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Reordering B-tree Files
Satoshi WATANABE  Takao MIURA
Dept.of Elect. and Elect. Engr.,HOSEI University

In this investigation, we address a reordering technique that improves sequential processing
to B-tree files dramatically on the secondary storage. We show why conventional B-tree
technique doesn’t help us to process sequential queries. Especially conventional reorganization
is not really helpful. Our basic idea comes from reordering of blocks. In the first stage we
obtain all the data in a logical order, and in the second stage we put them into pre-order. We
discuss some experimental results that show how this technique works well.

1 BM

Held, RRCETHIEANLMECERTAZ NS5, J I CRYES BRI, ELIEERE L EX
BRTHY, S={vy,v2,..,va (S C U, U REEZBDRVTFT —FEATHB. ) &L, EURERIL,
teUTHL s BSDERTHIPEEETHZILTHY, IERERZyc SITHLT, 2> y BT
T €S DR/MEZRET 5L ThHE. [BREROHE, ABMIRFIShT 7 A LT, z XEMIC y
DRTHHDOTHEIZEDND. WEROLOHERED, BAEHIL bOOBRICHLTHELTVS &
EoTWB (BEH [6]).

RFCET ML, MO F— S ABICH LTECLEETHS. iz, EAR SRDEPEEL
Teava—Fid, @#ke CPURERATAZ LICL D EHErER LTV AR, EERANEBROER
REKZELY, HECETIREETIZIENDS., £IT, T—FENLEEP T VERSENLEL
2. 1DOOBREE LTyl s 58, IBRERBTERNE VI HMERSSD. ZZTIEBA
WEEEZD.

—HRIZ, FREZTNEZVIEYBVEESEREBLNER, LV KERT 7 AT LY B ONMBEER
EETDH. T THAE, BMLHEELRLO0, BOREDERSLELRD (4]). BEDBRIAOE X,

Ty s DIELDE, NyT7r VIV HBERTHLEX NG, —RIC, M OmMES .

BETHI LN TES.

AR TIE, ZRERERICRT DIERREEUET 5 T 0y I BIEMEHAT . KeDERNRT
ATTRT Ry 7 DETHRZTHS. HIHITTRTOF -5 2 RBIRCEEL, KIZT 0 v 7 2HARAHE
WEIRAD. 7oy s BIBNIEER L 38, ABERZE-<EXRVOT, FHIERRICHEL S
ABRVARZERLTELY. BOo0ORBER»D, ZORMSMERECANTHE I LREELTY
bABESHD.

—153—



DT, 28I BAI AT AOEEL, JERERICETAEEROEMAIZSVWTRS, 3EHTIE, 7
oy BHEROMES G AVTHRETS. £, 4AHTRESHOERBEREZRL, T v v s BIIEN
KHOWTERT 5.

2 BRIFAN

2.1 BX774LOEKEHE

MHBIZB ALV bOZEHEL, TOBMEXERCHATS. ¥, BEEERZSIRVEASEEX,
ThicH UBR, A, HIR, BIBREZESETS. BATIE, /— FEEnbnMors v & THEES
NiEAEEL LTEREANS. FhERD ) — FREE, mBOE v < ... < vy & m+ 1 EORASF
Do, pm CHERENS. T2 Td<m<2dThY, dIELFING. EORL VT p bFE 1D
WAKRT 7Y, ZSTT O/ —FOYDEv b, vy <v<v 2Mkd. SOIEERILRI, T
n7/x%%oawokarba blm=2d2biE, THRETHI LT, ABELTHERD
E, AOMNZh=logyy,,n THD.

B 1: BAHN®D ) — FRE

Exonf S TERENDS BAIZLDTRRY. Rim 2EADILITLY, HOo0OHS h DB AT
BEXDHIELNTED. TIZTlogyy n<h<loggn THY, niZTOF—FHTHSB. HlE LT,
§=1{2,5,7,12,16} IZ, UATDRRZD 2 OO BAREEXHI LB TES.

2: A—ERTORRBEBA

BAOEF 2T BB, A7V v MBI STREESHDS. TS, 7y 7 NOT—F DEEHH
T uy JiCBETS. ThbDEXILLY, H2—EOTay 7 fIARERLEEE, BAZHREL
FH LN TED. B

Lab, 27V y MEHIZ, BARICK L CEo»ORBEE3IZEIT. 20 128, BETuy s 0iEb
DETHB. THICED /O PBMETTHAREERDD. Fiz, 7ry s DEEFRD 50 4UTRDHOT,
BEDOHE, Tuy s OXSBRERICLRS.

—154—



2.2 BARIFZAILOHELFHERM

BEBAROKMEEZ D, FUBREICBOTADOE S 13, BRORICESFETS. 22Ty 77
&W%ék#é.%%@%L,LuVAw®7ﬂ/&iﬁ¥kﬁ#ﬁih6®?,A/77%ﬁ%?6~
LR LV ERDBROMENPFTES. —RIZ, Ny 7 7HRIAROBEE LV BRESRTVIETTH
5. LipL, ARNV—T 4 VT VAT A (0S) & BAYVRT At OBIZRGAVRELS. HilxiE, UNIX
BYATLABEONRy 77 F-oTW5, ZOEBETHAZR, BEEZI/O 2HETZILRTEP, =7
Uy MZEY SOIRABEBT 5. Flil vy I BERSNBHE, 0SIRF 427 EDZNTW B4
HWERL, BATD. BR, 7oy 23T 4 A7 LRGRTHZ Loy, HxBIERERLITIBZ,
RE2 1/0 ), ROy 77 OFABEEEE 25,

THIZX LTEOPORERBRBIN TS, Ny 77 8OWEM, 77 AAREREBEZLNBMR,
INORT—FREOMEND . BE, HART—FBICHLT, ThLEZEATIORELY. 22
T, KYMRERBRKL LT, 7oy 7 (Block Sequential) BA VBB, A &ZITEkY, kprL
SNDT Ry J~DBBEB LTI, TRTOR—LADOT ey 7 2 ERETSE. L, ThTiky
By 7 DSBS TE R, MEIRFAYRIET L — B L2\ e Th 5. ,

NRODRREMOITEDIZ, BRAY7 7 A VOBEBEREZ LN, ZThIZLVADL_AEELS L, 2%
W27y 7RIREIT) LB TED. BFIRITEHRAMEITIBIC, $TO/—F (d<m<2d) K75
BROBEHITILBELLND. LiL, KOBSEELTHEDIC, fidE2XE<THILE, 7
oy 7 OFAHBROBMERB TEERDH Y, FARVCOLEE THELRAT LA, SbIEERZ L
1%, FEREB IR TOATY vy I RBEDRZ L THS, Hxld, HERXTY v b eHBT2- L3 TE
T, TARIDEXFRIZOS KL VBBEENB D, FESRET oy Z o bEiE L TE v YT
LNB LRV, 0L S RBAMOIERERITENT, BEERABAZ 7 A LORAEH D =HIC
AHTHBLIXBAIR. '

WOETIE, NRTRERFIZREL LI BRI L\ 5 # LV B RET 5. T O, ELIRREICIRV T
REEEHER LRSS, ERERODERH LT 52 LRTE 5. e

3 BXRI77AIDOBEEINEH
3.1 BXIZ7AILDOVEIGF

ZOfTI, BRZ7ANDRBEODDRLDEZ FHEPL, £OTALITY A ONWTEET S, &
CHBEATNS LDIZ, BRZ 7 A VORBIIERERICESN TS, T2 TEF (e DHE, BAD
WER LB OBR 2 LREBIEF) KOV TEZXRTAIER LRV, TRTOERIIRIZBLTEFSATY
5. BADBBAT 7 A NVEIRRSD BVITEURERT 5B, RBIEF TR BLRALIERE CREREL
T JRRER BEAIRER ORI ZFAT 20T, HIVALVORBITHBIEERL Ay 7 7 NICHTET
5 &k&é OS #Id 1/0 #fIL, %&7m/7% EZHEHRL ORI THY, ﬁﬁ«w EHIA I
REEIZITS 2R TE 3.

BaDEZIL, WRIEFELRBEFICEOHEX B L HBHETHBHDT, bl7ay s BELIALIEF
R, §ﬁ®V«WLﬁLT+ﬁ&A/77mmﬁén1whﬁ MR BRFR I3\ 7 7 %18 L CTHHRMIZ
T23TTHS5.

ﬂls_{ABcz)EFG}%ﬁﬁb 74xahfﬁh¢AEDBACFEG?%$¢6 k%%
2B, ZDLXx, %Eﬁ#b Ai&m$m~ﬁbtﬁ%tm&@®;7&&ﬁw LThB. D

—155—



lnkg A € F E & |

BORGECRONORCGR)
B 3: HWARLIRIZR T 2B BO—K

HAALIESF & MBI R R B2 55 5. 101k, X7V v Mok D 7oy s 58 5c
%5.%5IOHUOﬁOSKﬁﬁT6kw?%6.UMX@Z—K—7Dy¢%i/~F®i5K,ﬁﬁ
EB~OT /LRI 0S BEHICE Y STH. TOLE, BAALETOMEKMER, 7o v 248k Y
B HEBERT B, :

B 2 F—¥MRED,F,CAGBDIERESN TS LRE LEE, IBRERSITS OBz 2,7,5,4,3,1,6 D
JBIZRRET BT CHB. O : :

|ED 7 € A G B |

ONORCONCONONONG)
2—7-55-54-3—1—6
R 4: FARHMAC T B YR(TE DT

3.2 JovsyBES

Bk 0 BT, EDEIRLTRARRIRIZT 0y 7 2B HBZ B0 ThH B, L9 BEMIZHRT 5. &
DTB YT HUTOL ) REEEFEODT, TRTOABELEFRET A LNTE 5,

LPtro | Vi | Piry [ .. [ Ptrm_y | Vi | Ptr,y |

IITEBLTHLWREWDIIX, EYoTrysy bl 1207 ay I nbRRA L FENTEY, B;1,By2
DTB Y BRELILHE, TOT 0y 2BRTBEDIC, BLiX 2008 L2 OBEEL, Tuyy
@W@ﬁ%i&wkwﬁckf&é.mz&.w%aofuwfmwmﬁﬁﬁﬁ,w%amfnya&
DREBRBMLBIETHEEEXD. 0EBDT 0y 2ITiE By, 32FEDT 1 v 7iTiE B, RA-TW5
DT, BEVORNEEHLEZS. KIZ, 32BEBOT 0y 7 28T H#A 052 10ERIC, 0BED oy
TEBITRA LV F 5 32BRICEEX M2 B, 20@?4/&H%h%h®ﬁ7n/?#6@?4/&T%6
D70y ) BROEXEFRIZ, HLDTNATY Xh%H%EAVCHREAT S,

—156—



B3 ZITORMNIZ, WEMNEBE2OTwy s (D) EMBMNELIOTny s (B) LEBRTHILTHS. £
T, Yoyl EmENE LICBEIL, FAWBEME2ICBHTE. FOB, EQBRTuy s FOFEL L F
BEEMZD. :

5. b— 7y s OERE

Wi, WRMET OB 2 WEUE 2 CBHIEHHICE L B LERL, ThENOBRORA L 5%
CEEHED. ,

6: B.E & AF OEH#H

WIZARHEMBIOF &, AIBOFIECEEH LS. EEHICH C L FIIEIDEYAIEBICEBSHh
TW5. BRI E L GE2BHTAZLICLVE B ZNERTS. O

X 7: E,G Dig#f

3.3 ﬁ%ﬂtﬁﬁm‘

BEIVEERL COLIRKTERDBONEE2 S, AIETEBLELS I, EERIIMERELLZD
», FEBECBIRo THRRITNEDL LR, FHEEE, BRIV BAOFEEREL RI0NEMTHY,
TRy I SELBORVITRENSS. —F, BRIIOHAIE, HmEeTuy s ofESER LORERE
LoD, WEToy/2®ETHOT, BRERIZOVWTHREICHENKESNS.

- —187—



4 %ﬁﬁk%ﬂbﬁﬂi
4.1 EB&

ZOETIL, BOoNOERICHTHRERERT. ek, BRI AT L% Pentiumll (300MHz) , A€V
64MB , SCSI /~»— K5 4 27! (4GB) , ADAPTEC 2940 Ultra SCSI interface %4 LT FreeBSD 4.0 £
CEBRTS. X517, BMIEEILIRF vy anNy T rOBE I0IKEEL, B-Plus /Sy r—I2%
FA+5. TR B+OM&EE LT, AIEEI—R#HILTOE, HaXEEFIOERNBERZET L2V
DT, ZOLD B EEERMT RS, 0oy r— T, RINERTF Sy LoBINTEY, &3l
Wy & F— WA THXITT 74 MERFRTTR G2 ’

BAT 7 A A~DEEFIFEMOBALIMET 570, KOFIETERREZBIARD. #1HIT, 1JO LHED
OS EEZ BT Bk, EREBHBD DB A— FF 4 A7 2WEHLT 5. RiZ, 77 A VOERE, 7T
OF —F BIEREZET . 0%, BAZ77ANVEEEIIL, T_TOTF—F 2IEKREERT 5.

EBRIZAWS T 7 ANE, BEFIEF— 2L OFEEZH~ S HIT 10000, 100000, 300000, 500000,
1000000 @ 5 SFEEHEEHOCTHERTS. &56I15, ¥—: LTERATALDI, TXTOEEE 100 /%1 F
OXFFNEHRT D, YOTay b 1024 /51 FROT, Uiz s 725, PRINDIESLUL, %
< T logs 10,000 = 6, logs 100,000 = 8, logs 300,000 = logs 500,000 = 9, logs 1,000,000 = 10 TH 5.

e BF 4 27 OHHLIZoWT, 3P LERLTEL. EBN OS BEICRIKET S Z L3748
SNB. HBIC, AT 4R OEEIIEARIC 0S OREROT, 7oy HEREIE Y ¥ Toh, RESH
B. FOLORFAAIED U TRBT B0, EREICT 4 X7 20T 5. SOIERETEBE
R UEET TS 100, 774 VO8I E13fThT, F4R27 ERRULERT 7 A VORIFET S,
IR EVEAE, oy SHEMEICEELTEYETONRD I LEHFLTV S,

4.2 #§

LIFOFET, 10000/100000/300000/500000/1000000 IXENEND T 74 VEBKT 5. #HOD 2171
(B &/ BEF) OIBREROFITHMEZ. RO 2TRTNENETROBEEHERT.

\ElapsedTime B

~ 100007 100000: 300000 ~ 500000°1000000]
Btree 211: 2369 LJ15....409.6]  1407.48
reordered 154 17200 2046 2675 68.73|

: Transfers,.

10000i _100000i 300000: 500000: 1000000
B-tree i ...210{  2050i  G6156; 35893, 116632
reordered ; 141 1502 1829 2562 6222

8 EATEER & EEEK

KOS5 7%, EORE TS TELE L DTHB.

s 25ty 51284+, Ty 7HTD 63224 (32KB), 255~ K
2 = /%y or— 1 Hunter and Associates ICED Y =7 V=T Thb.
3rn7ayzh 1 a5 kT 100 3 b OF—EFO.

—158—



Elapsed Trme Transfers
—#—B~tree - reordered

B-t

1600 140000
:ggg 120000
oo
5 800 £
&J 600 S 60000
400 40000
200 20000
' 0

10000 100000 300000 500000 1000000 10000 100000 300000 500000 1000000
Data

Data
9: FATIFE & EnkEEK

S VESEEIICOVWTRIET 5729, FIHE/CAT A © CPU OFIAHKE & 7 — 2 & OBFRERD
TZ7RT. ,

; : : : SystemActivity
10000 100000: 300000 500000 1000000 - .
= T 20 B (B-user) @B-system) 01 [ {user) @ (system)

8 15

=

g .10

L

L 1
u]

10000 100000 30[)0an 500000 1000000
ata

X 10: EAE/ AT A0 CPU FI A KEH

4.3 BE

BARCEEFNOTS 72 HBTHE, BEIINKEBART 74 M3, ETEMN, EXEHROBES T, JEK
BRI LTHEINTWEORL»E. £, K10 TiE, BIZOLRT AOERBEMAED LTEY,
EEE OB 72 I L0 BRSNS, VAT LA~OAHEZERL-LEZLNS.

oI, RITTHEBRIOS T 700, ETREEEXEROM TRELZEREAGH, Z0Z &h
DR ITEREERICETFE L TV DB T L3 bh 3,

Improvement Ratio

joR:]
06
2
W 04
o
o —#— ElspzedTime
. oo Transtfer

10000 100000 300000 500000 1000000
Data

B 11: EATRHE & Rk ER O YESR

1 CHEERLE, BIGOEEBIROECH L bDOLERT S,

—159—



5 #EH

$%ﬁf,7uy&§ﬂ&ﬁe%w€%ﬁuowrﬁ&f%k.:@&ﬁﬁﬁ#03$774wam&

T, IBRERICH LTHRY OMERMEEZBE I LRTESD. LiahoT, Ha ik ORFNIERERC
kﬁé PEREM EFIED 1 DL BEZ TV, BEIZ, ReOBRIVMARE, AOBEmEH Loy
DRREE HERF LD, m&ﬁ#w&&b%mtéﬁé LEBVWHLTIELW.

& 3K

[1] Ing-Ray Chen: A Degradable Blink-Tree with Periodic Data Reorganization, The Computer Journal 38(3),
pp.245-252 (1995)

[2] Ehud Gudes, Shalom Tsur: Experiments with B-Tree Reorganization, SIGMOD Conference 1980, pp.200-206
[3] Harbron, T.R.: File Systems - Structures and Algorithms, Prentice-Hall (1988)

[4] T.Miura, I.Shioya, W.Matsumoto and Y.Wada: Extensible Perfect Hashing, Conference on Information and
Knowledge Management (CIKM) 2000

[5] June S. Park, V. Sridhar: Probabilistic Model and Optimal Reorganization of B+ Tree with Physwal Clus-
tering. TKDE 9(5), pp.826-832 (1997)

[6] Sedgewick, R.: Algorithms (2nd), Addison-Wesley (1988)

—160—



