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Heterogeneous Database Integration Method for
Constrained Graph Search

Gengo Suzuki

Abstract

Graph database services such as traffic search, map search, or SNS
search have recently been getting more popularities. In the future inte-
grating existing database services and graph database services will have
more importance. For realizing such integration we have to resolve het-
erogeneities of data expression and search ability levels of databases.

We propose new heterogeneous database integration method for graph
database search, which includes constraining condition for properties of
nodes and edges in graphs. We call such graph database search “con-
strained graph search”. We applied this method for practical ”time
constrained trip planning” problem, so our method is very effective for
distributed graph databases.

Our method is composed by two sub-methods,

e 1st Sub method: Schema integration method using conceptual graphs

e 2nd Sub method: Data integration method with dynamic hetero-
geneity resolution

We can integrate several database schemas includes graph databases
using the first sub method, and can get several metadata-dictionaries
about concepts in several databases. The second sub method uses those
metadata-dictionaries to resolve heterogeneities after users give retrieval
requests to our system. One advantage of our method is dynamical hetero-
geneous resolution, so mapping definitions between databases are stable
when existing database schema changes. Another advantage is query op-
timization under the variation of information source abilities for graph
search. Our method can push-down sub queries to information sources,
and query performance can be improved.

We showed our method’ s advantages by applying to time constrained
trip planning search we proposed. This time constrained trip planning
search is one kind of shortest path problem to search paths which include
node in service of some category. A typical example is to find paths from
office to home via some restaurant under constrains of time services. We
constructed distributed graph databases environment and evaluate the
method.
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HlZF D BEFERA~DWHIC O VTR S, F FHERIHE D EREZ TR L,
BT = R= 2B 2 BOEREEZRT, Ric, BETHT -5 X—X
BREICB T 2IREFEOEH IO W TR, Z0HOFHEifERE2RY, 6%
TAFLEOWEARPE &R EELZL, 7HTHEDINEN & 5B OMEE
e LThRB,
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F28 FIMNOSTVTUVRROER
ERMMEDMUED S

RETIE, RFE T HOHETH 2HW>E 77 7REEEL, %
D77 7 HREHEMCB T MEDTERT. 2 LT, ThzRESHRT—5
R—ABECHEIT 5 2 LDMED T &2, BT — % X—AHAEEMD
g E & bR,

2.1 #WOET T T7ER
2.1.1 #HWOEIST7RRDEE

77 7T 3HEEICOWTHHAT 2. AR TIE, 77 7 ORBEED
HEEIZ ) — P ey PTEARNICIE B LRI LT3, 2L, 7
7 7HETIZ S 7 7 % Vertex & Edge TR Z L%l Th 57:®, KT
KITHEHIZ, G=(V,E) FoBEGINEEEZH, 7 —F EHRIZFAZTH
5 LARET,

7, §l2& 77 7RI, HNERET 2707074
V5 7DERRITV, 70T 4055 7100 L THIRNSAZIEEL -
WRETITNOE S 7 7RERERT 5.

EE 1 (7ONT4DET37T) 777 G=(V,E)ICHLT, LTOERIC
£37uRT A PPEZOoNTWELEE, GRTURNT4DET T 7 LY,
Gp DFIETET,

TanTa Pl /—F (HE) FREIy P06, T BfE~DOREEK
DEATHDLEERL, /—FIBT7u74%2/—F7ax54, Tv
PIEAT A u Ty Y Tu T4 SR, ) —F - 2y PIiT b
a7 1 BBO (BBEGOEER) 2Z2nZhin, mETHEELUT
DFLEICED ) —=F (mvY) a1 23Tl LE73,

PV = {p\.py,-pn }

PE = {p{,p5, . P}
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Bl 1 (7ANF1D2ESZ7T) /—FPROELETHD, 7u 574 ELT
B - R - RIEDEZ o, Ty ORBoBEIELL, TusT e L
THilE L BEIRMEN G 2 o 7a 74 77 73U TFTo L) Ic&HEn s
(LEEZED =3 m=20HITH3) .

8757 = (BB E))

PR = {line(), latitude(), longitude()}

PRUES _ f1ength(), time_cost()}

& 2 (RIS T7HKR) 7074 2&7 757 Gp = (Vpv,Epr) I
NLT, /—Fo, BREMIHR) &/ —Fo, BREHRTR) 2HEE, T
EFRT B 7 08T 4 BT B KRR 2 N7 T8 2 DA ZIRHIT 5 H
B> 77 7R L ELT 5.

FERAFOSEME &%, RS ADNATRE, /—F7as4 Ly P 7
vk 7 4 (DWAEE) ZHMH L 2 EALORHEATHEI N2 &MTH D,
MToXckd. BRGNS cEENns , —F -y 7T 846
Z, ZnE0{p!,pl, ...7pivn,}(n’ <n), {pf.ph,.pf Jm' <m)ET 5,

LN 4 E E E
O(pi17pi27 "'7pi"/7pj17pj2a “"pjm/)

s RAFI SO hTld, FEROMER 2 BE T 2 72 » DRI 74 B order()
ZHTE2 LT 2%, order() d, HiF SARME, FEDRI A, NHF2H
ET 270D 70T 4 ZHGTEK, D3O DL HzRL, FEDRE S
A DFER N A AR BT DAL 2R 5,

Bl 2 (RIWDETZ 7R Y1V ANTHER) ¥4 7 A+ 78HERITHTID
77 7RRO—FETHL, LWTD LI ICEBIIND, Gp = (Vpv,Eps) IT
L, v 7uxT 4 PP ={cost)} DARDBEZS6ND (m=1). FEHRH
HIgth CIILL T CE#EI NS,

C(cost()) : order(path, all_path, Z cost(e)) =1
ecpath

CDERBHEFRSZAD cost() DEFHPRASANTRNTH S 2 L2 LT,

B 3 (FIM>E TS 78RR  FHEREK) #F D EHEE GEMllix 5 FioTh~
%) BH->Z 77 7HREOFHTHS. UTDOLIICEKBEND, Gp =
(Vpv,Epe) IZW L, /—=F78w,85 4 PV = {category()} v ¥ 705«
PE = {cost()} WEZ 615 (n=1,m=1). FEEHEKELE C LT TE
#3IN3,

C(category(), cost()) : v, category(v) = 7 — X V|2
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Norder(path, all_path, Z cost(e)) =1
e€path
COEFRIINADEZIPTI =X VEZFEHL, HFR A D cost() DAED
ERAETRNE 2 BHIRGG R T

HilfI>E 77 7KL, FERHRISEN CIcE&EN2 70T 4 DEHIHEA
2\ IS THEMERRR & e 2R & 7% %,

2.1.2 #HHWOEI/ S T7BRRDOMNEDS

Hilf>& 77 78%&E, Blh/ —F - &7/ —F2EEL T2 %2Rk0D 3
7I7BERE, /=PRIy PIcT 3 a8 T 1 BT A HIRSAEE R
HABDET R TH D, TIFEESIHHAIKERLTED, HFLb—
W2 FEETIR 2, §lo & 79 7RI, MEHRICBWTIZ S 7 7
ROIGHMEE LTiA s h, HNOMERICEROMBENRIN T,
—ODATIYELTE LD TGEMIND Z Ll eh o7, REFTHMT 2
ATEHM S X 2 DRI Z2FITH 5. L L, DWMINAET 77574
R=21cxT M RELEEZ 2 L EIC, HRPERD 7y a2y
BITH DI, O E I 7BRE—DODA T IV ELTHRA, FEEMR
WEEBHT 22 EEMTH S 2 R, RIFRIITRLTwS,

BIETIX, V97 F—FR=2A2HOHOE 77 7HREEZFHT S
7D, REIICIIBERER 2 REN AR LTET LTS, Tu s
X BRI, KRN ZRRICEEND T — Y HHOBRRFG BRI NS,
J—Fezy PRMINCHEET 2 L3 TESD, 77 7DEP Y —v
il HELLMAEEERT) 23 TEhw, HlzIE, SRk [A3] 1kFiIcik
PREPZEEGHELT, VI 78D~y F v 7RERToTL 5, A
ZIFGHTE R\, 6T, 77 78BOMELE L TiE, AJD%E - X5 -
7 7 7HDEMIC L 2 EEHEIZ X DFEHRZIR T exact match &, 15
POFPEEEZR T ZORIICLDFERZ 7 % v 7 L GEY similarity
match IZ/¥EE 4%, similarity match T ASIE LTI 7 7 D8y — v
WERET 2560% 00, RiFEE2ENCHHAT2ZLI3TE R, A
AT exact match 23SAZE DR L 7% 5.

2.1.3 FRITETERG &M & OB

> & 77 78RBIcB W, 77 7KL EEE R L, HRHAKS
PEDIFTET 2 IHERITP, MERRIC X 2HIF0% C°h 285G, ORI, K
fTRMER A (Trip Planning Query) O—TH 2 L5 2 5. FRITHHER S
/e, BRI, ZSEOTED HAZ MR [A63]) D & 9T, HiFEH - FEHS (W
BoOGGbH %) REMPLZOAT I —E2 52 50, HEYRz5E)L— b
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# 2.1 ATRHEIR A 1B 2 Wi

B &2
FiE 20 EER OSREEHR
e D %0 BR% % s
HREDK 1 o e
AR 57
=D =D
ot (J—RkeTyY) ERO%D FERO%D
TS B TR 557 Lo 1oy RER | 2—2Uv R
=0t (#3
RET BEEOME 5724 mROEEoan | oo (D)
DEED
J—K-Tyvns
maskciErsaat | L %7 mrosonscon|  mmoszo

INT o

SEBEIR - WERR S OMRATEN 2 ER T 2 & 9 RaE 2T, A%k
TEDHFTOIHNEHRERIZZOFETH S, KITFHERAE X, AU
DEBERIGHIETH 2 L F A, BHEEG7-0, DUTNTHHT %,

RATEHIR G 1B 2 HRIGEERAICITb I TE D, RAERETER %
ExRDZ 757 T7N3Y XL [A62][A60][A61], —EDHIKIDL ETHF AT
ZRGEICIE T 2 A 7Y 2 =) v 77013 X4 [A72) FICBE S, ik
FI3A v Ty 7 AEMiZ O TREZNEMT 20 07— N— 2 i %
WHT 2R ERDOH 5, RRNBBEEIZLE LT, &0 EER [A65)] -
Optimal Sequential Route #58 [A66] -+ ATIC & 2 WEAERER [A14] 12D\ T
FHT 2 3 FEOKER 2.1 1R T) .

[A65]) ICF 1T 2% D ERR &1F, HFER &S AL L Rt (Reit 3R
FHSER D & BIGHT &9 BD» 5 POL (Point of interest) &WFEEILE) D
ATV %R 1IDEELT, ZOREERDZHRTH S, KM 1 >TH
2 E0HHEIED 228, BIUEIC X 24 v Ty 7 AMESERFHOTI, 7T
7 ORI ESWARERZ RO 5ND I EPRRTDH S,

Optimal Sequential Route (OSR) ¥k, MFEREZH/EL, HF LED
THRELREED A 573 Oftihiihz 2 E 28R TH 5. HliiE, Bz H
FLT, ATMTBE%2EAL, BLERTEIELZEH->T, REICHHERIH
BIZBRTIL— b 2ROZERTH 2. [A66] 1, FHNHERHDA v Ty
JARMET L LIk, =2 v FHEHCIED W HERERE 7 R 2
HRERL TS,

LTI X 2EUAERER L 13, IRITESENEEOEE D) () (BT
BT = R=ADH B L EI, 2—FDRET 2EBOEGINICET 2 50
5, FT 202 RE T 2840 TH 5 [Al4].

RATRIER G2 1%, HfD & 77 7 RREM O H )1 28 08T b 5 3,
TRCEHFIDE 77 7RFEAMTHEITE 2 b Tldk v, HRATITRHER

16



BRI 22007 70 —F035 5, FEENROMNEE S F77—5TE
TIMEL 75 7 LOBEEEC X > THRATFHI O Z 412 W4 2 75 7107 7
u—F &, EEOESGLE LTETMULL -2V v FIEEE CRITHE O %
W% W3 2 MR (geographical) 7 7 u—F o 2 i TH 5. Hlfo
77 7WBEEMIZS 7 7L LTCOETAEZHHAL TR 77 707 7
0 —F OIRITEIHM IO AIET 2 2 LHRETH 5,

IR BENIR I, ZNF 1 D I3ER O POL Z#th ¥ 5 fikiTit
W7z RO LG TH S, 777 %28 %FDERERIIAVEZEHTE %
73, Oprical Sequential Route #R%& & 57112 X 2 ¥BRER 1%, HIBEN 7 70 —
FTHOEHAT S LIFTE R, RFEOXRDEARMGEEICIE, WE POI %
BET2 77 7R EELGERHE LD 25,

A OATEHM & 1B 3 21981, ERoMEZE@E 2 L kb L <
BYH, HEHHEOXEY - 7740« T—F RXR=2ICTRTOEWRE BT
DR LTV I EZEHRE LTS, LaL, HALEHRCY—EX 2R
FHATEZ XY IChoBIEETIE, BRICRBEIN TR I —EART—F R—
AxMAEDLE L LICKkoT, Fire R RATEHEY — 2 2 Rl 24t %
ZERDSND, AWFEIE, EEOERKEEZHAGOETI D —MI 2
WOE7 7 7B EHEBT250THD, MlOREICK S T4 DISHI
NLUTHEMGFIETHLLEFERS.

2.2 T—HIXR—ABEMITHITBMUED T
2.2.1 EESHT—IRX—AHEEAiM

FT—=FR=ZDERD» S E5ICRDE T, MIVICHEINLT—FR—2A
2 - AL <, YO HWDSHMIAH L 720 &) FERITFEICHEEL T
7o, B2, BREEHO T — 8 LEREMO T — 8 2illAatbE T, 2T
EOLLYFESNMT 2506030 2. ZDK) RH2IEHEIT) oI
2, BEOF—FR—ZAL AT LICBOEZ MATHET 2 Z EHTHETH %
B, ZOYEEIA FBREVLDIZ, THRRDEES AT LICF2ANT
KT = 2T 2 AT LN T2ERDBD %, ZDL)RT—FX—
AFUT D 3 >DWETREIITEN 5,

DM —E 22D F— Y R—ATHREINT VS LIRS 2w, #58
HOEMR EFEDERPBND T — I R—ATEHEEINTVEEAELH 5.

BEN OV —ERIFHZICHEEEI N W E DI, T—FRbE - 7—%
HHOLH « T—F D7 4 —< v FERZRZS>TWBEEALH 5.

BEME HAGDEINRELZ Y —E AR T —F R— 20 QAESEEREIN
3, Fir—ERADOHAE T, WNRMANETEIEL 5 2 LIZATREA R D Bk
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BEEDH B,

CO3ODWHEROT - N—AR (ANRET 27— XR—2A%H
T =Y R—REWE) ZRBINCHET 2 5iid BT — 2 X — A
AET EMHEN D, AW, ZOBRMSET — 5 R — AMEE & < B
RLTWw37®, DO TZOMBREHS» TS, £7, MANROWE
WL, RRICKZ2ERICEDFRBLTETL S0, ZOBMTOMNED
JERRY, RICEREGN & U CHELR R 21HHROA ¥ —< ([FROME -
Tk - k) D BFNEZ N LKA T 2 2 X —<iAsii &« oBfRE R L, &
BICT — OB L2 FHT 22 A7 L OB TOBRIC O WTBRR 3,

2.2.2 HEWROERRE

BT — 5 N—ATB T AN ROEHRIKIE, 1980 £ FE TIEHAH
MNZBIR T = R=ADP TR TH - 72, TSI RBELFEK X7 4 1
THITEBEPREDOWFEEMY 27 L HEDOE Y 2 AHBICE S BEI LTV
7o, BT = R—20EEIEFEETH D, ZOEFEIXSQLSiHEICk-T
fThNn s, SQL Eifld, BIRMREE VI ESZIERLE L EZNHY, 20
RlIcHsgEINTw, 7, BRT— I X—ADHTOEME LT, v bk
7 — 27 (CODASYL) « BEERID 7 — & X— 223 KBIB 2 o 2 5 A I3 A
INTWniz,

1980 2 5 1990 FRUTHT T, BUHRT —F R—RAD2H R L > AT
LDIT Y AP TR, BHEDPRFOT— I RXR—2ADHE T — 5 &P
BT Z T, 51T, AV —%y FOEKITLD, Web DERMST—5
R—2WERIFE L LA E N, 77— X— 2 EW & Web [FHROEHEED 24
FHM L 72, 1990 EDIREI, T — 7 R—ADIGHKI D X S IR D, e
L EROFEICHI T 2 XML %, BieEfkm%Eow L F 2574 7%
WO T = R=2{bINB LIk, ZNSITNTHMAEDEA I ST,

7, XML % Web [E#D & 95 RAEROEME L H bEMELARMEEZRT
F=F R=ZIWZDWTDREDBEA Loz, T, INHDOTF—F IS
B—RETIE R CEEE) L) It T EIRED S 5, XML 25
BT E 2 XML 77— ¥ R—ADEMAL I 7z, XML 7— % R— IR}
L COEMER, XQuery SEMHFIH I3, XQuery Z BBl LIRS 272D
T — ¥ REEORRIEP, MAERE{LOMEIThN, 2000 EDIREE,
1EEREH % T — 5 R=2{LT B2V F X T4 77— X— 2D
72, IS T, ERPEN A ISR T 2 BMELS R I NTw S, ik
FT—=FR=2ZFH 2T LT, ITN6Z21—YFEZBMBELTT—FR—
ZPBICHHAAT X S ICFHEIN B T %0,

S 51, IBHTHOIEKICHEST, Spatial database[A1], Temporal database[A2]
EWVLIMFEST LI L7, TS IZZBMIRIE 2k ) F— ¥ X — 2 & Eik
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L, JBHE LTI, Ml (ZERifEER) , Shim (Z2R0+ e , J@RE (Rf) |
v s (Kf) EbiFons. EISMRT 22004 v Ty 7 AHTP,
MaESiE MEe Ao B EMISE ORI Tw 5,

AR, OB % S THIXEHRP, SNSIKBIIEY =Y vty b7 —72
%, Semantic Web QX & L THEREBLCflibd 2 RDF 77 7 OEBE&ED
R o, TOBETY 7 7HREEMNKZ Z 7T 7 T —F X—A [A3] o3
BICYE K/ L D225 %, Neodj[Ad], AllegroGraph, InfiniteGraph 55D %L,
AHoFIcHTWw 3,

757 T = RXR=2CWT 5 RE[VEERIERZ, RREY -2y FTH
5. BEROREHIL, REL - FESEBERRORERKERTH L. Ry —
vevFiE, HlZE, (ERO—BD &9 REEESHN T 5. RDF MRS
T®H % SPARQL IZ, RDF D LY PNV DRY —v a2y FIHRET LS
THDHD, V77T —FIR—ANTIMBEFHEO-HTHLLEF RS,

77T = R=ATIEZD LI %77 7FHOENEEEHIIT) 7DD
4 VT 7 ABR X vy > v TR S N0 B, kfTEHEIRT & 1 U
HDF — 8 N— 2B % 5T 2 A 3RO BSREA TR SN TV 5, Bk
TRk % Ed L T 2 22 ISR v 7y 7 AR TEH T 258 [A69) o, S5
WHEHE 2 A TR HEIRT A & L CHINZIA X 72 Optimal Sequenced Route Query
[AGE) b T —F R—2A VT v 7 AKMiZTEHL T3,

ZokHi, #EL ZOERBEOBEEIZIERL 225D, ZOMEIIR~
ISR D, [HROBMEOMAT S, RHEEITN T 2 B AN ARBIRAE L »
I B E T D5, XML O & 9 BAMEGER, < VF X 71 TERE O
REEIGERLTETCVS, 2L, V79779 R—2AZHANRET S
7eid, ZOERDBIEE 7DD THL I LD ORETTH S, AT
797 T = R=A%WNR LT 5 RMEIHT — 5 XR—AWATD % RIHHL
Wb 5.

2.2.3 XF—VHEFIM

BETE T — ¥ N—ATlL, ZOMEWREFEHT 572012, i xRk
ZROT— I R—ADAFXF =< 2HMET 208N H 5, Z0EKME, A¥x—
2 IEAET [A6][AT] EWFENT W B,

A¥X =G aEmT 27D lE, BRFEOT—FET IV E, HEICHHE
BHEOF—FEFNMICEHL, —Icfi— L Th o Btk 2SI 2 2 L
P EME Bl Th B L EZ NG, 20T ETAERET—¥
TV EES,

POTUE, BRT = R—ADEFICE R L T/l s, T—FR—
ABHDERLETFENER ETNVICL o Tz ik, @r—yE5
LV ELTIBRETVE ER E7T AT 25603% 557 [A6. Lo L,
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AR IE A ¥ — < R D3RS E & O 72 5 50 ARBALBRN 22 5B Rdl % & e
BHEICINRINTWv 3 [A11][A13][A21]. Z DRFMNZAPFFEDY, Madhavan
WKEDAFXF =22y F VDT AL TH Y, ZDOHOPIRICKE LFE
ZHZTw5, KFRTE, 79779 RXR—ADA¥X—<#id% ER 7T
WICEHTHZETEBHLTWS, FI7 77— R—AZ2ELAF —2Hde

BIEEMRCIRTONTE 5T 2 DR TARMRIIEFHRED S % .

Hl T — 5 TN 72l % OTERIRDO A ¥ —< 132 NFhiE - @
4 FEFORBEZ > Tws, ZORBEZM@HL, 2—»HHT 2
MEAF—< 2R T 2EMi%2 2 X —<HE LIES, AT, 2F—=
o e v ML, BMICRAEINEAXF—<2ERT 27210 Cla R, Hx

DIERFD A ¥ —< EMAAF —<ORNIGEFRZ BT 5 2 L bEOTLARE
DOERTHWSE Z L T 5,

A ¥ — 2 HEDOFAN 2R ORI DWW T, Batini & DA ¥ —< &
BT 29 —_A G [A6] IZFEL V. £, HAOHITRE %2 AF — <M
@%@@@ YEIZOWTOWEDMED S, ER € 7L 0 Bk o 08

3 [A6] THEVZEINTE Y, BREFAMOSEE LT Kim 512 & 0%
#%%Mﬂ

AX — 2 IRE DM ETYE, BEEDREE SN TR TORAF—< %
TRCELLIBRAXF—<ERD, ZREIHEAT—<EIEINS, LaL,
ZOMBEAX =BT 2 2 L, RIEEFOERLEAXF—ePEH DR
Ho b 286, ) FRO»D 2 KERE(ETHZ I PN TV,
ZIT, ZOEEREMT 27-0DAF —<HAEDHEROWMEI R I NI,
7, ZOHEREXBTIY—LVOREL RINL, LerL, HEAxF—
< HRE, BT R=—2ARA T4 T —FIZE > THATH DI TlIAk
V>, Sheth & DEIRT— & R— 2D — A G [A5] TlE, 2D LI LA
AFx —v eI, AAENEEERROZ ¥ —~v 2R EEZ MW T
T 2BEE S EMEREILT — Y R—2DAF T PBHEETZZ L 2L
TS (FNUUCH L THAEAF—< 2T 2002 EM_ELESR) . 20
X9, HHEWR, MEAX—OEREZHEZLTLEI &I hHifl7—5
R—APEN I NIDIE, AFXF—<REVER LRI R THD I EPERIC
b5, TOAX—<HRAEDEMICHEE LRI T 2 2 LT KRERFEL %o
Tz,

L L, AX—<HaoBBziENs 2 & ) 2ifdid, A@EEmLEE v
BRTPPVY 7 by 7 LN EBIETH D, IELWESRZ RS D, Wi
ICRERZ R RO 2 E W) 2 EDPHLTH BT —F R=ATEZDOFHTIE
HENHERLTORLoT,

AHFZETIE, War 7 72 L A —<faMffickh, 2¥—<ff
HDY = NALZERIH L 2 HEREHLLTE D, A¥X—<HaBoimc
Bk L T\ 2 BCilifiEasd 5.
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2.2.4 T—HYHEEIM

BRSO T— 5 XN— 25 M2 FH L RN 7 — S EmE 21T > A
T AETE LT, 1990 R T, BICBERT— I R—REDL Y —4
TEHE 28 X 28 57— % X— 2 (federated database) FiffinsFkE L
7o, HOTICREEE S N HER TR 2 o0l 27— R— 2 2 i g
LEMME L CERIND, HENREL L T — I R—AZHEE T —F R—2
ENES) . Sheth 5 DT — ¥ R— 2T 29— A G [A5] 12X 5 T,
ZOERNLEZ PRI NT 0D, T —F X— 2Tk, MEEHE
TORE LM EE 2HETH > 72, AIHEZIR Y EHEF— & N — 2 I
ZEPEZIEHIV, BEIA L ELFHEWEY Y — R LY HH R — 0%
ol tediz, BlZE, MBFEUEZEET —F RXR—RICUB XD IAAT
ST — 7 RX— 2T 2 FOIKRORELDEETH -0 5T
b5,

RIZ, 1990 FERDPHEN L 7 BMEAMEC vV T X T4 THD L h ik
TEHR b EEE R & 3 2 T — 5 R— 2 L ) bHEA L ERFOM AL, X
T4 L= AT WIS Z £ 3% % [AS][A9][A19][A12], ZDREHIE LT
I&, TSIMMIS 712 =7 b [A8], Information Manifold 7023 = 7 F [A9]
MBHD, AT 4T —FDONRET HERIRIZ, /RO RDBICIIZ T, XML-
Web * 2 ILF X574 7IEREDH T 6N, AT 4 T—5 DFiRE, KRS -
PRGBSO EMEDE VD H 503, Web [P LF AT 4T
F—F N— 2B H B EWROBEN DTS > E 2 EBT 5 BiffinsklcEE L
%o T3, Web [HRTIEMBTLH TR TOHHIGHEZIRETE R o7
D, MEBR TR AT LEBIIEETESZ NI XA—FIE) L) 2 L
LLThTons, BHREOENIDIZSSENH 5 L, MELDRELO®
WIS T B, W T — 9 R— 2 TIIWRER 2 & ) WHEAITHIT I
3LV FAZMBRARI2S, X714 2—FTlE, BERHFRFOWNEZHZEL 7%
Z oM OHIEIC X > T, MAEORELEZITI DEBHTL 205 TH 5
[B78].

RO BT — & R—AFEEM OWIIEICOv-TIE, 2010 4D ETH Group
X 2L A= b [AL0] ICZDRFEIANE Lo o5NTED, FHIoHmEEhS
HIGRAEE % I 72128 [A11] DSREAIC RS> TR ZEDRREE L ThITon
5. F1, 7 v 85— OWIE [A12) HOWE S & 503, UAEISHIER L T»
3277 7EMENRERFE L), 77 7 BRICKE R HERRER Y —
vy RGOS TEREGZ LD, MaeREkzfT->707
B E T, BEoTwRWVEWV)IDOBEIRTH L EEZoNS, /-, B
RF—F R=RI2BIF % SQL A, XML 7—% X— 221} % XQuery AL
DL I, T—F_X=2NPHANL T — 8 XR—AMEGE SHEVELET %
ZEERHIRE LTV,

ABETEIE, BEFEDRX T4 Z—FEMTRERL Tk o r o757 —%
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1990 2000 2010

<BRRS KM 4'57D8B
RDB Web NILFA T4 7DB : JEBE  eeeeeeeeeeemoeeeeen
CODASYL XML DB (BaLLE - EhiE) ZRIER A >
F R 1SR 2012
P CIN 75 7RR) \ """"""""" N >EVERR T 46K etc
Nyyaryr
Federated Mediator WebH —FR—— e >
=g Da/tabflse Mg g et (AL - @51k)
#e | mie mks 200 ViewBIWE b SR, P 5

: eerT —
onishi, S BBl P
Suzuki efc LHEEEIC L BView BE

3 7996 2006
i Fc gl e i i
i 1Qyears survey
X5 F— 5 EHE|
['%éﬁﬁiﬁ‘é&](
(77— 5 1tEek) D
R LR ———— [R5 7] S *y 551—
PN ER 557 £ HWET Y F BWEE
e £, T I EEY 1YRATVRER
1996
Suzuki etc
s 2011 Schema
sy ke Wl

2.1: BEAIZEIC &6 1 2 ARWIFE D T D ALiED 1)

R=2%HWNRE L ERFEORNDIZS>E2EE L sk 27252 &
WCRHCHTRIED D 2. 7 — & R—= 2NN A SEEEELTES
T, 77 7RI RLE LTRONS LI REICHEIVLTED
MEEEEIHELL TRV 7 77— R—2— I L CGHH$T 2 2 &
MWCTED, £, BNAT VAR ZHEIL T2 I LHRRETHD, B
AR & 2 kel 208 IR T 2 A7, A —PIc Xk 2 2 ¥ — <
BANDNAD—TTH S, AF—<HAILE T 2HA#EGPL—F T 73
DFAIZ, BB T 2 ERIEREG O BEFEDO—>TH H (2006 F£D Alon
Halevy D4 —~XA [A19]), ZDHBEMED—HiZRL T3,
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DPFTERE % Fffc B I1E ks, IREIR - EF D BHEROGE, fibR
MOHRT 2 LBV —ERNCENTH 5. FHIREDEOIAT P 2 —
WEIEL, ZORITEERCREIICS V¥ v T 208N H 5, £7-, %
D BRI POl 2T 72012, W OREREERM LIS D/, —F2E
RIBLERH B0, TELXT /) — FOEHZHS L, HEEERH
THILELHETH S,

KRRt [A65] TRESN TV IH D ERRBD O DB K EZZDE £
FAL, 2RISR 25 0 ERRAEZ ST 2 ik flatb
AL L, X5 ICHRIFIR 2 BB 79 7 RIS § 2 B k%
RELL. BWEREE, BT =9 _X—2054, RN & meEmlo
BEFIRLIEREHETE S,

S50, IR 24 D ERE I, SEEICBET 2R e —E R ICH
T AEWRH, O BREIC R 2 ABESEVCRE 2RO, 22T, BESHT
T = R—ABEICB ) 2 RHIN O 2 D EER I, ARORETFEE
W LUHMET 2, BENREIEEZ GRS & 77 78ED 7y > a
&y v AR, RHEHRO E%F DERRICE VLT, DLk H)ICEBIN LD
ZRL, DWT—FR—ABBOFEIC X DML, WA SRTE A
HHEMER BB R r — A% W LR L,

AREEIDTO X IHRIN WS, £7, 5.2 TN L OE%
AL, 5.3 HiCRITHIRY D Z%F D ERRBZERLL, 54 8 CHFOH D EHRR
DFE L FHAGEHRICOWTHR S, 5.5 ficEEREZRT. 5.6 fici
EFEER DT T 7T = R=2AFHOTIH L LFERY 2T L EZDHF
iR, 5.7 fiCEMSH T — ¥ X— 2 Eiffi % O REFEOMA IO
TR, 5.8 fiChbim & SBOMEE B2,

62



% 5-1: V— M ERTFED

Sequenced Route 5% KEGIR D & 0 EHER
RIS 2 PR 22— v N 77 7
HiZE Rt E Hb HY
B R E %L Hh
T D L 1
e Hh =L
IRF %L HY
fF Dt 1 HE I R Ipc i

5.2 BEEMRE

ABETHE-S>TVBDIE, 757 ETPOLZ2HEL, &N E DRIEREZE R
DLRBETHY, 7977 =7 _R—2 B F — & R— 2 D4E & OB
Ve, 22T — 7 R— 2RO T, k- O Sy B TRl POL %
BT 2 HADPREI N TV 3 [A66][A67]. ZDfREHIE LT, Sharifzadeh
fil: [A66] IZ & 5 Optimal Sequenced Route ¥R 2IHIF S5, i, #HE
D% 5 POl ZH5E SNLMAF THET % L) —~FOBIEHRETH D
2—7 Yy P2 HVWTWwS, KED L) RT T 7 LOmFREEETIZ
7\, F7z, Optimal Sequenced Route #ERIFHERFEMETH %5 Z LIk L,
AETIHRET 2 FETRREMBZ RO 2 Z ERTRETH S, £521C20E
WERELED, —H, =2V y FEHTIE%RL 77 7 LolElT, RE%
HRRS 2 NE X Rk Mo fTbiTE ) [A68], Ffcty b7 —
2 R0 ) A K% % WLELCIER LRI 2 1300 B T%EA5EA TdH % [A69). L
L, RETIFHBICEEIN LRI S 5 X9 BISHEZRET 5. 4l
ZAE, BADPHELTOWBEHELT, LA I URRA—I—2—=7 v }D
T4 L= NVOBERH B, Ziud, FRICAT S 2 —ADRESTES T,
Y HOLERRDL, BFEIRMEIC X - TEMDE S 1, 2% POLICWSHE
FHEED twitter TOER L EHROMR L L TERINL L) LI iT, FHiF
MRS 2. Z20HA, HIUBESHETH 2 L2000 E L HHEEICTHEL
TLEIOTHLTES T, AL EZNEE L2wI EBEF Ly, Hl213,
Sharifzadeh fih [A66] WE M [A69] 1%, Fv F7—27 X1/ A X% FEHfE
U TESRBEYDH D, KGR 2 A 2 FEIOE X 20w, AT Z 238
ELBWFERE LT, KRfE[A6H]) 12 X 2BXRIEREDH 5. 2z, POIDS
— D THBHFNID 575, BIELZ L CH D ERBEREZFBL Tws, A
HTEZOFEZPRL TN S,

IR & v 9 FEE T, REIBE &R 2 FHAAA 72 IREGl 77— & X — 2 [AT0][AT1]
PR E N T 5%, BRE TP XML H0— N2 57— 5 € 7OV
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Mazlatbe 2MENTERICE>TWS, K, 757 F—FR—RIC
RIS 2D IAA TV S 2 LIRS H 253, —E20E&IcRHbL <
WHEVIERT, MRS 7 7 F—FR—R L ETRF ALV, L
L, 5%, —BNEREH 77 7 57— XR—2D% %D 5 L TORMD
—HThHD, BELSHICR2bDLEEZ 3,

BT, =Y —E A X o TRE S 7 RERIHIEY % i 72 3 IR IX
MZRDTHEY, ZHIXBAY P a—) v JRE [AT2) KBRS 5. X
MAT Y a—) v 7RIETE, ERT2XMEICEE DR, TELETS
C (EXR) ERE2FTTEAXMEZRRT EHEIC AR 328, ARETIE POI
Z—olZHlfIL, &2 & s IREXEOEBDI =21 RonTws 2 &5
MIEICRHE L 229 2 ik eI X 2 R0 T 5. 4%, POI 2R
PHET 2 L &g, X0 —MNAEXBEAT Y 2 — NV EORREZHHTE 5T
e H 2.

I—YOWREFE KL 72V — b 2R T 2 &9 2R E LT, Ml
[A73] 238 208, O H 2iEE B E v FOIRIIGL T, a2 A MCE
AEFELN—FEETZHETHY, RETHELE LTS AT VI
BHT 2 L) BFOEETHIERIHAT 2 L0 TER L,

77 EREEE BRI FERELT, V9707 - TN RHEER
I ENRTEL T —IR=RFHL A5 AR DO2HY, 757
F— R— 2 LWHEN TS [AT4]. FHINCHICE 2 85 b EFETTE
T3 [AT5]. AETH, AT 2OEBETHHIZHAL T3,

5.3 BEEFHNOESEF D EER
5.3.1 BEFHOETFOERROESR

REEHIRT > & FF 0 ERR L, BZE, FERREICIE 12 l~22 D X 9 1T
RS ZIEICFIETEL LI RN -2 RDL T I 7R TH S, HED
WHFET 2 & FiCiE, BUEIIICAE D & 9 ICHFEISEW POLICEF DET %
WEDH D, TZDIET 2> D Lz RITTE®%2EBATDOTED
EhicHicEAE &y Ew) kI, 2—FIZ L > TORMEIFI DR D
H%., UTICEEBEZBRE2, INoDOFEH=2HTERER->TVWDS, F
DERIEEANCRELTWS, G=(V,E)2EADE 7755, VI
He (/—=F) £4, EM (mvY) £ATHL, Ty P ~DEAIIBEH
W 5REZRTZELET S,

EE 4 (NWFTY) /—FOMNEET I VEnTF Y LR H5 Y
DG SN, — Fe POIEWES, A5 TVi%, FHHGs LTHET 27
DIy Tare=, MR, ThERiE, FOWELEKRT 2.
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4l

EFE 5 (KREIXME) KEXEZ FAhRZ, & TR L RBT 2. DEDH
BICIx, JHALCTIRZI R Z REL L, RAlZ2R$ & SITEAHZ2AMET 5.

T 6 (T—EXEHE) POIICBTY—ERAZHBINT 27V % ) —E R
N E MRS (B - R, v F¥—Y &, w28 . y—EaAlRFL
ZDY —E AVEEI N5 RHEXHOME — & REM LRSS, BRIV
P —E R ESRENZ O E O DX EFRS vy (B 0 BERICESE),
EDREDEHETIZO E DDV —E 2AHE i —D>DXETH B Z & Z2HilfE &
LT3 ddH s, —RIITSBROFETDH 3,

EE 7 (A—YEMH) BT D 5502 —FRIDOKHHHIK 2 2 — 95 L5,
o HFERSAT + HFERZ T LIRE 2 PltG 9 2 21 2 & o IR ] DX ]
o POIBHIRGAT © POI TY —E A & BHIHT 2 R4 % & TR X [
o POIMETEAE 1 POITY —E A% T T 240 % & Lo Re X [
o MHERZM: 1 POITYH — Y A2\ 2 RH DR S DRAAE - eVl
o FFERAAT ¢ BIE RUCEIE LIRE 2 1 2 A 2 & Otk DX ]

TE 8 (BRI OZIEDERR) 472 - F—ERALMENGZ 5T
ZEADEST7 G = (V,E)ICRLT, RRIHKD %0 EEER L, BT
L7t - Bl - A7 3 - —ERANE - 22—V 5M: - BROMEE ki<
LT, UToEM%20-3 777 Lol —F LR E LR ZEEXBETH S S
X (K76 POI £ CBEIT 2R HXHE) , PR (POLCHHTET % K
X)) , EX[E (POI 6 B mA~BET 2 RHXE) offlicownt, #&
PR (B XRORAME - S K ORAME) 235N & % 5 Bz kL% ko
BIERS.

o L—hiF, MELALHFEEZHAL, BELLAT IV 2531k
POIZ#HIL, fBEL-FHEHICHET 2

o SKHDR/AMAEIFINFERSMICEEN S

o SXIHDE X IFHFER D6 POI £ TOREIRHIC—3T %

o PXMDERAMES, POIRMEIICEEN

o PXEDERAMES, POIFETHIFICEZND

o PIX[HIZ POIICBII HHEE L Y —EANEDOY —EAEMICEENS
o PXEIDR I D, HHERSMDR/ME & RAMEDHEIZSH %

o EXHDRAMEHIFIERAEMFITEENS
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time
17:00 18:00 19:00 20:00 21:00 22:00 23:00 24:00,
T T T T T T T L

SR - 0i_stay -
start pol_slar"t poi_end end
et mim T T X X mim max

service

| 1 [}
I 1 I 1 I ] I
I 1 I 1 I ] I
1 1 | 1 1 1 ]
—EA Ppe ' ' ' | :
E i stqrt l ' ' d | |
I 1 1 1 1 I 1 1
1 1 1 1 1 I 1 I
1 1 1 1 1 | 1 |
! SR;FD? | wait | PIXR ' wait | EIX[H | '
i\ start (B arrive start 1 (POTHTE) | end leave BENT  ona |
| | | ' . | ' ‘ |

- total_cost o

X 5-1: IR S FF D EHRR O

o EXMDEIIZ POID S EIE R E TOBEIRHEIC—KT %

K 5-112, 2—¥&EH - -2 2N 2MET5BOH%ZRT, K
HHFI S EF DB TICH T 258 %2 b b, FUckflfli 2wz 31— b
ZROBZFITHL, TAT S a— B VETE) Loz >T0n 35,

o XMDMIEIZ NI E 2 EIFRS 2w, PXEIEE, ZofkfEchdi
i, B5-11CR L7k 9 19 RE~21 R Td KL, 19 Rf~21 K
ELTYH kv, BEFE2E UL, ZrUuc X 0fliEZ) 308, RE
WIIEENEDLRD 5. ZOWREDLDITIE, A7 Y 2 —VIZET 5050
DG (TEZLTRAYERFEZT, F) Bt 2,

o POl MEEXMDHiIHOFEL AL T3, SXHEE E XE POI i
TERFE & B > TE WL 2 WEEEIEH 253, S KR AfEI: POI B
WREAFICE EN B REN R WL, EXBEOR/MEIX POL T S8
FNDZHED L, T, HlZIE, POIBLARAF IV ERB X9 %
JGHIZB W THARRIKETH 5.

I—HEHZEMPCERZELTVREDIE, TE 32T B RIUS IR T
270THY, ZNSIIZFEHAENET 2B ®» S 2, [LFKDODITKAL
BEZ T BT 5-1 DEEFIC LT, BUFICHHT 2 (LIEOFHTYH
POl "NDIHERZ ER DG THAT 2 2 035 3) .

o IS DOR/ME ALFHEN 1T E TROT, ZRLENIBEFETE v
o MFMELMDORAM : ISKHZEHDEHE 2D T, ZOHHIIHFET S

o POI BB O R/ME : KADY 19 Bz 2w T, ZRbIEIcE
EEHBT %

o POI IR DIRAME SR Z2IEC &b 20 Kk D HTICIR D 72\

66



e POIMTSMDR/AME : 21 BEE TIZW - D ESZ LW

o POI M 7S DIRAMHE : 22 K ABEIIR 2 D THEZRDOHE D
o FIESMEOR/ME 1 23 IRIZ7% 52\ ERD A FHFAD 20

o FFESMOERNAAE : FIRAI 24 K5 TH %

o MHERSAMDR/IME © 2 RIZIREW > { D ERZ LW

o TERSAMORAME + K CHfET 2 YR 72 1 2 IF[EHSIRSE

Frz, Frv MBEAD XS IZ, BINCHEDAATHICEZIZL W E VI GA,
WERSMEZ 0 1R ETIE LW,

SHOBMHD DI, 2 —V4EM L BOXMDRAM & R/MEIC A% A
73 (K5-1).

o HFERISAT = [start_min, start_maz]
o POI IR St = [poi_start_min, poi_start_max]
o POI# T 5t = [poi_end_min, poi_end_maz]

HWHER S D R/IME = poi_stay_min

HER S DRAME = poi_stay_maz

o S IX[H] = [total_start, poi_arrive]
o P X = [poi_stay_start, poi_stay_end)
o E [X[H] = [poi_leave, total end)

ST IR % total_cost, TR D5 POI ¥ TOWRI%Z cost_s, POl 725
B E TORFEZ coste EERET L ET S, DITOEHWALBRAHLD 2O,

e total_cost = total_end — total_start
e poi_arrive = total_start + cost_s

e total_end = poi_leave + cost_e

IR D 27 D ERBR DA X —2 2[¥ 5-2 IR,
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FRFREI Y HF HFTY R RS &
M22:00; I "W ZHELT T5—X>) BT R209HE BELT EAEE, I

HET 2RERE BR P
< AL— B» N
A —
Sy g 22:00] HFE | ﬂ
> 10 %ﬁ?
|z ; \B» k R | e
B © 12:00~23:00 3 S ey < pa S A
JHN74 AR | 22:20| BB | o
BAJS © 10:00~22:30 90:35 %K e NG
22:40 rg';ég‘v . ?l@j
Ef
23:10 KUE
23:20| =
—

BL—hREBENTTEITE

B 5-2: IR > & 7 D EHRE

5.4 EAEHER
5.41 FERILKEIC &L 550 EHRR

FACE DR & 72 295 0 ERE D 72 0 DBRAE K (KRl [A65]) 12
DWTHAT 2, EARWICIE, BXRIEREE, WHHSA 7 A P 78RE T
VTV AL ELTHL, HFA - FER - POL O 3 2SS =M
LEMAER R TR LTI EIRETH D, REREEIEROEFE O
7% [A15][A16])[A17] I2 B\ CHIH & Lz Befiii 2 IS I e BER 1@ L 72 Fik
Ths, ZOMELZM S5-3I,

ALk HOfEE KD 2 BRIEKIEDOHEARNZFIEEZ K 5-4 1I2R-T, 47
A b FHEICHRYS T 2RI EL L T3, BFNE S - HENE E T 5,
HERWNZ T A 74 7%, HFEAME (S M) - BE LM (BH) oMo 5
AVALIHERFFTIEILETHE, MELALATIVD ) —FICEEL 2
5, 2D/ —F (InPEO >G4l POL #EBbHY 2 5%) FTOL—L
ZAEA T — 7 VIS EER L, T — 7 v odT, Rl POLICHiflD & B3
ZN— b WERINALOFDEIRK LI LICREDT, ZN2BIFHE
By — 7 NICEERT 3,

DR L DR TEMETHED, BEDOYA VAL 78ER 6L, FBERDaR
FRERF TR 0D, % 0 EERCIREE R TIE R POL 2T 2o, DTD
FMEE T2 ED D 5. FERT— 7 V% RT, BT —7 V% CT, V-t R
DEFRA R % cost(R), HFHER FIER) 265 POIEFTHDAR % cost_s(R)
(cost_e(R)), TRIZBWTRICEMT S/ —FDa R % cost_s_current (S
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[s (E) MHSHEFL TPOIRRS [S-X]utiseitn 5xEE ICHE [E=g]Start

(E) ARICHRIRZARM & U CaTiR [ESXJzmitn 5xEa CHeE /I E) ||
S-1
step| Sf | Efg | f# [5-1]

=== [S-6]&
1 | vz —tyﬁwvr/
> w7]55”55[5ﬂ[ﬁqmm%3L__,
)15 —* JIEy 3¢
3 ez 1 EM*J EQ_J
= [ @ELSOEBEAEON 57
4 a= (éﬁi?ﬁ%ﬂﬁo)ﬂiﬁtb‘cﬁﬁ; 3 [s- 6]
o GES V
IR _J 2
6 |z ex)| s fﬁﬁ'sﬁtrbnl—,{tﬁuﬁﬁm (= | R=ily End
SNRFNERT (FE) \I *ﬁ/aﬁ
7 mm%ﬂﬁ% e Em [S-7]
20\ e\ JIA
8 Jllllﬁz
s FRAIAN

Xl 5-3: BRILKIE DO

M), cost_e_current (EM) &9 5 &%, BTHESEMZ, kEDBEIRD
54, OLUITD 2 ONMARD DI ETHE, ZoRXizXHhazxaoh
TWVIL—FDBESBRESNLAREED W I L2 ERL TWw 5,

max gerr(cost(R)) < mingecr(cost_s(R)) + cost_e_current

mazrerr(cost(R)) < mingecr(cost_e(R)) + cost_s_current

7271, POLEE (&fk/ — FEUCKT 3 POI EDEE) BEVEE, k
DM RO S s b, REEEZ T T T FICmEL LERl b L TR
ZLTLEY. koT, IBHEMICH > BHENLME Bl : LA LT o
Ko 180 T UN) TLERZFHRITF S 2 EHMHTITR D,

5.4.2 EAXREHEOHE

FEAE RO T Z X 5-5 OLMNR T, F TR OBRIE K% FvT
R D 22 W fif % (RAEIICR D 25X D % D) Ko 2 FEREMG &
W) . 2 L, FERFREEAIREIHIA &2 7 32 HIE L, Bk fii (IRef
Bl L WES) ZEHT 2, ZOHEDA Y v MIMFEOF ) BEFERFLE
ZoFFHHTELZLICH D, —F, RMERE, FERREEEE L OICRD T
ELT, KHIEPZ ORI G EN MBI L bRl ETh5. #l
Z\E, POL D DSRFRIGIR % 72 § POL 23 7 Wigy, BRILKEEIZ
WL I2H B POLIEH D ZIEM IR E L TROTL 5T, 52 5N 7K
a7 T POLICEREL 2 WHREMED D 5, Lo T, FERRIRIZZ DIzkD
TELDEND H, ZOMEEBUC DWW TIE 5.6 B CHHli L T3
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while BT R E / — FEAEMETIZ R do
Ng «— SHORDEBENIAL ) —F (FL 7 AL Fi)
Ng + EMIORDINIAL ) —F (4 27 A+ F1)
if T E&AM% W77 then
return fEET—7
end if
if Ng D’2—HIgEAHT3Y %KD/ —F then
BT —7Ic S — Ng DL — b % B
end if
if Np 32— EAHT3Y %FF>/ —F then
i — 7 VI Np — E DV— F 28k
end if
if T — 7 VIl S [EC POLICEIZE T 50— b33 % then
Hopo Sl - EMloN—t%220%1F T, #RT—7VIcER
BT — 725, Hod-ot SHl - EMoL— %5k
end if
MRF—7 N zafkazx bty — L, BA7kEDAZ 45
AR T—=TNDER (547 A+ Fk)

end while
¥ 5-4: BRILKIEDO 7L TY XL (1)

5.4.3 REHEKOHIE

FERFRIR DS RHIF 2 i 72 T D HEIC OV TR E, =2 twIRon
WX DHE % DT, (a) HIRXRIOFFIHEE, (b) Bz X R HFH
i, (c) &tk (=X oflfraE, #8EMETF 2y 73 2H0%1 7% 5k
T, F, FHEE L TR, RIS —E RS E POIBHIASS: & POL#&
TR EF v 7 §5, 20D INDTHIUL, ZNS5DED
D ZHi7- 7 POL GRS & POIET&MFE L T2 DD F =y 7iTiftlr, C
DI ET, FEMY —CAEFDF =2y 2 BT T B0, Z08%K, —
C ARG 2 EET 20ER L kb, DOF ) RIIC P XFEIFIROFIFHE %2
1oz kit s,

P XICBIT 2 F v 7 DHI 2K 5-6 12T, RAIIC, POIBM - KT 5
PEEF—C AL FEN R L2 F 2y 753, POL ~DHERIARZ
EHERE TN Y — © RIS & F N2 03035 5. DLTICES %2R T,

o 5 P-1: service_start < poi_start_max

o M P-2: poi_end_min < service_end

RiZ, POLBAM « &M 2MIET 2, JHUdy—v 252 POLBAK -
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EXBHE BB HE

| ERIAE | S
oo ' Ak
#ﬁﬁﬁ%@mﬁ@
BRI
BRI s
$5%
2
S 1|55 £7
BRI 402 R
e
\/
BRI (B)

5-5: BEAIELH M & BRSO BESE

TS B IETH 5. POLBHIA « T4k & —E A& TK
bHEMD, ZnZMIEIN POIBRSMT - 7ML LTS HBOMUIT
R 2% (X 5-6 D poi_start’ & poi_end’) .

RIZ, #IEZ N7 POL B - #& T4 & POLTHEIRIIC PGS v 2 &
ZF v 7T, 56153 T X910, MR POI B « #& T &tk it
LTHVWEALROWEAEFETH S, HIREmATRAEZUTIORT. &
fF P-3 23 POLWTEDSFH WA DBERR, S P-4 23 POLTESR WA DOHE
Bchsd, ZhTP XEHHE L TOHF =y 75T T3,

o 5 P-3 ¢ poi_end _min < poi_start’_max + poi_stay_min
o & P-4 : poi_start’' _min + poi_stay_max < poi_end' _max

Rz, SKMHE ERXBICOWTORINF =y 7 2479, JERHIRECRE 7
HFER D5 POI £ CTOEH (cost_s) & POI %5 F3E i % TOIEH (cost_e)
ZRHT 2, K5-7icFzy 70fl%53. £7, SKHE E XHEO#mD
F v 7 TH B, HHEIET 20 6/NS0aE FE R (POI BB
&5 sz (%) $388134%0) 0T, REVWEADF =y
7 DOARTE\, S X POI RS ZB 2 201U X {, E XX POI#
TEMERBZ TR L v, DT ICEE2RT.

o 5SS 1 start_min + cost_s < poi_start _max

o 5 E : poi_end _min + cost_e < end_mazx
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time

»
!

poi_stay

| poi_start  ¢—y ! |
min T max, :mm ma
I
1
]

=

[0K] @ |: service
RIFP-1,

[NG] \& service @
s >
[NG] @ service N
v N

[0K] @ poi_stay @
£ 0i_sta
4P-3.4 (NG] (o p y &

[NG) @ poi_stay &

X 5-6: P XHDHlFF =v 7

Kz, B XEOGFHEIETH 205, ZNF2 22 BIFEXHEBIAE
TET, POLMERT - BlRZHBZ 2 L w9 2 NI v (M Wi
Hlizow T, PHMXEOFRIOARTHrEbAE) . DTIcEF2RT

o 5 S-E : start_min + cost_s + poi_stay_min < poi_end' _max

o % P-E : poi_start’_min < end_maz — (cost_e + poi_stay_min)

RBICEXHEROBAETH 205, HREPOIFEEZTO S VORI
X DORAKRZ 82 2 IRy, UTICEEZ R T,

o &M S-P-E : cost_s + poi_stay_min + cost_e < end_max — start_min

INTHIGEEDF 2y 71358 T ThH 5.

5.4.4 KEHKBOEL

Kz, REHROEHICOWTHHT 5, fifioF =y 7ick->T, T
M (OEZ) ) 20 THIET S &9 REMMEIHRINTHEY, InETh
ZBNIHFRIZ T T, WoOHFEL, POLICHEEL, HHUCEIE T % & v
9 TR 13— RICIFRE S e (RTERIE —RICRE 520 \v) | Rl
BRET 27:0I121F, A7 2—OEIEEHRE L TEBEBH L, 2
T, REMLR TTE3X36 2% L, 2ORITEIT S, v )ik
W HED  FIERIER T 5, BIKOREE L TICH T 5.

o TEXBFITHEL POIWHEZBIIAT 5
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time
>

X 0i_stay X

min  max min

>

max min max min max
1 1 1 1
1 1 I I
1 cost_s | [ ! cost_e al
%M{Wmt , . i : *
cost_s, i | \ wai -
SFE [0K] 769W_al_t_: ! : :__a_zt_ cost e o
1 1
| COSI_S I ! poi_stay !
&o— P ' = I bV
P ‘ L | e
ARTES- o ' cost_s L oi_stay | \
[oK]® | > POLSAY ® !
I
[NG] : > . poi_stay E PR : cost_e .
%AfP-E : : . 1 1
[0K] ! '@ poi_stay ! - ! cost e .
1 | . | |
cost_s stay \ 08
[NG) » S| .o ol slay | oo ! cost_e S
Z&f4S-P- | | . l | e
[OK] o cost_s! R ‘Alr poi_stay ! oo ! cost e @
*> T - 1 *® t *

X 5-7: S X & E XEoHFF =y 2

o TELZRIRAELLI LTS
o MELIEMIFTE AR ITIREI TR
e POI TOH — ¥ RIZICA ) #iH T, HMAESOBREREZES Y S

COEIEIFFMLINTE D, HEOBEAFEIRIC X > THHEI 2 WEE D
B0, ZHUTTRUCBRZ k2 AL L CBETIUREBITE 2.

DT oEHciEfbozo P KEORIRETETH 2 ERKETS (ZD
fli% poi_stay £ 9 %) .
RERHIRfREOEEIZ 2 2D 7 2 — R k> THERI NS,

o fHAIfEHE 7 = — X
o K7 2 —X
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INCLUDING STRUCTURAL CONFLICT
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1-2356, Take, Yokosuka-shi, Kanagawa, 238-03 Japan
e-mail: {gsuzuki, masashi}@ciladb.dq.isl.ntt.jp

Abstract: When integrating several conceptual database schemas, several kind of
representation differences must be resolved. Such differences are called conflicts. The
conflict on which the same concepts are represented by different modeling constructs
in different schemas is called a “structural conflict”. This paper points out problems
in existing methodologies for schema integration which use the Entity-Relationship
model. A method is proposed using conceptual graphs as a common data model, to
adequately resolve these structural conflicts and to discover similar schema elements.
Procedures for integration including the discovery of similar schema elements are
clarified. And the methodologies for translating between schemas of ER model and
conceptual graphs are shown.

1. INTRODUCTION

Recently a technology of schema integration has become paramount in the re-engineer-
ing of information and designing information for companies. In order to integrate schemas
several representation differences must be resolved between schemas. Differences in which
the same concepts are represented by different modeling constructs are called “structural
conflicts”. And when integrating schemas in different data models, they are translated to a
common data model, which is a basis of discussions. ,

In existing researches concerning schema integration, the Entity-Relationship (ER)
model [4] is used as a common data model. But the methodologies employing this ER
model have some problems when resolving structural conflicts. So we propose a method
that conceptual graphs are used as a common data model to integrate. This method is also
effective for the following point. In schema integration, a technique for discovering similar
schema elements is necessary, but in the ER method structural similarities are complex. We
can simplify this complexity by using conceptual graphs.

Database Reengineering and Interoperability, Edited by To-yat Cheung et al.
Plenum Press, New York, 1996 247
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In this paper the method of schema integration using conceptual graphs is described. In
section 2, problems of ER approach and effectiveness of our method are shown, In section
3, outlines of definition of conceptual graphs and a procedure of schema integration using
conceptual graphs are described. A problem to discover similar schema elements and a structural
conflict resolution have never been discussed at the same time. Our procedure includes the
both. In section 4 we describe how to translate schemas of ER model to conceptual graphs, and
section 5 we show how to translate an integrated conceptual graph to a schema in ER model.
In the last section application examples of our method are described.

2. SCHEMA INTEGRATION USING CONCEPTUAL GRAPHS
2.1. ER Approach Problems for Structural Conflict Resolution

A “structural conflict” is a situation in which the same concepts are represented by
different modeling constructs [2, 13]. When schemas are integrated which have different
data models, schemas are compared after they are translated into a common data model [11].
The ER model [4] has been used as the common data model for several projects up until
now [1, 13]. Practical application of the ER model has uncovered several disadvantages
concerning structural conflict resolutions.

The first is the selection of modeling constructs. There is freedom to select modeling
constructs to represent one concept. The model designer is responsible for this selection,
which may lead to structural conflicts. The result is that the ER model may be one cause
of conflict.

The second is an inability to separate the domains and dependencies in attributes. In
the ER model an entity type and a set of values of an attribute are not on the same level.
When the ER model is used, it is said that an attribute corresponds to an entity type to
refer to one of a structural conflict. But the meaning is not clear because an attribute in
the ER model represents both a dependency between an entity type and a domain and a set
of real world objects which the attribute represents. For example, the attribute “involving
department” of an entity type “employee” represents two types of information, one of which \
is a set of department objects and the other is a set of dependency relationships between
departments and employees.

The formal definition of the ER model includes the concept of domain, however this
is only used for an attribute value data type, and does not correspond to an entity type
in schema integration methodologies. In the papers by Spaccapietra and Larson [13, 10],
“Real World State” is used for discussion, which is the real world domain corresponding
to an attribute. This, however is unnatural because the “Real World State” is a concept
outside the data model.

2.2. Similarity of Schema Elements

In order to support schema integration through computer automation, techniques for
computing similarities between schema elements are necessary. These are discussed else-
where [3, 9, 8, 14].

Similarities of schema elements are categorized into the following three types [14].

1. Similarity in Names

Names of schema elements, such as the name of an attribute, are similar. For example,
if two names of schema elements have many common character strings, they are



Schema Integration Methodology 249
interpreted to be similar,

2. Similarity of Semantics

Quantified semantics of schema elements are defined, and are used to compare ele-
ments for similarity. For example, in the paper by Kitagawa and Kiyoki [9] semantics
of schema elements can be defined by a vector which represents contributions to sev-
eral chosen keywords. And similarities are defined by using these vectors.

3. Similarity of Structures

It is regarded as a similarity, if there are many similar concepts around two schema
elements. For example, entity types which contain many common attributes are in-
terpreted as similar elements. y

However if some concept is modeled as an attribute in one schema and is modeled
as an relationship type and an entity type in the another schema, a condition “There are
many common attributes.” does not contribute to the similarity of these schema elements
which are really the same concepts. If we try to judge the similarity, the condition “There
are many common attributes and relationships” must be considered. This conclusion would
make judging unnecessarily complex, and as a result there is no such a consideration in
existing theories. If a model which causes fewer structural conflicts is used, then the
comparisons can be simplified.

2.3. Schema Integration Using Conceptual Graphs

If structural conflicts are to be eliminated, and the structural similarities of schema
elements are to be simplified, a model that minimizes modeling constructs and clearly
separates a domain and a dependency is needed.

The conceptual graph [12] is the model that satisfies these requirements. In this
model, modeling constructs are a few, containing only “concept” and “relation”. Both
the Information Resource Dictionary Systems(IRDS) common data model, which is called
a normative language, and the schema integration common data model have a common
requirement which is a simple model. ANSI has proposed the conceptual graph as the
standard candidate for the normative language and this has resulted in the conceptual graph’s
popularity as a simple model, such as that mentioned above.

The conceptual graph, however, is not adequate for modeling top-down database design,
because due to its plain structure it does not allow the stepwise design from “entity types” to
“attributes”. Presently object oriented models and the ER model are popular as data models
for database design. We propose a method for schema integration using the conceptual
graph as a common data model. In this method, input schemas are represented by the ER
model, then translated into input schemas for conceptual graphs, next integrated into one
conceptual graphs, and finally the integrated conceptual graphs are translated to a schema
of the ER model.

In existing researches, discovering similar schema elements and resolution of structural
conflicts are not considered at the same time. Creasy and Ellis proposed a method using
conceptual graphs, and emphasized that the method is effective in resolving data model
conflicts [5]. However if a concept mapped from an attribute and a concept mapped from
an entity type are considered as the same concepts, how to create an integrated ER schema
is not clear. Hayne and Ram discuss schema integration by using an SDM [7], which makes

no distinction between a value and an entity, however they do not address structural conflict
resolutions [8].
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This paper discusses a methodology for considering similarities of schema elements and
structural conflict resolutions at the same time by using the conceptual graph as mediators.

3. CONCEPTUAL GRAPHS AND SCHEMA INTEGRATION USING
CONCEPTUAL GRAPHS

3.1. Definition of Conceptual Graphs

The real world is modeled by concepts and relations in the conceptual graph. Usually
a concept is represented as [type label: individual marker]. The type label means a type
of a concept. The individual marker means an individual which the concept indicates.
For example a concept [Girl: Judy] means an individual ‘Judy’ of a type ‘Girl’. There
is a special individual marker {*} meaning all individuals which a type represents. This
paper considers only concepts which represent all individuals of a type. So concepts is
represented as only type label ({*}is omitted.). We can define generalization hierarchies
using generalization relationships represented by “sub-type-label < super-type-label”. We
can also define generalization relationships of relations, which are not in the original def-
initions of conceptual graphs (a similar notation is used.). Relations have their, directions.
Graphically concepts are represented by rectangles and relations are represented by ellipses
which are connected to concepts.

3.2. Schema Integration Using Conceptual Graph

The following is the method for schema integration using conceptual graphs. Using
this method steps can be clarified in which similarities of schema elements are computed.
Detailed discussions of similarity computations are curtailed due to the length of this paper.

1. Translate input schemas to conceptual graphs

In section 4 we will discuss the translation.

2. Clarify similarities between individual concepts

Similarities between individual concepts mean naming and semantic similarities de-
scribed in 2.1 and a specified portion of the constraint similarities such as a domain
similarity, which can be defined by checking individual concepts. '

3. Clarify similarities taking into consideration neighborhood properties between con-
cepts

This means that structural similarities which cannot be defined by only the concept
informations which are views as separate. For example, a pair of concepts are con-
sidered similar when neighboring concepts (which are connected via a relation) are
similar. Several definitions of the similarity can be considered depending on the scope
of the neighborhood considered.

4. Confirm equal or inclusion relationship between concepts

Concept relationships are confirmed by selecting among equal / including / intersecting
/ related but no intersecting / no related and no intersecting, by using similarities which
we have clarified. If there are inclusion relationships, which concepts should be left
after integration are determined.
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5. Discover conflicts of relations

When R; is a relation which connects C; and Cs, and R, is a relation which connects
C, and Cs, we can see R; and I, together as one combined relation. The direction
of the relation is not pertinent, because if there is a relation in one direction, there is
also an implicit relation in the opposite direction. Similarly a combined relation can
be defined for more than three relations. In this phase, candidates of equal combined
relations between schemas are discovered. Two concepts in one conceptual graph
are selected, and equal (or related by inclusion) concepts are searched in the other
schema (This can be done, because equality / inclusion relationships are confirmed.).
Combined relations between two concepts in both conceptual graphs are candidates
for equal relations.

6. Resolve conflicts of relations

By using decisions made by humans, we confirm that those combined relations are
equal / including / intersecting / related but no intersecting / no related and no in-
tersecting, as the case of concepts. If relations are related by inclusion relationship,
which relations should be left after integration are determined.
7. Join and simplify conceptual graphs
“Join” is an operation to derive a new merged graph from two conceptual graphs.
Procedures for join are as follows:
e Merge identical concepts
e Create the same relations between merged concepts as before
“Simplify” is an operation for identifying redundant relations as consequences of
join. In this phase, we apply the simplify for combined relations which have been
determined to be the same.
8. Translate a merged conceptual graph to a schema of the ER model(re-creation)

We’ll discuss details of re-creations in section 5.

4. DATA MODEL TRANSLATION FROM ER MODEL TO CONCEPTUAL
GRAPH

4.1. Issues of Existing Methods
Creasy and Ellis discussed a method for using conceptual graphs as a common data

model [5]. In their paper, outlines for translating schema in the ER model to conceptual
graphs are described. This method has two main issues.

4.1.1. Relationship Type Translation. The first is an issue concerning relationship
type translation. One relationship type is simply mapped to one relation. However it is not
clear as to which “roles” are mapped. In conceptual graphs relations have directions, but
directions of the mapped relations are also unclear.
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<ER model> <Conceptual Graph>

assigned department assigned dcparlmem]
» |Employee
;. j : : telated departmen related dcpaﬂmcrﬂ
assigned department

Employee (1) inadequate translation

rclated departmenD

Employee| department

( 2 ) natural translation
Figure 1. Examples of translations from ER model to conceptual graphs.

4.1.2. Attribute Translation. Attributes in the ER model are mapped to relations .
and concepts which have the same names as the attributes. We cannot create adequate
concepts using this method (figurel) in many cases. For example, an entity type “em-
ployee” has attributes “assigned department” and “related department”. If we translate
those attributes using this method, two different concepts “assigned department” and “re-
lated department” (translation 1) are created. However these two concepts should be one
concept “department”. It is natural that “assigned” and “related” are interpreted as relations
between concepts “employee” and “department”(translation 2). If we integrate the trans-
lated schema of translation 1 and a schema in which “department” is modeled separated,
“assigned department” and “department” create a naming conflict.

The reason why such situations occur is that an attribute of the ER model is a mixture of
“a concept to represent the real world” and “a dependency relationship between concepts”.
We should separate this mixture when translating the ER model to conceptual graphs.

4.2. Concept Creation Rules from Entity Types and Relationship Types

The following shows how to create concepts in conceptual graphs from entity types
and relationship types (figure 2).

1. Entity Types

Create a concept which has the same name as the entity type.

2. Relationship Types

The basic rule is that roles are mapped to relations, because the probability that a
relation created from an attribute and a relation created from a relationship are equal
is high. An attribute represents the role of a domain between a participating entity
type and the domain. Namely both “a relation created from an attribute” and “a
relation created from a role” represent “roles”, so there is high probability that they
are equal. For example, please consider a case in which industrial.parts are modeled.
If a model is created using relationships, relationship type “parent_children”, role
“parent_parts”, and “child_parts” are created. If a model is created using attributes,
attribute “parent_parts_number”, and “child_parts_number” are created. So roles and
attributes are to equate. Roles should be mapped to relations.
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<ER model> <Conceptual Graph>

(a) translation of an entity type

51 F< > 2 Bl (e R o] &2
CR <«

(b) translation of a relationship type with attributes

El L El °
©

(c) translation of a relationship with no attribute

Figure 2. Concept creation rules from entity types and relationship types.

(a) CASE 1: Relationship type has attributes.

Since there is no modeling construct in which a relation connects a relation
and a concept, a relationship type is mapped to one individual concept having
the same name as the relationship type. We create a relation between concepts
created from entity types which were connected to the relationship type. Then
the direction of the relation is from “a concept whose origin is a relationship
type” to “a concept whose origin is an entity type.”

(b) CASE 2: Relationship type has no attributes.

Let two concepts, mapped from entity types which ware connected to the rela-
tionship type R, be C,, Cy. Then we create

e a relation R; whose direction is Cg, — Cpg, and with the role name of E;
e a relation R, whose direction is Uy, — Cp, and with the role name of F,.

An interrelation between the relationship and the roles are represented by type-
hierarchy (R; < R,Rs < R). This type-hierarchy is a special one which
is different from a normal inclusion relation of a relationship type, so this is
separated from a schema (i.e. conceptual graphs of origins).

4.3. Rules for Concept Creation from Attributes

An attribute decomposition method is applied for solving the problem in which “con-
cepts” and “relations between concepts” are not separated in the ER model. In general,
techniques of natural language processing can be used, however here only concept cre-
ation rules when attribute names are. decomposed by certain semantic rules are discussed.
This paper assume that attribute names obey the following naming rule as the semantic
decomposition.

4.3.1. Durell’s Naming Rule. For a purpose of standardization of data items such
as attributes of entity types, Durell has proposed a naming rule for data items [6]. These
naming rule is as follows. A name of a data item is defined as a combination of four
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elements, (modifier word of prime word: MP) + (prime word: P) + (modifier word of
class word: MC) + (class word: C).

Modifier Word A word modifying a prime word or a class word. This is optional (greater
0).

Prime Word A word for an object to define. This is a necessary element.

Class Word A word indicating an aim of a data item. Examples are code, number, and
date. This is a necessary element.
For example, a name of a building which is the starting point of a circuit is “start-

({3}

point_build-ing_name”. (“_” is used as the delimiter of elements.)

4.3.2. Concept Creation Rules from Attributes Obeying the Naming Rule. Here
is a description of the concept creation rules from attributes obeying the naming rule. Let
an attribute of an entity type F be A. Assume the name of A obeys Durell’s naming rule,
that is

A = (modifier of prime word) + (prime word) +(modifier of class word) + (class word)

=MP+P+MC+C.

First basic ideas are described then the rules for creation.

A prime word is a candidate for a concept. However in many cases a prime word is
equal to a name of the entity type which has the attribute. Then if a concept is created
from the prime word, this concept and the concept created from the entity type name are
redundant. Therefore it is not created.

A modifier word of a prime word often means the relationship between the prime word
and an entity type that the attribute belongs to, so it is transformed into a relation. There
may be no modifier because it is an option. When there is no modifier, if an entity type
name and a prime word are not identical, a prime name is mapped to a relation name. If
they are identical, an attribute name is mapped to a relation name.

A class word does not represent a single concept, so it is not mapped into a single
concept. Similarly, M C, which includes a modifier, is not mapped into a single concept.

The Rules based on these ideas are as follows. MC' is omitted because of the above
reason.

/*** Concept Creation Rules from Attributes ***/
/* CASE 1: A modifier exists (figure 3(a)) */
if (M exists) ‘
if (concepts P,P_C' have not been created)
create P,P_C;
else
create a relation M between ' and P;
create a relation P_C between P and P_C,
end
end
if (M does not exist)
/* CASE 2: no modifiers and P = E (figure 3(b)) */
if (P =F)
if (concept P_C' has not been created)
create a concept P_C,;
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end

create a relation P_C between P and P_C|
end
/* CASE 3: no modifiers and P # E(figure 3(c)) */
else if (P # E)

if (concept P,P_C have not been created)

create P,P_C,

end

create a relation P between F and P;

create a relation Po between P and Fg;
end

end

5. RE-CREATION OF ER STRUCTURES = TRANSLATION FROM
CONCEPTUAL GRAPHS TO ER MODEL

The way to re-create ER structures from integrated conceptual graphs is described
here. The problem as to which data model construct should be used arises (This also arises
when designing from scratch using the ER model.). There is no clear solution for deciding
which construct is really best. Therefore we choose a strategy in which original schemes
are integrated and kept in an integrated schema.

5.1. Origins of Concepts and Relations !

An “origin of a concept (or relation)” is defined as a modeling construct which was
used to represent the concept (or relation) in the original ER schema.
Origins of a concept can be one of the following four constructs:

e an entity type (E)

e a relationship type (R)

e a prime word of an attribute (P)

e a prime word of an attribute (+ modifier for a class word) + class word (P_C).
On the other hand, origins of a relation can be one of the following four constructs,

e a role (1)

e a modifier for prime word of an attribute (M)

e a prime word of an attribute + class word (P_-C)

e a prime word of an attribute (P).

When two conceptual graphs are joined, there are at most two origins of a concept
(relation). A concept (relation) may have only one origin in one original schema (there is
no origin in the other schema). We use “¢” to represent that there is no origin in an original
schema, and “+” to represent an arbitrary origin. We indicate a pair of origins by (origin
of schemal, origin of schema2). An origin of a concept C' is indicated by org(C).




Schema Integration Methodology 257

5.2. Re-creation Rules of Concepts and Relations

A basic rule of re-creating concepts is that a concept, which was an entity type, is
re-created to an entity type in an integrated schema. After re-creation, an integrated schema
| must satisfy the constraints of the ER model such as that a relationship type is connected
to at least two entity types, or that a relationship type is never directly connected to a
relationship type. If an origin of a concept is (relationship, part of attribute), it must be
re-created to an entity type, because if it is re-created to a relationship type, a degree of the
relationship type changes. This result in a change in the semantics of relationship.

A basic rule for re-creating relations is when both concepts, which connect to a relation,
are re-created to entity types, the relation is re-created to a relationship type. So the re-
creation of concepts must be done before re-creating of relations. Such orders of re-creation
are included in an algorithm in the next section.

5.3. Re-creation Algorithm

The following is an outline showing an algorithm for re-creating ER structures that
follow the rules described in the previous section.

A concept is indicated by C' and a relation by R. A concept whose origin includes
an entity type is indicated by Cp, a re-created entity type from a concept C is indicated by
E¢ (whose name is C). So if a concept is re-created, whose origin is an entity type, to an
entity type, the re-created concept is indicated by E¢,. C > Eg¢ is used when the concept
C' is re-created to an entity type Ec. There is no order in an origin that is (A,B) means
both (A,B) and (B,A).

/* step 1: one origin is an entity type — entity type */
for Cg s.t. org(Cg) = (Ex*)
~ create an entity type E¢y;
end
/* step 2: origins are a relationship type and an attribute — entity type */
for Cg s.t. org(Cg) = (RP_C) or (RP)
create an entity type Ec,;
for R, st. [3Cs]-(R.)->[Cl, R < Ch
create a relationship type R, between E¢, and Eg,;
end
/* step 3: origins are relationship types — relationship type */
for Cg s.t. org(Cr) = (R¢) or (RR)
I* [C1]-(R)->[Ca] */
create a relationship type R, between E¢, and Eg,;
end
/* step 4: a relation between concepts which are re-created to entity types — relationship type */
for R s.t. [3C1]-(R)-> [3C.), C1 > E¢,, Co > Eg,
if (org(R) = (r+))
if (a relationship type Rp has not been created)
create a relationship type Ry between Ec, and Eg,;
else if (org(R) = (M, ), (P-C, %), or (P, *)
create a relationship type Rp between E¢,, Fg,;
end
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/* step 5: re-creation of a concept whose origin is a prime word */
for Cp s.t. org(Cp) =(P )or( )
* [C1]-(R1)->[Cp]->(R)->[Ch] */
if (Cy > Eg¢,, Cy > Eg,, and R; or R, is a key)
create a relationship type R¢, between Eg, and Eg,;
if (C1 > E¢,, ~ (Cy > E¢, and R; or Ry is a key)) /* ~ means negation */
create an attribute A¢, . of an entity type E¢,;
end
/* step 6: re-creation of concepts whose origins are a prime word + a class word */
for Cp ¢ s.t. org(Cpc)=( -C )or( - _)
™[ pl-(B)->[ pcl™
if ( p> Eg)
create an attribute Ag, . of an entity type Eg;
end

6. APPLICATION EXAMPLE

An application example of this method is described. Comparisons of similarities are
omitted for simplicity. This example concerns schemas for managing telecommunication
circuits and their clients who pay for the circuits (figure 4).

Here schemes to be integrated are termed “local schemes™. In LSI (abbreviation for
Local Schema 1 in figure 4(a-1).), there are two entity types “circuits” and “clients”. They
are connected by a relationship type “payment request”. Buildings are managed as an
attribute of “circuit”. In LS1 an entity type “client” includes both clients of ‘sum payment
request’, which is a payment request of several circuits in a lump sum, and normal clients.
In LS2 (figure 4(a-2)), there are three entity types “circuit”, “client”, and ‘“building”. For
a sum payment request, client addresses of “circuit” are managed by a relationship type
“sum payment request” and an attribute “client address” of entity type “client”. For normal
payment request, client addresses are managed by an attribute “client address”.

1. Translation to conceptual graphs

Results of translating LS1 and LS2 are shown in figure 4(b-1) and (b-2). An attribute
“start_building-name” and “client_address” are translated using CASE 1 and CASE
2 of rules in 4.3.2, respectively. We distinguish two concepts for “client” and two
concepts for “client_address” (Represented by “client #1” and “client #2”.).

2. Computing similarity of concept and decision of equality or inclusion

For example “building”s in two conceptual graphs are determined to be equal. We
can determine that LS2.client #1 < LS1.client, and LS2.client #2 < LSl.client by
analyzing the meaning of clients. Therefore “client #1” is renamed to “sum payment
client”, and “client #2” is renamed to “normal payment client”. All concepts, which
have an inclusion relation to some concept, are left after integration.

3. Discovering conflicts of relations

For example, between concept “circuit” and “client” (the direction is —) there are
candidates of relations to be identified. In LS1 the candidate is the relation “client”,
in LS2 they are “client” and “sum payment client”.
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4. Resolution of conflicts of relations

For example, a pair of relations “start building” and “start_building” are determined to
be equal. If we compare the example of the relations in 3., the results are LS2.client
< LSl1.client, and LS2.sum payment client < LS1.client. We decide that LS2.client
is not left after integration because it is redundant.

5. Join and simplify the conceptual graphs

The two conceptual graphs in the previous step are joined and the identified relations
are simplified. A result is shown in figure 4(c).

St

6. Translating to the ER Model )

“Building”, “circuit”, and “client”, which were entity types, are translated to entity
types. The relationship “payment request” and “sum payment request” are combined
by an arrow of generalization hierarchy. The result is shown in figure 4(d).

7. CONCLUSION

We have shown a method for schema integration using conceptual graphs. Using
this we have clarified a methodology including similarity checking and structural conflict
resolution, a data model translation algorithm to generate adequate concepts, and a method
for re-creating an ER model from integrated conceptual graphs.
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System Architecture of Integrating Information Sources

e Federated Database Architecture
- Based on an integrated schema
— But, Making the schema is extremely difficult

o Our Mediation Architecture

-~ Dynamically make an integrated schema from
setting information (mediation schema)

_ Mediation schema independent of all information
sources :

- And, Making the schema is easy
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Necessity of an information Source Integration System
» Huge numbers of information sources on the
Internet and intranets |
e Heterogeneous information sources
- Structural conflict
~ Naming conflict
- Etc...

e Information integration becomes key technology
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Differences between Information Sources

o Schema Structures

~ Schema structure defined in each information
source

~ (ex) Relation(RDB) or Tree structure(XML)
o Schema Definition names

— ltem name in each individual system

- (ex) “Price” or “Cost”
o Data Range |

_ Value for items with identical meaning

~ (ex) “¥1000” or “$8.05” |
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Resolving the Difference of Schema Structures
e Universal relation :The relation includes all
data of all DB |
- (ex)
Mediation Schema: Reference “Product”

Reference Data ltem Table | Database
Refer Purchase Customers Products DB
Referred ID Products | Products DB

— The system joins tables “Customers” and
“Products”, and the user can retrieve all data of

both tables
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Resolving the Difference of Data Range
e Domain to which data belongs

e 1ransformation functions from each data
form in the domain to common form of the
domain | |

- Join or separate data

— Arithmetic operation for data
(ex) from “m” to “km”

e e e e e e e e e e — — e e e —————



Resolving the Difference of Schema Definition Names

@ Dictionary of synonyms, and Relations
between data items

- (ex)

Mediation Schema: Relation “Salary”
Data ltem Table Database
Salary Tokyo Office . | Employees DB
Pay Yokohama Office | Employees DB

- The system processes data items “Salary” and
“Pay” as the same item, and the user can

retrieve both data items at once
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MediPresto/lN
Example of Query and Result

Query | Setect Result|Name [Post Salary
Name, Post, Salary | Suzuki | Development | ¥230,000
Where
Salary > ¥200,000 Nomo |Sale ¥220,000
I} " 3 ‘ > Select Name, Position
Select Name, Salary Select Name, Pay From Employees
From Tokyo Office From Yokohama Office [ £ |
Where Salary > 200,000  Where Pay > 22 mpoyees |
- - Name |Position
Tokyo Office Yokohama Office -
Suzuki | Development
Name |Salary Name |Pay —
— — ' Shinjo | Development
Suzuki | 230,000 Shinjo |19 -
- Sasaki | Sale
Sasaki | 180,000 Nomo |22
Copyright® 2001. NTT Nomo Sale

MediPresto/M Modules for Setting several ltems
o Collect Schemas of each DB
_ Automatic Collection Function
e Specify Relations between Tables and Data ltems

e Specify Join Conditions between Tables
_ GUI Support for specifying relations and references

o Transform Data into Common Form
_ Offer standard transformation function
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Setting for Making Integrated/Mediation Schema

Federated Database Architecture

Mediation_ Architecture

Collect Schemas of each DB

Co_[lect Schemas of each DB

Transfer Schemas to Common Data
Model

Specify Relations between Tables
and Data ltems

Specify Relations between Tables
and Data ltems

Design an Integrated Schema

Specify Join Conditions between
Tables

Transform Data to Common Form

Transform Data to Common Form
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Compare: The Man Hours Needed to Create Schema

Federated Database
Architecture

Qur Mediation
Archii:ecture

1/3

e The man hours needed to create mediation schema
- About 1/3 when creating the integra‘tedlschema

Copyrighi® 2001. NTT

SE-3-3




Demonstration of Our System “MediPresto/i”
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e Educational material Retrieval System

_ Retrieve educational materials on Internet for
teachers

e Portal Service for Multimedia Archive

- Integrated image archives, music archives, and
movie archives |

e Integrated E-Commerce Service

- Integrated EC sites on Web, i-mode, and
L-mode
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e Integrated Multi-Archive Service (IMAS)
- Integrated information retrieval service in a
university library (10 information sources)
¢ Hospital Information Service
~ Work list service for a doctor (Reservation DB,
Inspection image DB, Diagnosis DB)
e R&D Retrieval Service

- Integrated retrieval from Web sites on industrial
technology (1 DB, 1 Web Site, 4 SGML.)
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e Update data via the universal relation
interface |

e Integration of multimedia data

e Mediation architecture based on XML modei
(for various information sources)
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Chapter 10

Integration of Keyword-Based Source Search and
Structure-Based Information Retrieval

Gengo Suzuki, Yuichi lizuka, Shiro Kasuga
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1-1 Hikari-no-oka Yokosuka-Ski Kanagawa, 239-0847 Japan
Email: {gsuzuli, fizuka, kasuga}@dq.islntl.cofp

Abhstract: We propose a new method of accessing heterogeneous information sources
such as Web pages and relational databases. In our method, users input only
keywords. These keywords are then mapped to appropriate information
resources such as values and data items, and then queries to information
sources are generated. This approach is a mixture of keyword based web
search engines and mediators. The proposed method is described along with a
prototypical implementation.

Key words: Accessing heterogencous information, keyword based search, mediators,
information resource dictionary, conformity rate

i INTRODUCTION

As a result of the explosive spread of the Internet, we now have access to
huge mumbers of information sources. These sources include web home
pages, relational databases, and image databases. Information retrieval has
become the key technology of the Internet age.

Most information search services use keyword- based web search engines
such as Yahoo and AltaVista. These engines accept frec keywords as input
and the outputs are the URLs of Web documents. Another approach; called
“mediator” systems, has been developed in the database research area[1]{4].
A mediator system can integrate several heterogeneous information sources.
Mediators have expressive query language interfaces, such as SQL, but are
not so ¢asy to use.

149
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This paper proposes a new method of accessing heterogencous
information sources such as Web pages and relational databases. In our
method, the keywords input by users are mapped to appropriate information
resources such as values and data items, and then queries to information
sources are generated, This method lies between keyword based web search
engines and mediators.

Section 2 describes our motivation, and the proposed method is detailed
in section 3. Section 4 introduces a prototype tmplementation. Conclusions
are given in section 5.

2. MOTIVATION

Table I compares the two most common tools for information retrieval.
Dominating Internet information search is the URL search engine as used by
Yahoo or Infoseek. If users input keywords, the tool looks through all
indexed web pages and shows lists of relevant URL addresses.

Mediator systems, another search tool, were proposed by database
researchers. Mediators are directed towards multi-database research
activities. Users can access various information sources such as web pages
or databases by posing query language requests. Retrieval results can return
in either table form or object form. Retrieval conditions can, of course, be
added. URL search engines are better in terms of input ease, while mediators
are better at handling different information sources or structural retrieval,

Our proposed method offers both input ease and structural retrieval. It
combings the approaches of full-text search and database retrieval.

URL search Mediators
engines
Input ease Good Not good
(Keyword) (Query Language)

Information Not good Good
source coverage  (Only web) (Web, Database,etc)
Structural retrieval Not good Good
support {Only URLs) (Tables and Objects)
Examples Yahoo, Infosecek  TSIMMIS (Stanford Univ.)

Information Manifold (AT&T)

Table 1. Comparison of Existing Technologies
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3. OUR METHOD: KEYWORD INPUT

We propose a retrieval method that offers the merits of both web search
engines and mediators. The user interface of this method is keyword input.

The method maps keywords to “data™ or “metadata” of information
sources, as appropriate. It produces candidate queries that suit the known
information sources. Candidate queries are ranked by conformity rates, In
the case of web search engines, keywords are mapped only to “data”; in the
case of mediators, users mmst determine whether the keywords map to “data”
or “mefadata”, In our method, users need not be concerned as to whether
keywords are “data” or “metadata”.

~ For example, if a user enters the keywords “price” and “BMW”, the
user’s requirement may be “to get the price of BMW cars”.

The proposed method can determine that “price” is metadata and
“BMW?™ is data. |

If the information source is a relational database, the SQL query “select
price from car where car_type like ‘%BMW%’" would be produced.

The features of our method are as follows:

~ Automatic mapping from input keyword to database resources (values,
columns, tables, etc.)

— Query candidates are ranked by conformity rate.
— Suitable query generation for each information source (SQL etc.)

When using URL search engines, keywords are mapped to only values.
When using mediators, keywords are mapped to only columns and there is
no conformity concept.

31 System Architecture

Figure 1. shows the system architecture of our method. The key to our
method is the Information Resource Dictionary.

The resource discovery module uses the Keyword Index found in the
" Information Resource Dictionary.
The format conversion module uses the Schema Dictionary and the
Domain Dictionary to handle expression differences.
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The query translation module uses the Schema Dictionary and the Term
Dictionary.

Differences in management systems such as DBMS, Web pages, or XML,
files are hidden by wrapper modules.

User Application Program

RDB

Oracle, infomix
| Sybase, MS SQL
i ODBC...

Web Pages
Domain Dictionary
1 Dictio

XML files

Figurel, System Architecture

3.2 Query Interpretation

The flow of the proposed method is described using the example shown
in Figure 2.

The user inputs one or more keywords. In this example, the keywords are
name, Tivofa and price.

First, this method decides whether each keyword is a value, a column
name, or a table name. We call this process "resource discovery”,

In this example, the keyword "name" matches the columm "name",
"Tiyota" matches a value in the column "Tiyota", while "price" matches the
column "price", :

As a result of resource discovery, many resource combinations are
produced. We call each combination a "candidate”.

The user is presented with candidate lists, he selects the relevant
candidates, and executes them. A relevant query for each information source
is generated, and the query is sent to the information source. The results are
returned to the user. :
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In this example, the result is the record, Vits, Tiyota, 10000,

--------------------- TG L LR R DL T T ELEEE L i)

rice i
E‘?S"”me Name || Maker Price
wsoovery T PR ) Sy P AT Prrerrree ...
Vits Tiyeta 100001 i
Civit Onda 20000
Marche Nisson 8000

Selection &

Query
Generation . Select name, price from car  gxecution

where maker = ‘Tiyota’

Figure 2. Example of Our Method

3.3 Index Dictionary

To determine keyword location, the index dictionary is used. The
structure of the dictionary basicaily follows the usual inverted index file, but
keyword location is described using database resources, not URLs.

Table 2 shows a simplified keyword index dictionary. The key to this
table is "keyword". "Type", "Table", and "Column" show keyword location.
For example "Tiyota" is one value in the column Maker, which is in the car
table of the used-car database. This dictionary can be generated
automatically.

Keyword Type Database Table Column
Tiyota Value used-car car Maker
Name data-item used-car car Name
Price data-item used-car car Price

Y ELE) [EE )

Table2. Index Dictionary



3.4 Conformity Rate

Candidates are ranked by a conformity rate. The expressions shown
below are used to calculate the conformity rate.

The hit rate is the ratio of the number of keywords in one candidate to
the total number of keywords, "If a candidate includes many keywords, it's
good". The number of keyword hits is weighted by matched resources.

For example, a value match is more important than a meta-data
explanation match. Accordingly, the hit rate is maximized if all keywords
match the values. _

The distribution rate of a candidate is inversely proportional to the
number of tables, databases and systems. If a candidate has many tables or
databases, its distribution rate is low. This means that a "Single site
candidate is good”

The conformity rate is caloulated for the hit rate considering the influence
of the distribution rate. In the following expression, the degree of influence
of the distribution rate is 10%. :

EEit Rate:
(1)

k::i Zr

n hit—feywords

n; number of input keywords
r: resource parameter per hit keyword (0 to 1)
if value match, thenr=1
if metadata explanation match, then r = 0.15 efc.

— Distribution Rate: _
P - @)
T+2D+38

T: number of tables in one candidate
D: number of databases in one candidate
S: number of systems (database group) in one candidate.

— Conformity Rate:

— K]
o 1-d 3)
10
h: kit rate
d: distribution rate.
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3.5 Heterogeneity Resolution

; In this system, several heterogeneities among information sources are
- resolved [2, 3, 5].

— Structural heterogeneity: .
If keywords are mapped to data items in several tables or information
sources, relationships between tables in schema dictionary are located and

. added to query candidates.

~ Data representation heterogeneity:

We use the concept of “domain”, which means data representation of
data item such as unit of price [2].

The domain dictionary manages domains of information sources and
domains for users. For example, Japanese users want to use “yen” domain
for price, while information source price domains are “dollars”, The format

conversion module can offset such domain differences.

— Naming heterogeneity: |
Naming heterogeneities of data items are resolved by a synonym term
dictionary. '

4. PROTOTYPE IMPLEMENTATION

We developed a prototype system based on our method.

This prototype can integrate, ML documents, HTML documents and
relational databases such as Oracle, and Microsoft SQL Server.

It runs on Windows NT4.0 and 1184.0. Microsoft SQL Server is used for

dictionary management.

Figure 3 shows an input image of the prototype. The top area is for
keyword input. Users input keywords in this area, and push the search
button; candidates are shown in the bottom area. The conformity rate is
shown on the left. Conditions such as “orice is less than $40000" can be
added using the text area. Candidate details can be shown by selecting a link.
The query is executed when the execution button is pushed

Figure 4 shows details of a candidate. This shows that two information

sources are related.
Figure 5 is a result table. In this example, BMWSs whose prices are less

than $40000 are shown.
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Figure 3, Prototype Image: Input & Candidates



Integration of Keyword-Based Source Search 157

Jrces are
pnship

Information. source

Figure 4, Prototype Image: Candidate Details

e

Figure 5. Prototype Image: Retrieval Resulis



158 Data Warehousing: Models and Architectures
5. CONCLUSION

We proposed an information retrieval method based on information resource
management. Our method enables flexible information retrieval against
heterogeneous information sources. We developed ways of managing
metadata and data, computing conformity rates, and translating keywords to
" queries. We have implemented a prototype of this method. This prototype
can search and integrate various sources such as XML documents, HTMI,
documents, and relational databases.
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Fig. 1 Answer of time-sale trip planning search.
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Table 2 Each value determination.
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Fig. 7 Overview of adjustment phase.
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