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A Data Integration Method Realizing Evaluation
for Temporal and Spatial Relationships
in a Multidatabase Environment.

YOSHTHIDE HOSOKAWA.#1 NAOKI ISHIBASHI,? YUKIKO YASHIRO
and YASUSHT KIYOKI

In a wide area network environment, facilities for retrieving and integrating heterogeneous
legacy databases are very important to increase the values of those databases.

Traditional methods for integrating different databases are based on combining pattern
matching techniques and static knowledge information for relationships between them. In the
wide area network environment, heterogeneity among a number of legacy databases makes it
difficult to create the knowledge information on relationships among those databases. Fur-
thermore, differences among domains, relationships and implementations among underlying
retrieval and integration systems make it difficult to implement data integration with com-
prehensive evaluation of a variety of relationships such as equality, similarity and topology.

In this paper, we present a new data integration method for complementing domains of the
underlying systems each other. The feature of this method is to realize a meta-level system
with comprehensive evaluation mechanisms for a variety of relationships between different
legacy databases. The meta-level system is independent of those databases. This method
makes it possible to connect the underlying systems by passing common data structures in
the meta-level. By using this method, for example, we can implement a planning application
with combining the underlying systems for temporal and spatial data representations in a
heterogeneous database environment. We clarify feasibility and effectiveness of the method
by showing some experimental results.
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GV R, ROLIICERT S,
vert = {[n,o]|(([n, 0] € Vi) A (=([n, 0] €
ViN}

(MP4)reconstructor(Pi", Py - pout
OB, WES P ICETANOE 2 ERL
WES PN IETARNOE L ERF-HT L L
5, P" om0l BRE P OXNOE2ER
W Xo TR Sh AR EERT . RS PO
%, ROLICEET B,
P = {(n1,n2)|Cn)(((n1,n") € Pi") A
((n',n2) € P3™)}

(MP5).selectorpvm(P“‘ ,Viny — vewt
ZOBEMKIL, WMES PT LBETANOE 1 ER
THh, EFEE VT KRBT AERRRT A, H
EE VO B, ROIIIERTAS.
Vort = {[n, o]|*n){((n,n") € PT)A([n, 0] €
Vi)

(MP6)selector pyya (P, VM) — 104
OB, HEE P CETANOE 2ER
ThYy, EEE VT BT AEEMLT S, E
£V %, ROXIERT .
veort = {[n,o]|P2)(((n', ) € PT)A([n, 0] €
Vi)l

(MPT)selectorpy p1 (P, V") — P!
IoBBE, HEA VT CBTAEESELE
FIEONENES P AOHMET . MES
PO % RO XD ITEHRT .
POt = {(ny,n)|Co)((n1,n2) € P™Y A
([n1, 0] € V7))

(MP8)selectorpy po( P, V™) — PO
OB, HES V" CETAEYE2E
FIoEOMN AN ES P o BT S, HEE
Pevt L RO L HIERT A.
Pt = {(ny,n2)|(Co)((n1,m2) € Py A
([ne,v] € V™))

(MPQ)unionp(Pi", Pity — povt
COMEE, IWESONESFTERT S, WE
& Pt %, ROLIICERT S,
pert = {(n1,n2)((n1.m2) €
((n1,m2) € P3™)}

(MPlO)differencep(Pf", Pimy — povt
ZOBEE, 2HMESOEEAEENRT S, Mk

pjimy v
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& P % RODLHIIERT L.
Port = (ng,n2)|((n1,n2) €
(~((r1,n2) € P3"))}

3.3 ALLANICET BT~ 2 RERIESGHK

KFRTIE, A5 LAVoF—yREFRIL, &ire
HICE > THRSNEDT, AFLNVIICBTLT—%
MBI OWTIE, RO 2T EAEDEDL D
LIZE o CEETA.

(Cl) T—ANF=FR—RIIEENET— 5%, A%
LAy OFHER R EH EOBEICERT S
(C2) (C1) ko THERENLFESGZERLOME
IR & E D 2T B BEER
3.2 20 THA T — ¥ BN R OREN I, #H B
LU, ZEITHY, FNLIE, BOERFR, BIU,
ZHMOE Y L THREMITHHDT, 7 ¥ REHIH
HEEE, FRO EMMTICERTLIEATRTHE. =
nLy, T—HNF—IRN=ATATLDOEBEOE,
LV F— 7R ERIERAEATR Y AT LT AR TN T
b, 322807 — ¥ EREBEROEE LTI LEIR
v,

E4, BLU, E6 13, 28ICB W THAREET —
y = AT - R AaMAeEslica T AR ARIZL D 2
FTRFRLTnA. [M4id, 12o0ER?DS, 3HICE
DRBTHLRBEEOHETENHTHL (HE5) . H6
i, 1 O0O%HY, 1EKEHILETONIGEEOMEY
EZfFmch s (@7 . Thabb, Zhil, T-INE
BB ENTBEDORTH L. kS Pt, Pp,
BLU, fEES Vin, Vig, Vit &, 7~ ¥ REREE
DAZ LW BTAF—-FERERL WA, T
Allen I -o TREXNL 13 BRHMENS & LK
R % MY A4, B LU, Egenhofer IC
Lo TRESNZ2XIEL—F ) v FEBEOT—FH
ORATHHBEED 2T A BEZEEL 2D 0
L4, M4, BLU, M6 OTHIL, FOETERE
4. A LANIIBITLF— ¥ OREOEEEICED
5%, BUEESEONTVLZ EPHIESI NS,

Pi™y A

4, AZLNIVYRT LERAR

EHITIX, AFLNVTATLAORBRAR, BLU
BAEMEARIOVTHHAT SH. 2SNV AT L
OBRAR, BLU, BAaTLABEAROFEMII2VT
I, SCEE8) 1o BTN,

4.1 VAT LIERH

He lomT Ly, BEF—y - 2B EEL
PRRE AV ATF AR, RO VAT LIIL o TEHR
b,

ST — & X — AR » R T — 5 & T 101

Ty T - AN~ DB BAEE L
Vin = {(E11,"T1"), (t12,"T1%),(£13,"T1"), (121,"72"),(22,"T2"),(131,"T3"), (182, T8")}
Vig = {(t11,{(5,80)}),(112,g{(10,70)}),(t13,6{(100,50)}),(121,6{(10,70}}),{t22,6{(10,10)}).
(t31,9{(10,70)},(t32,9{(i0,10)})}
Vit = {(t11,5(12:50)}), (112,4(13:00)}),{t13,4{(13:00)}) {21, K(12:50)}), (22, 4(13:20)}),
(131,4(14:00)}),(t32,§(14:30)})}

b= ® BT~ A N— BB ARE EEE Y
Vpn = {(pt, "P1"),(p2,"P2"),(p3,"P3")}
Vpg = {(p1,6{(10, 10)}),(02,9{(100,50)1).(p3,g{(10, 10)})}

Vpt = {(p1 1{(14:30)),(p2 K(13:30)}) (p3,K (1 6:00)h)

joiner(VeL,Vpt{td1_gt,{1:00}}) = Pt = {(t11,p1),(t11,p3),(t12,p1),(t12,p3),(t13,p3),
(£21,p1),(121,p3),(t22,p1),(122,p3),(t31,p3),(t32,p3)}

joiner(Vt,Vpttd1_eq,{{1:003}) = P12 = {(t13,p1),(132,p2)}

joiner(Vit, Vpt{td1_ILi{2:00}}) = Pi3 = {(t11,01),(t11,p2),(t12,p1),(12,p2),(113,p1),
(113,p2),(21,p1),(121,p2),(122,p1),(122,p2),(t31,p1),(131,p2), (£82,p1),(t32,p2), (132,p3)}

joiner(Vit,Vpt,{td1_eq,§2:00}}) = Pt4 = {(t31,p3)}

joiner(Vit,Vpt,{tt1_before}) = P15 = {(t11,p1),(t11,p2),(11,p3),{t12,p1),(t12,p2),(t12,p3),
(t13,p1),(t13,p3),(121,p1),(121,p2),(121,p3),(t22,p1),(122,p2),(22,p3), (131,p1),
(31,p3),(t32,p3)}

joiner(Vit,Vpt{tt1_equal}) = Pi6 = {(13,p2),(t32,p1)}

unionP(Pt1,P12) = P'1 = {(t11,p1),(t11,p8),(t12,p1),(t12,p3),(t13,p1),(t13,p3),(121,p1),
(21,p3),(122,p1),(122,p3), (i31,p8),(t32,p2),(t32,p3)}

unionP(Pt3,P14) = P2 = {(t11,p1),(t11,p2),(t12,p1),(t12,p2),(t13,p1),{t18,p2),(21,p1),
(t21,p2),(122,p1),{122,p2),(131,p1),(t31,p2),(131,p3),(t31,p1),(t31,02).(t31,p3),
(132,p1),(t32,p2),(t32,p3)}

unionP(Pt5,P16) = P38 = {{t11,p1),(t11,p2),{t11,p3),(t12,p1),(t12,p2),(112,p3),(113,p1),
(t18,p2),(t13,p8),(t21,p1),(t21,p2),(121,p3),(22,p1),(22,p2),(122,p3),(131,p1),
(t31,p3),(32,p1),(t32,p3)}

intersectionP(intersectionP(P'1,Pt'2),Pt'3)
= P4 = {({t11,p1),{t12,p1),(:13,p1),(21,p1),(122,p1),(t31,p3),(t32,p3)}

joiner(Vig,Vpg {st1_equal}) = Pg’ = {(t13,02),(t22,p1),(t22,p3),(t32,p1),(132,p3)}

intersectionP(Pt'4,Pg’) = Result = {(122,p1),(t32,p3)}

tin fonP(V1,V2) = di (V1 diff P(V1,V2))
Ea MEERTH L
Fig. 4 Query execution (Example 1.

RH T — BN~ XD X R L NIVFH
. r

5 MEEEAM 1 B0 - VT — I N-AEIRDL T~
YDA Y LNAE
Fig. 5 Meta-level representations of local databases for

Example 1.

o AFVUNRVYZFA
Ay 7%

o T—H T =5 RN A AT A

AF LAY RFAIE, AFVAOVEIEEER,
BB AT 4, BLU, ZOBKI vy 75
IoTHRESNE., AL VEETRERL, 21—
FHH AP LAY AT A5 S RHEE T B -
EFTHYATLATHS., MEEFNY A7 LR, 77—
YHOBESELEMT A Y AT LATH A, R
AFADEBA I TIFIE, AZ VRV YRT LD
FAE R S 0 BB R IR, B LU, BENR
KRS M EHNC LY, 20NN 2 HEEEE
BLEMEEMERIC BT 200 ET ) VAT AT
5.

BEA 7y TYFE, AT UNVICEREI N cT—
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ST — g~ AU BT SRS LIRS,

(Pt= {{tn1,1g11),{tg11,tn1), (g1 1,11 1),(tt11 kg1 1), (tn1,1912), (g 12,n 1), (19 12,1412),
(tt12,tg12),(tn1,1g13),(1g13,in1),(tg13,1t13),(1t13,1918),(n2,1g21),(tg21,tn2),
(tg21,1121),(21,1g21),(1n2,1922),1922,1n2), (1922 1122), (122, 1g22), (In3,g31),
(g31.1n3),(1g31,1131),(1131,1g31),(1n3,1932),(tg32,tn3), (g 32, 132),(1t32,1g32)}

Vitn = {(tn1,"T1"),{tn2,"T2"),(tn3,"T3")}

vig = {(tg11,6{(5,80)}),(tg12,4{(10,70)}),(tg13,{(100,50)}),(tg21,6{(10,70}}),

(tg22,9{(10,10)}),(tg31,0{(10,70)},(tg82,6{(10, 10)})}

Vit = {(t11,§(12:50)}), (112, (13:00)}), {113, (13:30)}), (€21, K (12:50)}), (1122, §(13:20)}),

(it31,5(14:00)}),(1t32,§(14:30)})}

M7 —aN—2UC B BHIES LIHES.

(Bp = {(pnT,pa 1) (PoT,Pn1), (AT PLT).(PL1,pg 1), (pn2,pg2). (PG2,Pn2),{PY2.PI2).(P12.0G2)))
(pn3,pg3),(pg3,pn3),(Pg3,pt3). (pt3,pg3)}

Vpn = {{pnt, "P1 ",(pn2,"P2"),(pn3,"P3")}

Vpg = {(pg1.g{(10,10)}),(pg2.6{(100,50)}),(pg3 9{(10, 10}})}

(WPt = {(pt1 t{(14:30)}), (P2 K(13:30)}),(PI3,{(16:00)})} y,

joiner(ViLVpt{d1_gtt{1:008) = Pt1 = {(ft11,pt1),(tt11,pi8),(1112,pt1),(t12,pt3), (tt13,pt3),
(H21,pt1),(t21,pt3),(ti22,pt1),(122,pt3),(1131,p3),(1t32,p3)}
joiner(Vit,Vpt{td1_eq,i{1:00}}) = Pt2 = {(tt13,pt1),(tt32,p12)}
joiner(Vit,Vpt {td1_it,§2:00}}) = Pt3 = {(&11,pt1),(tt1 1,pt2),(tt12,pt1),(it12,pt2), (it13,pt1),
(t13,pt2),(tt21,pt1),(t21,pt2), (1122,pt1), ({22 pi2), (H31,pt1), (131,pi2), (tt32,pt1),
B (ﬂ32,§|2),(ﬁ32,pt3)}
joiner(Vi,Vpt{id1_ eq,{2:00}) = P4 = {(t31,pt3)}
joiner(Vit,Vpt{t1_before}) = Pt5 = {{tt11,pt1),(1111,p12), (111 1,p13), (112,01, (t112,pt2),
(t112,p13), (t113,pt1),(13,pt3),(H21,pt1), (2 1,pt2), (121, pt3), {22, pt1), (1122, pt2).
. (ti22,‘{>t3),(ﬂ31,pﬂ),(ﬂ37, t3),(ﬁ32:{1!3)22
joiner(Vit,Vpt,{it1 _equal}) = Pi6 = {(tt13,pt2),(t32,pt1)}
unionP(PH,P12) = PY'T = {(tt11,pt1), (11 1,p13), (1t12,pt1), (1t12,pt3), (1t13,pt1),(13,p13),
(t21,pt1),(tt21,pt3), (t22,pt1), (122, pt3), (113 1,pt3), (132, pt2), (1132, pt3)}
unionP(P13,Pt4) = P2 = {(tt11,pt1),(tt11,p2),(#112,pt1), (tt12,pt2), (13,pt1),(tt13,pt2),
(t21,pt1),(ti21,pt2),(t22,pt1), (t22,pt2), (13 1,pt1), (113 1,pt2), (1t31,pt3), (31,pt1),
(1t31,pt2),(1131,p13), (t32,pt1), (132,pi2), (1132,pt3)}
unionP(Pt5,P16) = PU3 = {(tt11,pt1),(tt11,pt2),(tt11,pt3),(112,pt1),(112,pt2), (t12,p13),
(1118,pt1),(1t13,pi2),(t13,pt3),(K21,pt1), (112 1,p12), (1121,pt3), (1t22,pt1), (1t22,p12),
(t22,pt3), (t31,pt1), (1131,p13),(132,pt1), (32,pt3)}
intersectionP(intersectionP(Pt'1,Pt'2),Pt'3)
= P4 = {(1t11,pt1), (tt12,0t1), (1113,pt1),(21,pt1), (122, pt1), (631,p13), (132, pt3)}
joiner(Vtg,Vpg.{st1_equal}}
= Pg’ ={(1913,p92),(922,091).(tg22,pg3),(1g32,pg 1),(1g32.093)}
reconstructor(Pt,P1'4) = Pt'5 = {(tg11,pt1),(tg12,pt1),(tg13,pt1).{tg21,pt1),(tg22,pt1),
(ta31,pt3),(tg32,p13)}
reconstructor(Pt’5,Pp) = PU6 = {(tg11,pg1),(g12,pg1),(tg13,pe1),(tg21 ,pg1).(tg22,pg1),
(tg31,pg3),(t932,p43)}
intersectionP(PY6,Pg’) = Result = {(tg22,pg1),(tg32,pg3)}
selectorPVP1(Pt,Vtn)= Pt' = {(tn1,tg11),{tn1,tg12),(tn1,tg13),(in2,tg21),{tn2,1g22),
(1n3,tg31),(tn3,}?32)?
reconstructor(Pt,Result)= Pr1 = {(tn2,pg1),(tn3,pg3)}
selectorPVP2(Pp,Vpn) = Pp’ = {{pg1,pn1),(pg2,pn2),(rg3,pn3)}
reconsiructor(Pri,Pp’)= Result = {(in2.pn1).(tn3,0n3)}

He R&ELETH 2
Fig. 6 Query Execution (Example 2).

gt 07_9)}1.

7 MEREFF2 KB AT— N AT — IR ETND T -
FDRAY LANFEB
Fig. T Meta-level representations of local databases for

Example 2.

HN T 7 R= 2T B — 5 BT, WFIDT 4
0= NF=FR—AEBEIHRTE AT LTDH A,
0= NTF—F R—= AV AT LDOFRIL, a—A VT —
- AR E AT LAVIZEEL, FOBRES
VETY I RERTHILICL o TEREND.

Y AF LTI, AY LNV IE R A Bl 1
YEFYFELTERTALDIL, AYLNVIATA
OEFEBEFERE LTEHL, METEHEOFIC
YoTEkT s, 2k xd, BEER J.(5:0, Pe()

M2, AT 2k
EOSHISCER

Nov. 1999

A RN

Groane

__scre)

ey w
MFi1: SCR(1) BT > 27U %

LFn LFI2 MF12: SCR(2) MBIEIA > 2T U &
DBMS1 DBMS2 ||LFI1: O=hAF—E&N=X L XF 4
LDBT OB 2 T &

LFI2: Q= hNF = aN-Z L AT I
LDB2 DR v 47U %

LDB1__ )\ LDB2 _

CO— AT - EN- R YR T L LDBUOEAERE

@D : N~ H AT - 8N RYRF L DB OIS

: BRI EF S A 7 A SCR(1) O BT FF i E

© BNENEEPAT S X 7 L SCR(2)D RSN FHmiR L
El8 A% LAY RTADHH

Fig. 8 The meta-level system structure.

12, BE {Sn() — a, Pn() — b, Jm(a,b) — c}, %5}
Bwid, {Pn() — 5,510 — a, Jmla,b) — c} &L
THEENG., A4 LAVEEGERERIL, SGronit
B ZEE,SEICEBRL, COBRETIDT HH
BAVS 7Y IETILIcEk o T, ZORBER O
FNESFME 24T 5 . B A > & 7Y ¥id, BEFME, BX
U, LHFHHEEAGDEA I EIL T, HoHEeD
TEEFICRBELL TETT .

e e T 2B, ROBRIC LA - Ciidlt
N5,

function_.name(ini,inz, ...,inp)— > out
ing,ing,..,inn I, B ATI51 8% FEL, out
&, BEoBHEET.

5. ¥ &

ZIZTIE, BESROEHEERTOL, RO2HE

HZ T 5 720 OEBRIZOWTHRNS.

(1) BIEMFMS 27 2 HOBEFICL L RET -2
N—AHF— Y RE - RERMEOBECETAH
ik

(2) BEEFHY A7 2HEOERKICL 2BET— 5
N— A BT - SRR - A REREICE S A%
e

5.1 &Ml 05 &k

5.1.1 BREEFTMY X FLAROERICLZEET
aN— BT — 2Rk HAIBECEBEICHE
T BFOAK

KREBRTIE, BEFRL2EERFMI AT LDAS

LAY AT ANDERED 720 O HRIEI L 2T,

TNFF =y - AREE R L LRE - BakEo

BHEESERT 5 I L ERTADIC, FiL LT,

Ay P — 2 A LT 7R AW RER 7 FHIER

12, BEMEEH O R KRB 205 Ch 5 CEFIHE, B

F—yERE, 2L, BEF-sRBELREL, XFN



Vol.40 No. SIG 8(TOD 4)

REZNF L LEEEFMS X7 A SCR(1), B
Ty RBRENE L LEEEFES AT 4 SCR(2),
BLU, MEF- S RBEL R L LRSS AT
L SCR(3) #BMMICERZTAZLICL-TC, MEeY
HEROBEOELE ERNICEMT 5.
oL, BEF-7—AMBRE - SATEEo B
FWCELT, U=V F—FN—AEETNLF—FD
i — FBRANOE®E, BLU, EfE7— B Ex
GL LN =Ry F ORI ELEIL BHEED
BREF -y N- AT S RE - HEHR GERFR)
KR BREFAROENE L R 2o, fEdFRER
EHACBTABETREROEELFMT 5. fERF
AT, O—HVF—FR=AETNEF—-FIZEY
W HREEE S — SR DINY — T EE LT I
LoT, BEF—IEREMNG L LNV F
FIZLABE - EOREIEITAT A, k22, o—
HNVF—FN=R LIETNALFEHREE"A B
EO—F VT I N=R QI E TN B IFFIEBTA T
CH™ IR LT, F—F BRI, AT BE” 257A
HTETBET 2, CAWCHET ASTAH &EOCH %
ERL, TEICHET ANy F il Lo,
SBHET EPCH AW ICBT A EREETAIE
HERETH B, ZIC, ERFRIBCT, X027~
YRR E LT
DCL 0= nWF—39RN—-R2&FNhLF7F—-YHEED
El, HEVIL, BEREEDR VT 5 EERERE
DC2 7FLVAFRICEITNLI LY 7IFERBHO LD
BO—HITF— I R—REFNL T~ YIEEOH
£, HHVIE, BRENED T ¥ EHREE
Tk, REBRCHER L/ CEEEFMEERLET. =
IT, A URNVICBITAEEFT-YER, BLU, #
Br—yREE, #nFh, 1RTL—7) v FERLEL
ORy M, BLU, 2Rkm2—7 v FEHLONY
PLELTERET A, AF LI BIT 5B
AT LD LT, RDO4 AZ VRV AT AR
L7
Level 1 SCR(1)2EHEL/IAZ LW AT A
Level 2-1 SCR(1), 8LUT, SCR(2) % #EHK L7
AT LNV AT A
Level 2-2 SCR(1), BXU, SCR(3) *#E&EL 7
AY LAY AT A
Level 3 SCR(1), SCR(2), BLU, SCR(3) %
HERELIAT LAWY AT A
Levell 13, U— AN F—=FR~AEEITNLT—FD
AY VNV OBETFHRBA~OE VST, BLU, &
EYFHIERE NG E Ly — v~y F o 72 laE

BRET — & - AR - 2R T — 2 eI 103

3 Al 57— 5 HA TR
Table 3 Data integration methods for the experiments.

" (Levell. DC1)
(Levell, DC2)
(Level2-1, DC1)
(Level2-1, DC2)
(Level2-2, DC1)
(Level2-2, DC2)
(Level3)

HEIC L BREF — 5 N— AMRE - RAEr EH T
BUEREDTNVFF— 7 N— AV AF AT 5.

FRERICBVWTEREINZAY LAY AT LTI,
QU —H N F—FN— AL AT b (EREERYET S
JL—YaFbF— & N—2 Idbsl, SFEBEREAT S
Y= aF Vb F—FR—2RY AT A [dbs2) HOEREE
NTV5Eb0ETH (FR2) . EMETFT— -2, B
U, BEF— I N—RI2E, FRFR, 1005 7,
BLU, 6210 # VD F— BRI T 5B, 2
T—% 57— % N— R AT 5%, PostgreSQLE.0%Y
ko THELE,

REB T, BEEFEMY A7 208K, B LU,
T = Y AR ICIE L T F - Y RA RO
ERELRIMT S (383) . 22T, Level2-113, 22
MIBEMSEFEMY 27 4 SCR(3) #HEEL TWi v
T, U= F = R= A EENLEMF— 7 FHb,
LREEECERIRIIN OB, B LU, BEXEHR
BaNReLinRg—rooFr NICLBR% - ek
R A abe sl bilkoT, ZHENEELEICHYT
BERET— & N— AR - FEBREERBE L, R
12, Level2-2 1, EFRIROBIMMEEMG S 25 & SCR(2)
FEBELTHARVOT, U— A LF— I R—R&Fh
HEER T — & R O BT EVIRHNOT R, B
LU, BEXFIERRAEZNGL LNy~ F o7
WX ARE - AR lAGbEL I LICL» T, B
BIGOBEE IS B B 7 — ¥ N— AR - etk
wER L.

REBRTIE, R3IDTF—sHaF NIl sf6R-E
EROIEIC L - TEH L7210,
gam - AT LORRHRICEINLIERY

TAT b DRFERERIL ,
BE= :E%u@inéiégA®@$%%ﬁ
KEBTI, (Leveld) OB RE R L L THA L7,
NEBCHERL-BEeEE, YolETFIHE L CEMREEES
BT AR 2a— Ve ERTHRDO 5 HMELTTHS.
GQl EHEF—F N— R LB F— ¥ N— X 2B
Mael, BLU, HENEEEICLZFHEMEY
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=1 OCEBCCHH L B R R
Table 1 Functions of SCR(1), SCR(2) and SCR(3)

[ PEREG > A T A L R AR A AT Sl
SCR(1) sp-equal(s,sl, s2) CS(1,5) BT, )JCT?“W'?QEESI,SQ X, —EHY 5.
SCR(2) ttl_before(s,tpl,tp2) C8(2,8) BV, Ffitpl i, KA p2 L HBHIC H5.
SCR(2) til_contain(s,til, tp2) CS5(2,8) 2BV, H%‘Fu tp2 1k, BXMHlLICEThS.
SCR(2) tdl It(s,tpl, tp2, m’) CS(2,8) KBV, 28 tpl, tp2 14, WM td DA z'é%
SCR(3) gdel_north(s,gpl,gp2) | CS(3,8) KBWVT, Bilgp2 1E, Hl gpl DALIALHE By
SCR(3) gdt1 1t(s, gpl, gp2, gd) CS5(3,3) lWBWT, 25 gpl, gp2 WX, HEE gd U\V\Jb E?)Za.

2 ERO-HLTF- N2
Table 2 Local databases for the experiments.

) L—¥a ¥ museum(ldbsl)

J L= a v train(ldbs2)

[ name | time address name | direction | station | arrival | departure
MO000 | 09:30-19:30 | Im-pr T1 Up S1 05:22 05:25
MO001 | 11:30-19:30 | ch-jm T1 up S2 05:32 05:35
M002 | 10:00-17:00 | gbh-mo T1 Up S3 05:42 05:45
MO97 | 09:00-19:30 | ce-ph T4 DN S14 23:43 23:46
M098 | 10:00-16:30 | zs-ji T4 DN S24 23:53 23:56
M099 | 12:30-16:30 | oh-il T4 DN 825 24:03 24:06
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data_conversion("museum" {NameToName,"name",CS(1,1),V1n}
{IntervalToStartHour,"time",CS(1,2),V1sh},
{IntervalToStariMinute,"time",CS(1,2),Vism},
{IntervalToEndHour,"time",CS(1,2),Vieh},
{IntervalToEndMinute,"time",CS(1,2),Viem},
{AddressToArea,"address",CS(1,3),V1ga},
{AddressToPoint,"address",CS(1,3),Vigp})=>Pm
data_conversion("train",{NameToName,"name",CS(1,1),V2in},
{DirectionToDirection,"direction",CS(1,1),V2td},
{StationToSArea,"station",CS(1,3),V2ga},
{StationToSPoint,"station",CS(1,3),V2gp},
{TimeToHour,"arrival",CS(1,2),V2ah},
{TimeToMinute,"arrival’,CS(1,2),V2am},
{TimeToHour,"departure",CS(1,2),V2dh},
{TimeToMinute,"departure”,CS(1,2),V2dm})->Pt
joiner(V2ga,V1ga,{sp_equal,CS(1,3),V2ga,V1ga})->mPg
joiner(V2sh,V1ah,{sp_equal,CS(1,2),V2sh,V1ah})->mPt
intersectionP(mPt,mPg)

9 (Levell,DC2) iIC L 2HA¥ GQ1 ik
ig. 9 The query description for GQ1 by using
(Levell,DC2).

data_conversion('museum" {NameToName,"name",CS(1,1),V1n},
{IntervalToStartPoint,"time",CS(2,1),V1sp},
{IntervalToEndPoint,"time",CS(2,1),V1ep},
{AddressToAddress,"address",CS(1,2),V1gp})->Pm
data_conversion('train",{NameToName,"name",CS(1,1),V2in},
{DirectionToDirection,"direction",CS(1,1),vV2id},
{StationToAddress,"station",CS(1,2),V2gp},
{TimeToPoint,"arrival",CS(2,1),V2ap},
{TimeToPoint,"departure",CS(2,1),V2dp})->Pt
joiner(V2ap,V1isp {id1_It,CS(2,1),V2ap,V1sp,{00:20}})->mP20
joiner(V2ap,V1spiti_before,CS(2,1),V2ap,Visp})>mPb
intersectionP(mp20,mPb)->mPt
joiner(V2ga,V1ga,{sp1_equal,CS(1,2),V2ga,Viga})->mPg
intersectionP(mPt,mPg)

10 (Level2-1,DC1) 2 X B2MAY GQI itk
Fig. 10 The query description for GQ1 by using (Level2-
1,DC1).

data_conversion('museum” {NameToName,"name",CS(1,1),V1n},
{IntervaiToStariPoint,"time",CS(2,1),V1sp},
{IntervalToEndPoint,"time",CS(2,1),V1ep},
{AddressToGPoint,"address",CS(3,1),Vigp}>Pm

data_conversion("train",{NameToName,"name",CS(1,1),V2in},
{DirectionToDirection,"direction",CS(1,1),V2id},
{StationToGPoint,"station",CS(3,1),V2gp},
{TimeToPoint,"arrival",CS(2,1),V2ap},
{TimeToPoint,"departure",CS(2,1),V2dp})->Pt

joiner(V2ap,V1isp,{td1_It,CS(2,1),V2ap,V1sp,{00:20}})->mP20

joiner(V2ap,V1sp,{it1_before,CS(2,1),V2ap,Visp})->mPb

intersectionP (mp20,mPb)->mPt

joiner(V2gp,V1gp {gdt1_It,CS(3,1),V2gp,Vigp,g{20}})->mPg

intersectionP(mPt,mPg)

11 (Level3) IS X 2HEH GQI i
Fig. 11 The query description for GQI by using (Level3).
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Fig. 12 The query tree by the proposed method.
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Fig. 22 Query execution times (numbers of data items in
two legacy databases are 300).
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