ topic.TName in

                              s elect [$topic1.TName]

                              using experts www.king - review.com  as  E2

                              w here WrittenBy in E2 .Metalinks and

                                         $top ic1= any ( WrittenBy (SimTName(^Step hen King~, ^ horror novelist~, ^ literature~, E2 ,)))

                                         and TAdviceMatch (E2 , $to pic1) =

                                         select  max (TAdviceMatch (E2, $topic2 ))

                                                where $top ic2 in E2 .T opics

              The  fun ctio n TAdvic eMatch (exp ert, to pic) returns the expe rt´s impo rtan ce valu e ^matc hed ~ to

topic. If n o  matching takes p lace, th e value  o f 0 is re tu rn ed.

              In th e abo ve qu ery, three  levels of selec t - su bqu ery nesting are  e mploye d. T he inne rmost q uery

fin ds the high est to pic imp ortan ce  value for any topic, assigne d b y th e expert www.king - review.co m

by u sing the aggregate ope rato r max  in  a way similar to SQL. T he se co nd - leve l select sub que ry returns

the names o f Steph en King no vels that are assigne d th e maximum importanc e value  acc ord in g to  the

expert www.king - review.co m . An d th e outermost qu ery finds all so urces, at an y le vel, for the  selec te d

no vels, ad vised  b y th e exp ert  www.sq l - tc.com/king.xtm .

Exa mple 11.  ( Te xt  se arc h in  the  sou rc e )  Find all sou rc es, at any d etail leve l, th at are  abou t Step hen

King an d con tain  the  string
                                                                                           "acc iden t"

.

              select [$sourceRef.web - address] as  T

              from resources http://www.stephenkinglibrary.com , http://www.stephen - king.net

              using experts www.sql - tc.com/king.xtm  as E

              where $top ic in E.Topics and $top ic.TName = "Stephen King" and

                          $ sourceRef = Sourc eO f($top ic,,E) and  Contains($sourceRef, "accident")

1  Th e threshold value Don ´t Care indicates th at all m etalink instances are accepted from th is particular expert, regardless of their

              importance valu e.

              Assume  that the information  resource  loc ated at www.newswee k.co m/17 - 10 - 20 00/  mentions the

topic

                   "S tep hen Kin g

                                                                         " and co ntains the strin g
"acc iden t"

. In this case, th e re sult o f the qu ery would be

as in the Table 3.

                                                                                                            Ta ble 3.  Output of the query in Example 11 .

SourceRef.Web - address

                                                                                          "www.newsweek.com/17 - 10 - 20 00/tragic - accident.html"

4.3  Que ry ing Expert Adv ice Re positorie s

In th is sec tion, we provide  two exa mples that sole ly que ry the e xpe rt advic e re positorie s.

Exa mple 12.  ( Multiple metalink closures )  Find all top ic  n ame s of any type , which  are  related  to the

no vels base d upo n Ste phe n Kin g novels.

               select [$topic.TName] as  T

               using experts www.sql - tc.com/king.xtm  as E

               where WrittenBy , Rela tedTo , Ba sedUpo n in E.Metalinks and

                          $ topic1  = any ( WrittenBy (^Step hen King~,,^ literature~, E,)) and

                          $ topic =a ny  (( Rela tedTo  ( Ba sedUpo n ))*  ($ topic 1.TName, $top ic1.TType, $top ic1.TDomain, E,))

              Fo r th is que ry, we assu me th e fo llowing metalink sign atures.

 WrittenBy (E) : SetOf author Æ  novel

               R elatedTo  (E) : top ic Æ  topic

                     Ba sedUpo n (E): SetOf topic Æ  topic

              Note that novels are to pics, an d th e Re late d To  an d Based Upon  metalin ks return novels, mo vies,

music als, and  p erson s.  In th e abo ve qu ery, the  result is a table with rows that co ntain top ic  n ame s fo r

each topic en tity qualifying the co ndition s. As in  the  p re vious e xamp le s, th e notatio n (( Rela tedTo

( Ba sedUp on ))*  en fo rc e to pic  closu re  c ompu tation. The  algorithm in  Figure 2 re pre se nts th e

interpre tation  semantic s fo r th is case.

              We now b riefly d iscuss the qu ery evaluation usin g th e in stanc es in the App end ix. Ac cording to th e

expert advice  at www.sq l - tc.com/king.xtm  (i.e., expert E1  in App end ix A), the  set of no vels { ^Carrie ~,

^T he Stan d~, ^Wiz ard an d The Glass~, ^Th e Wasteful Lan ds~ , ^Drawin gs of Three~ , ^Dark Towe r~ } is

writte n by Step hen  Kin g. Th e in put to  t he  mu lti - closure algorith m is these to pics and the metalink se t

M that c ontains me talinks Based Upon  and  Re late dTo . At th e first iteration  o f multi - closure

co mputation, X +  is augmented  b y th e movie ^Sto ry o f Carrie ~ which is Based Upon  th e corresp ond in g

no ve l ^Carrie~ . Th en the closure se t is fu rther exp and ed by  ^Joh n Carpen te r~ , wh ic h is Re late dTo  th is

movie . The re  is n o con trib utio n of othe r no vels to th e closu re  set. At th e sec ond  iteratio n of the  wh ile

loop , the algo rith m first retrieve s the topics that are base d upo n the  curre nt set, wh ic h has b een

exte nde d by {^Story of Carrie ~, ^Jo hn Carpe nter~} in th e previou s step . As ^Carrie: The Music al~ is

base d upon  the  mo vie ^Story of Carrie~ , it is add ed to
X

+ , and no  furth er top ic  is base d upo n th e to pic s

in t his set. The n, the  top ic s th at are  relate d to ^Carrie: The Music al~ are ad ded  to th e se t, and

^B roadway Season  1 980 ~ is the  o nly su ch topic to  b e ad ded . Again , no  o th er topics are add ed to th e

closure se t, as the re is no  top ic  that is Related To th e to pics in current set. T he algo rithm stops wh en the

closure doe s not change in  the  n ext iteratio n. T he resu lt of the  qu ery is given  in Tab le  4 .

                                                                                                            Ta ble 4.  Output of the query in E xample 12 .

Tname

^Carrie~

^T he Stand~

^Wizard and the Glass~

^Wasteful Lands~

^Drawings of Three~

^Dark Tower~

"Story of Carrie"

^John Carpenter~

^Carrie: The Musical~

^Broadway Season 1 980 ~

Exa mple 13. ( Metalin k attributes )  Find top 30 - ranked metalinks in the do main of lite ratu re  and having

an  impo rtan ce valu e of at least 0.7 for the e xpe rt www.sq l - tc.com/king.xtm  su ch that, in each  such

metalink, Steph en King is a partic ip ator.

               select  [$ metalink] as  T

                        using experts www.sq l - tc.com/king.xtm  as E

               where $metalink in  E.Metalinks and

                               $metalink = any (MetalinksWithT opic (" Step hen King", , , E)) and

                               $metalink.domain = "literature"

                   order by importance

                   stop after  30 most impo rtant and  when importance below  0.7

              The  fun ctio n Me talinksWith Topic() takes a topic  (e ithe r fully iden tifie d by TName, Ttyp e,

TDomain , and TAutho r in the  given orde r, or p artially ide ntified), and re turn s metalin k in stan ces.

              The  fun ctio n MAdvice Matc h () re tu rns the importanc e value  o f a give n metalin k in stanc e fo r the

give n exp ert. Using the expe rt advice  in Ap pen dix A, the que ry yie ld s the ou tpu t spec ified in T able 5.

                                                                                                            Ta ble 5.  Output of the query in Example 13 .

                      Mid  MType  MDomain  Antecedent p layers  Consequent players  M - Advice()

                       M1  WrittenBy  {"literature",

                                                                                     "horror"}

[Stephen King, horror

novelist, literature, - ]

[Carrie, novel, literature,

- ]

1

5  Implementation Issues

5.1  Sy stem architecture

            In Figure 3, we  pro vide the arch itec tu re  o f ou r system in  its most gen er al fo rm. In what follo ws, we

briefly e xplain th e ke y comp one nts of this system. Impleme ntatio n - sp ec ific  p arts are describ ed in th e

ne xt sec tion.

                                      ·  Visu al q uery in te rface  is a graphical u ser in te rfac e pro vided  to users. Altho ugh the e xamp le s

                                      illustrated  u p t o this point are te xtual, the  impleme ntation , whe n finish ed, will p ro vide the user a

                                      GUI to ease  the  u se of SQL - TC in the  web en viron ment.

                                      ·
                                                  Ex pert ad vice ac ce ss interfa ce  provide s a uniform set o f in te rfac e fu nctions for acc essing

                                      expert advice  rep ositorie s  with man y possible kinds of un derlying mod els or impleme ntation s.

                                      ·
                                                  User profile da ta base acc ess in te rfac e  is similar to the ab ove  o ne, providing a u niform se t of

                                      interface func tions to  acce ss u nde rlying h etero ge neo us databases.

                                      ·  Metad ata  filter  is inten ded  to extract exp ert ad vice information  e mbed ded  to reso urce

                                      do cume nts and  p ro viding a co mpatible  inte rface  to the e xpe rt advic e acc ess in te rfac e.

                          5.2  Prototype  imple mentation

                                        We  have imp le mented  a p ro to type system on the PC - Win dows p latform using Java 2 SDK�, Su n

                          Java servlet e ngine  and a we b serve r provide d within JSWDK� (JavaSe rver Web  Deve lo pmen t Kit).

                          In th e proto type system, XTMs serve as exp ert ad vice repo sito ries. Th us, th e prototyp e system in clude s

                          so me of the  c ore comp one nts described  above along with XTM spec ific to ols, wh ic h we disc uss next.

                                                       ·  Visu al q uery in te rface  is impleme nted as a Java se rv le t , wh ic h may be  acc essed  at [36].

                                                       When  a use r is first c onn ected  to ou r sit e, (s)h e has th e optio n to  login  in order to  acc ess loc al

                                                                                                                      External (web - based)

                                                                                                                      User Profile D atab ases

 ...

Local User

Profile Database

                                                                                                                      XTM Expert Databases

...

WWW Information

Resources

...

               Query  Output

               Tables of topic and

                    metalink ob jects

                         Query  In put

         Queries using topic and

                      metalink ob jects

User Profile D atab ase

Access Interface

SQ L - TC P rocessor

Internal X TM Graph

Metadata Filter

Expert Advice Access

Interface

Visual  Q uery In terface

Othe r Exp ert Advices

                                                                                                        Figu re 3. SQL - TC System Arc hite cture

                                      user p ro file  (Figu re  4 ). Then , the user spe cifies the  add re ss o f th e web  d omain(s) to be  que ried

                                      an d/or o ne or mo re  XTM e xpe rt advic e re positorie s. In  the  restricted de mo in  [36], we provide

                                      a (virt ual) domain  and an  XTM do cume nt o f App end ix A as d efaults.

                                                          Next, que ry d esign  p age (Figu re  5 ) is prese nted whe re  the  u se r may p ose  q ueries by

                                      usin g th e to pic and  me talink o bjects available in the  spe cified  advice  rep ositorie s. At th e

                                      mome nt, we provide  a web  p age  with a qu ery te mp late  that allows d esign in g que ries o f on e

                                      particular type. Pro viding a func tional and user - friend ly GUI su ppo rtin g all features o f SQL -

                                      TC will nee d more  work, and we will rep ort the resu lts later.

                                                In th e pro to type de mo [3 6], we re turn q uery ou tp uts as interac tive  tab le s, wh ere th e

                                  metad ata objec ts and /o r th e so urc es in the tables are hyp erlinks that may be followe d an d

                                  navigated .

·  XTM Proce ssor v 1.0 : T his is a fully con fo rmant implemen tation  o f  [44 ] that parse s an

XTM doc um en t an d creates in te rnal topic map  graph, which is said  to be  " re co nstitu ting the
informa tion  c aptured in th e XTM syn ta x"  [4 4]. At the mome nt, the grap h is store d in  the
memo ry u sing Java Hash table data ob je cts, but we are also  investigating to store it in  an actual
database to be ab le  to handle XTMs inc lud in g large volume s of d ata.

·  XTM Ac cess Fun ctio ns : T his is actually a se t of Java func tions which imp le ments the
expert advice  acc ess fu nctions, men tion ed in Sec tion 5.1, fo r a spec ific exp ert ad vice data base
type , namely XTM. Note that, the  interface  me ch anism su ppo rted  b y Java en ables u s to

                                                                    Figu re 4. Visual Que ry Interface

                            de clare an interface c lass, which  may be implemen te d by man y other actual classe s fo r

                            diffe ren t type s of exp ert databases, an d th en whe never suc h an interface func tio n is called , the

                            ap propriate  fun ctio n imp le mentation will be bo und acco rd ing to the e xpe rt datab ase  type [21].

                            Thu s, we can  add  ne w exp ert database mode ls to  o ur system by just provid in g the

                            implemen tation of ac cess func tions dec lare d in  the  interface .

              In  th e proto type system, th e user p rofile  acce ss interface  and  the  me tadata filte r are  no t ye t
implemen te d, and the qu ery pro ce ssing algorithms are  c urre ntly b eing stud ie d.

6  Conclusion

              In th is stu dy, we de velop a we b in fo rmation sp ac e mode l an d its q ue ry lan guage to allo w
so phisticate d que ries/search es o ver the  web reso urces. Prop ose d in fo rmation mod el h as three  majo r
co mpon ents: (i) informatio n resou rc es that are re prese ntin g th e web - base d doc umen ts, (ii) expert
ad vice mod el that is co ntributing to  a  to pic - ce ntric kn owledge in dex o ver th e re sou rc es, an d (iii)
pe rsonalize d in fo rmation mod el that is capturing the  u se r preferenc es and kn owledge. In this study,
information  resource s are assu med to be HTML/XML d ocu ments, an d the  u se r profile is capture d in

XML doc umen ts. XTMs are  u sed  to serve as e xpe rt advic e re positories that are imp osed over
information  resource s. Expe rt advic e re positories co ntribu te  to a se mantic in dex as they ide ntify th e
topics and their relationships in a re sou rc e se t, and  p ro vid e l inks to the ac tu al o cc urren ces of topics in

                                                                                                Figu re 5. Que ry De sign Interface
these re so urc es. We make th e practical assump tion that th e web  resource  d omains associated  with
expert advice  rep ositorie s do no t sp an the we b, altho ugh they may be  arb itrarily large.

              The  SQL - like que ry lan guage SQL - TC is designe d to op erate ove r this in fo rmation spac e and
qu ery th e in formation reso urces b y in corpo rating the  e xpe rt advic es and users’ p erso naliz ed
information . SQL - TC qu erie s are exp re ssed usin g to pics, metalin ks and their source s, and they are
capa ble of que rying b oth th e assoc iate d in fo rmation resources and  the  e xpe rt advic e re positories
themselves in  an in te grated man ner. In th is sen se , SQL - TC provide s multi - database ac ce ss as well as
he te ro gen eou s data acce ss. One  d istinguishing featu re  o f SQL - TC  is the  c onc ep t of top ic  c lo sures,
which  retrie ves a set of all to pic s that are lo gically imp lied  by the  que ried topic(s) with resp ect to  a
particular me talink typ e. Pru ning topic closure sets b y con sultin g use r kn owledge -  th at is ke pt in the
user p ro file -  is p ossible, wh ic h may othe rwise  gro w too  large . As SQL - TC is capab le  o f usin g multiple
expert advice  rep ositorie s simultaneo usly alo ng with pe rson aliz ed info rmation  d atabase s, the  issue  o f
expert advice  c onflic ts and their resolutio n is impo rtant. In thi s repo rt, we  d iscuss a user - preferen ce
base d re solutio n app ro ach , whic h may furthe r be  improve d in  the  future.

              Finally, th e re port presen ts the  syste m arc hite cture and  a pro to type implemen tation  u sing XTMs as
expert advice  rep ositorie s. In this se nse , ou r  work serve s as a re al - life ap plic atio n of XTM effo rt, and
may also co ntribute to id entify and re so lve many issue s with the cu rren tly evolvin g XTM stand ard.

              The  future work will inc lu de qu ery proce ssin g and  o ptimization for SQL - TC qu erie s.

References

[1]  Ab it eboul, S., Buneman, P., and S uciu, D ., ^Data on the Web ~, Morgan Kaufmann P ublishers, San Francisco, 2 58 p.,

20 00 .

[2]  Ab iteboul, S., Quass, D., McHugh, J., Widom, J., Wiener, J., ^The Lorel query language for semistructured Data~,

Jour. of D igital Lib raries, 1 99 8.

[3]  ACM S IGMO D Workshop  on The Web and Databases (Web DB’99 ), June 3 - 4, 19 99 , availab le at
http://www.acm.org/sigmod/dblp/db /conf/webdb/webdb19 99 .html# LudascherP V99

[4]  Agrawal, R., Wimmers, E.L., ^A Framework for Exp ressing and Comb ining Preferences~, ACM S IGMO D Conf., p p.

29 7 - 30 6, 20 00.

[5]  Berners - Lee, T., ^Semantic Web Roadmap ~, W3C draft, Jan 20 00 , availab le at
http://www.w3.org/DesignIssues/S emantic.html

[6]  Biezunski, M., ^Topic Map s at a glance~, at http://www.infoloom.com/tmsamp le/bie0 .htm

[7]  Biezunski, M, "A Topic Map of This Conference’s Proceedings", P r oc. of GCA, 1 99 6,
http://www.infoloom.com/IHC9 6/mb2 14 .htm

[8]  Biezunski, M., Bryan, M., Newcomb , S ., editors, ISO/IEC 13 25 0, Top ic Map s, availab le at
http://www.ornl.gov/sgml/sc3 4/document/0 058 .htm .

[9]  Bosworth, A., Brown Jr., A. L., ^Microsoft’s vision for XML̃ , IEEE Data Engineering Bulletin 22 (3 ): 35 - 43 , 1 99 9.

[10]  Bray, T., Paoli, J., Sp erberg - McQueen, C. M., ^Extensib le Markup Language 1 .0  Spec ification~. World Wide Web

Consortium (W3 C), February 199 8.

[11]  Buneman, P ., Davidson, S., Hilleb rand, G., Suciu, D., ^A Q uery Language and Op timization Techniques for

Unstructured Data~, ACM SIGMOD  Conf., 1 99 6.

[12]  Buneman, P ., ^S emistructured data~, ACM PODS  Con f., 19 97 .

[13]  Carey, M.J., Kossmann, ^On Saying ^Enough Alreadỹ in S QL̃ , ACM S IGMOD 199 7.

[14]  Deutsch, A., Fernandez, M., Florescu, D., Levy, A., Suciu, D., ^XML - QL: A Query Language for XML̃ , sub mission
to W3C, Aug. 199 8, available at http://www.w3.org/TR/NOTE - xml - ql

[15]  Deutsch, A., Fernandez, M. F., S uciu, D.,  ^Storing S emistructured Data with STO RED~, S IGMO D Conference 1 99 9.

[16]  ECDL Workshop on the Semantic Web, Sept. 2 1, 20 00, Lisb on, P ortugal, electronic p roceedi ngs available at
http://www.ics.forth.gr/proj/isst/SemWeb

[17]  Fernandez, M., Florescu, D., Levy, A., Suciu, D., ^A Query Language for a web - site management S ystem~, S IGMO D

Record, S ep t. 19 97.

[18]  Florescu, D., Levy, A., Mendelzon, A., ^Datab ase Techniq ues for the World - Wide Web: A Surveỹ , ACM SIGMOD

Record, 2 7, 3, S ep t. 19 98 .

[19]  Gruser, J - R., Raschid, L., Vidal, M.E., Bright, L., ^Wrapp er Generation for Web - Accessible Resources~ CoopIS Conf.,

19 98 .

[20]  ISO 13 25 0 T op ic Map  S tandard available at http://www.w3c.com

[21]  Java Documentation at http://java.sun.com

[22]  Ksiezyk, R., "Answer is Just a Question [of matching Top ic Map s], P roc. of X ML Europe 2 000 , GCA, Alexandria,

VA, 20 00.

[23]  Layman, A., et al,    ^XML - Data~, Prop osal for a S tandard, World Wide Web Consortium, Jan. 1 998 .

[24]  Levy, A., Rajaraman, A., Ordille, J.J., ^Querying Heterogeneous Information Sources using source descriptions~,

VLDB Conf., 19 96.

[25]  Mendelzon, A., Mihaila, G., and Milo,  T., ^Querying the WWW~, International Journal on Digital Libraries~,  V ol.1 ,

No.1 , p p.54 - 67 , Ap ril 19 97.

[26]  Mihaila, G. A., Raschid, L., Tomasic, A., ^Equal Time for Data on the Internet with Web Semantics~, ED BT Conf.,

19 98 .

[27]  Microsoft MS DN Online Sup port, a vailable at http://sup port.microsoft.com/servicedesks/msdn .

[28]  Microsoft MoneyCentral, available at http://moneycentral.msn.com/home.asp

[29]  Newc omb, S ., Biezunski, M., "Topic Maps go XML", XML Europe 2 00 0, June 2 000 .

[30]  Ozsoyoglu, G., Balkir, N.H., Cormode, G., Ozsoyoglu, Z.M., ^Electronic Books in D igital Lib raries~, IEEE Advances
in Digital Libraries Conf., Washington, D.C., May 200 0.

[31]  Ontopia Topic  Map  Technology, available at www.ontop ia.net

[32]  Online Collections of the Smithsonian Institution, availab le at http://www.si.edu .

[33]  Pepp er, S ., ^Euler, Top ic Map s, and Revolution~, ava ilable at http://www.infoloom.com/tmsamp le/pep4.htm

[34]  Rath, H.H., Pepper, S., ^Topic Maps at Work~, Goldfarb, C.F., Prescod P . (eds): XML Handb ook, 2 nd  edition, P rentice

Hall, 199 9.

[35]  Rath, H.H., "Top ic Map s S elf Control~, Extreme Markup Languages 20 00 , Montreal, PQ, Canada, 20 00.

[36]  SQ L - TC servlet, availab le at http://1 39 .1 79 .2 1.49 :8 08 0/servlet/SQL - TC

[37]  The K4 2 Topic Map  Engine, availab le at http://k42 .empolis.co.uk

[38]  Topic Maps available at www.infoloom.com

[39]  Topic Map Samples, available at http://www.techquila.com/tmsam ples/

[40]  tmproc: A Topic Maps imp lementation, available at http://www.ontopia.net/software/tmp roc/index.html

[41]  XML Linking Language (XLink) version 1.0, available at http://www.w3.org/TR/xlink/

[42]  XML Topic Maps (XTM) 1 .0  available at http://www.topicmap s.org/xtm/1 .0

[43]  XTM: XML Topic Maps -  working documents, available at http://www.doctyp es.org/xtm/home.html

[44]  XTM P rocessing Model 1.0 , TopicMaps.Org AG Review S pecification, 4 Dec 20 00 , availab le at
http://topicmaps.org/xtm/1.0/xtmp 1.html

[45]  Ullman, J.D . , ^Princip les of Database and Knowledge - Base Systems~, Vol. 1, 198 8.

Appendix A: Expert Advice Repositories

              In th e following, we provide  e xpe rt advic es in a tabu lar fo rm for the e ase  of illustration. Cle arly,
the expert advice  rep ositorie s may be  in the form of te xt file s, XML files and /or any c onven tional
databases. No te  that, as we  u se XTMs to se rve as e xpe rt advic e re positorie s in the  pro to type
implemen tation, an  XTM do cume nt c orrespon ding to some  o f the following tabular forms is available
in Appe ndix  D. In order to save  space, we only provid e a portion  o f XTMs that are used as exp ert
ad vices.

              In th is rep ort, we  pro vide examples with expert advice  rep ositorie s th at are  assumed  to be
available at the  virtual web location s www.sq l - tc.com/king.xtm  and  www.horror -
bo oks.c om/boo ks.xtm . T he fo rme r web  site provid es e xpe rt advic es ab out th e horro r writer Ste phe n

King an d in clude s a numb er o f co nce pts an d re lat ionships about Steph en King himse lf, h is b ooks,
movie s etc., and provide s po inters to various kin ds o f re so urc es for the se  c onc epts (to pics) or
relatio nsh ip s (me talinks) 2 . T he latte r web  site is more gen eral inc lu ding expert advice s ab out h orro r
writers, b oo ks, characters of books, etc.

              To save  space, we only provid e to pics, sou rc es and metalinks that are illustrated  in the examples
through out th e re port. Top - leve l topic type s su ch as perso n, n ove l, movie, music al, ho rror n ove list, e tc .

2  Please n ote that, most of the n ovels, ch aracters, web location s etc. given in this Appen dix and in  th e examples throughout th e report are

               imaginary.

are examples of top ics that are not explicitly spe cified as to pics in th e tables given be lo w. Similarly,
metalink sign atures that are men tione d in  Section 3 are also  n ot inc lu ded . In case of the  XTMs, the y
are assu med to be in XTM temp late s.

A.1  Expert Adv ice prov ided in www.sql - tc.co m /k ing.xtm  (Expe rt E1)

Ta ble A.1  Top ics of Exp ert E1

Ti d  TD eta il

                            le vel

                                                                 TT ype  Tn ame  TD oma in  T - Ad vic e  So urc e

T1     -  ho rro r

                                                                 no vel ist

                                                                                                           ^S tep hen Kin g~  li ter atur e  1  {S 1, S2}

T2  -  no vel  ^C arr ie~  li ter atur e  1  {S 3, S4}

T3  -  no vel  ^T he Stan d~  li ter atur e  0. 8  {S 5, S6}

T4  -  mo vie  ^S tor y of  Ca rri e~  ci nem a  0. 7  -

T5  -  mu sic al  ^C arr ie: The  Mu sic al~  le isu re  0. 2  -

T6  4  no vel  ^W iza rd and The Glass~  li ter atur e  0. 3  -

T7  3  no vel  ^T he Wast efu l L and s~  li ter atu re  0. 4  S7

T8  2  no vel  ^D raw ings  of  Th ree ~  li ter atur e  0. 6  S8

T9  1  no vel  ^D ark  Tow er~  li ter atur e  0. 8  -

T1 0  -  mo vie

                                                                 di rec tor

                                                                                                           ^J ohn  Car pen ter ~  ci nem a   -

              Note that, in the be lo w tab le , the attribu te s may be  set - valu ed. A p laye r to pic in  a me talink
instan ce  is ide ntifie d with the triple TName , TType, TDomain  alo ng with  the  topic  de tail le ve l. For
instan ce , the topic ^Carrie~, of typ e ^no vel~ in th e domain  ^literature ~ an d with no spec ified de tail
leve l, is o ne of th e playe r topics in the metalink instance  M1 of typ e ^ Writte nBy ~. Note th at, the player
topics may be  simp ly referre d by their internal id s in  the  impleme ntatio n, and we fully spec ify them in
the ab ove  tab le  for th e sake of illu stration .

Ta ble A.2  Metalinks of Ex pert E1

Mi d  Mt yp e  Md oma in  An tec eden t p lay ers  Co nse quen t p lay ers  M - ad v

M1  Wr itt enBy  {l ite ratu re,

                                                                       h orr or}

[S tep hen Kin g,
ho rro r no vel ist ,
li ter atur e, - ]

[C arr ie, nov el,
li ter atur e, - ]

1

M2  Wr itt enBy  {l ite ratu re,

                                                                       h orr or}

[S tep hen Kin g,
ho rro r no vel ist ,
li ter atur e, - ]

[T he Stan d, nov el,
li ter atur e, - ]

0. 6

M3  Wr itt enBy  {l ite ratu re,

                                                                       h orr or}

[S tep hen Kin g,
ho rro r no vel ist ,
li ter atur e, - ]

[W iza rd a nd The

Gl ass , no vel ,
li ter atur e, - ]

0. 6

M4  Wr itt enBy  {l ite ratu re,

                                                                       h orr or}

[S tep hen Kin g,
ho rro r no vel ist ,
li ter atur e, - ]

[T he Wast efu l L ands,
no vel , li ter atu re, -

]

0. 6

M5  Wr itt enBy  {l ite ratu re,

                                                                       h orr or}

[S tep hen Kin g,
ho rro r no vel ist ,
li ter atur e, - ]

[D raw ings  of  Th ree ,
no vel , li ter atu re, -

]

0. 6

M6  Wr itt enBy  {l ite ratu re,

                                                                       h orr or}

[S tep hen Kin g,
ho rro r no vel ist ,
li ter at ure , - ]

[D ark  Tow er,  no vel ,
li ter atur e, - ]

0. 6

M7  Ba sed Upon  -  [C arr ie, nov el,
li ter atur e, - ]

[S tor y of  Ca rri e,

  mov ie, cin ema , - ]

0. 6

M8  Ba sed Upon  -   [ Sto ry o f C arr ie,

 m ovi e, c ine ma,  - ]

[C arr ie: The

 M usi cal,  mu sic al,

- ]

M9  Re lat edTo  -  [T he W as tef ul

La nds , no vel ,
li ter atur e, 3]

[W iza rd a nd The

Gl ass , no vel ,
li ter atur e, 4]

0. 3

M1 0  Re lat edTo  -  [D raw ings  of  Th ree
no vel , li ter atu re,

2]

[T he Wast efu l L ands,
no vel , li ter atu re,

3]

0. 5

M1 1  Re lat edTo  -  [D ark  Tower, novel,
li ter atur e, 1]

[D raw ings  o f Thr ee
no vel , li ter atu re,2]

0. 6

M1 2  No vel Char a

                      ct ers

                                                                                     -  [T he Stan d, nov el,
li ter atur e, 1]

[J ack  Par k, her o,
no vel  cha rac ter s, - ]

0. 7

M1 3  In flu ence d

                      By

                                                                                     -  [J ack  Par k, her o,
no vel  characters, -

]

[J ohn  Smi th,
ch ara cter , n ove l
ch ara cter s, - ]

0. 8

M1 4  Re lat edTo  -  [S tor y of  Ca rri e,
mo vie , ci nem a, - ]

[J ohn  Car pen ter ,
mo vie  dir ect or,
ci nem a, - ]

-

M1 5  Re lat edTo  -  [C arr ie: the

Mu sic al, mus ica l,
le isu re, - ]

[B roa dway   S eas on

19 80,  mus ica l,
le isu re, - ]

-

Ta ble A.3  Sources of Ex pert E1

Si d  We b - ad dre ss  R ol e  Me dia Type  La stU pdat ed  De tai l
le vel

S - Ad vic e

S1  ww w.k ing. com /  We bsi te  mu lti media  16 .01 .200 1  -  1

S2  ww w.n ewsw eek .co m/

                      17 - 10 - 20 00/

                      tr agi c -

                      ac cid en t.h tml

                                                                                                     Me nti ons  Te xt  20 .01 .200 1  -  0. 7

S3  ww w.b ooks .co m/c ar

                      ri e.h tml

                                                                                                     Su mma ry  Te xt  -  -  0. 5

S4  ww w.c riti cs. com /c

                      ar rie .htm l

                                                                                                     Re vie w  Te xt  -  4  0. 8

S5  ww w.b ooks .co m/s ta

                      nd .ht ml

                                                                                                     Su mma ry  Te xt  -  -  0. 4

S6  ww w.c riti cs. com /s

                      ta nd. html

                                                                                                     Re vie w  Te xt  -  4  0. 7

S7  ww w.c riti cs .c om/ d

                      ar k3. html

                                                                                                     Re vie w  Te xt  -  4  0. 8

S8  ww w.c riti cs. com /d

                      ar k2. html

                                                                                                     Re vie w  Te xt  -  4  0. 3

A.2  Expert Adv ice prov ided in www.horror - books .c om/books.xt m  (Expe rt E2)

Ta ble A.4  Top ics of Exp ert E2

Ti d  TD eta il

                                 le vel

                                                                      TT ype  Tn ame  Td oma in  T - Ad vic e  So urc e

T1 1  -  no vel   ^S cre am~  Li ter atur e  0. 3  S9

T1 2  -  no vel  ^M ani ac~  Li ter atur e  0. 4  S1 0

T1 3  -  he ro  ^J ack  Par k~  No vel
ch ara cter s

-  -

T1 4  -  ch ara cter  ^John Smit h~  No vel
ch ara cter s

-  -

Ta ble A.5  Metalinks of Ex pert E2

Mi d     MT ype  MD oma in        An tec eden t p lay ers  Co nse quen t p lay ers  M - Ad vic e

M1 6  In flu ence dBy    -  [J ack  Par k, her o,
no vel  cha rac ter s, - ]

[J ohn  Smi th,
ch ara cter , n ove l
ch ara cter s, - ]

No

M1 7  No vel sO fNo velC

                      ha rac ters

                                                                                                         -  [J ohn  Smi th,
ch ara cter , n ove l
ch ara cter s, - ]

[S cre am, nov el,
li ter atur e, - ]

0. 6

M1 8  No vel sOfN ove lC

                      ha rac ters

                                                                                                         -  [J ohn  Smi th,
ch ara cter , n ove l
ch ara cter s, - ]

[M ani ac, nov el,
li ter atur e, 1]

0. 2

Ta ble A.6  Sources of Ex pert E2

Si d  We b - ad dre ss  Ro le  Me dia Type  La stU pdat ed  De tai l
le vel

S - Ad vic e

S9  ww w.b ooks .co m/s c

                            re am. html

                                                                                                     Summary  Te xt  12 .02 .200 1  -  0. 6

S1 0  ww w.b ooks .co m/m a

                            ni ac. html

                                                                                                     Su mmary  Te xt  13 .02 .200 1  -  0. 7

Appendix B: Personalized Information for User U

              In th e following, we provide  p erson aliz ed information  in terms of u se r preferenc es and user
kn owledge fo r a typical user U. Assume that user p rofile  is ke pt in the virtual we b  lo cation
www.myprofile .c om .

              Us er - Pr efe renc es (U)  c ont ains  a set  of  sta tem ent s a s fo llo ws:

              Ex per t (U ) =  <
                                                                         www.sq l - tc.com/king.xtm , www.horror - bo oks.c om/boo ks.xtm >

              TI mpo rtan ce( U) = { (
                                                                                              www.sq l - tc.com/king.xtm , 0 .5 ),

                                                                                        ( www.horror - bo oks.c om/boo ks.xtm , 0 .3 )}

              Mi mpo rt an ce( U) =  {(
                                                                                              www.sq l - tc.com/king.xtm , 0 .5 ),

                                                                ( www.horror - bo oks.c om/boo ks.xtm , ^Don´t - Care~ )

              Si mpo rtan ce( U) = { (
                                                                                              www.sq l - tc.com/king.xtm , 0 .5 ),

                                                                ( www.horror - bo oks.c om/boo ks.xtm , 0 .3 )

              Re jec t - S (U)  = {
                                                                                  www.skin g - fanatics.com }

              Co nfl ict - R (U)  = O rde red - Ac cep t

              Us er - Kn owl edge  (U )

            TN ame  De tai l

                                              le vel

                                                                                  So urc e

                                                                                  ad dre ss

So urc e
ro le

So urc e
me dia
ty pe

Fi rst
vi sit

La st visit  Vi sit

No

            Sc rea m  -  ww w.b ooks .co m/

                                                                                  sc rea m.ht ml

su mma ry  te xt  -  12 .02 .2001  2

            Ma nia c  -  ww w.b ooks .co m/

                                                                                  ma nia c.ht ml

su mma ry  te xt  -  13 .02 .1999  3

            Da rk

            To wer

                                              1  ww w.b ooks .co m/

                                                                                  da rk1 .htm l

re vie w  te xt  -  -  3

Appendix C. BNF for SQL - TC

<SQL - TC_ que ry>  :=< sele ct_c lause>

        < from_c lause>

        < where_ clause>

        [<o rde r_ by_ clause>]

        | <SQL - TC_ que ry>  union  <SQL - TC_ que ry>

        | <SQL - TC_ que ry>  minus  <SQL - TC_ que ry>

        | <SQL - TC_ que ry>  inte rsec t  <SQL - TC_ que ry>

<select_c lause> :=  se lect  [  <topic_ metalin k_source _variab le > ]  [ as  <variab le >]

          |  se lect  <aggregate _func tion>

<topic_ metalin k_source _variab le >  :=  <a_ variable>[ . <attribu te >]

                                               | < a_variable>[ . <attribu te >] , <topic_ metalin k_sour ce _variab le >

<a_variab le >  :=  $ <ide ntifie r>

<attribu te >  :=  <id entifier>

<variable>  := <letter>

<u nde rscore> := _

<ide ntifie r>   := < le tter>{< le tter> | < digit> | < und ersco re >}

<lette r>  :=  A .. Z | a .. z

<d igit>  :=  0 .. 9

<aggregate_fun ction >  :=  <aggre gate _func tion _name> ( <argumen t> )

<aggregate_fun ction _name>  :=   max   |  min   |  av g | sum | count

<argumen t>  :=  < a_variable>[ . <attribu te >]

                          | <impo rtanc e_ fun ctio ns>

<importanc e_fun ctio ns> :=

                                                 TAdv ic eMatch( <e xpe rt_var> , (<a_ variable> [ . <attribu te >] |

                                                                                                                                   <string_c onstant>) )  |

                         MAdvice Ma tc h( <e xpe rt_var> , (<a_ variable>[ . <attribu te >] |

                                                                                                                       <string_ con stan t>) )  |

                        SAdvic eMatch( <e xpe rt_var> , (<a_ variable>[ . <attribu te >]| <u rl>) )

<b uilt_in_func tion >  :=  <imp ortance _func tions> |

                           GetSourc eAddresse s( <p rofile _var> .Use rKno wle dge )  |

                                                   GetLastVisitedDa ys( <p rofile_var> .UserKnowledg e, <a_variable> .web - address )  |

                                                   Conta ins( <a_variab le >,<string_co nstant> )  |

                                                   MetalinksWithT opic( <topic_ name > , <topic_ type> , <topic_ domain > ,

                                                                                                                                               <e xpe rt_name> )

<fro m_clau se >  := [ from re sourc es  <url_ list>]

                               [ using experts <e xpe rt_list> ]

                               [ with user pro file  <profile_ list>]

<u rl_list>   :=  <u rl> | < url> , <u rl_list>

<u rl>  := a valid URL

<e xpe rt_list>   :=  < url> [ as  <expert_var>]

                             | <u rl> [ as  <expert_var>] , <e xpe rt_list>

<e xpe rt_var>   :=  E {< dig it>}

<p rofile _list>   :=  <u rl> [ as  <profile_ var>]

                             | <u rl> [ as  <profile_ var>] , <p rofile _list>

<p rofile _var>   :=  U {< digit>}

<wh ere_c lause >  :=  whe re  <variab le _de claratio n_c lause > and  <co ndition _clau se >

<variable_d eclaration_ clau se >  := <topic_ variable_ dec laration >[ and

                                                                                      <variable_d eclaration_c lause>]

                                                       |<me talink_variab le _de claratio n>[ and

                                                                                      <variable_d eclaration_c lause>]

<topic_ variable_ dec laration >  :=  <to pic_var>{ ,  <topic_var>} in <e xpe rt_var> .Topics

                      | < to pic_var>{ ,  <topic_var>} in ( <e xpe rt_var> { , <e xpe rt_var> } ).To pics

<me talink_variable_ dec laration >  :=  (<me talink_var> |< metalin k_type >){ ,

                                             (<me talink_var> |< metalink_type >)} in <e xpe rt_var> .Me ta links

                      | (<me talink_var>| <me talink_type> ){ ,  (<me talink_var> |< metalin k_typ e>)} in

                                                                                ( <e xpe rt_var> { , <e xpe rt_var> } ).Metalinks

<topic_ var>  :=   <a_variab le >

<me talink_var>  :=  < a_variable>

<me talink_type>   :=  <ide ntifier> | <iden tifie r> *

<c ond itio n_c lause>  :=  <metalink_ closu re _clau se >

                                      | < sou rc e_o f_c lause>

                                      | < a_c ond itio n_c lause>

                                      | < SQL - TC_ que r y>

                                      | < con dition_ clause> and <c ond itio n_c lause>

                                      | < con dition_ clause> or <c ond itio n_c lause>

<me talink_closure _c lause >  :=   < top ic _var>  =a ny  ( <me talink_closure _e xpression>  )

<me ta lin k_c lo sure_ exp re ssion > :=

                            <me talink_closure_e xpression>  or  <metalink_c losu re _te rm>

                            | <metalin k_c lo sure_ te rm>

<me talink_closure _term> :=  <me talink_closure_term> and  <metalink_c losu re _factor>

                            | < metalin k_c lo sure_ factor>

<me talink_closure _fac to r> := ( <me talink_closure _e xpression> )

                            | <metalin k_c lo sure_ elemen t>

<me talink_closure _e le ment> :=  [<bo ol_no t>] <metalink_ type> ( <c lo sure_ argume nts> )

                                | ( [<boo l_ not>] < metalin k_type > ( <multi_ metalin k_c lo sure> ))*

<multi_ metalin k_c lo sure>   :=  [<bo ol_not>] <metalin k_typ e> ( <multi_ metalin k_c lo sure> )

                                                 | [<boo l_ not>] < metalin k_type >

< closure_argumen ts>  := <topic_ name > ,  <topic_typ e> , <topic_ domain > ,

                                        <e xpe rt_name> ,  <de tail_level>

                                       | ( [<bo ol_no t>] <metalin k_typ e> | SimTName ) ( <c lo sure_ argume nts> )

<topic_ name >  := ^ <ide ntifie r> ~  | Î

<topic_ type>   := ^ <ide ntifie r> ~  | Î

<topic_ domain >  := ^ <ide ntifie r> ~  | Î

<e xpe rt_name>  :=  < exp ert_ var> | Î

<d etail_ le vel> :=  < digit>{ <digit> } | Î

<source _of_c lause >  :=

                           < sou rc e_var> =a ny  So urc eOf( <top ic_var> ,  <de tail_level> ,  <expert_name> )

<source _var>   := $ <ide ntifie r>

<d etail_ le vel>  := {< digit>}

<a_co ndition _clau se >  :=  < to pic_me talink_so urce_ variable>  <set_o p> <bu ilt_ in _func tion>

                                         | < to pic _metalink_ sou rc e_ variab le > =  <co nstan t>

                                         | < to pic _metalink_ sou rc e_variable> <set_op > <SQL - TC_ que ry>

                                         | < built_in_ fu nctio n> <o p> <co nstan t>

                                         | < built_in_ f un ctio n> <se t_ op>  < SQL - TC_ que ry>

                                         | < built_in_ fu nctio n>

                                         | < con stant> <set_op > < to pic_me talink_so urc e_ variable>

<o p>  :=   =  | <  |  <=  |  >  |  >=

<set_op >  := <op > | in  | = any  | =a ll

<b ool_no t>  := no t

<c onstant>  := <strin g_c onstant> | <n umeric_c onstant>

<string_c onstant> :=  ^ {< digit> | < le tter> | < unde rsco re >} ~

<n umeric _co nstant> := <d igit>{< digit>} [ .  | , ]{<digit>}

<o rde r_ by_ clause> := order by [<to pic_var>] importance

                              (  stop afte r {< digit>}  most important  |

                                when importa nce  below <n umeric _co nstant> |

                                afte r  {<d igit>} most important and

                                                               when importance be lo w  <nu me r ic_c onstant>

                              )

Appendix D. XTM for Expert Advice Repository

            In the  following, we provide  a "prune d" ve rsion of a top ic  map of e xpe rt E1 in  Ap pen dix A. In th is
map ,

            ·  Top  level (meta) to pic types: ho rror n ove list, n ove l, an d m ovie .

            ·  Top  level (meta) to pic and  me talink d omains: literature, cinema, an d horro r.

            ·  Top  level (meta) sou rc e (o ccu rren ce) ro le s: we bsite, mentio ns, su mmary, and review.

            ·  Metalin k (association) types: writtenb y, and base d - up on.

            This map  inc lu des a n umbe r of c on cep ts and relatio nsh ip s abo ut Step hen  King´s bo oks, movie s
etc., and provide s pointers to vario us kind s of reso urces for the se  c onc epts (top ic s) o r re lation ships

(assoc iation s).

<?xml version="1.0" encoding="iso - 8859 - 1"?>

<!DOCTYPE topicMap SYSTEM "xtm1 .dtd">

<topicMap xmlns="http://www.topicmaps.org/xtm/1.0/"

          xmlns:xlink="http://www.w3.org/1999/xlink">

     <topic id="MT1">

  <baseName>

   <baseNameString>  horror novelist </baseNameString>

  </baseName>

     </topic>

     <topic id="MT2">

  <b aseName>

   <baseNameString>  novel </baseNameString>

  </baseName>

     </topic>

     <topic id="MT3">

  <baseName>

   <baseNameString>  movie </baseNameString>

  </baseName>

     </topic>

     <topic id="MT4">

  <baseName>

   <baseNameString>  literature< base NameString>

  </baseName>

     </topic>

     <topic id="MT5">

  <baseName>

   <baseNameString>  cinema </baseNameString>

  </baseName>

      </topic>

      <topic id="MT6">

  <baseName>

   <baseNameString>  horror </baseNameString>

  </baseName>

      </topic>

      <topic id="MT7">

  <baseName>

   <baseNameString>  website </baseNameString>

  </baseName>

      </topic>

      <topic id="MT8">

  <baseName>

   <baseNameString>  mentions </baseNameString>

  </baseName>

      </topic>

      <topic id="MT9">

  <baseName >

   <baseNameString>  summary </baseNameString>

  </baseName>

      </topic>

      <topic id="MT10">

  <baseName>

   <baseNameString>  review </baseNameString>

  </baseName>

      </topic>

      <topic id="MT11">

  <baseName>

   <baseNameString>  WrittenBy </ba seNameString>

  </baseName>

      </topic>

      <topic id="MT12">

  <baseName>

   <baseNameString>  BasedUpon </baseNameString>

  </baseName>

      </topic>

      <topic id="MT13">

  <baseName>

   <baseNameString>  antecedent </baseNameString>

  </baseName>

      </topic>

      <topic id="MT14">

  <baseName>

   <baseNameString>  consequent </baseNameString>

  </baseName>

      </topic>

      <topic id="MT15">

  <baseName>

   <baseNameString>  HasTAdvice </baseNameString>

  </baseName>

      </topic>

      <topic i d="MT16">

  <baseName>

   <baseNameString>  HasMAdvice </baseNameString>

  </baseName>

      </topic>

      <topic id="MT17">

  <baseName>

   <baseNameString>  HasSAdvice </baseNameString>

  </baseName>

      </topic>

      <topic id="MT18">

  <baseName>

   < baseNameString>  1 </baseNameString>

  </baseName>

      </topic>

      <topic id="MT19">

  <baseName>

   <baseNameString>  0.8 </baseNameString>

  </baseName>

      </topic>

      <topic id="MT20">

  <baseName>

   <baseNameString>  0.7 </baseNameString>

  </b aseName>

      </topic>

      <topic id="MT21">

  <baseName>

   <baseNameString>  0.6 </baseNameString>

  </baseName>

      </topic>

      <topic id="MT22">

  <baseName>

   <baseNameString>  0.5 </baseNameString>

  </baseName>

      </topic>

      <topic id= "MT23">

  <baseName>

   <baseNameString>  hasSDetailLevel </baseNameString>

  </baseName>

      </topic>

      <topic id="MT24">

  <baseName>

   <baseNameString>  4 </baseNameString>

  </baseName>

      </topic>

      <topic id="MT25">

  <baseName>

   <baseN ameString>  source </baseNameString>

  </baseName>

      </topic>

      <topic id="MT26">

  <baseName>

   <baseNameString>  source detail level

 </baseNameString>

  </baseName>

      </topic>

 <topic id=" T1 ">

  <instanceOf>

   <topicRef xlink:href="# MT1 "/>

  </instanceOf>

  <subjectIdentity>

   <subjectIndicatorRef

    xlink:href="http://www.stephenking.com"/>

  </subjectIdentity>

  <baseName>

   <baseNameString>Stephen King</baseNameString>

   <scope>

                 <topicRef xlink:href="# MT4 "/>

   </ scope>

  </baseName>

  <occurrence  id="S1" >

   <instanceOf>

    <topicRef xlink:href="# MT7 "/>

   </instanceOf>

   <resourceRef xlink:href="http://www.king.com"/>

  </occurrence>

  <occurrence  id="S2" >

   <instanceOf>

    <topicRef xlink:href="# MT8 "/>

   </ instanceOf>

   <resourceRef xlink:href="http://www.newsweek.com/17 - 10 - 2000/tragic -
accident.html "/>

  </occurrence>

 </topic>

 <topic id=" T2 ">

  <instanceOf>

   <topicRef xlink:href="# MT2 "/>

  </instanceOf>

  <baseName>

   <baseNameString>Carrie</baseName String>

   <scope>

                 <topicRef xlink:href="# MT4 "/>

   </scope>

  </baseName>

  <occurrence  id="S3" >

   <instanceOf>

    <topicRef xlink:href="# MT9 "/>

   </instanceOf>

   <resourceRef

         xlink:href="http://www. books.com/carrie .html"/>

  </occurrence>

  <occurrence  id="S4" >

   <instanceOf>

    <topicRef xlink:href="# MT10 "/>

   </instanceOf>

   <resourceRef
xlink:href="http://www.c ritics.com/carrie.html  "/>

  </occurrence>

 </topic>

 <topic id=" T4 ">

  <instanceOf>

   <topicRe f xlink:href="# MT3 "/>

  </instanceOf>

  <baseName>

   <baseNameString> Story of Carrie</baseNameString>

   <scope>

                 <topicRef xlink:href="# MT5 "/>

   </scope>

  </baseName>

 </topic>

 <association id=" M 1">

  <instanceOf>

   <topicRef xlink:h ref="# MT11 "/>

  </instanceOf>

  <scope>

                <topicRef xlink:href="# MT4 "/>

      <topicRef xlink:href="# MT6 "/>

            </scope>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT13 "/>

   </roleSpec>

   <topicRef xlink:href="# T1 "/>

  </me mber>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT14 "/>

   </roleSpec>

   <topicRef xlink:href="# T2 "/>

  </member>

 </association>

 <association id= "M7 ">

  <instanceOf>

   <topicRef xlink:href="# MT12 "/>

  </instanceOf>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT13 "/>

   </roleSpec>

   <topicRef xlink:href="# T2 "/>

  </member>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT14 "/>

   </roleSpec>

   <topicRef xlink:href="# T4 "/>

  </member>

 </association>

      <association id= "MM1 " >

  <instanceOf>

   <topicRef xlink:href="# MT15 "/>

  </instanceOf>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT13 "/>

   </roleSpec>

   <topicRef xlink:href="# MT18 "/>

  </member>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT14 "/>

   </rol eSpec>

   <topicRef xlink:href="# T1 "/>

  </member>

 </association>

      <association id= "MM2 ">

  <instanceOf>

   <topicRef xlink:href="# MT15 "/>

  </instanceOf>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT13 "/>

   </roleSpec>

   <topicRef xlink: href="# MT18 "/>

  </member>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT14 "/>

   </roleSpec>

   <topicRef xlink:href="# T2 "/>

  </member>

 </association>

      <association id= "MM3 ">

  <instanceOf>

   <topicRef xlink:href="# MT15 "/>

  </instanceOf>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT13 "/>

   </roleSpec>

   <topicRef xlink:href="# MT20 "/>

  </member>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT14 "/>

   </roleSpec>

   <topicRef xlink:href="# T4 "/>

  </member>

 </association>

      <association id= "MM4 ">

  <instanceOf>

   <topicRef xlink:href="# MT16 "/>

  </instanceOf>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT13 "/>

   </roleSpec>

   <topicRef xlink:href="# MT18 "/>

  </member>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT14 "/>

   </roleSpec>

   < subjectIndicator Ref

                     xlink:href=" http://www.sql - tc.com/king.xtm # M1 "/>

  </member>

 </association>

      <association id= "MM5 ">

  <instanceOf>

   <topicRef xlink:href="# MT16 "/>

  </instanceOf>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT13 "/>

   </roleSpec>

   <topicRef xlink:href="# MT21 "/>

  </member>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT14 "/>

   </roleSpec>

   < subjectIndicator Ref

                      xlink:href="  ht tp://www.sql - tc.com/king.xtm  # M7 "/>

  </member>

 </association>

 <association id= "MM6 ">

  <instanceOf>

   <topicRef xlink:href="# MT17 "/>

  </instanceOf>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT13 "/>

   </roleSpec>

   <topicRef xlink:href="# M T18 "/>

  </member>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT14 "/>

   </roleSpec>

   < subjectIndicator Ref

                      xlink:href="  http://www.sql - tc.com/king.xtm # S1 "/>

  </member>

 </association>

 <association id= "MM7 ">

  <instanceO f>

   <topicRef xlink:href="# MT17 "/>

  </instanceOf>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT13 "/>

   </roleSpec>

   <topicRef xlink:href="# MT20 "/>

  </member>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT14 "/>

   </roleSpec>

   < sub jectIndicator Ref

                      xlink:href="  http://www.sql - tc.com/king.xtm # S2 "/>

  </member>

 </association>

 <association id= "MM8 ">

  <instanceOf>

   <topicRef xlink:href="# MT17 "/>

  </instanceOf>

  <member>

   <roleSpec>

    <topicRef xlink:hre f="# MT13 "/>

   </roleSpec>

   <topicRef xlink:href="# MT22 "/>

  </member>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT14 "/>

   </roleSpec>

   < subjectIndicator Ref

                      xlink:href="  http://www.sql - tc.com/king.xtm # S3 "/>

  </member>

 </association>

 <association id= "MM9 ">

  <instanceOf>

   <topicRef xlink:href="# MT17 "/>

  </instanceOf>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT13 "/>

   </roleSpec>

   <topicRef xlink:href="# MT19 "/>

  </member>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT14 "/>

   </roleSpec>

   < subjectIndicator Ref

                     xlink:href="  http://www.sql - tc.com/king.xtm  # S4 "/>

  </member>

 </association>

 <association id= "MM10 ">

  <instanceOf>

   <topicRef xlink:href="# MT23 "/>

  </insta nceOf>

  <member>

   <roleSpec>

    <topicRef xlink:href="# MT26 "/>

   </roleSpec>

   <topicRef xlink:href="# MT24 "/>

  </member>

  <member>

   <roleSpec>

    <topicRef xlink:href="# M25 "/>

   </roleSpec>

   < subjectIndicator Ref

                      xlink:h ref="  http://www.sql - tc.com/king.xtm # S4 "/>

  </member>

 </association>

</topicMap>