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Hash Partitioning Optimizations Based on MapReduce for
Chip Multiprocessors

YUAN Tong, LIU Zhijing, LIU Hui,» WANG Zi

(School of Computer Science and Technology, Xidian University, Xi’an 710071, China)

Abstract: A hash partitioning method based on MapReduce framework and three efficient
optimizations including storage structure optimization, multi-pass partitioning optimization and
skew data optimization on chip multiprocessor (CMP) are proposed to address the problems that
conventional hash partitioning method cannot take full advantage of CMP’s parallel execution
resources and properly process the skew input data. The input data are split into several units
which are later processed by all threads simultaneously, and suitable strategy is adopted to avoid
writing collision hence CMP’s parallel execution resources could be fully unitized. The new hash
table proposed in this paper can improve the overall performance by increasing the cache
efficiency. The introduction of MapReduce framework makes it possible to multiply partition the
data in Map phase and Reduce phase, respectively. In addition, the skew data optimization can
make the proposed method suitable for processing various skew input data. Experiments have
testified these advantages displayed by the proposed hash partitioning method.

Keywords: data partitioning; hashing; multicore processors; MapReduce framework

) op A P R R R AR R D EBOR AT 5 O T BN AT 5 T
Pa PEARAE (e 4 CRAE P A9 IR A SR . Jl 0y AR TS AR 55 B F R I (8] D T b B A B

Weks B . 2014-04-09,  AEFHM A R Q987 B WA MERGAGER . B 4z . MELATIm, REE&£WH.
[ B S 9 Bh 35 H (2012BAHO01B05) 5 B 8 45 Bl 4 40 25 0087 TR 11 %1 %% B35 H (2012K'TZD-02-05-2)
R0 2% H RSt TE] . 2014-09-02 P 2% Bl . http: / www. enki. net/kems/detail/61. 1069. T. 20140909. 0908. 004. html



98 [ . ]

Ko

R

1 548 &

AT 55 It FH % Bt T 33 2% DR SRy 658 /N 1) 4 55 R 06 1 3
R cache FINAE . W A 3] 43 J2 (5 FH Y B B T 19
.

WA REF A Ayl CPU H A T8 £ 1 1%
DB DA E Z LR, Rir. IBM #fEH T
B—A0H POWER 8 AbBHZS . S HF 12 #%.0 96 L.
596 MB 1 =% A7, XUt £ 8 CPU AT
I B 07 FH R 5% . T X B ) R R AR A L A B I AT
W A A IR E LR R 2 - O &b ) 2
HMb R 00 AT B2 0, A5 AN BB A AU AR N A A
BEIR 98 /> cache R Ml TLB %K% Q7 it 45
FASRE o A5l S HE 2 AT IS 5 O N BB AL 4 b &b
BEAT (A4 i A B

B 5% 3k S ) J, AR S — b 22 A A A
F MapReduce (0575 X 046 2, L FIEE
17 1) MapReduce #8175 &) 4 300k L 9F H 8%
T A Tl ok e 2 AR o € 9 S S . MapReduce £ R
A FH AT DAl 5502 i R0 R 2 RO AT R R . AE i
Bili b B T A7 25 R AR Ak L 2228 R A A Ak B
R 3 B A B A T LR B LA A
RNE.

1 MRTAE

X FAEAS A B b i R 4 84 AT 2 & 1T
T RIS X SE A 5T SR B B PR AR Y
E 3 B VR A R AR b, &) 4y RR 5 B b 4R
Tl ¥R fEPERE . Balkesen Z8 A MY HIF 9% 25 W . 7 2 4> i
Pt A b R o B4R 5 T R A BE RIS, Mane-
gold &5 NGEB T 24 %] 73 $ & B R, 22280 X 43 He B
AR5 OREGT B2 0 R0 4 8 — 28 R R o3 B
LETHE LR B e OR R . XERNE
A kG T R E ) cache ZRF TLB 48, HIN
FEIE T EN o AR AT T42 Y Radix-cluster %1 73
FHAZIFFZEIFITAL B, Cieslewicz % AR T 7
Z AR BEES h IR AT R 4 i O R AR R BR R 2 A i
SER R ST M AR e e A e B
HUAE Kb B34 57 53 A 0 i N BOCHE B A A AR S i
R VE T R B Lisa 48 A 82t 1T 6% 1F
T 328 25 Of 4 T ] 43R R L AR OR 5 vk 32 B 4
E

MapReducet™ [ 2004 4E &) L3k, B 230 I H
7E AL B 5 E 0 B A EOR A # . MapReduce f
B S R HLRE £ Hh 0 HoPE B 48 W 2 A 4 1O AT
2 10 Byl 29, 10 & F 2 52 9 £ (19 MapReduce™ ]

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

G T X BB Ol A AL BN RO . BT L B
EH ARG (DBMS) 7] LA H| & T 3 52 N A7 (9 Map-
Reduce AR 7505 . 56 F I Z A MapRe-
duce BiFUIE ] T 2 A0 B A4S Ab BRER 19 B — -4 2
YA — AT A TR R ) Y A 2 DAL
ENAE T 258 B .

2 JETF MapReduce By 7 Xl 4>

Wy 74l 23 T LAE 3 — 4 MapReduce T 55 o 5
B, i% MapReduce 155 R 528 Map 1L 55 Rl al . 7
Map 1T 55 v AR S 50T r 8 (B 09 IS 7 (EDRS 12 B
XEALERX . T 2L T R EE X B A
LRI BT LA RE 2 AR R Z M rh 5. A T
e I TR I LAT 4 R

(OISR M . A LA 35— A B (E 0 A ik
LR A — AR o DX — A 5 A S () AR
s BN A RE A 82 (H X 5 A B B9 &l oy X8
A S8 IR it B A DA A R AR AR 225 A X K
PR L R A I AR/ B Bl AR 4
S P S 0 T 34 00 5 e S T B )N B A B A R
PERE.

(O TCBRME . B LRARA — >0 57 A B R X
FEAESSH . th TR AR FUR B S A A 2 A7 6
SEF TR, B AR B 1 A B 0 B A B R A . R
AR DIC A s B B 1 T B e B3R A 5 R O 5 B ARUAT Y
BN R P A A AR A M 2E AT 508 HL N A7 T FE R R 2
T S 1) 394 o o 6

(3) A Uik Py 54 W o 12% 5K W 4y L AEUR IR T SR
LT, RIS A 2 Wil I 73 TE 45 & W) i A B R X
WP L R A — AT 4 SRR R 0 A 3] 2 0 4
Oy BAE 55 0 30 — Ul D) I > B TSR R TR
IFi) il 73 £ 0T ) 0 AR 006 3 28 0080 ) LA 5 i
B> 2 TR A [R] A B (B 5 AT il 4 4 B4 7

R[i] = ZK[;‘] (D

o R RISY  18 fe BAF A 45 A0 v RS B 7
KL IA% 5y 5 g xd i 8 ivj =1+ pn, Hop o
REAR G S R FIH 1=0.1.2,3), p HHRN 5SS (K
Bl p=0,1,2.3) ,n WL LBCRGIT n=4),

TESE R DI AR BEARTE L — 220 E
S5 SRS X IEATE A D R A S A . ORI
P18 D0 A i 2 1 S0 43 & SR S A A B v T R T
PRy Jey T o TR B R 2 U P A B

(D FFATRATHRME L LA WG AT I B 5 s




11

Tl L 5 2 AL TS P T MapReduce 116 4 31 4364k 99

T 2 Ak 2 A 0 B SR W o g 5 A — A o [ A %
N B T AT SR A SRS v B AR AR A R
— T ST AT S ) R B (X 55 ST A7 A 2 T
ARG EHEAT IR DR AR AR % A7 2 8] FE R A
ot S5 3 O e B4R A AT (0 7 2 ]
BE0 AR K1 S
2L Laro] [war] [wrz] [#2s]

oo
2] IR REE)
3 o HAEE:
2 __,_’L 1 _//_'_ 5 EIJ;\;

1] 0 ] [
a7 s sl
1) R BT ! ﬁﬂﬁy\z
18/--" |20 o 21] s
EEEEEE
Vi I S

3 MR AR T
2SS T BN RBEWEE —IHET
& FH MapReduce AR AT LG4RS A 3l 43 o ATy
F A S LA | 22 28 3l 430 Ak R g 8 4 O
X 3 A J5 i R AR S A Rl 4 o
3.1 FiEEMmRK
W A R M E5 1 B R A SR ROR . RS
G Ay 22 T — > vector 25 % B0 — > B 41 Ok £ 6k
— R 43 A B AEL L AN R 2 R

wAE  _mm || - [
EZ :/,|ﬁzﬁl|7nzﬂz . Jrom]
W |-——=amas]| - [ma
W o

metma o~ || o [oa]

B2 ARG Ay R

W — A vector 25 445 > £7fift e — 4] 43 v
() SAEL T Y © A7 o 41 B B AR KA L T 4 I A7 it 3K
RO BT, R — A B AR — Al 43
(O B AE AT JC 2 AR A OB B B AN B E A7
ith 0 2H RS I 1 I AR (AR R Ak — A R R

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

1R K520 T 5 1 B 0 L 58 AT R

Skt s TE B SR m R G B SR ms b, O T 4R
cache BRI FATT 2R T — P AI Ak 1Y 98 Ay 28 A7 it 45
o AR TAE GE I I Ay 32 DA B G A R AT — A 3%
SER B R B 0 B — L RN — DS A A
AW T A AR TP A RS — R0 b i SRR (E X, An R 3
Fis . B— WA H 2 A48 B — B 22 0 A7 fif
23 () 4 3 2 I A A 2 R A T R 43 i e 4L
free #8414 ) 1% 3% L2 25 Al R — > 25 N ST 4 19
YA R BT nexct H BT HE 10 5 AN 0 A
. BEAb B —AN G A Al 1 K /NS T CPU Hft cache
line {4 K /N, X HF 76 A7 BCad 2 b AT Dl e oK i Y
cache £, X ALY ITEE R IE T Jo 4 77 B %K,
MREAR TR R A 0 TF A

1431 | free | JU#IL [ JuéH2| -+ | JC4k| next
R4y | free | AL [ mA2| ... | T4lk| next
%433 | free | 4L [ JTéH2| ... | JC4k| next
sin | sree [uatt | 2] o [utie] next |

3 Bk s A R A5

3.2 soM™ENSMRK

Al LLA B T 2L 2 A2 () MapReduce 559 5f
AL 220 05 % %) 73 . ) Map i B2 R 47 55 — &) 4r
A Reduce i3 FEUEFTEE ik &l 47

4 TR T A EE T I E N AFE R MapReduce
BRI A T 26 i A 3] 20 1) i A R b py ROR B — IR
)3 B S o 7R 58 R R o W L, T DL e &
PR pyps ARG EER

S i A B O R T e g BBl 52
45— Map KR IEAT 2 — WG A 1) 53, 724 oo A
Ry 255 . Map i FE Z A5 vh 9 [a] @ m] DL TS 2
Y 4 PP e 2 — T, BT e A B 4
F SR /IR (] 1 e B LS — R 4] 4 o 4% A R R A
TR ) H i 1 R EOR [A]) AT R A 0 R B A A

TR, pr DR EER T E pr A Reduce £
% B — > Reduce 1T 55 22 %4 — 1 Reduce &k F2 4k
AT RS A X O 18 BB pop. DRSS
e XBEHEER 2 A0 Op 4 Reduce 1155
)R /NA] BEAS — B0, X 8 5 B 22 Reduce 26 2 40
PR 22 0B - I B A8AS X A [0 R, DT 3 R A
AbBREF B G A0 O T2 pop. RIS R Y
He—AH] 5> HATRER B 5 — KM A R0 43 0 py AR
G385 R I R — AR 3 BT DATE S s A Rl g




"
s
4
=

A8 &

S > #

Map#k #2n

Rerducek 21

R4 AE o
R4 R452

B RISy i R

®1432 Rl 5 84 :
. . Rerduce2s 22 R 5p,
%%, S '
X1 9p.p,
Rerducek #2n
BANGHER

4 AT E AT MapReduce R Ak P20 05 45 4] 7

Reduce ZEFEZ M A HBLE #hze,
3.3 HEMmAMmRIL

AR o, il T8 — R o 7 A
Reduce f£:45 K /N Al BEAS — B, BT LA W] B & 8 Re-
duce 2 8 H (14 57 20 AN 35 4, 52 BOR AR AL R (] 1
hn. St R DU R A VR BAR B BRI T

(DB —ABE T, H T H B — K Ay X
B Reduce {F 55 K/,

(2)Reduce LR 7E AL Reduce /55 Z i, 56 H
# Reduce 155 B9 R/NFSE T, W R Reduce fF: 55
/NT T, 0 Reduce 22 40 FIZAT: 55 5 41 2R Reduce 1T
KT T WP AR 55 A BRF D v, IF A i 47 4b
M, BT TRIESEHCHELEB. MRT T W
1245 FR WA AL B, HLARGRAAAE D

3K BAFY D i B — AT 55 2853 Ry n Ay (n
H Reduce ZE R M) 4 n AT 55 3845 n 4> Re-
duce & FRIFATALHE .

(D¥EBNFN D i B — AT 55 40 B 58 5 15 3
AR 53 2

R E R 2 s BRI Rtk T 200
A4 73 v Reduce T 55 17 48 S48 1) 1] R, 3 85 Kf
BE T &k 2C/ pr - Horh C R B0 A BUE 1Y)
KN pr R G — RN 53 77 A2 0 R 43 45 2R 0 Bt
W& Reduce 155 B £ i

4 SE S

4.1 ZWIRE

FIH C++iBFTE Linux REPLHTHT
MapReduce B iy 1l 53 S HAR AL 7 . AR SCHY 52
0 PR 05 TR A B RE /R Sandy Bridge 2244 1) Xeon
8 BAb F 48 (E5-2670 2.6 GH2) , & 2 M
. BARECENT BN 8L BRECHh 16; —HLEAF
KN R EEA% 32 KB Z A7 K/N R B4 256 KB; =
RS RN R 20 MB; WAF R/ 4 X8 GB
DDR3 N 1£ (1 600 Hz) ;cache line K/NKH 64 Bt

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

F(TLB) K/ R H#% 64 4

R RAT 2 FEEEE . — RIS A
B AR A F7m0 5 53— Fio2 A B 1 R i) 25 4R
(I B#E2), 2 FhER L&A 16 X 2% F&oudl, 1
AT R/ 16 B & A 8 B 45 Ml 8 B
RIS (E . 3Rl o0 4 45 44 5 1 e 50 A7 it Bdie 12 =2
. XA BRI s 4R L R L Zipf f8 B0k i
R B . AN B R T K 1,

k1 SHHIEERNE

&S E AR A B B
HEE X K/N/B 8-8 8-8

JUZH A & 16 2% 16X 2%

Zipf 184K 1 1. 15

4.2 BHIHITWE N

BES g5t T 4 FiOR [R5 SR B N 520 i A 4] 43 1
SLEGAE R, SLE AR R AL BRI T AT IR
MR Tk . ZE MBS IS T, 2 Hash Bits B/,
T — AR 43 45 A B 2 1 TT AL BB Jon B e A A
VES R AR P R . B % Hash Bits i3 i, 4 —
A 53 45 SR 1 O A B B AR LY w2
HARMEREEETE . B % Hash Bits 4822191, cache %
M TLB £RSgmfs iy itEet. fEX80Rm
PR YA N 43 A B 45 4 L 7 Hash Bits BN R )P
PERE R KL T ms iy # g, h TRFHZE
GEZ NS e e H RSN VA i B N )
B T 3 4 A g Y o i 2 5 1 T
Jir ARt % Hash Bits 3% i1, JC 91 5% m A& $H 19 P9 £
JE 3. 1% B3 cache 2R M TLB E R %
Wi, ffi % Hash Bits B30, B2 7 A0 B T B4 0
B, 3R A3 AT R R S F 7 O I R s AT 28
FERME . FrLL, Y Hash Bits BT, i 8 58 w& 08 F
Hifth 3 B ms . i3X 15 B Hash Bits # K cache £k
A TLB 2K 19 5% Wi K 1 im 88 ff BB AR i g . 75
TG 2 L E UKl T R R T R AR P e




11

RO LA Z AL BEAS IE T MapReduce (15 A5 3 43 f 4L 101

BZRTIHAE ACLE B,

500

—e— 4 S ik
o —s— LSRG
S 4001 —— PRI
;E —= HITE
Tﬁ 300+
=
E 200}
<
i 100F

1 1 1 1 1 1
0 2 4 6 8§ 10 12 14 16 18 20
Hash Bits/b

P54 PRI SR TR 5040 I 7 3 o3 52 06 45 2

6 2 th T AR SO ik 5 A G A dal 3 ik 9 5
B 45 2R FL A P P A% G I Al 0 B I A5 ROk A XX
BRLS o SCHR B i R Ko a B2 A i o 8 55 s A1 1 33
MG HEAT LI AR . LR AR R TR
T MapReduce 15 8 HMIAS SCH HE A0 A D7 3% - BT LA
AR SR AR e A 4] 23 B3 B ROR TR A

450

1 1 1 1 1 1 J
0 2 4 6 8 10 12 14 16 18 20
Hash Bits/b

P 6 AR SO 5 18 G e A Rl 0 Bk 19 L

4.3 SHUHTREN

] 7 R 8 43 54 T Yk Sk R TR R TG A
ST B G 2B 0 R 4 0 SR S L. ISR
FH B2 BO0R 4 A EL7E P25 R 4 T 85— vk 4 R4
SRS s Ay 2l T ol ) ek 40k
B, B F cache ZRM TLB ZRMFEH, X FH K
(R0 4 O U 2 25 4l 43 HE B 4B R ) BOR AT, 52
B % W), ) T JE 52 Py 47 MapReduce 8781 g

8 I10 I12 I14 I16 I18 I20
Hash Bits/b
L7 W [ SR B 2D R A R A Y S I 4 R

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

P2 I A K] o 09 1R BE G G At e 2 e A Rl g3 19 1R
e U AR R v L EL VY 7T B WS 7E Hash Bits 48
R T 0 B3 [y SR W . 3 A% 4% T MapReduce £
TR V14 i AP R L e ) 00 0% A 4 L T O T R
H SR — K 3 1 2 2R B S A L B I T LA SE M)
Mz (8]l v B . it Ah A MapReduce 5 2 fif
DU — WG A R o AP AR R S oh 8 TR AL 56 R
A X MR LTRSS ph 2R ),

5001

° —o— BB RIS
= 4001 —-— By
g

B 300

£

B 2001

£

@ 100

0 2 4 6 8 1I0 1I2 1I4 1I6 1I8 2I0
Hash Bits/b
B8 TSR M T 1 B AL AN 25 0 A R 43 L e 45 R

4.4 HEWMMAIBESHF

PO 25 Hh 1 TR ks 7 3R e (T RCHE 1 RHL
A FH B B A 00 e ) I i ) 552 36 45 2R G005
R RS B, SRR 12 80
Ak PR A A i A RSB B il AR S8R A T
VAT W] AR B e A PERE . IR PO AR SR H R Ak
Tk T 2 S WL — D TAELRERNE
0 o DR I A ALk A AR ) il A RSB IR T A B
BRI > PERE

2001

—_

W

(=3
T

450 4 7 1) 7T 4 %108
$ 3

0 2 4 6

I8 1I0 1I2 1I4 1I6 1I8 2IO
Hash Bits/b
P9 5 RN Al 00 A 00 e 1 790 20 R 3 512 56 25

5 % 1B

AEE T — 2 AR h T MapRe-
duce B Ay ) 43 5 s S HARAL e g . 45 & 5 Tt
EWNAER MapReduce £ 8 F 4 Bk 4 5 o 58 1 5K
W s A SO AFAB S5 48 L 22 20400 3 DA RCBUR ARt 3 A
LA T 20 7 e A ) 4y . SEge 25 SR 3R BT, AR S
P& 1 0 77 1 B A A 1V 2 A b HR A v A b A A R A
Bl I B AR AR R R RE AR 2L T .




102 [ TS S R N S 55 48 &
S TR [6] WU L, BARKER R, KIM M, et al. Navigating big
(1] XBWHF, 257, BEfs. T 3L Cache ZH AL IS data with high-throughput, energy-efficient data parti-

Hash #3040 [J]. 842 4R . 2010, 21(6) . 1220- tioning [ C]// Proceedings of the 40th Annual Interna-
1232. tional Symposium on Computer Architecture. New
DENG Yadan, JING Ning, XIONG Wei. Hash join York, USA: ACM. 2013. 249-260.

query optimization based on shared-cache chip multi- [7] DEAN ], GHEMAWAT S. MapReduce: simplified data
processor [ J]. Journal of Software, 2010, 21 (6): processing on large clusters [C] // Proceedings of the
1220-1232. Sixth Symposium on Operating Systems Design and

[2] YEY, ROSS K, VESDAPUNT N. Scalable aggrega- Implementation. Berkeley, USA. USENIX, 2004.
tion on multicore processors [ C] // Proceedings of the 137-150.

Seventh International Workshop on Data Management [8] TALBOT J. YOO R, KOZYRAKIS C. Phoenix+ + .
on New Hardware. New York, USA:. ACM, 2011. modular MapReduce for shared-memory systems [C]
1-9. // Proceedings of the Second International Workshop

[3] BALKESEN C, TEUBNER J, ALONSO G, et al. on MapReduce and TIts Applications. New York,
Main-memory hash join on multi-core CPUs: tuning to USA: ACM, 2011: 9-16.
the underlying hardware [C] // Proceedings of the 29th [9] FANG Wenbin, HE Bingsheng, LUO Qiong, et al.
International Conference on Data Engineering. Piscat- Mars: accelerating MapReduce with graphics proces-
away, NJ, USA. IEEE, 2013. 362-373. sors [J]. IEEE Transactions on Parallel and Distribu-

[4] MANEGOLD S, BONCZ P, KERSTEN M. Optimi- ted Systems, 2011, 22(4): 608-620.
zing main-memory join on modern hardware [J]. TEEE [10] CIESLEWICZ J, ROSS K, GIANNAKAKIS I. Paral-
Transactions on Knowledge and Data Engineering, lel buffers for chip multiprocessors [C] // Proceedings
2002, 14(4); 709-730. of the Third International Workshop on Data Manage-

[5] CIESLEWICZ J, ROSS K. Data partitioning on chip ment on New Hardware. New York, USA. ACM,
multiprocessors [ C]// Proceedings of the Fourth Inter- 2007 1-10.
national Workshop on Data Management on New (éﬁiﬁ %ﬂ%)
Hardware. New York, USA.: ACM, 2008. 25-34.

(B35 57 30
CHANG Shuping, WANG Yongsheng, WEI Yingsan, LIU Xueqiang, WU Yizhao, CHENG Keyong. Com-
et al. Pressure fluctuation of unsteady flow in waterjet putation of lateral turbulent jets using M-SST DES
[J]. Journal of Jiangsu University: Natural Science model [J]. Acta Mechanica Sinica, 2004, 36(4); 401-
Edition, 2012, 33(5). 522-527. 406.

(9] ®ress, FokA. WAF, % RWEN G E K (120 BN =, Fok Az WK E 4% kK 8 A 1 5] 58—
FAERTTE (1], el LA 4% . 2013, 44(3): 64-68. ik [1]. BB T R4l 2009, 31(8): 159-163.
JIN Shuanbao, WANG Yongsheng, CHANG Shup- WEI Yingsan, WANG Yongsheng. Unified descrip-
ing, et al. Pressure fluctuation of interior flow in tion of out flow non-uniformity of waterjet duct [J].
mixed-flow pump [J]. Transactions of the Chinese So- Journal of Wuhan University of Technology, 2009, 31
ciety for Agricultural Machinery, 2013, 44(3): 64-68. (8): 159-163.

(10] ¥, EikAd, BB, BT B0l 36 0 oK # (18] B3O, 2{74F, EFH, & MHUEBIRNEES
B — R (I, R E R, 2010, 51(3) . okl e BRI (D). HERE LA TR 2 4R . 2013,
39-45. 31(3): 205-209.

JIN Shuanbao. WANG Yongsheng., YANG Qiong- LI Yibin, LI Rennian. WANG Xiuyong. et al. Nu-

fang. Integration design of water jet axial flow pump merical analysis of pressure fluctuation in low specific

based on numerical experimentation [J]. Shipbuilding speed mixed-flow pump [J]. Journal of Drainage and

of China, 2010, 51(3): 39-45. Irrigation Machinery Engineering, 2013, 31(3): 205-
[11] xi2z5m, fRIRIE, By A, 3T M-SST BRI Y DES 209.

BUE MBS [T]. 12224k, 2004, 36(4): 401-
406.

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

(¥ %)




