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Abstract 

Today, there ure vnuny W e b  hjor.niutio,ri Smurces 
(WIS) suituble for .  mobile 'usel's. How/ When to integrute 
such W e b  conte,rcts (which m u y  be locution-dependent 

become U problem, becuuse diflerent rnobile users need 
daflerent zntegrution. A possible solution is to  ullow euch 
zndivirl~uul mobile 'user' t o  directly de,fine, o n  his  PDA, 
wliicli puzr uf WISs should be integmted in ,what ways. 
Threci,fler, system-side s t l ' ~ e r s  slmuld rnutericilize (i de$ 
ini t ion (iss,ued ,fro,ni U riser's browsw)  us U new WIS. For 
this p w p o s e ,  this pupe'r introduces U 'ne'w style of inte- 
grotion culled navigational integration o,f WISs, clnd 
t h e n  shortl;y describes U s y s t e m  urchi tectwre.  

cVTLte7LtS) ZTltU U new SZVLpkT WIS fOT VKJbZk ' U S W S  ' W i l l  

1 Introduction 

Reccritly, the iiutnber of autoriornous IVeb sites wliicli 
provide locution-dependenl iiiforrnatioii for riiobilc users 
has heen increasing. A Web site (dciioted by W e b  Infor- 
motion Soarce or WIS in this paper) is called location- 
dependent if it provides coiiteiits which vary accordiiig 
to  current locations of tlic users. Typically, mobile users 
caii get tlicsc We'cb colitclits through liaiid-held devices 
such as P D h s  ( P e r s o d  Digital Assistants) or smart 
plio~ics. From a. viewpoitit of such iriobile users, it will 
be Iielpful if locatioii-depc~idciit coritciits of such a IVIS 
arc integrated with services of other related IVISs. 

For cxa~~ip lc ,  assiiine that in ari exhibition, there is 
a. IVIS wliicli ~ I I I I ~ I I I I ~ ~ ~ ,  to cadi user, tlie list of 10 
booths iicarcst to  Iiis current location. Suppose that a 
mobile user (a pirticipaiit) finds this IVIS (denoted by 
W S 1 )  during his niovcmciit. Suppose also tliat lie al- 
ready kiiows aiiotlicr Web-docuniciit server (denoted by 
WIS2) wliicli explains about the booths of this exliibi- 
tion. Tlicn, it will be useful if this rriohilc user caii iiitc- 
grate, on his PDA, TVISl with TVIS2 into a new siiigle 
TVIS in such a way that output pages of 14.'ISl coiitaiii 
further links to the contents of WIS2. This iicw WIS 

will become a useful portal site for the user t o  move 
efficiently. 

This paper describes a system prototype wliicli sup- 
ports the above style of jVIS integration. Our origiiidity 
is that  each iiidividoal mobile user can directly define 
tlic iiitegriitioir of various WISs OIL liis PDA according 
to his iiitciitioii and location. Tliis is iri  contrast with 
current Web iritegratioii studies [I ,  21, in which a system 
desigiicr must prepare all possible views of integration. 

Figure 1 describcs our assuniptioii of a system envi- 
roiiineiit. In Fig.1, iiii ureu is a11 autoiiorrious unit of 
orgariization, aiid it maintains IVISs wliicli provide iii- 
formation related to this area. Aii area rriust have 
a MIR, wliicli is a yellow-page server that  ~ I I I I O ~ I I I C ~ S  

R'ISs of this area. Mobile users rnove across different 
areas eitlier pliysically or clcctro~iically, visit hiIRs aud 
find iiitcrcsting RIISs from there. Coriccriiiug IVISs, we 
assuiiie that  a JVIS cousists of a. client-part (= 1Vc.b- 
pages dowiiloaded into users' browsers) and a backeiid 
database server. (i.e., we corisidcr ordinary Web tloc- 
urriciit servers or CGI/.Java applications with diitabase 
backe~id servers). Also, access to some \VISs cui  he re- 
stricted to  tlie acccss from certain areas. Some JYISs 
~nav provide locatiori-dcpeiitlc~it iiifoririatioii, aiitl other 
IVISs may be locatioii-iiidepeiident. 

Under these assuriiptioiis, our goal is to let rriobile 
users integrate services of appropriate WISs according 
to users' iritciitioii. Because sucli users IIIOVC across tlif- 
fereiit areas arid i ~ r c  frequeiitly discoriiiccted, this intc- 
gratioii must be dcfiiied successfully ou a user's PDA 
L'VCII if it is discoii~icctcd from the Iietwork. Tlicre- 
after, mheii a PDA is IietwoIk-coiiiiectcd, this definition 
must be rriaterializetl by svstcn-side servers. For this 
goal, popular "prc-dcfi~icd view'' approaches [ 1, 21 1icec1 
Imdificiitious. This paper dcscribcs a iiew style of irite- 
gration called nuud,qutionul in teqmt ion  for our goal, and 
overviews a system architecture. 

'.An area can be a geographic un i t  such as a building or a 
an university campos, or it can be a non-geograpliic unit such 

organization. 
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Resource (MIR 

a mobile u s e r  
with a PDA 

Figure 1: .A systcrri eiiviroiirrieiit 

2 Navigational Integration and System 
Architecture 

Navigutionul inteqrution is a style of iiitcgrating two 
\VISs by addiiig d e r i v e d  kinks hctwccri \Vcb-pagcs of the 
LVISs. Rouglily spcakiiig, der,zued l ints arc fuiictioii- 
iiivokiiig liiiks ciiibcdtlcd a t  user-spccificcl data-fields in 
IVeb pages of a \VIS. Tlicsc liiiks work iii such a w a y  
that wheii a derived liiik is clicked, a service fiiiictioii of 
aiiotlier \VIS is iiivoked under appropriate pararrietcr- 
valucs of a CUrrellt \Vcb page of the cllrrcllt WIS. 

Figure 2 sliows how two WISs work as iaii iiitc- 
grated rcsoiircc riiider the riiivigatioiial iiitcgratioii. 111 
Fig.2, a~sriirie that  tlie first IVIS (\VISl) is a (locatioii- 
dcpciidciit) \Vcb-docurrieiit server wliich provides irio- 
bile users with tirric- arid locatiori-dcpcriderit inforrria- 
tioii about oiie area (such as a coiifcrciicc prograrri i r i  
a building). .Assuiric also that the sccoiid \VIS (IVIS2) 
11% a CGI-form page (as a user interface) with a b ~ k -  
eiid database server, a r i d  it provides iiiforrriatioii about 

iri a university). Furtlicrrriorc, cach of tlic IV'ISs is ils- 
suiiied to  coiisist of a front-page aid server fuiictioiis, 
in soeh a way that the front-pty! acccsscs result-pages 
through the server fuiictioris. ' Uiidcr thcsc asstirrip- 
tioris, Fig.2 sliows two kinds of tlcrivcd liiiks frorri WISl 
to  \VIS2. Tliesc liiiks pass data-values from the result 
pages of LL'IS1 to TVISZ, aiid work in either of tlic fol- 
lowirig niodcs: (i) oiie mode is to directly iiivokc tlic 
service of WIS2 uiider tlic passed data-values arid to  ac- 
cess its result pages; (ii) the other mode is to set iiipnt- 
parameters of tlic front page of \fTIS2 by tlic ~msccl  val- 
ues arid to  allow the user to eiitcr atltlitioiial parmicters 

2.As a terminology, a front page of a \VIS refers to the first 
Web-page that a user downloads when accessing tlie \VIS. The  
other pages a i  tlie \VIS are termed result pagey. Hesult pages 
are generated hy calling server-functions of the \VIS under some 
parameters from a given Web page. In our study, each of these 
Web pages together with its server-calling function is regarded as 
a client-part. 

a larger area (e.g., about laboratorics of tlcpartrncnts 

I ........................... ~ .................. ~ ........... ~ ........ , 

Figure 2: A rriodcl of iiavigatioiial iiitcgratioii 

for further opcratioiis. (Iri citlier iriotlc, the piusctl data- 
valucs are tliosc of data-fields a t  which clcrived liiiks 
arc crribctldctl). Iii this way, de,ri,ued links a r c  the liiiks 
whicli iiivoke service fuiictioiis of a \VIS uiitlcr appro- 
priate data-values of a crirrciit &'eh p a g e .  .As ii  resiilt, 
two \fTSs work as a siiiglc \VIS. 

Our objective is that iiavigatioiial iiitegratioii of IVISs 
caii he tlcfiiied by a rriobilc user freely oii liis PDA. To 
realize this goal, our systciri must support tlic followiiig 
tlirce poiiits: i) a user caclies a rriiiiiirial set of rricta- 
data a lmi t  rclatctl \VISs wlicii lie fiiids them; ii) Based 
oii tlic caclictl riictatlata, a user writes a qncry CONI- 

rr~aiitl  that tlcfiiics iiavigatioiial iiitrgriatioii; this iiiiist 
IJC dorie solcly on a PD.L cluririg Iictmork-di.;coriiicctioii: 
iii) W'licii t h e  P D d  is re-coiiiicctcd to  iictwork, the iiscr's 
I J ~ O W S ~ ~  issues tlic cliicry to systciri-side servers; tlic 
query is thcii exccrited as a siiiglc \VIS rcsultiiig frorri 
the iiavigatioiial iiitcgratioii. 

Figure 3 sliows our systcrri architecture satisfyiiig thc 
above poiiits. This is tlic riasc of three R ~ C ~ S .  Each i ~ r c a  
t i .  . . , <& rl rrL& i/lfU'rllLUtdCJ'lf, I'L'SO'WICE (bI IR)  21s a ydo\!,-p>lgc 
server. Iii AIIR, tlicrc arc a ?urzlpper. aiitl a p w q  c:c- 
ecutor.. The rur.uypr:r. iririst mrq, cliciit-parts of IVISs 
iii a coiiiirioii (object-oriciitcd rclatioiial) da ta  rnotlcl. 
Narriclyl the da ta  structures iaiitl server-calliiig fuiic- 
tioiis of a cliriit-part ;arc tlescribetl b,v interface def- 
irLitions(1D). Furtlicrrriorc, all hIIRs  sliarc a coiriirioii 

repository called domuin hierci,rch:y, which is iisctl for an- 
torriatically resolving scrriautic coiifiict of da ta  bctwceii 
areas (sec [3, 41). 

Uiitler thcsc prepwtatioiis, wliile riioviiig, ia rnobilc 
user works :is follows: firstly, lie sets r i p  a coiiiiectioii 
to tlic iietwork, ~ C C C S S ~ S  a MIR.. aiitl  tlo~viiloatls ccr- 
taiii rnrtatlata (of iiitcresting IVISs) from tlic hIIR iiito 
his PDA (denoted by rnachiiicX Iicrc). Tlicsc rrictadata 
are: tlie iiitcrface dcfiiiitioiis (IDS) of such \VI% aiitl a 
iriiriirrial set of do,rnnin rules [3] rclatctl with thcsc IDS. 
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Figure 3: A system architecture 

(Tlicsc are tlic oiily rnctatlata to  be caclictl). In this wiv, 
a user niovcs across arcas arid collects IDS from there. 
Next, tlic user discoririects rriacliiricX frorri tlic network, 
a i d  activ;itcs a mutcl ier  on rriacliiiicx. The mutcher. is 
a griipliical query builder, which Iiclps the user to  tlc- 
fine iiavigatiorial iiitcgratioii by a qucrv corriniaiitl. (It 
uscs tlic caclictl dorriairi rules for scniaiitic coiiflict reso- 
lutiori). Firially, the user iigaiii sets up a coruicctioii to 
thc iictmork, ant1 rriaterialiecs riavigatioiiitl iiitcgratiou 
by sciitliiig the query coi~ir~iaiitl to a proxg executor from 
rriachirieX. 

Figure 3 slioms the steps (1-12) to  iiiaterialize a query 
of iiavigatiorial iiitcgratioii. Tlicrc. tlic prosy executor 
iicarcst to the user rcccivcs a query (step I), a i i d  cow 
trols rclatcd wrappers ai id otlicr proxy executors. These 
servers rriaterialix uric IVeb piigc tit a time accortliiig to 
user's requests of link traversal. Narriely, iii resporisc to 
one request of liiik traversal: iiii appropriatr result page  
is gciicratcd, aiid tlcrived liiiks arc cirihctltletl iri tlic page 
iiccordiiig to the query ~ o ~ i i ~ ~ i t i i i t l ,  a i i t l  tlicii that p a g e  is 
rcrdicd back to tlic uscr's bro\vser. 

3 Implementation overview 

Tliis sectioii describes tlic iritcirfacc defiiiitioiis of 
IVISs aiid query corrirnaiitls that  tlcfiiic iiavigatioiial iii- 

tcgratiori. Doiriaiii rules and licterogcricity rcsolutioti 
tccliriiques ori PDAs arc explaiiictl i i i  [3, 41. 

111 our study, a IVIS is rriotlclctl hy a client-purt arid 
a t>ackeIld tlatabase server. *A clie.rlt-pclrt refers to the 
part tlowriloatled frorri a IYIS iiito a user's browser. That 
is. ii client-part coiitaiiis two coiripoiiciits: i) tlic user- 
iritcrface part (i.e., a IVcb-page visihlc to users), aiitl  

ii) the data-access part (whicli is a. furictiori to call ii 

backcritl server rricthod aiitl to receive iicw pages tis re- 
sults). IVc wrap t h e  coinpoiieiits iritlivitlnall,y by III- 
tcrfacc Dcfiiiitioiis (IDS). A n  ID reprcseiits oiie class (= 

ari object-oriented relation). One iristancc (= a tuple) 
of this class rcprcscrits one Web page (in default). Its 
class irictliod represents a page-gerieratiori functiori. 

An ID has tlic following syntax: 

database R.epositoryName 
address UR.LofProxyExecutor 
class IDName 
body 

method 
public: 

private: 

implement: __. 
endclass 

Attribute DataType [,Attribute DataType] 

hIethodSignature [~bIetliodSignature] 

NethodSignature [;hlethodSignature] 

The above ID tells that  a class IDNume is rriaiii- 
tairied in a repository Reposito,ryNome a t  a MIR. 
of url URLqfPr.oagEaecotor.. This ID has a list of 
(a t t r ibu te ,  data-type) pairs, derioted by (AI TI, A:! 
T,, ... , A, Tn), Aj and Tj arc x i  attribute 
atitl its (lata type, rcspcctively. .A tuple (= a Web 
page of this class) lias aii iristarice value hclorigiiig to 
these (a t t r ibu te ,  d u t c t ~ t y p e )  pairs. The (lata type can 
be RI1 utomic  do"L or call be collstrllctcd fro111 

data  types. The coiistructors are: l i s t o f  IDlVarrie, 
aiiotlicr IDAY(trric (iii tlicsc ca.scs, IDXctrrie rcprc- 
sciits a substructure of a IVcb p a g e ) ,  l o g i c a l  OR a i i d  

concatenation (for scrrii-structures of a Web page), 
or l ink  to anotlicr ITcb page. Mctliods liavc a form 

is tlic (lata type of iiii iirgiirnciit .Ani. .A public static 
rrictliotl is used to generate pages of this class uiider 
given pararrictcrs. Tlicsc rrictliods caii be used in query 
corrirnaiitls. 

.As a i i  cxarriplc, coiisidcr a CCI-hased \VIS wliosc 
froiit page is a CGI-form aiitl  its data-access part is ii 

call to a databasts server. Coiisidcr that  this IVIS pro- 
vitlcs a raiikcd list of prcscritatiori prograrris licltl iii a 
huiltliiig, raiikctl by tlic tiinc aiitl locatioii of a. user. 

Tlicii, tlic foliomirig is the ID wrappirig this frorit- 
page. (Tliis ID rcpresciits tlic front page aiitl its gcricr- 
atiori fuiictioii): 

rriethotZ,~ctrr~t:(L)1 AR1 , ... , D ,  .4n,), \vlicrc Di 

database ISBuilding 
address http://HUSTl/cgi-bin/YrapperExscutor.pl 
class BldGuideF 
body 

method 
publ ic :  

submit l ink FloorLabInfo, X invoke getBystaticMethod of 
X the FloorLabInof I D .  

X a method to generate t h e  front  page. 
s t a t i c  getBldForm(ResearchFi.ld $researchField, 

s t r i n g  $direct ion ) i 
private:  
impiiment : . . . 
endclass 

3.4" atmmic do,nai.n is a DOOI of atomic data-values which have 
exact formats and meanings 
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The followiiig is tlic ID wrappiiig tlic (lata-access part 
(= a class of result pages): 
database ISBuilding 
address http://HOSTi/cgi-bin/WrappcrExecutor.pl 
class FloorLabInfo 
body 

lab JLab, U atomic value whose domain i s  Jlab 
floor i n t ,  X atomic value whose domain i s  integer 
sess ions  l i s t o f  Sess ion,  X l ist  of objects  of Sess ion ID 

;:B?:: 
U a method t o  generate r e s u l t  pages.  

s t a t i c  getByCuideCond.(ResearchField $rsf, i n t  $ f l o o r ,  
s t r i n g  $direction.Time $time) ; 

private:  
X extract parameter from the  query s t r i n g  and invoke 
X t h e  method get8yGuidsConds. This i s  invoked by the  
X vrapper of t h i s  class when the double arr-0~ (=>) part 
U i n  a path expression (X->a=>Y->z->..) 
U As a result. a r e s u l t  page of FloorLabInfo is generated 
X 
s t a t i c  getByStaticnethad(String $qUeryStr) ; 

is evaluated. 

impiiment : . . . 
endclass 

A data-field iii a \Vel> p a g e  caii be specified by a. p ~ t h  
ezpression, wliicli has tlic foriri: 

t o  + {Al} + ... --f {.Ai} + IDiYurrie + ... + {-An} 

wlicrc to is ail iiistaiicc object viiriahlc tlcscril)iiig this 
page. The siiigle arrow (+) deiiotcs a sobstructnrc 
mitliiii a siiiglc IVch page. Tlic dou1)lc arrow (+) fol- 
lomcd bv IDSrinre ixicaiis a h i l i  to a tliffcrc,iit \\.Tclcb pagc 
of ID-Yunie. 

Next, we describe a qucrv corriiriaiid clrtiiiiiig iiaviga- 
tioiiiil iiitcgratioii. I t  l i a s  tlic followiiig syiitas: 

Here, n r g i  caii be  a coiistaiit or it path cxprcssioii 
wliicli specifics a data-field of a previous IVc$l> page. A 
qiicry is executed by evaluatiiig where-clause coiiclitioiis 
iii the listed orclcr. d uiiit step o f  the cvaluatioii is i) 
to  evaluate a doriblc i t r r o ~  iii a p i t h  wprcssioii, or ii) 
to  evaluate IDNairic+irietliotlNarrlc(). At cacli of t h e  
stcps, a corrcspoiidiiig \Veeb-pagc gciicratioii rrictliod is 
iiivokcd by a. proxy executor, ai i t l  thereby a iiew result 
page is gciicratcd: furtlicrrriorc. iii this pagc ,  derived 
liiiks arc ciiihctltlcd a t  tliosc tlata-fic4tls wliicli arc spec- 
ified by the  rciriaiiiirig piitli cqcbressioiis related to this 
page. (Derived liiiks arc irriplcirieiitcxl as CGI-calls to  a 
rerriiLiriiiig subqucry stored iii a proxy executor). 

A s  iiii cxarriple, colisider the following query: 

This coiriiiiaiid dcfiiics il iiavigatioiial integration of 
tlirec IVISs. Tlic first IVIS is a CGI-hascd oiic wliosc 
IDS have been dcscribetl above. Tliis IVIS has il CGI- 
form front-page (wra.ppct1 by BldGuideF), arid i t  pro- 
vides, as a result-page (wrapped by FloorLabInfo), a 

raiikcd list of prcseritatioiis of laboratories iii a building. 
(Tliis list is raiikcd by the currciit time ancl locatioii 
of a iiscr). The scco~id \VIS is a U'cb tlocurriciit server 
wliosc r(wilt-ptiges (Department) arc about laboratories 
of dcparttriciits iri a uiiiversity. Tlic tliirtl WIS is tlic AI- 
tavista \Vel) site, wliosc result-pttgcs (AltaSearch) a rc  
tlie results of scucliirig. Tlicri, this query works ac- 
cording to  tlic rriotle ( i )  of Fig.'. That is, this query 
is rriatcrializctl a s  a ricm \VIS wliosc frotit page is that  
of the 1st W S ,  hut its first result-page (which is tlic 
saiiic a s  tliat of 1st \VIS) coiitiiiiis, a t  tlic data-fields 
of l a b ,  ticw fuiictioii-iiivocatioii liiiks to  result-pages of 

trieved by gc:tByKcyIVortl() iricthotl from tlic 2iid \VIS 
uiitlcr tlic data-values of l ab ;  furtlierrriorc, tlicsc iicxt- 
level result-pages also coiitaiii iiew derived liiiks kit tlic 
staffs' fullName fields; tlicsc liiiks arc to  call .-lltaVista 
searcli ciigiiic uiitlcr tlic data-values of fullName. 111 this 
may, this query morks as a siiiglc IVIS resulting froiri tlic 
iiavigatioiial iiitcygatioii. 

Iii IDE.AS 2000 prcsciitatioii, wc will dcirioiistratc 
how this c~xaiiiplc morks a s  a single \VIS, i i i id  will show 
liow a iiiobile user caii build such a query solely 011 a 
PDA. Our system is tlcscribctl iii details iii [3, 41. 

the  211d \VIS; tl1cse result-pages (of the 21lCl IVIS) arc rc- 

References 

from U in UldOuidcI'; U i n  Department, .A iii AitaSearch 
s n u r c e  LildGuidel' of lSUuildiiig on Ii t tp:/ /I lOS'l ' l /cgi-bii i /~roxy.pl,  

Department of ISlnforinatiori on http://1IOS'~2/cgi-I~iii/l 'roxy.pl. 
AltaSearch of NeahltaVieta on Iittp://IIOS'~:l/cgi-bin/l'roxy.pl 

where I~ldGu"el'--getUldI'orm(''~") 
and Department-l?;etUyl~ey\\'ortl(U-{suhmit}~I'loorLablnfo-{lab}) 
and AltaScarch-get LlyKey(D-{laboratories}-{staffs}-{f~illUaiiie}). 

(11 S. Chawathe. et al. The tsiiiimis project: Integration of 
hctcrogriieous information sources. Tech. Rep of 100th 
DDS of Information Processing Society of .lapan. pp.7- 
18. OctulJrr 1994. 

121 D. Florescu, A.  Levy, aiid d. hlendelzoii. Database tech- 
niques for the  world-wide wch: Survey. SICMOD Record: 
3 ( 2 7 ) .  pp.Z9-7-1. Srptcmher 1998. 

[ 31 \V. Sac- Tiuig. T.Ohmori ~ M .  Hoshi. Nnvigat ioiial in te- 
gratiou of autononious web inforinst ion sourccs by 1110- 
Lilc users. P m c .  I E E E  Pacific Rim Con$ o n  C U T ~ T I L U -  
nications. Computers a7id signal Proces.giny, pp,2io-'LiS. 
AUgllSt 1999. 

[.L] \Y. Sae-Tung. T. Ohniori. and A I .  Hoslii. Integration 
of It-eb Information Sources by hlobile Users: Navigz- 
tiotial Style of Integration aiid Systciii hrchitecture. to 
appcar in PTOC. ADDIS-DASFAA 2000 (Proceedinqs of 
Challenges). Septeiiiber 2000. 

253 

http://HOSTi/cgi-bin/WrappcrExecutor.pl



