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A Spatial Split Method for Processing of Region Monitoring Queries
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ABSTRACT

This paper addresses the problem of efficient processing of region monitoring queries. The centralized methods used for existing
region monitoring query processing assumes that the mobile object periodically sends location-updates to the server and the server
confinues to update the query results. However, a large amount of location updates seriously degrade the system performance.
Recently, some distributed methods have been proposed for region monitoring query processing. In the distributed methods, the server
adllocates to all objects i) a resident domain that is a subspace of the workspace, and i) a number of nearby query regions. All moving
objects send location updates to the server only when they leave the resident domain or cross the boundary of the query region.
In order to dllocate the resident domain fo the moving object along with the nearby query region, we use a query index structure
that is constructed by splitting the workspace recursively info equal halves. However, However, the above index sfructure causes
unnecessary division, resulting in deterioration of system performance. In this paper, we propose an adaptive split method to reduce
unnecessary splitting. The workspace splitting is dynamically allocated i) considering the spatial relationship between the query region
and the resultant subspace, and i) the distribution of the query region. We proposed an enhanced QR-free with a new splitting
method. Through a set of simulations, we verify the efficiency of the proposed split methods.

= keyword : region monitoring query, indexing, spatial split method

1.4 &

2utE 71719 U538+E 534 GPS(Global Positioning

1 College of Information and Communication Engineering, System)& 7|WC. 2 S}= 914 7]k AH] 2(Location Base
Sungkyunkwan University., Suwon, 16419, Korea Service) 7} AHEAFE A Al 53] FA]S Wk Qloh
* Corresponding author (umkim@skku.edu) 78 A H] 2 AFL% =2 Jglo = =We
[Received 27 August 2017, Reviewed 24 September 2017, Accepted AR 7 Al ‘]’ §Akel AAS 7o = S
23 November 2017] 7] e HEE AFsted, Butd Fa AE| 2 ¢
v¢ This research was supported by Basic Science Research Program 3 g MH| A So] 9] 7)uF AH] A9 t)E Al o o)
through the National Research Foundation of Korea(NRF) funded - == aq=
by the Ministry of FEducation(NRF-2015RIDIAIA01057238, E} 912 718k AH| 29 A7} ZTksbEA AR AFE A
NRF-2016R1D1A1B03931098 ) aHHOZ HRE AL3E7] % kel A1) A3
Journal of Internet Computing and Services(JICS) 2018. Feb.: 19(1): 67-76 67

http://dx.doi.org/10.7472/jksii.2018.19.1.67



e 2UEY Tl H2IE 9

b =7t

(i

rok
0f

=l

Hr

ot 1 % Y
Query 2.8 G, 4 Bol, oF w1
B Au2ag Agdny He W, $EE 54 9
9L FASIY) 490
O 2 o]E3
o] Ruld
= 2ol &
Hlg ool 7}
B eRod el 99 BUEY 2elel B84
A2] 719l talA AF@ek ol 727 moving object)
A 0ol ti g} BUEY Qo) g Fold 37 Ao
% 9 (spatial query region) q.Rll €A $X]3}l= o5 AA
0 (c 0) & WM333 o5 A4 07} RO 93 wro 2
T w A%l Ul 3o,

-

H rﬂ,
A
2 e

1)
og fio i)

ruE
ko
rot
)
kl
i
20

ofr
ol
-
iu)

oEg

A ol F Aﬂﬂloﬂ g 9o BUEY gl A
27 AP BRE g 8 5 2] Gol 4]
4791 7 %n SolTHIL & =8-S 40l 4
) 9o A T, A1 FE AL 8 44 9
BUERA) A o AA7E FA ESLE B
A A

J J
A 92 Qe ES F/1502 AgataL, A
& A9le] AR A%aN Ak P9t

s kel Aol 343 @A 93 el
S5t we 4 glol ATl @ ool W wAyel

W, ol Aol WE Hge Q071 AAH
& AT FAH 057179

]

& H
o & yo
o ooff |o rlr

g
B

=
=

9 EUEy doE agHo = As] e
FA 52 HE-S FHAasgelal, AW e CPU HES HA
slaljoF &t} Monitoring query management(MQM)[2] <}
Query region-tree(QRT)[3]= #1¢] EAE 237 g
A 7R, o) A A S o] &alA AH
AJ g FAHEE FAaARI

AW O 8 MuE 747 o)F HA ool Al HA A

H

A A el AE PR A =HEQ
(resident domain)2 St 09 A5 EH o] AA)
= BE Fe] g st ool IFEHE AT =l
1] A71E 08l A TEQ o.Capoll oA AAHTh
0.Cap=n & W, oollA] TG & AF Eufo]E WEA] o5
Zgtalof b Ho) o] T vk 23 & Ak
& Eof, 1Y 1014 on.Cap? A4+ 53 o0] 301811
A W, o2 Ao 01-?01{1 A EdlQlE A =
Wl AAUe F3F Ao @R, @R, R TF
WA Hoh o10] 45 Erlglel] S ® de] g wro=w

WP 4 SR b doe, 29 AsE
AAFAL AEA 47 =S FYAFE Do) o]
FolAlek. %, 19 1°ﬂ At 7o) or® Al G @R
WA WEe] e del AsE AU Do,

resident domain

q3.R

q2.R a5.R

r 1
I [
I [
I [
| / o |
I [
I |
I I
: \‘. q4.R :
T [
I [
I |
I I

(ag 1) AF zoelel of
(Figure 1) An example of resident domain

MQM# QRTE ©lF A9 o]F& F7]4 2
32 2okE 57] ol 914 PelolE A=Y
o2 Y & Utk olF AA A7 2
S AF =S @9sb7] $EiA MQME QRT=
BP-tree (binary partitioning tree)2} QR-tree (query region
tree) = AMg e, AA 2 7S wtEAo 2 Bks)
of Whrolal Au F7iEel Egle) wmo] Fa @
o el 7k A 37 gAE 2e) el Juo]
i A #7gstA k.

SEA|RE 91¢] &+ 7

710

oA =tk

AR, ME FZre] Hg A77F FolAA Hok
MQM#} QRTOIAM A Z=Wele Eg] Lo &g
3 AB F7e)7) w2l Z o]F Ao Tt
= 45 ZHQle 3717t FelAA "ok Ao
2 ols AAE NZE AT ZHdS & 7] 9
slA 1A JHPIEE MHe] A BHuUjA =)
4, ETle Eol7} EZ QA Eolx7] wid
244 9 AR, Akl 2ol B wlga AI7kE 2
82 3t} o= i) AMHelA9] CPU H]&3 ii) A
A A|7ko] HoxA Ht.

68



oot @uUEfe Fo| H2IE 98t B 22 Il
RS B WS AY UL FACE UrE ko Aulel 24 B4 W& CPU HIES Folk Aol
WOEA, ) A% AN T A0 Qo Aole] BB F AL I AT E o A0 Aol J3} A2 AT
A i) Aol Jlo) BEE TR ARG H BE 7] meAL o) A6l BTas] 15 MQMI} QRTE
W& BPree®t QRtree EFoll A4 # 4 AT BP-tree 9t QR-treeS 747 AHE-Sh=El # AFAAE 7]
QR-tree”} BP-tree BT -7317] witel] £ =wolAle B 90 12E QR-treeE AE817] wjEo] QRTY] A~
QR-tree s 7] A9l X2 Erh o 2dS Aetal QRtrees AR T
B g Unin 328 g3 2o FAET. 2%
M= QRTE] A7) B3 QRirees $HORE ¥ 2.1 QRT(Query Region Tree) A|AH ZY
ATE AT 3%0lAE QRtree7t A& H £ 7]
Aol thal A AA1E] The Ao, 4o e Ao 74 QRTS] TAHAQ Hxe 45 =rjle] ds 28
EXN B L3} CPU H| & ZHo|Ae] A= 7IE B3 A A 1ZA AF E F 7 21E HEATE Aol
ol § xat 7] o) 84 AZS ) mx o 5% o 21 2 ol AA|, FTOIUE B T AHE o] F
e AES AN, o1 Azd mHe ARE HolET)
2. #AH AF « ©1%% ZA|(Moving objects): 7} ©15 A o= Al
9AE 43 7 el A9 Gl A4 A A
92 7% Aulze] G S 9 TUHE Aol U GlE AU SHA 0CpE 23 A oI5 A
O 2A0) i AehE Azl Be A7 44 e I FdRequetDonein, UpdtcReul)2) 514
Arh o st ATEL Ho] oolo] FAH x| EA ] HHo)E mARE MME 48t RequestDomain
Aol whepd ZA F A WFER UrolAed A iR A2 & 35 Eid s 2‘94 P9E THE FA
WFE o5 AAo) tlg 4 29 Yool el T 71 S A9l H, UpdateResults A7 49
M3} 1 el WFE olF Aol e Ao g o T GHC|ESES S AN A 29, 2
Zof tha)A] ThETH4,5). B =R R wa) W3 o) # 29 olF AA aE 4T TS By WE
A G 7] dhize] 44 Aol ool tiek A= Fol o R g5 EHelZ FAISHE RequestDomains
i) QRT®] A2<Hl 23} i) QRetreesl Tsl A A MH2 Agsi Ack £ &, 19 29 15 A o2
A s, @R A9 gHoF Foi8k7] wFol| UpdateResult
99 BUEY Aot 2 ANES B9 B AUE § S Al A
A slefol i As) Golo] Wols] Wgo] Welg ool o(Cllen:  FEAIRLEE K A% B
QAEIE A3 sk AW F2 g a dEdS SEE WA Wt A e i =R
2 Prabhakar’s U122 A7 RereeS AHE-31] 295 4] Fal Ao 89 23E ASA02 wE, 3
9189 T2] Kalashnikovis Wl 2] Wl 22 49l 72 CIA=S ol AA= M2 A Fask g A4
S ALESISIEL, AP W 2 ol Ak 3714 EEA TRAE SRS Hik Seelest vl
o2 93 AHjOlES A2 wdTE 1R 27 3 @ el g 3 AUAR AEEE 59 Ao
o} o] ), AElE X|&H 02 ) 914 JulolE 2EYS %) qRE G A Fefelnt.
AR ) FES WA HE 2GS A9 (i) 2 T ANCentral server): AMIE e ElolE
FEE YUOIES Bl et ofF AA7} Bl QRemee Aefsh thir Al 717 #9< Faech
5% e el 97 QUolE A=) wAHT A -3 BUHY GR(GH A FedET Al g
W] P40 F4 W3} CPU MGe] A% HOR (FHS & AL, AV g GRS FeEL g
we 408 293T 1 A3E QHelEs] s 2 419 dold 4194, QRee] 49U 2
A Z74A Ak ZE oI5 A AZE AP 4 AnE S
I I AL A FAOIE 26 5 L
7 a4 BE A7k 2ge] sIUT MQM} QR ~evl9) 9 A7t ol A% RequestDomain
Agk H9ie, MQMJ% QRT= o] AA]¢] 7158 83} PIAAE AT QReareed AR} 0o AR E
o= QY HEstE| (19313) 69



ojod DLE

om
\_6
>
o
i
Ho
rok
OH
)
HI
fuok
d
Iz

S oA AT AT =S

o7 gk

Ao A GdlolE: MuZE ol FAA odllA
UpdateResult H| A| %] & =
£ duelEsfof stk &, AAAE A B o
A A7t oF XS d=A gl x3 #

o dulelES st Hrh

o1 resident domain
/ Query table
- UndteRact
gk R ﬁ
s 2, "
2 U
ek, (Jueries
.\/‘ resident domaif S
o kEz====s—--—--— ¢ ie )
| | & results
| L DfD ]EQ
I 3R d g
1K \ é RequestDomair D Lo
S ’ Qirtree
02 resident domain
moving objects central server clients

(O8] 2) AlAE 2E Jie
(Figure 2) Overview of system model

2.2 QR(Query Region)-tree

o}-J
[
o
iy
rlo
1
N,
1o
R
=
b

QR-tree= A 24
S8 A £t 75
T agste 2o ¥
o] 71 B8 JAG 6 By F H$ole
FE kEof 22 k& Nej sgst= F 7
o7 B8 o|3d AL Ao o)
o 3l coverd_by A = partially_intersec
sk 2ol AFTE 0 2ok &5 w7iA {ﬁﬁfﬁv}
QRTE A9 99 qRI} HE F7F N Alole] 23 #4
£ 49 7 e 2RI
A9 1. 49 49 qRF ME FIHQR-tree = E) N©]
FoR S o, o} T2 47kx] ] AR #AZF EAl sk
s cover TAI(ZLH 3@)): (QRNN="F)A\(q.R-N=""9)
AN-q.R="2)Yd W, gRE N& 2§

* cover_by IAI(ZH 3(b)): (q.RNN=""2)/\(q.R-N=
DYNN-qR="2)4 W, qR Nol| ZFFHTh

* partially_intersect IA(ZE 3(c)): (.RNN="")A
(QR-N=")AN-q.R=""2)Y dl, qRE N3} F¥
o2 AL ov| gt

s equal FA(H 3(d): (q.RNN="2)A(@RN=Z)N\
(N-qR=2)Y w, qR> N3} Zth

s}

[e3]

o e

[
N
2
32
o
2

i)
1o

re oo N rlo 12 (M o

qLR q2R

(@ (b) (C] ()
(38 3) 4& il =7

(Figure 3) Classification of the overlap relationship

H,] 219] Ah:ﬂ;}_EL X{X]‘“S]-
H, 7t Ao 2ix= de] HolE9 A9 qE YEMTh
e 2552 F 9 AEF <pir, N> A7)
o714 pr A4t g 2-1-0151011 N2 pire] 7+
g71E A 2T ME F7rolt) T 3k QR-treeT ©F
ot 22 47K 21 E N ]ﬁokdﬁ}
o A9 qo A9 4¥A} gidE qRO] @ = Noj
]3| cover_by ¥ A} partially_intersect 3F= 7ol
oF E@Nol|l A7kt qRel NI AAHE qRO] N&
cover AU equalsh= 74-$-oll= gide Noll #%3}

QR-treed] @ == 4

A e
« A9 q¢ ;qg] 27} gide qRo] @ =EE3}
partially_intersect ¥#A1Y o, o2} @& k=5 F&

A A7t

HgE == Nejl A% ® AEFpr,N)olA N N

T5aHA Ao ywm HH F7lolth

CHE FEE= HME ComtE FUME ARSI
CL(Covering list)2}= S5 2|2E9} A#dh

tlo

o

€] 2: Count: 29 M Q9 QR-ree®] == N
FolxA ™, Nl #%4% Count ¥4 N.Count®] e the
3} o] A4 Hth

N.Count = E Checkw(q.R)
1€EQ

Check,(¢.-R) 2 qR®] Nell 284 covered_by &
partially_intersect3}'H 1S ‘3}%3}1 %87 ¥ 05

wrghale,

A9 3: CL(Covering list): 2] A3 Q9 QR-tree?]
L= Nol FojA™, N9o| #¢ CL] NCL o] 49
qRO] N& cover = equal A2 EE 9 q9 9
28 2} q1d £ AXdhs giEo|th

70

2018. 2



Root

D .
Root _rol's resident domain

QI»R .U\ q:R
111 Nlll 21
q}R N Cmmt 2] [V Count I:L No. Count: 1
7\/'|7 21
I el H;
Ny My [Fe-Count: 1)
= Root is split into N, and N, Ny N L] No.CL =[]
» Ny issplit inio Nyy and Ny |ﬂ I I:l: Non-leaf node

» Ny is split into Nyyy and Ny D: Leaf node
(O3 4) QR-tree?| oA|
(Figure 4) An example of QR-tree

g=1°12} 7H4shH, I 4= 3719 29 ql, @2, $3&
MRS QRtree-J =2 HoFEth I QR-tree
gdog F8E TAYAAA 7 o
A TwRle] A7t FolA =
S B F Utk dE S0, I-40A o5 AA o1Cap
Lelgkal 718 Nuz°ﬂ Fgshs A2 F7ke
yele g FqaEy Ao 9 @Re| N9t &

Ly

i

AFACE o1 Nin WO E 47 o]58 F UL X
%} Z

m:~
o i
o

tl| o] E (RequestDomain ™A A)) S "W‘]Oﬂ qAFein =
g T4 B 7R oJEiA] wAe B 3
QR-tree®] Eo|7} FolbAA] AW 9] CPU H]%-“} i) 2 ]
A7 A F7F AR

3. Atd £ 71y

ol Ao A= QR-treed] EFLE BTG Zo)7] 9
A EZL 2 7IHE AP QRree == NS 4
T FPoR BaEA "ok &, (VLNHE &
A SLel oE) A =
5@)9t 5(b)= 2 £ A(SLy, SL, -, SLs) 2 ?2 i
& A(SLs, SLi, -+, SLw)®] & 217} vepdt.

HB 27 RS e

SL: 5[2 SL:  Sls SLs
I

el g9 » QRS HF2 Nl covered_by At
partially_intersects #HA|oH, A} & £ 7IHE &
vl 7HA i3S 7Ike s Stk

o (1): N3 N'E Holwm shite] Aol oY
qREQRI 4719 3 #AA & H2d e &
Ae wEsjordty. 18 59 £ 4 (SLi, SLs,
SLs, SLio)= F&o|th o2 132 43 () =

4
e B Aol 4§ @ 5 g

o
=
.

S
¢
o]
N
P
14
N
o
N

(@) (b
(O 6) z& 2& Mol ofA|
(Figure 6) Example of optimal splitting lines

o 14 (2): & A SLo] (V' .Comt < ) A (N
Count < §)°|H, SLS H& £ Mo 7k
HHo B A NS & 3 wink B&a}r) o Foj
Noj| #3 Ao] st S AF HH £& Ho
2 Aggofsitt. g = 10]2k2 7HY38HH, 11 6(a)
= shte] 78 23 M sLivte] 2SS HoE
o} o] g3 At ME F7ke] A7E s A
A FAE F YT ERlY 2ol& WA §4 & 5
A7) w &l A Ali%‘ A5 T AL F A

l %Mﬂ PV LH

0(1

60 42 i) A7 ¥
4 5@), 19 5(0b) z}_,_) -H—z] B)°] AL =k

I K e (] e ar | * 2 (3): 2ol Gl 7} covered by T partally_

T I S | RN 774 O S —— intersect A1 w, N;' 2 N3V} Count+ ;' Count)

| B L A28 Holo} Btk Nol ¥ /) ool HH &

I I T | g Aol EAlshs A9l F4 @) BAM AL

L T T ler A7k B AY 2 A9, Nid Neo] AR F7H

— (:) L 5‘”“"“;; “““ o2 rold 8L 29 4 9k v N 2

a

. o] Bl Mo] gJom o iTO__ =05 =

(28 5) £ 4o o e e

. L . = v ¥= . 8= o
(Figure 5) Example of splitting lines e o S
gk QlEYl HEEHS| (197135) 71



ool 2UEfy Ho| HeIB 93 T2 28 1Y

W, 19 7@)+= Nell 271¢] &3
J%c}h N Count+N," Count=3917 N Count+

@] YSe

;" Count=47] W 2ol, SL1& N¢| 7 2atio]
A olFRE ¥/E BEa a7 SAaiA
N Count+ V' CountS S UM'E %7)3t) ghef,
SUM™ 0| 7+& 3+ 23 Y= 74

7} ALHEth 9 = 22 7HBstE I9 7(b)olA
SUM™e) FHagtel 59 oy AE (NN,

(NENGR), o (Vel EA e
SL1 SL1 SL2
- T aRT I
e Sto |- ' o
! R
B  SLs p— = mbesy ——i—q—3—— -
wor | oR | ol Rl
! Sts f —t-- -5
N : N R ¢
@ (b)

a2 7) A xg At
(Figure 7) Example of applying rule

o tH @): N'Arast Ny'Ara® ®F ® N3
NJede JPsd A7) gojorsit o] Fd)
= /\GSI.Area=]\/§l.Area=W?—:l w HAke
7A9-ol™, NAreas N2 W& oujgie} o] 3
< EFE 78S fX8ks Aol 540tk -2
Ny Areat N;’.Area Aole] Al 24 9

D ofehs o) elg

ol

D= (]Vfl.Areaf N./;rea )2+(NZSZ.Area7 N./;rea

D™e] 3to] A&5E N Areast N;'Area®] 2717}
FAFES Jugith 198 6b)ellA 6 = 12 o), Nol| 3 7§
P o] ZA8a S UM} H2zh=2)2
Sl Ao ME Fike] EAlsts A9
D*'zrol 7Hg AL SLg 3 £ o= Addch
ukdol, 1Y 7)ol A 8 = 28k 7HYEHE Noll H49)
Bahdo] A &3 SUM'7Y FL8A H234=5)
9l threl M F3k ol EA DVgro] H49l SLsE
A gt

P

)2

Y
p ¥ N, .Count

o] HollAl= NellA £ Mg AAshs W& AlA
gtk of7lel A= N 3 28 A& A4 ske Wy
Z2HE HET N 9F EoA 2
(Sweep)st= 7H3e] 2 & A SLe] Avkal 7Hg

SLo] 2] g9 qR € QRE & EA &
Z2og NN2AE W, SUM') W7 Er/}

53], SLo| qR9 &5 €% 7IEXE2& 4%, SLel
o5 A B FHZ ME FZ Nl 28l covered by &
+ vpartially_intersectdl= @] GG F7F F7T Sk
N Count= N'.Count + 1°] ®Th. ¥4, SLo] qRE $-

E
=

mR

lo

= 25 7tEA29 N CountE= N Count - 10] Tk
A% T3} Q2E TolA RS WEHAHE B 4L F
B 523 Mozt 3t} 4 = 1012k /MRS W, 18

8L TH B Ao o|E HolFth 19l ql.Re ¢
Z 7142 7 N& BloJU R g No| 9Z 7p4Ae7 &

SL1 SL2 SL3 Sia

¢@-R
N i 1 1

(a7 8) & 2 Mol ofA|
(Figure 8) An example of candidate splitting lines

A 1: &3 F e FE £ A SList Sy A
3t A SLi7t o)A, SLixE SLi, SLk L
23 SL¢ x -JrE 1™, o 20| Ay

(Sum™ < sum™ A (sum < sumr”)

9 1: 7t} SL, SL 2 SLioll 9fel A4 | ME F
N, (NN, (N, N‘“‘)ﬂ ;" Count -
q@aa
]\/“;I".Count =q-B, ]\fflk-COllnt =p+0, NQ*.Count =q
o ), e714 ash B SL7F 9% oA wkE Ao
1o9) 8 UEhIT SLE 5 214 vhbe A

#2 zbzb Yepdnh uaE SUM = p,

1

=
o
(N

Count=p+0(,

72

2018. 2



g9 ZUEE 2o M2IE 4

rok

=
o

=
Hr
ot
AN
it3

SUMY=p+a+qB, SUM™"=p + o+ qol7] H&a]
A 12 SA Agsith

6 =301 /H4PE o, I8 @)= F Mol TR
& A (SL, SL) 2 Atolell e #8 A SE B
EES=1 :zaloﬂ}qp=1 q=30=2%p =207 W&
A SUM" =4, SUM*"=4 2 SUM"=60]tt. WA 19]
71Zste], No| $H £ AE3 N9 T4 94 &
g A (28 9b)4] SLe), = SLe7t 713 (D), (2), (3), O

BE mEsin) oal No| Be a2 2 AL 7
A3L7] 98] SweepSpacests 7FeHet 2919 ‘Qlﬂ%%
ARt SweepSpace‘:— NE gZFoA & Ea
ste] 7 B A ( O A
A 12 N& 298t £ £ A ¢led £8 4
e ANeT. 1 T 2 A
SweepSpace= T3 (D)= &3t 71
%é? & AAGYTH v*POW %

SLi S&Sb’ SLi - SLe S
q1.R q;Ri gR i R
HE %R qu i |
N qui N ] i qu,R
(a) (b)

(32l 9) SLi, SLj, SLk, SLc 2| oflA|
(Figure 9) Examples of SLi, SLj, SlLkand SlLc

7} 2§ A SLej EH‘H A Hode 8 A

ok, SL A2 BestSLo] FTh2-3). 138
2] SthH 4 E|E2 SLo| A9 B A1A] gels)
3L SLo| o] Bl Ao|7 dA) <] BestSLO| 9] &
g Mo] ofd wf, SL& 3 )5 A&k dA| BestSL
o] FTH5-7). SL?Jr A BestSLe] EF HA 9 +3 A
At rHAFS 4F 3 #F @E A&ste] sLo|
A BestSLHE} T3t A g}, o] 739 SLe] Al
BestSLo] FTH9-13). WHH, SLZ #A] BestSLo| 4 <]
B Mol ofyFhd, ¥xEES 73 Q) 43 @S

A
fd
Ak
N
o
ftl
L.
o
lo,
M
ek
2
o
e
fd

BestSL(21)< %F
19 102 A <
£ BoFEoh 93 2ol siA E QR-treed
= % 49] QR-tree®] FHT} A7) wfjel, 7
ool g A A5 ZuQle Ht A7t AR AL
g 50, 19 10& 6 = 1ot /M4 A %
3= AE —7—7P°1 A ErRle® &
qlRo] N13} FHEh & o, 43} H QR-ree®] 0]
I 49 QRtree E01HT}F Yt A & 4 Utk

o g rlo

_O|L

X

i

O
)
ofo
ot
@)
7
=
8O
ot L
fr 12 ofe & 24 4y &

o
oft n%

Algorithm 1. Finding the best splitting line
Input N: a QR-tree node, SLlist: a list of candidate splitting lines

SLs
2)111[)211 BestSL: the best splitting line among SLs
Procedure
1: for each SL € SLlist do
2 if BestSL is null then
3 BestSL « SL;
4 else
Z it (V2L Count < 0) and (N3 Count < 0) then
7 if (Nlb““””l. Count >0)or (]\Q““Sl.anmt > 6) then
8 BestSL «— SL;
9: else
0 if SUM<SUM*"" then
12; BestSL «+ SL;
13: else if SUM'=SUM"**"*" then
14: if D3l < phetst then
15: BestSL «— SL;
16: else /(N Count > 0) or (N;'. Count > 0)
i; it (V" Count >6) or (NF**'*!. Count > ) then
19: if SUM'<SUM"**'*" then
20: BestSL « SL;
a: else if SUM'= SUM"**"*" then
it D' < D! then
BestSL « SL;
retum BestSL
-.-“ Root.Count: 3
oR 0 @R Root
Ny N.Count: |
4R
M iV
----------- - [} Non-teaf node
01's resident domain [ : Leaf node

= Root is split inte Ny and Ny
» Ny is splitinto Ny, and Ny

(3% 10) 23t & QR-tree 2| ofjA|

[ M€ =[]

435l vw sy, Q3 A9 BestSLS @H|o]ESIT) (Figure 10) An Example of the enhanced QR-tree
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Simulation parameter Value used(Default)
Aol 9o 4 1,000~10,000(5,000)
ols A 10,000~100,000(50,000)
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