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Abstract; As the mobile data processing and management needs continue to improve,the embedded database which can closely link with
a variety of handheld devices has become a hot research of people. While B+ tree as a mature data structure,has an extremely wide range
of applications in database indexes building and index data file organization. To further study the embedded database’ s B+ index building
mechanism,use Java language to achieve a memory—based B+ tree in this paper,and give a evaluation tests for its performance. The test
results have showed that the B+ tree has a good data processing capabilities.

Key words:embedded database; B+ tree;index ;Java

0 B8 = k[ 4-14] AT FIFH B+ tree SN SCHFZR 815K
B TR AN TR el i & b P de s JRAELSL R A0 b R 15 50 Y el ) A6 R 25 i
B4 (FHL . PDA TAR AL 2 ) BT B AR AR X B+ tree SEATIIA, SO HIGLH T B+ SEELAY
BAE T A SSBOE R AR I A A B S RN TR SR A A X BRI LA AR
YIS, BT, CRBIE RS M AY, M SEE, DU HAT — A BRI R B
DB2 | Informix , Microsoft SQL Server, Oracle, Sybase
ASE MySQL . PostgreSQL & SQLite %5 % 15 b e #) 1 B+®ET
i B+ tree R, HE-HEHE FE R G U0 CouchDB | B+ tree s&— M 22 XA, BN SR DI K& T
Tokyo Cabinet ,CodernityDB 5] S 73 itk B+ tree 2 195, [Al— M b Fe i A8 [6] 9 715 5 AT DA AN [ B
515 %HE . NTFS  ReiserFS \NSS XFS . JFS } ReFS  MIFTi s, —HKE B+ tree H— MR & 2 TN EE T
XM RGEH R B+ tree X SCOCEIRHATR S, AR T S, AR A2 M R (i
Kt , X B+ tree iIXFPEIE LSS TIR A IR EA + B HEA W), BEAEPAEWAT AL
SrEEME X, B+ tree SE T AR, BV AT A I 5 55009 TR B 24 HE 4
SCHR[1-3 ] BRI LA T i B+ tree M EEAY AR B A BSOS ARAFAE IE 15 A, PR 0
B R 5 AT DI KRR B M R S B A R ORI T2 A AR B, R — 2T s N R A

Wi B HA:2014-04-17 &= BH3.:2014-07-17 [ & H AR Bf 18] : 2014 -10-27
E£ WA W H /R A A XBHEIOCH H (200931103 )

YEE B VR (1988-) , 95, WHWF5T A8 WFSE 7 ) A  fe s B R BAE R B AR K v H

P £& HH R : hitp ://www. enki. net/kems/detail /61. 1450. TP. 20141027. 1429. 009. html



S 112 - HEMBARS R R

05 &

ZAHEY . BT Ry R B A R S AR, AT R
AN PR AR TE I s B

B+ tree E/JM(E‘A‘QEZ%)IEj‘] b,E%W’E‘:‘ V‘]%B
T R B R A (HD RS N ER T ST LU R AR
ERIECEE) o A BB B SEBRAE i 1 1 s 48 A A
WK m, BRI ECRIC R kW k=m-1, H m &
R [b/27< m < b 29 X TARTT 8L (A F 198
) AZB0HG /2 2 < mo<< b 2900, W A5 rp A7 i
FUGE L AR, A8 10 115 SRR 5T, Y SR L SE PR A7 it
BOREBORE kAL | 0/2 ) <k < b -1 23R,

TE B+ tree HAMRDICSRIEO T AR A —
AT R B A R (R EUAE AT R R R
{H) , AR B RS AR 9 A, I B 00 2 0
<k<b-1%4f,

B, /1 H—A4 4 B B+ tree WYSE), i % T 7
B B+ tree AR5 5L LASMI N ER AT sUAAA 09 119 RUAR T
BETE 4 AT Z 8] AR s ARG 011 s de A A
TE2 F17 ZH,

315
S TpTel

' Y

2 5 6| 7

: L/‘ 31|-TJL-/-1-1-|J

- T
d3d4 d5d6d7

B1 —/A4H B+ tree #5 51

2 B+HfHy4E

X T b By B+ tree, WIHLZHCH b AAA# 100 B
n,ﬂ']Eﬁ%UT%“‘ﬁ

(1) B Z BRI A I I SR B A

n, = b - i

(2) BB AR R IE SR R
p ot

N = 2 rjw

(3) REE A2t A S A e TR A
b h
i = 2 (7—‘ -1

(4) FERPEERRM I 25 R R 2220 O (n)

(5) AR HAmA JMIBR 1 5500 5% i I [a] 52 44 B 1y
5 0(log,n) ;

(6) 715 [l A 4 (BRI 12 00 SR ECH k) BB ] &
245 R O(log,n + k)

3 B+#fHJ Java LI
ARSI BTG 3, 19 A R HERR R A
a] DL o SRR ) A g Bt

3.1 HIEEHWEX KAk
ARSZEAE T =28, B A28 Node, 5517 5
2% Sibling A5 55 I 5k 2 Record,, I THIX E AT B 4R
PR BEA T TR0 P 3A
(1)1 526 Node HYEARSS AT «
public class Node |
private int keyCount; // 5 s F E 7B 0912 4L
private Record[ ] records; //f#f#ic s A%
private Node leftMostChild; //fe 223175 s 8%
private Node left; //[R)JZ 277 p
private Node right; // [)JZ 4777 #,

SN b

private Node parent; //3 79 5
!
ForAr M35 SR T leftMostChild , FRAE ) B+ tree
J2 T U] right 8 ST HE BT A I SN A B A IE
F2 R —ABE R DA SR > 50> = A0 9), S HE1 s U left
BEH I AT DL SCHR <3< = A5 1, parent 75 B H1 N #8751
1Y left & right 3% H F R,
(2) LB 52 Sibling FIBGRSSHIRHA T .
public class Sibling |
private boolean isLeft; // 4275 A 2=l i2f
private Node sibling; //77 s,
!
Horp 5 isLeft 24 true, W 327 Sibling 48 ] 475 55
JEHETT A2 ST A S A S
(3) 9 NIE %28 Record WEIESE ARG AL .

public class Record {

private Comparable key; //%#

private Object value; // T R PR N Y (R
private Node child; // NHSTT s B, GRAET17 U484

|
f

Horpr, PR S R key AT child, b7 5 2l A
key F1 value,

3.2 B+WRHEMNAR

Z B+ S EA DN A0

(1)MAX_KEYS=2;

(2) AT R 2 A MR MAX_KEYS 5id 5%,
YRR 1 MAX_KEYS, 5 5 & A2 432

)it R il R R 2 4 4, H
leftMostChild FH 48 1] 8 /N T12%797 s N e/ INERE ) 48
left JH R4 1) [6] J2 22 (9 5 550, right IR 48 W 6] 2 40
{WUE’J%'E\ , parent Jﬂ%*ﬁbﬁ—%‘ﬁ,

(4) 58 B — 2 BV EAA —A5 sl (e e B
SRR A, MR Y ) I AT RS 0 2 MAX
KEYS %%ic 5% ;

(5) 50 HAPIIZEE, oA SR S A, 7
AriE)E AR E BT 1 &, R R R
)RR~ MAX_KEYS/2 FHU#



513

BV R - B+A S G Java SEPLT RS <113 -

(6) 21 g A T 2 I R AR T D R
AR AR SR DT 1 ARl BT S
BRI T B MAX_KEYS/2 FHU

(7) M5 A A T S5 e BRI B 5

(8) A8 B 1 2, S i (R s R b )y
S AR IC S5 BN Y SR B A N, B e 3 Y AR
BRI <k, B TB b AOFREHIE B> = k) H <k, B9 T
Bk B EFFE T B> = b, HL <k, (0 F 8, BZ T A
n A WG — NN b, REHE B> =k B TR

() ARV EE B,

3.3 B+HEHEEIIHA

BERS  A A FRE Key, VRS H by B X
NLFME Value, B RYSEIGRE N - B 518 8 A A 4k ek
H wreeSearch 4% 2 I GEAL S BE R Y 51 SRR AEREY
SR AT SRR N AU, 326 U A 38 PR T treeSearch #i
AR S48 £ nodePointer, 25 4% Key, METE layer,
a3 7T e AL B Key (91719 45 nodePointer, H {4 52
b2\ URF

DU nodePointer #2745 15, B #3 [l nodePoint-
er, H AT AL HRD;

QAR Key /NT 24157 45 1000 fi/ N K S FT Y
A BT HE £ 48 nodePointer, {115 Key KT
ST T R R R R R R RS — SR e R
)T 48 £ 25 nodePointer, T W , 3k B0 5% Rec, 15
K<=K_ <K  3f4i0 3 Ree 09T BHE 6 RE node-
Pointer;

return treeSearch ( nodePointer , Key , layer—1) ,
3.4 B+BHBENEELIH

I ATEIE S FE R 5 5 VA e 4K o A A
AR CAAAE 4 CARTE 3R mHE AR, 50,
VA B IT 45 A PR AL treelnsert K5 8E(E X6 A . 3 996
NB: DARRY i B A 5% B B4 H BT =i B2
28 , IR IS 175 & 90 5% newRec, BETEHE
REJEAEAH L Y119 5008 U3 8] I A 0% | 130K 5 30
J2 1) T A T4 A R R, B A S 0 Y SR AGE
S5 PR IR A BT L R T RE A A R
2 MY RUR A BT AT SR fe N A F)
R TR SRR S R AR R
ANBEHER R R, BRI

R Z N 1,278 575 G2 35 1 AT
PR, AW L HT AT L B @D

QU S HT A 23 8], A Y B R4
AIESE R IR 2 A WHAT LIRS

@)L (S — B A R
S T AR A I S | SRS R Y P Il
SN _E A B TC SR 1 0 T B 2 AT R FRT S A

B JE MR e/ BB RS ) 397 5 R B FR BT IR
newRec) , WAL YIS 2B &, WK & 12,80
newRec;

@ 4 /T 5 80 F A K %5 pointerNode, 1
treelnsert( P,R,layer—1) , I R BI{E 1% & newRec,
W newRec N2, BRTEERABEETHENZ,H
$£1R [7] newRec, %W\U?ﬂﬁi@%@,

U S/ R, B AR A SR A S R
R, &[T AW HAT ARG,

© 5354 517 7 5 B e — N1 BT R
JCA T A I S S R RS P e s B
TR AL P24 23 B0 2 24 Fi 5 s AR b,
T R/ N BRI 1875 SR FR BT IE newRec, BT
T Y B 20 AR AL R Y R AR /N L B AR B
SRIE MR 35 s /NVBEE 5% ), AR M T R AR Y
FBHK R 12 IR ] newRec
3.5 B+RMBREZII

O 5% B i ST AT P e e A A I B 71
SR ANAETE R TR, 3R [N B 2 0, 5 D0 37 ] 328
VAR PREY treeDelete AT MH 55, 18 132 U M) 5% R %
treeDelete B3 B 50 A 24 A/ 5 NV, A A5 P, id 3%
R, Y4712 layer, iR 01§ & I+ F 75 £ A0 % oldRec, &
RS AR AR R

D4R Y12 layer 4 1, R A7 5015 5
PATL IR, W S HAT LIRS

QR N AT A HAEMER R, R W2, 4Rk N
I RO T 19 SO S R B A IC SR B, B M B
W3R R HE oldRec 25, & WIHAAT A BRG), 4n SR Bk
ISR N /N S B NV R 2 AT R e A 4%
T B AT AR T N BRI AR s BB SO N AT A
(/N IR 0] oldRec;

QMR N Pidsk R BCE S S N 5L, AR S 1
I SRECR T 7 W S PR B il s TR, N S i 1 5%
IC SR (AR NZE SR, 5 A 10 2 L o 10 de KB I 5
WAL P AR 18] N AR 4% 10 S A BB O 18 R
B ASRAT DL AR i A0 LB Y R /NI S 20
K AT AR 10 A7 SR IR SR s BB IO A S
(/N ) IR 12 A5 AT @)

@K N AN S I (B 1 224396, WR AN 72 S o
GIF, N IE R S, E oldRec AT S5 1]
N BB ZRIC T AR S 501 WHE S il %
F N, BE oldRec AT s P IR0 S IR ARIC ) L 1R
[7] oldRec

GFf 2 1/ 9 51 T A W AH 45 pointerNode , ¥ JH
treelnsert (P, R, layer—1) , I F HiR [BI{E % & oldRec,
WA oldRec Jy=s, KR T RWA KB REG, Bk



- 114 - HEMBARS R R

05 &

R A% B PAT RO ;

OB N HFAJE 5% oldRec, TR N 25 A, #t
FRAR 12 R 125 AR N AYIC SRECR T R s
BRI R TR AR [ 255 S P T A BR D

OWE S A N B R S g HOR Ty
SIS RR B IC S N R (AT DA ), AN S i 1 Rl sk
(AN A Lo il A 0 02 S o 1Y Fie R IE 3%, N 1) de
iR WAL R =0 S TRe S A LI (R E = (= 37 AT
SEMTUE SR N JFR e /IME S8 EE N /AL sk
TR N 10 35 A BHEA A5 S oA 100 B VA1 460 5 2R A S
B, S IR 22 MG 00 B SO A E 1 TR 5 1d S 4K
T (4715 051, FE R (R E S 4 B S TUIE BN S 1R I 2
T A, S AT A R G T 1) i S7 1) 0 20 T A A 1Y)
PR ) R 2SS AT RO

@¥ N RS I (WL mZE A IE, MR ZE 5L o
HIFAE N BE R E] S, BB oldRec R4 A5 45 1]
S PR Z&IC %, [ 22 S oAb 3 | A5I0 5%, 8 NV 1AL
SURFE T N IR A IC S B T 5T R N S5 A2 D4R
BE s anSfRAT ot A 01 AR S Hhiid e B N, 1
oldRec FACTT SR M S MUAR %ISR, Ml N #hFE 1 4%
OB R S YACT MR ) S TR AR IC SR T 4
oA S s A MFE ) 3R 1] oldRec,

4 tEgEMR

SCHMEAEREE A« Centos 6.4 BER S ,2 G N,
ext3 CHFRGE, MBI K 5 Ry - 100 J7 4% B AL AR WL
PR . MRS SRR A i B A8 - X FERT 0. 103 3
ms , i A BESBE - AERT 0. 286 7 ms , MHIBR A 2585
SEHIFERT 0.373 1 ms,

HI UG AT D 32 B+ X g 2R B30I R A A 1R 4 AR
T 5 B PSRBT R E 0.4 ms, PRI, 1% B+A B A
U A P RE

5 4HHRIE

P SELSG B A REME S A S T S
B+ A4k 37 A I s S5 5 1 B 285 4 1 S, R
Xk A0 DLBRAE (0 52 B AR AT T RN A SRR

XX =R R LR A PEREHEAT T LI, . IUl4s
KU B+TERCE L 207 T R I A 25 5 PERE R 47,
TR TR T AR R 2 28 5| B SO 2R 51 T 1 )
FIBE T HL5 10 S LR

S 0k

(1] FE3wam, Ak, BHWTERR R RS ag R[], KILKR
gl (A ARBHERR) ,2008,5(1) :233-235.

[2] k2B A REIRE B+ REIHLHIRE G R ek [)].
AL B, 2009 (12) :68-71.

(3] XU, 40k XN B, i A UEORE PR 1 e B ~ +-
WRGIHUHI[T]. TH L LA 58 4% ,2007,29 (1) : 101 -
102.

[4] 3k AW, X % ET B SURFERBREAR
[J]. eV BE#4i2,2010,26(2) :31-35.

(5] KAMRYE, BN AT &, 5. —FEET B+ IR & R T
ZER[]. THEHLTRE 2012,38(14) :35-37.

(6] il BB, B ~ + BRGSOt iit (], 3t
BT A KT,2000,21(3) :40-44.

(7] 4R SER PN 32,5 XML B B+ WA R T 5T
(1] HEEHLT AR S R, 2004 ,40(22) :168-170.

(8] Fha#k 19 M,5K A T B+RIAY RFID By fif i 5 % 45
Br e[ )], THEHL TR ,2013,39(9) :49-51.

(9] GRS B, B4R, E NTFS H TR B+
AT LI] AL TR S 031, 2010,31(22) - 4843 -
4846.

[10] Park J,Hong B,Ban C. A query index for continuous queries
on RFID streaming data[ J]. Science in China,2008,51(12):
2047-2061.

[11] Kalay U,Kalipsiz O. A comparison study of moving object in-
dex structures[ J]. Journal of Computer Science & Technolo-
gy,2009,24(6) :1098-1108.

[12] On S T,Hu Haibo,Li Yu,et al. Flash—optimized B+-tree[ J].
Journal of Computer Science & Technology,2010,25(3) :509
-522.

[13] Ye Xiaoping,Tang Yong,Chen Luowu,et al. Study and appli-
cation of temporal index technology[ J]. Science in China Se-
ries F:Information Sciences,2009,52(6) :899-913.

[14] Li Guoliang, Feng Jianhua, Zhou Lizhu. Keyword searches in
data—centric XML documents using tree partitioning[ J]. Tsin-

ghua Science and Technology,2009,14 (1) :448-461.



B+ HIE I JavasEBL T BT AL [HRRAE ..

YE B G, SHI Ya—nan

== e BT R AR R R A IR T SR, HiaE 2 ARSE, 830011
% PEEHLBA 5% RSTIE]

LN 44 Computer Technology and Development

B 2015 (1)

FIUHASCRE 30 . SHT Ya—nan B3 JavaSEU vARE T OIS ST - T SEHLEOR L i 2015 (1)



http://d.g.wanfangdata.com.cn/Periodical_wjfz201501025.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%97%b6%e4%ba%9a%e5%8d%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SHI+Ya-nan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e6%96%b0%e7%96%86%e7%bb%b4%e5%90%be%e5%b0%94%e8%87%aa%e6%b2%bb%e5%8c%ba%e7%89%b9%e7%a7%8d%e8%ae%be%e5%a4%87%e6%a3%80%e9%aa%8c%e7%a0%94%e7%a9%b6%e9%99%a2%2c%e6%96%b0%e7%96%86+%e4%b9%8c%e9%b2%81%e6%9c%a8%e9%bd%90%2c830011%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.g.wanfangdata.com.cn/periodical-wjfz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%97%b6%e4%ba%9a%e5%8d%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SHI+Ya-nan%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_wjfz201501025.aspx
http://c.g.wanfangdata.com.cn/periodical-wjfz.aspx

