PR-Tree: B BIZCIOAN HBrsS HEs8 =T R-tree MO J|BT
2270, AS2, B8, #IIE
A2018 D BB

{hkkang®, dokim, dshong, kjhan}@db.konkuk.ac.kr
PR-Tree: An Extended R-Tree Indexing Method using Prefetching in Main Memory

Hong—-Koo Kango, Dong-0O Kim, Dong—-Sook Hong, Ki—Joon Han
Dept. of Computer Engineering, Konkuk University

2 o

2 ZZAAS MY HR2212t0 &% XF0IJF HXEA Al A o HLIMA S&StE R-Tree2 &
= Mool 0IxXis HE0l HAW Ot KAl AIHE =W MHA 852 JHdotels HA0F S0l MDD UCH ¢
MOl JHAl H5 MNE SHEE dER HEE E0 50 M X2 HERQIE HEE2ZM BI-0t=2(fanout) 2 &
JEAIDIZD Al ATHE FASHEHCH D2iLE Ol 8t g2 e H E0l= Z=JF ez olg A4l ds0)
YOI, =2 OISAl ZMsiE WAl A= OHEG sHZolXl 2 UL

2 =22 02 HZs5I| I &gt (prefetching)2 X8 &&= R-Tree?! PR-tree(Prefetching R-Tree)
2 Mot H®ISIEU. PR-Tree= H-OIRZ2 ZSIHAZID E2Io =012 @D Foh 24X A ctele) B
Ol & Mo, dueg HZ28IH == A2 o8 H2el XS AL £ H28 =2
MHBIABIH L E2F OIS Al 2M6ls HAl ATHE FASSIAUCH PR-Trees= AEWAM R-Tree2CH ZA HAMUA
20 38%2 A5 A2 BA2H, HA AMUMHE 2O 30%2 S5 a2 E/UCH

2l
K i

1n

1. A 8 ot

2 Z2MA &2 0o HiR2el £=2 XH0Iot
HEON Tet SHAl HIR2IE 0L EUE2Z ARSI
EJ1 dt= 2H0F el HiRkel egAo A5 Z2E
ol A&s OIXIA DUCHB]. ool HA S5 M
st otal A xRt A NEN A8 HARIE CHESHA
NE | 2tCH1,4,6,7.8].

Rao%? Ross= Q! HRel argiAol AAN U0
A Al d=2 2242 HIlotd read-only OLAP
BHEUA Ol M4 ECIU T-Tree2 0 2 2AM &
58 H0l= C8S-Tree(Cache—Sensitive Search
Tree)[6]12 B+-Tree®iA WAl A58 SAHA3=
CSB+-TreeE MIQSIULCH7]. Inga?t Petere L&
AJNE HAl e ADH HFD, MBRS 2 s &
HE MHSIH HAl ctold B0 22 HEE JES
2l $18t pR-Tree(partial R-Tree)2 HMICtotHLH8].
e2l1d, Kim2t Chas dEe2|2] MBR=S 2 =a0 WAl
Of BCH &2 NMERIZE E&olI| 28 CR-TreeE Xl
OISIRACH[4]. OlefEt HHEES e ZCHHAM aAAnA
AN ZHE £ As A AIHE EJAXNY, A
al MAl kel D20 2 =S8 WA BME MLt
LC2F OIS Al AL AW S MGt 20 UCEH &
g, HMAl HEZ HPE MWIALSIHU LFoe F

HE2oz ool 4501 B Xl= &0l ALt

2 =522 0leist SHAES JHHDD) Rch &Prg
92 R-Treell E 250 MAl AHE =010 A4l
HAAMOAN =IO HIBOl ZMEIA %= PR-Tree
(Prefetching R-Tree)E& A&t HOIIGHRICEH
PR-Trees= H-0I2Z2 ZJIAIFID E2IS =018 ¥
=J| 5 3A210F &K Al 2ol M Hiol =5
AEBICH O2112 o HA 2ol ZE

HAION e O &Msl= HZel XHE = A gst
2150 MAl ctel SAZ FHAION Lursith £ &
2 OIS A0 2MElE MAl AIE £010] fah 82
0l 2est Jal -5 0lel HAIM = IHSHC
PR-Trees= &EHAE 0IE8IH =& 2AJI% 25t
L C Of=0f didlstd ds0l a0, et =
3210 AU, E26ts =S =0t %2 29
Ct &8H0ICH A EuAH PR-Tree= R-Tree=2Ch
AOOIATA EOH 35%2 s a2 ERCH, A
HMUAE 2 30%2 S5 gas BUCH

2 =29 Y2 s 20 1834 AE0 OlK
A, 2&o 23 ARNANE R-Tree, JIE2 Al ds
W& QA - &Brel JiE A5 3B UME 2
=20 M HiAlolE PR-TreeE JI=dtl, 4F WA=
PR-Treel &8 ZIUE SIS OtAN2ZF, 50
N 228 g8t

fz Yt IR Mr

0
f

>

U fr

e

&t

B

T2 d7e dxashgg 2471237 (FAN 5 RO1-2001-000-0054 2. -

- oz FREN L = = o
C-o7Ees 79 0l HUME R-Tree2 &5t HAl 8459 =X

123



g amp=c. 3203, JIEY HA ds=2 Hes
Ol ASES B2AMSICH ORISR, A =2 4
Al312| A8t dere) D10l Chal &2 stlh.
2.1 R-Tree

R-Tree= B-TreeE Z2F AU AQ LH HAS A
o2 M, B-Treedt OIXIINZE =0l 28 ECI0lL)
Mol gt 3X= 2lT CEHe E/MECH 328 27

= 7=
g 3

ot=0dl A A& (MBR: Minimum Bonding
Rectangle)2 AI235le R-Trees 32t AHHME )|
310 M2 £29 L0 HR25H EF AU
M, E2l X SHo M4 XJAdI| W20 24
2 AMN Z§ol ACH2].
2 (b, RECT)OIOY, Ol p
|13, RECT= Xi& & E
S2iME AIZEOICH
(oid, RECT)01X2 Ol (M,

DL 2H i."

= |

= Ao =20
ol A= Re
R-Treell 2l& L& &
oid= & X 22t HME °I0IGHH, RECT=
off CHet =4 AFEO0ICH
LE9 X HERl £I1 MO ZA HNEZ =
m(m<Mm/2)0l2t & T R-Tree= 08 S4E JI&C
(a) FE L E(root node)= 2lZ TSIt OtLlct®
HOE 2002 TalE JtXGH
(b) BE 2t &= RE LCJ} otLI2tH FOE

mOitAd MIHALOIS] RAES JHEICH

m o

k|

o
e 3

]

(c) RE 2IE &= RE L& OtL2tE HOE
mOolA MIHALOIS) RAE JHEICH
CE= &2 =0/01 AUACH

(d) 2= 2l& &

R

........

R13

R3
L5g]

18 1. R-Tree

8 12 R-Tree? EXE 2010 ACH I 1
A AHdO2 HaE ALE2 2lZ 52 AEL
olaf EXote AN 32t MM MBROILD, BH2=Z
OoE ALE2 R-Tree JE A =2 MBROICH

R-Treee= ClA3 Jigt

jre §
=3

o] Cll A

— T —

2 0A3 1/08 &t

Moz =017 2ol &AM S501 =2 HAl Ol
Paloie MEgstX ottt 18 2= R-TreellA N
Al &IH HIES UEHC 08 200 2<0 &84 =

124

AZEHOL DR =

S
R-Treell &S [l
=2
=

ggiez =0

s AZEOIA JHAL AlTHz QIS
Ct. S3al, el nZelol &=

A 1/OJF S0l 201 HAI &
AR BRI

14

A
=
[

-
N

15

@ Total Time
o Cache Miss Penalty

Etapsed Fimp {seconds}

R-Tige

0

ol ABIM 3NAl
gHoOR MM Y )
CSB+-Tree, pR-Tree, CR-TreeJt U

CSB+-Tree= HUHM X4l Lc9o HOHE NG

=

D UHX K4l =E9 HOHE MM s k&
E HI20 HB5HC2 NMESls B+-Treed HEOI
CH7]. T& =9 X XM A =E22H

H22l offset2 HAEI0H & & AL HEHOZ W

e Lo A)js HAl 249 IIE SF1, -0
22 £ HIZ sa Eda =0E RFUC. OA

B+-Tree2C+ E2l EMUA Al 2T EHEN &
Ch. J2iLE BAAl SR HE RRE |G 7
gt FI} HA0l Kot

pR-Tree= 22 MBR2 HHgtu ZA0| gddl=

KAl MBRS EHE2 HMAHGHH HAl ctelol 20+ &
e NBE XNHESIII 98 R-Tree2 HEOITH8]. M
Al Hs2 AW CSB+-Tree?t 20l HME2IUHA Zo!

BE RMAHstD, =S 3212 MHAL 2k 3 230 5HR-A
Ch. Dejur dEelel =0t 832 458 2
0lXIgH MER| 4D} ZSIHE0l et 22 MBRA X

= =

— S

2 B BEo HI80 AN EHEW &0 U
BRI D, WAIAl HEXO HE PXZE RXSGH I8
FJF HAH0l = RBtHCH

CR-Tree(Cache-conscious  R-Tree)= =8t
MBREZ I8 ME5t= R-TreeOICH4]. XA =22
MBRE 22 =S MBROI et AUX XEZ IS0t
J(RMBR), AHCH XTIt LFE HIEZ HEE & U

T = X358 CHQRMBR). 2Lt MBROI QRMBRO]
S8 il MBRIE 242tel @It wAE £ UL,
01248 QX0 SlahAl FIHEQI Zit(false hit)Ih &
ME & QUCH FBH, WAA MBRS 2= =201 O
Jb H&0) E RO

Aukel 7|

[y ey —— )

HIHZ

B =

2.3
H AL

tH
=

o1 GIOIEtE HAIOH

ro

ezt X2



14
0o
10

-

merx
18

tH =
==

nr 2

Im 0% g
S
{El
Hy
J

|t| 0.,.0:
Hl

b

S5 MNESACH
LS Z=HAMIE S22 dIOIES
2, Huts HOIXIZE 0=3I |k
(locality) Bt =X (sequencing) 2 CIOIE+
S22 NSS0. NEH2 IH 2R NSSD Al
ANEECZ UEs 4 A=, 224 KIgsdoi
20 HXE Al 222 J|E02 2UAHE HOIXS
Ol Ji7t2 Dichol:s BBXE 20| 0= AS LE
W= S4010, MR XEL2 320 XS A
EE9 HOXI= JIN2 01200 23XE 20 0=
A2 LIEHE S4A0IC. =82 22U da )
S2H0| A= N2, XS HOIXKIS HZ OS A
Of fIXist HOIXD HEE 20l 522 UEUE

EH0ICH9].

ATEYCAE YYHe T2 AAN ARl HYy
£ Fliote X222, 0|2 ol 8o a0z =2

He

on 0

=

=t
H
()

x
2 ¢ o
0x 02 [N

Xl

b &
[ |

HIdE Autdg 2885101 Aok 2 JbXl fetch ¥
K38t Fetch HEol 32 2tcts] TZMA AKX
AHO BHEE Sl= 24D 20] 2EGtD, TS Y
$ W2CH Fetch EE 2 non-blocking H&2] A
0121 W20l HAINA S&otes U2 HZ2 HASH

SEGHH $EECH Del, YBl™oz Myl &
M TE M AssS YMAIK %I B2 Zxz1
B2 SEN SRSt 82 FX =0 2¥e=,
ALEYAHE LHUAN HE SRS SHE Agg A
HE 2 (prefetch scheduling)OICt. &, T2y IS
ALOLOIl fetch &S HEs X0 HIXISH=E 240ICH.

—

1,
o= o [

3. PR-Tree

=20 A Hotst=s PR-Trees= == 3AJIE MA
3219 = B2 @10, =SSOt JXlsE Al
A2 Qs HZel XA AIZE Z017] K
E OHAl ct2l TheZ2 SHUtlsiCh 0l2s ¢Hs
SET AN BIHE O ZMat=E WAl 2ol A
£2 £ UG DD, =€ AJE AA O
ek E212 =01JF %OIXID MAl ATt EHEY
B2 XA A2 E2Y £+ UCH 0IHE PR-Trees
B JI-E OIEal B, &4, AH AAuA
MEt= Al AINE E0 L& 82 A2 20l
2F oA X0

e 22X

PR-Treed R-Tree2 L&
F SHAIL 2421 3012 H4 Hio XE=
K &tote=

SE Al
A

H
=

>

=2
=

Ok ng

w

L C=
I T

Ly

ctel &9z Uso
= UCH 0o

AN

sureisr [y

. MAL efel

Mo H M

=N

o i

= =2 =
(=1 = = =

125

=
[y

32bytedd HR0 LE2 dJl= 64+160n HIOIE
(n>0)0 201 64, 224, 384, 544 - 64+160n HIO|
EDJt =ICH BHHU Al 2H2l AD|JF B4HI0IEQI AR
= S5 3ADIDF 64+320n HIOIE (n>0)0l =01 64,
384, 704 -+ 64+160n HIOIED} ST 38 32 324}
OIE HAl 2421 2000l LHE PR-Tree =&28 EHE

A —=

Ct. OIJIM =50t JtXls AEel= 3o+ &0

G4bvyte
e N
- 32byte ™
L ‘
- -~
{ cAache lins I cache line |
20byte

8 3. PR-Tree2l =& FX
3.2 24235

0l ZUIM= PR-Tree2 M, &, &M 21DalE
2 20,

3.2.1 ZM 22E

PR-Tree2 4 AHitg 2E L E0HAM AlRGSHH &
o0 ZetEl= ot?l diEe =2 0lSdle UHEES
BH=G6H 2IE =22 AXNE RO s&A28 2s
Ct. PR-Tree2l ZM 2N2ISUAME S JHA dEH
2else HESHH.

HEN 2Dels(d 492 £ A0 22 &ZR
2 8l Exd=e &9 D= A EEE MerEt
Ct. &l LEE 25 detgeld XX = XA
LEEL HAErYEXIe SE0 HD| 20l et o
Arb Aol HA EXE= A 2o ZOHE 2=
Ao yy P20l O 22 2B R-Tree ™
&0 HIWGHH 2 85 gd= €2 + Ul MM,
E 30 A2 ER0sE M A =8 dery
gt= R0l HZel NHE 20 28822 22 = U
CH

begin

Results = &
if (Ais not a ieaf node) then // Search internal node
prefetch (all entry’s child):
if (entry's child pointer is not NULL) then
for each entry (p. RECT) of /A do
if (RECT overlaps W) then
CHILD = node pointed to by p
SEARCH(CHILD. WNRECT):
end if
end for
end if
else // Search leaf node
iflentry’s child pointer is not NULL) then
for each entry {p, RECT) of R do
if RECT overiaps Withen
OBJECT = spatial object pointed to by p
Hesulis += OBJECT
end if
end for
end if
return Results
end
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Results = @
if (/7is not a leaf node) then // Search internal node
if (entry’s child pointer is not NULL) then
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if (RECT overlaps W) then
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SEARCH (CHILD, WNRECT)
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end for
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if (entry’s child pointer is not NULL) then
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if (RECT overlaps W) then
OBJECT = spatial object pointed 1o by p
Aesufts += OBJECT
end if
end for
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end
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begin
if (#is not a leaf node) then // Search internal node
for each entry (p. RECT) of Ado
prefeich {(entry's child );
if (RECT overlaps /A) then
CHILD = node pointed to by p
INSERT (CHILD, /A
end if
end for
else // Insert into leaf node
ADD (R, A) /} Insert IRinto R
if {R overflow) then
SPLIT {R)
end if
end if
end
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begin
if (”is not a leaf node) then // Search internal node
prefetch (all entry’s child );
for each entry (p. RECT) of A#do
if (RECT overlaps /A) then
CHILD = node pointed to by p
DEL (CHILD, /A
end if
end for
else // Remove from leafe node
DEL (IR. R)
end if
end
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if (Ris not a leaf node) then // Search internal node
for each entry (p, RECT) of Rdo
prefetch (entry's child )i
if (RECT overlaps /A) then
CHILD = node pointed to by p
DEL (CHILD, /A
end if
end for
else // Remove from leafe node
DEL (IR, R)
end if
end
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