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Abstract

Recently, many studies on query processing algorithms has been done for spatial
networks, such as roads and railways, instead of Euclidean spaces, in order to efficiently
support LBS(location—based service) and Telematics applications. However, both a closest
pairs query and an e—distance join query require a very high cost in query processing
because they can be answered by processing a set of POls, instead of a single POI.
Nevertheless, the query processing cost for closest pairs and e—distance join queries is
rapidly increased as the number of k (or the length of radius) is increased. Therefore, we
propose both a closest pairs query processing algorithm and an e—distance join query
processing algorithm using a POl—based materialization technigue so that we can process
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closest pairs and e—distance join queries in an efficient way. In addition, we show the

retrieval efficiency of the proposed algorithms by making a performance comparison of the

conventional algorithms.

FL0|: BZHHELQ T tolEHo|A, Bo|X el ¥12|F, closest pairs 22, e—distance ¢l &9

Keyword : Spatial network database, query processing algorithms, closest pairs query, e—distance join
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A Type Z Type
File 1 File
Startlrljdnnn n;:;‘r::;':n Distance f%tanlrl;lodn D::“;;a:l?n Distance
ASey BSg, Dist(ASg;. BSe) 25 AS5gy Dist(ZSg,. ASe,)
ASgy BE,, Digt{ASy,, BEg) 750 AEgy DistZ S, AEg,)
ASeq BSgy Dist(ASe,. CSes) 54 ASes DistZ5er. ASer)
= BEg, DistiASy,, CEga) 75, AEgs Dist(Z Sy, AEgy)
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AE, BS, Dist{AEy,, BSg,) 7E¢, = Dist(ZE,, ASg,)
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AEg, Egn DistAS . ZEgm? ZEgn Vg DistZ5en VSen)

<8 5> POI 7|8t HA| S ool #x



32t HIES|A I0EHI0[20Af POI 7[8F AlX|[3} 73S 0|&Et Closest Pairs 3 e-distance =21 Zo|x2| ¢n2|E 73

POI Type

File Location

R

S

T

(a) R Type File l

(b) S Type File [—

(c) T Type File

S_ D_ Dista S_ D_ Dista So D_ Dista
MNode | MNode nce Node MNode nce Mode | Node nce
1 4 13 4 1 13 4 1 13
1 5 13 4 2 11 4 2 11
1 7 25 4 7 12 4 5 5
1 3 14 5 1 13 4 3 14
z 4 11 5 2 13 7 1 25
z 5 13 5 4 5 7 z 23
2 T 23 5 T 17 7 4 12
2 8 14 3 1 14 7 53 17
8 2 14 7 3 11
8 4 14
8 T 1

<O 6> POI 7|2 A3t otdel of

<8 3>9 dAldl tisl POI 718t AAIs oid
£ 785 <O" 6>3 Zth F A9 POl EiY
£ Egor 298 gE o, <O8 6>9 A
ol BollA, M7 A2 ElQlol digsis e
olgsty dA AYE FHE 5 ATt AISH=
POI 718t A5} sl AISSECEN thalt &
2 A™o] Exsith. AR, & AEries Zix 1l
LEQL =& AJ0lY HA ADE AR B Q117
E€ ARSSIA €4l B9 148 ol&gsty €A A
A = Qith. EWl, POl EIES TIHIICEH
POIE EIGH L= == AT QT QY

HEol, dA A mdo A7E £9 + Utk

AR,
ol st ZE £t BEE ESsi
zF4astel Al dHukE olgsiy d9E
T QU

<J8 7> AAIE POl 718 A5 e
gate Lagisolth A, g H= POl Blol
ol g POIE ZstT Qe olX]9] & =
=8 AMgitt =, <& o fisle oE
POIE E&stdl e HE =d st AZlgE
AR, GFE ko tistel TOE =5
FEE dAS sl MFsit. 219t
POI Eiglol thste] 25

dEE= POI EI9 RIS ol

01. create_POI_materialization_file(POI_type)

02. for each (all POIL_type) {

03. nodelni, nj] = fetch_node(a POI);

04. for each (ni and nj) {

05. node_info_ni = all_node_destination(node ni);

06. node_info_nj = all_node_destination(node nj);

07. node_info = node_info_ni Unode_info_nj

08. }

09. fwrite(POI_materialization_file, node_info);

10. //info <start node id, destination node id, distance>;
11. fwrite(POI_type_File, location); // POl_materialization_file location
12. }

13. }

<38 7> POI 7|2t AA 3 Y
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s T 71et AxIS sde Aksste EHolth ol dA|

(a) R-S Type File (b) R-T Type File i (c) ST Type File 7‘]F/]E ﬁ]/\ 8"5 ] 9/101 gglx_lg Eél%}—ﬂ 9/1":
e | voce | e || noge | oo | met || v | veas | e | OVAISH POIS ESSHIL Q= olRIE uiZ & £

i 2 | 13 i 1 | 1 4 T | U7l R, NELI AT ALt LIRS 2A

1 Z :j ; Z 12? 2 i 157 st AAAZIE Al ALE = A= ZBE0] AT

2 | 4 | 1 2 | 7 | = g | 2 | 14 ot R—Tree ZXQIE oo}Oﬂ Kﬁﬂ POIBE &

R B A L oAl ARIZE 72 POI &S HoZ K

SEZH, FA POl Bg ALK %87} ACH At

<8 9 POI & 7|8t dX| =t ohdo o

4. POI & 7[dto| 4
o|xz| ¢a2E

22501 Closest Pairs
e—distance A£Q1 Z9FT LITIEE A5
3FoA AAISH = 7}X] 4l

fotd, B = A=

Sl= Closest Pairs 9x8l iglE2 <"
= 11>3 2t} HWA, 71%0] e POl Bfgloll that
ol &dAsl nide wEZld AFACh =W,
R—tree Z&Qld 9&t FH POl && F35lol A
ZAoFy Lugls 2 of weh gueith An, gaet 25 POl 8=
thatol POI 718k AAISE ntdg ol&stal AAl A
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st 7S 08

e

01.
02.
03.

05.

07.
08.
09.
10.
11.
12.
13.

create_POI_materialization_file(R POI_type, S POI_type)
for each (R POL_type) {
nodelni, nj] = fetch_node(a POI);
for each (ni and nj) {
node_info_ni = all_node_destination(node ni, S POI_type);
node_info_nj = all_node_destination(node nj, S POI_type);
node_info = node_info_ni Unode_info_nj
}
fwrite(POI_materialization_file, node_info);
//info <start node id, destination node id, distance>;
fwrite(POI_type_File, location); // POI_materialization_file location
}

<O 10> POI & J|Ehe] AA 2t ufd 49 20 F
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PMCP(R, S, k) // POl based Materialization Closest Pairs Algorithm
// R, S : two entity data sets, k : the number of threshold,
// the number of R < the number of S
load_mater_file(R type);
Rjoin_result = R-tree-join(R, S);
sort Rjoin_result on R;
i =0, ndmax = <o}
for each node r € R in Rjoin_result {
<nl, n2> = find_edge(r);
for each POl s € S {
if (ndmax < Euclidean_dist(s,t)) return result;
<n3, n4> = find_edge(s);
distance = calculate_distance(nl, n2, n3, n4);
if (i <Kk) result = result U (s,t);
else if (distance < ndmax) {
result = result U (s,t);
update(ndmax) ;
}
} /7/for each POI
}// for each node

<33 11> M QtstE Closest Pairs HoXMe2l ¢1na&
J_El:. FAE SRV AT AREA, T2 = [ &2 A4"ste oAloltt. AR, R—Tree &
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E‘l ol LiTIEE +EE 2QU JIRERE A} .J POl &€ 00 ATEHN FEslo &2
Ag dieisitt. ek =5 POl &9 &x AZI7t [ Ag Fsitt. 488 ZH2 POI A2 <(R3,
AAGETH 2Tt JAgkE A4S 82, 3), (R4, s4, 6), (R3, S3, 6), (R3, S5, 6),

(R5, S4, 6.5), ... >olt}. =M, HEed &%
AR S Dol Al R37F Z8E O] QJE &= N5 &
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AR ABIE ALSTE 019 2ol 3719 POl &E
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S3, 9> & ATt Soll AAZE 9= d8sith A
A, o2 =5 POl 89 |KETITA ATV 6012
=, AAgED 2t wekd olol tiE Ade =
gsto] 4d Az 108 Tt} ol SARED

<3 12> M Qt5H= Closest Pairs EQIX 2| L12|E of JEE2 Ao X E=rh ths &2 POl #0]
FEUTA AV AAGED 2 WK HEe
<8 12>= ARMEH= Closest Pairs & 97T Esirh HE 23 A2 {(R3, S2. 5). (R2

O
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PMI(R, S, e) // POl based Materialization e-distance Join Algorithm
// R, S : two entity data sets, e : range,
// the number of R < the number of S
load_mater_file(R type);
Rjoin_result = R-tree-join(R, S);
Rjoin_result = cut_result(Rjoin_result, e);
sort Rjoin_result on R;
i =0, ndmax = oo}
for each node r € R in Rjoin_result {
<nl, n2> = find_edge(r);
for each POl s € S {
<n3, n4> = find_edge(s);
distance = calculate_distance(nl, n2, n3, n4);
if (distance < ndmax) {
result = result U (s,1);
}
} 7/ for each POl
} 7/ for each node
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Memory 3 GB
CPU 3.0 GHz Dual
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Tool Visual C++ 7.1
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