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Abstract  Complex query processing in large-scale distributed systems is an important problem
in bringing peer-to-peer techniques into applications. It has attracted much attention in both aca-
demic and industrial community. This paper presents a generalized Chord-like technique,
GChord, for evaluating queries with multi-attributes with scalability and efficiency. GChord sup-
ports not only exact match queries but also range queries. It has advantages over existing meth-
ods in that each tuple is only encoded and indexed once, while the query efficiency is guaranteed.
Thus, index maintenance cost and search efficiency are balanced. Additional optimization tech-
niques further improve the performance of GChord. Extensive experiments are conducted to vali-

date the efficiency of the proposed method.
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fn(c) price(n) | duration(n)| premiere(n) | cinema(c)
Garfield 60 75 2006 Guang
Lord of War 50 90 2005 Yongle
Silther 90 100 2006 Guang
The Break 90 110 2005 Yonghua
Thinking 100 125 2006 Yonghua
XMan 90 100 2005 Yonghua

Hod e R 241

Q1: fn=*“Lord of War”/\price=>40 /\price<<80

Q3: premiere™>2006 /\premiere<<2007 /\cinema=*“Yongle”

Q2: duration™>80 Aprice<<90 /\cinema=“Guang” /\premiere >2006

Q4: fn=“XMan” /\price<< 70 /\ premiere>06—03—12 Acinema=*“Guang”

Q5: fn=“Thinking” /\price=50 /\ premiere=>2006
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3. return G;
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(1) Yo MRLLs i ] BEAF A MAQ A ifj 45 2R 5
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(D) X F R @ BB Y ater, attr, =0, , W] 1D i fF
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N ECAE B R Ve IR B op FE AR F RS B AY
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R,
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BCAT 19 5 1D 38R IR Le 2 M ot 3 BRI A2 0 B
1,1 HA N . 4 3% 1D, GChord 7] #4) i — A4 a§;
Z MR Z R (Multi-Cast Tree, MCT). Z & 14 &
AT R A W 4% bR T R O T R R AR

1000100

1000111
1001111

(a)

Bt TA W] RE A A R 25 L 9 SRR 28 AE MCT
. 885 . GChord ¥4 # i N MCT 14 #2 [ fr A7 11
TR (. BB AR EERNA S
ARG IR A REAE W L B Tl R R A
LRI

5 WIR IR 10xx1xx JrXf R MCT R AE
J% Chord H &M 4% L4 & .

1000110 1000100

(b)

K 5  10xx1xx Jif XN i) 2 &

TR AR AL B A 0 ) R 2 4 R A 1 L B
VL E 2246 B BT 4  1) 1D.
4.2 HMEZEW

GChord f# i 3% & ( Karnaugh Map)t™ 3 #4
2. B Y5, GChord 2 5 W 4> ik R 4b B 3 19
MAQ H H B0 Ja 1 4 36 S v L SR R — A R
PEAR AL, W X A~ o P B A 1 R L AR S
Al REAL A A R B T SR R R AT AR L O
21181 R 18, 15 2] # 4y MCT (Multicast Tree Pro-
portion, MTP). 715 & fifF MTP L5 ,GChord %
HE g A TR U 1 77 2075 8] MCT /Y 1D K.

4 38 F0 240 f] R s B B Bk 2 .

ik 2. i MTP.

ATTRZMTP AR Y& WA J& 1 e e b 3 i) i i MTP

I s Cattry sopy sy ) s {attry sopy svy )

. MTP

1. M3 — A= 03 ] KRN B8 43 0 2 s M azery A
attry (R A] B8 2 1 (A48 5

2. %R B A 7 A% 05 I 6 R Y gn S R
Cattry sopys01) s Cattry sops v, ) BTG 2R, W AR R 1, 75 0
trs 0

3. X T WS AR B A AE [F /N 2R 1 RS L BEAT
H I IR A KANK 20 R 1 IS T

4. HE 3 HINWA LT LLAIFRH T ik

5. NWEA LA AR 1 BT e A MTP R,

E 6 B T — A28 50 -R o B, 53t b A
MTP 3 /8 H (x0x, x00), (xlx, 11x) Lk & (x1lx,
101).

N 000 001 011 o010 110 111 101 100

000[ 1 1‘ 0 0 0 0 ‘1 1

001] 0O 0 0 0 0 0 0 0

orrl ool ofloflo| of]o]o

0lof O 0 0 0 0 0 0 0

110 O 0 1 1 1 1 0 0

1111 0 | 0 1 1 1 1 0 0

o1 o | o f[1 ] [1]1]jo o

10011‘0000‘11

K6 WA EE ER R

AN @ PR MTP 2 ] #4795 404
I MCT 1Y@ 3R . 18 VR vk 3t T A A5 3
MCT Ji % hiz ) 1D 2R,

MCT #4) 3 A AT DA FH R Ab 2 A 25 46, 38 ]
PAXE A ) [R] iF HEAT , TTE— 255 4 ZE it A A
4.3 ETSENEHLE

R T MCT 1y 1D £7R LUS - 56 AT LA 3 A
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2. B — A A ID R ID, @ LS, IR ZE R &
SO HR S 0 2 5 5 A D) LE A M AT A O, A 25 LR [l 45 A )
R

LXTFREFMAEMR S FH—4 DR 2. ID R
0 WyhL, M ID", B X Ao 1, e A5 ID AR, 6
(D@ &K A 1D R B35 05

4.8 2.0 3 R LT BRI A AFAERF A A AR TD

H k.
B 5 R T RS LA L A8 20— Fh 2 36
MR 4. A H P Bk 8 (number of hops)

(958 2% Bl OClog, N+M) , Hirp N J& 5 & W 25

BRI A M 2 MCT |y ID KR

x AL

5 RSIS5EBEMRUK

A48 GChord 1378 2% 5| Fi 5 i) &b 34

J5 . AEAL B BR MAQ B, 1] BB 77 8 B 7] 5

(1) B4, — 262 1) ] e 2 7 i) % K Y [l
[Fi] B AR 22 A5 18 1 45 3 v] RE AR A 1 S 2o Al T2 LA
R AT B 19T A5 AT BB AT 2 (overload) ;

(2) 738 MCT B BOR & B PExF | MTP K
ANEFF. MCT Al REEE# £ . IR b A 1) b 28 09 A8 f
AR, B R 40 b b 38 2 1) BT T B AT Re R £,

BEXT LA WA 8] R AT e R G A 4R
WREEAR UL — LRG| S w3,

501 MEERSIETR

X F 4 Ui A 1) o6 41, GChord ANLUAE E AT
Xt IO )T R HEAT AE A S 3 FE TR Y5 A A 40T A
AT, BT GChord 1925 1) 2 58 35 AH 4% 7
HEATAL 5 11 o R 3 S g 1 B A 1 1 e A A A
W) B R RE B R E. BEAh . T A A R R
Al BERY R AFAEAH SR B 2449 21 1 T DA L B 2% 1
PO E TR B ICH B R 51 A AR B 7 2 ERKG
AT R R Hodh i ZNE R ORI BT R i R 5
JITLE B R SR W B B 7R G A IR

000 001 011 010 110 111 101 100
B A X 1]

B 7

WG| GAT LR 3 4> T2 BER] A W o s o
AT AEMRLE AT AR A1 BB A LA AT A7

(D) Z 515 B s e, B4 € B A 2 R 5
AR RS0 1D 9 B RS 2 i P R P s T I BT ik
26 I A AR AR 5. X N D 26 Chord 2 M 2% 11
TR AR B VRS R R U 2 A
AT M RGME S REE B BB LT A
B AR AR SR T 55 . I ok DA B i 22 0 Y
T S 8O0 B R 1 A5 A B 2R

(2 530 B A5 10 DX ) G % AH 408 45 A5 14 25 160 £
Bom i A Flow = Fua/2+ Nio /T #4730
TR S IR R I B R B NG O T B B

000 001 011 010 110 111 101 100
ETIE

W 2% R 51 %A

PN T T AR ) AR R 5 R A X TR A acer, 1Y
AL AR Flo KT UG BOE I BUE F e » W3R
7N RS R B AR K A A AT 408 1Y Y
s AT AT

RGN EAAME. — B#E T % 2R 1
B o A MUY 1) AR A0 s R AT SR L 4 W R AR
GAT R HA YT 1 A B B G A7 2R 1 V5 1] 5
J3E [l v s A MY i 38 R A7 R LR 5 1Y AU 2R AT

COF CIE 2R TR T D RS
A7 g [e] I S A Al
5.2 Z@BWMREE

1 T2 Chord &% W 45 3 I A J2 il 19 . 9 itk
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AT 5 1D ] B S 28 X0 1 T [R] — 4~ Py R A . T
HEARAN R A9 MCT 2552 1l 8% B2 A 7] 79 4 21
TRES. N T REWRLE MCT A PL gk 5 — 3%,
GChord Y i 5E ) 0F B A H & N 2% b AT R B LU
i 5 A I 25 1) i . 0 T ARY A N TR
B W4T SR R MCT BT T A — TR &

R H AN AR AL R — A A AR
WETAEFACK MCT,iZ MCT X} i 12 ) %
BdE— 2 Kk A IE T AT A

TE R X T A A5 R A A B P T O A B T
AEAL BRI TE B . 6 2R R KLU AR
MCT [H g 3527 98 B PR Al AR K b s /b 5 36
Ak B T8

6 LIGHER

GChord 525524778 JDK 1. 42 5 By 4l &% L.
GChord 5 48L 52 %5 & 3L Al AT 10000 A~ 95 A5, B A5
SRRy 32 A7 — FE il e
P & PR (R 38 20 70 A . B0dE 5 3% 100000 S JC 4. H
T AL A R T A b A BEACHT B R et g
2y AR T ) A SRR L P A R
10 AT RE A (AR [R] — D RELES Fis TS |2y
J T HASEE ) X S 56 25 R 1) 43 . A i) v R A A
. 5 A ) (point query) Al [X 18 2% ifi] (range query)
R Fp s DX 1) A 9 L O KT B4 S 1 1 20 70) 918
T BRBEAIL 23 A B AL AR . R 5| A7 I B A ] 42
Ik 20 %0 (9 FA 5t F T A AR AR s i R 5 1 5008,

2 MAQ 5 i v J 4 A B Ak i S50 i T
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potential of P2P-based systems, the limited query operators
supported by existing systems prevent their usage in more
advanced applications.

Much effort has been devoted to provide fully featured
database query processing in P2P systems. There are several
differences between query processing for file sharing and da-
tabase queries. Firstly, the types of data are much more
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ondly, files are searched via keywords. Keyword search is
often implemented by using exact match query. However,
for numerical data types, both of the exact-match queries (or
point queries) and the range queries should be supported.
The last but not the least, user may issue queries with con-
straints on variant number of attributes for database applica-
tions. This last requirement poses additional challenges for
database style query processing in P2P systems.

Therefore, to support complex query processing in a
large-scale distributed environment is an important problem

in massive data processing.



