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An Algorithm for Data Stream Sampling Based on Ring Circular
Sliding Window Tightly-Coupled with Buffer

ZHAN Ying', WU Chun-ming’, WANG Bao-jun'
(1. Zhejiang Institute of Communications , Hangzhou , Zhejiang 311112, China ;
2. Institute of Computer System Architecture , Zhejiang University , Hangzhou , Zhejiang 310027, China )

Abstract:  Stream data are generated unboundedly, coping with the conflicts commendably between data processing power
and flow velocity may require mining system to provide a more effective solution for Data Stream Sampling. This paper proposed a
logical sliding window named ring circular sliding window based on a ring buffer and these two elements were tightly coupled. Then
an algorithm for data stream sampling based on ring circular sliding window was proposed. Experimental results show that it is a da-
ta stream sampling model which is proper for the migration and mining of data stream, and can achieve further improvement on the
speed of data stream sampling and ensure normal execution of data stream mining.

Key words: data stream;ring circular sliding window (RCSW) ;ring buffer; simultaneous multithreading (SMT)

P 18 7 S BT A4 TR G S AL
e R g g TS E A0S SRR A RS
AT Lo WA S i g, o PRI Glamnella € 55 SRk 1:14 50 0
R S R e e e s g gy B FPtee A FPstream G SIAE RZ IR i
VBRSO 55 R BB R i o Don SR RSN TS L g
RS RS AR R II I IR e o B 2 B 05 2 SWhclusting. Hulien G %6
AR T SR 9, B o gy L RICZ TR 15 SWhel n G
TSRO A B B ey, e TSI | APk YD L
SEEIAY B SR PR el e HCACHR L £F R SIS B 1 Py BEt
O35 7 DR I S R s s VoA IR Z BRI R R AT
M el A \ IS FEF38 20 5 1A B R HR 2 2
s TRV BRRE 12 I O 6 (P M 0 b LTI SR A SN B2
R BRI R B A T O L DI Sh 1 IR AT PUR e LA A SIS A
BRI R R BB OBk S B e o PSR sh B A Tk
0 AT S AT TEAL 5T R B S 6 1 X
R g R T , A A A S
2 AELE SRR A AR B R 5 5 11§ 60 I B A
MR SO KRR PO AN SRS . B e S R T P TS R

WA H 49 :2010-07-01; &[] H 31 : 2010-09-01
FEATHE WL B ARFFF 34 (No. Y1101133) s W18 2 & /T 5 H (No. Y201018946)



2 H +

2 2011 4F

Byt 1110 BRI RIKE Bl B B 0, B A B
PR B 2 55 2288 Hh 7 1A B9 . Agearwal 58 A TE
CluStream H g1 F 1 BT 22 %7 11 R pyramidal B [H]4E
Bl AR SE R TS TN Bl £ 6 0 R R 5
TR .

HI T2 22 G0 0 R B BRI It 4 TR A Al A R 2R AT i
SEARAR T, IR R O e TS50
Pt dls 14, S e iy sh S A2 A I e 3l B 1 rp ol
FHAEEDS PR -/ 7 50 500 52 i 1 07 VR ST N BE L 24
B i i S A AL Ak, DT B4 52 i 5 AR A B RS ) B Y
it Pl T Ve TN A L e 4 €7 T N R T 1 4 R A
E I, U T 52 5 S0HR AT , B P ] P 3] 325 1) it 504
AR Ml 558 (14 /N T AS Ui b A28 A 3 38 114 725 B SR A2 48
R GERE MR AT R0 2 S B SR W A 1oy X ok 28k A A
PG AN BE T At BT AT, F 5 i £ 1
HET; 5 P BT L GE vh XA R (02 8 1 3l o 11 1Y)
Bl A IRy =X, o S v B U A A B R KR40 U A
SEUH P2 AR Rt 2 SR T HAR B B AR e BT S
3 HXEX

GG R, AU i 2 R A TT A Kl |
5 BE I R B0HE 25 SR T (Data Stream ) 7 22 A4S W
B AAZHE R ST, o T HOE IR A A A AR R T R R
Qb B EE , PRI L RE B8 O 1 S A G2 i X (Buffer) , I
HRAE A BB R) AR P A sh i O (Sliding Window) ,
TEWE B E 1 b SEAT BN 12 4 00 T 5, 50808 O AS R b
Rt 2 v X, ot i e SO ST AR SOIRE IR 96 D
SRR AT I AN W DA R i S R B AL T

TE X L CUt B v A= i JRL 4D D a1 A i A
FEAE T I AR A2 48 3 A i B AN Ia A7 1k A2 b, AR 3
Bt A A= i S 91 Ay i A ) 2 o U AR Y 7
U B B VR (BT ) A DU B B

EX 2(8dn) BRI B B AW EA G b X 1
TEARH AL, 2 BRI S, B B = (b, by, bs, by,
b5,"‘,bi,"'),,ﬂ\:’:fq bi(bi], biZa"'abim)(i =1,-, n,)
Bom BRHGR. Ay b (= 1 na ) 5y b= 1
ceyny ) AR G < LI b SE T by BIRGE AP IX, AR
- i=1,MFR b, FikJE , BIRHEFAMZ b,

EX I(HIEZ X RB) HIEZ X & — 1B
23 [RIS5H L 1 Rsize > v X 43 [A] S TC4H L, B> 22 i X
Z3[0) B IT AT LAAE At — 2% m dEWEE b, (i =1, -, n,
) AR Rsize = W, W 52 o X v 34> 25 ] BT 1) G 5
WK 0, W=1.RB,(j=0,, W - 1)FRENELL
X AR TE SR o8 IS (B SR IT Y m 4ET AR .

EX dCGMEAEFR I S0 % 1 RCSW)  FETIHIEZ b
DXAEFR A2 55 1 S 7 SRR BRI AR 20 sl 18 1, 3%

SCHES S RCSW . IR TG A0 3h 4 17132 58 M AE 2 1 T8 2%
DX ) — B PN A 5 (), JH rh A A 1 B A > I T
Z 50T BEE 145 . RCSW G R A B b iy %5 — R IR 2%
PRI 1] /T B 2y, Bl 4 B0 I A2 R 9% v X 1) 3 8
RCSW A 114 3 B3040 AN B 1 e HE B Hy RCSW, 5 1) 3 B4
TS TR b T 9 M HE S 3] RCSW Hh BRI A5 2 48 Bk
FRFE RCSW i) I 508 , o SO s 8 11 KNk Wsize
RCSW IR B 4R SW = (b;, byyysoeey b)), i FTj S
BB IFH i<, Wsize > = j— i+ 1.8 XIHIEEIH G
SN FUFE IR T 28 o DX v i 80808 A 07 B 4 5 Wiin-
dowln B FL B S5 WindowOur , W 7 I £ 48 4
SWH, WmAECHE b b/- 57 GG TE i 5 N WindowOut |
Windowln ¥ ¥R JE 5% i [X 25 [B] Bt H

4 INEEWREIEO

4.1 FEARWWEGEL

WG Bt 1 s B K 1 Frs , RCSW -1
i A i A B 22 o X L FE Buffer [X 38 A 3 20
A T o 3, S5 R AL B F5 B AR IC Head 2404
AZE X A AE RCSW X d2 rp (10 3 #5040 4k T 73 10
W, IEFE g AL B Gl DR BARIE Windowln, B 0 &
YRFRIC WindowOut , B+ ¥R 2% 1 X A i) — B X AR 1 K
LGS sh 57 1 RCSW . B 28 vh X 5 RCSW =2 J8] %
B TRBCHE 1 A o A3 AT B 1) 2% v 0 AR A
TEE B O, H R R AT i R 5

Bl 1(a) BoR, FEZ XA, 45k 0 2§ 25 (8] X35
PRI PR IEAG IR 3 11 X8, 1 1(b) B A B i
WEHRRA B 2% 0 X Head FRILAY 28 18] BT, B A, 78

Data Stream

Sampling and

Management
Thread

Fr=====-== 3 Lt -
i ;- Death |

———————— 4 (b) | . |
1 AR E O 2RE



o4 fi

Y . — 5 G2 oh DX 3 B PRI 2R 3 11 AR I Al U 3

SR S R 2 B i+ 2 A5 A TP RR O T
PRI B E DX

FEAZHRAL T2 171 30 A U 50 1) ) I 3 i IR 0 A
Wit AFE G i X B0 A 5 ) nT LU 75 24
I BIIME . AR EUE AL T B Z S, T RO AT A%
GERARAZAR A5 B B A7 48 25 ORI W TE L B 42 48
ARG RE AR Ak , a5 i 7 2 B804 it 1) 47 4 A =X ) 30
R JE AR T VAR B BRIy s R R L AR AE T
4.2 HERFEEHX IS EEF LT

ST AS [8] A5 i J 3 0 b BRAT: 55 43 B SR, O
RIEHREAR I, A ER w2 JE vERE A B2 T AR e
25 B T A PR 2 o X R R RCSW 25408 37t i B
S AR . T 4 PRI S B 0 RCSW A
WIEGZnh X RB TE XAk E X .

RCSW = ( Wsize , WindowlIn , WindowOut , MoveStep ) ;

B = ( Rsize , Head , empty , full )

W SW = ( RByindouou > *** > RBvindourn) » 5 RBy, (k =
0,, Rize — D FFAE T m QEWEE b, 2 3 BI J& m 4
ARk

Hrp Wsize NS 0K/ MoveStep TR
TEIWE S DR8P K SW Fon i 1 INS 5 i i
BUHGAE 5 Reize 278 M RTIHE 28 0 X B ICEL; head FoN
SR A TR oI 1 AT (7 5 5 empty 677525 1025
X EATCER s full 378 351 A0 BRAY 2 vh X BT E. X 4R
25 RingBuffer (R TE X X152 Rb ATEAR A 2l 8 1
X5 Resw | Sampling J515 | Inflow J7 i . 262 Sample
W FH RingBuffer %} %2 (1) Sampling () J7 15 3R B £ 4k
L8 InFlow W A RingBuffer 75 H Y Inflow () J5 3 [a] 3R
TEGE 0 IX. Rb AT EL G . 2 4R I R4 il 2 ]
2 s

FE RCSW H, B8 i it s aod /R i LA I&T 3 foms,
TEIIRARAS  BRIE G2 o X 5 3B AE 3R 3 %1 1 1 5
wr.

Resw = ( Wsize =5, Windowln = 0, WindowOut =0,

MoveStep =2) ;
Rb = ( Rsize = 150000, Head = 0, empty = 150000,
Sfull =0).

RingBuffer

+Resw:RCSW
+Rb:RB

] le————,
i +Sampling():BI
i +Inflow(x:BI)
InFlow
+ringbuffer:RingBuffer

+flow(buffer:RingBuffer)
+RhreadRun()

+ringbuffer:RingBuffer

+sample(buffer:RingBuffer)
+ThreadRun()

B2 Z&BEHEREHIERE

MIBAE by by by TEALGE WX, RCSW ATl , I
B} Windowln = 2, Head = 2, WindowOut = 0. 4 504 b, .
bs.bg by bg WAZ XS, RCSW EL3# , BT Windowln
=4, WindowOut = 0, Head = 7. Y24l 40 F % 11 1 1Y i L
P, I AT [ A2 ) 2 11 AR B0 AN SRR b TRA
GZ o X, ZR G0 A0 P 58 HE A 1R 1A I B L 5
Wt HAME RIS A, R 248, RS RC-
SW M Fi A sh— A K AL E T/ B N RCSW 51
W} Windowln = 6, WindowOut =2, Head = 8. [8] B FE45 i
REL MR A b, by S5, BB I0 A B A I A
be by WIMENZPRAR .

PR

WindowIn/WindowQut/Head

RCSW KM Bt
WindowOut WindowIn/Head

Buffer-[afb[6] TT T T T [

Buffer- L T T T TTTTTF- —+Time

—=Time Now

N =
[ Full=3 Empty=149997
Full=0 Empty=150000 offline ply

RCSW i i Bt

MRCSW 8% H fii 4 S B B

WindwuOut WindowlIn Head

WindwuOut Windowin Head

Buffer .- [6] 6. 5. ba[b:]Ba | ] ] [ -+ |Buffer--[ [ B[ bbb [B]ba]ba] -
—Time ——Time
Now Now
offline 7 offline

Full=8 Empty=149992 Full=7 Empty=149993

E3 FERCSWHHHEMMET BRE A
4.3 RCSW Hy45 =

RCSW 45 F4) 1] BV T , 1 R i M2 b AE o 31 0E
Gemp X ) — B AT s i 1, IR E 92 oh X 5 1 Bl
PR &, 0 B % 1R IR AR I Windowln (5 F1 R
UiARIC WindowOur , 5 3 1 EURG 0] BT AW A% 3, X 45
RCSW #2352 7 1 A 2= AU R A, AT IR A

(D) MR HE T RCSW A I 5 dh Flt B2 1 ) A1
BEHHT SW = (RByindoow > » RBuindoutn) » € X x = ( Win-
dowln + 1) % Rsize , y = ( Windowln + MoveStep )% Rsize , z =
( WindowOut + MoveStep — 1) % Rsize , m#ssh—1EKE,
PR B S Add = (RBy, -+, RBy) , i Z# BR Y i
S Move = ( RByjgomon » " » RB2) .

(2) AT P - 3 3 B HRINZE wp X K/ A] 4 BS B 2P
FORT R R R AR, W] LU IE S B Rsize JA R
HEIMIAIE G2 v X 1) 25 6], JHBE MoveStep > 5 il # 2l 2L
K B Windowln 5 WindowOut 3& 24N K% O KD
PRSI Ak H 1B AL S I I, AT LR Windowin
VA #E 3| Head AL, K52 BLH 30 8 O BRER . 61 4, 78 1
ot P HOGO IR E oy 1 00, FATTAT LUK 18 3
1Bk SR 30 5 it R o7, 3 ek 220 W 50 0 Py 5 B8 HR
e 2 figp b P E BRAN b 0B Y 7 i
(3) AL 4 A RCSW, i 33—~ RCSW 4% 1l —




4 S &

2 2011 4F

SRR Y 7 ORI B I
4.4 HBEREHEE
BRI A BRI 22 o X581 < ) W BROE 2 b X
A R 1S ], AN SR 2 () R 4%, K i B 4 A BRI 52
X Rb.
HIA:b;(i=1,,n,), ringbuffer
vt HC T AR IRE W X Rb
putinbuffer (b;) 5/ /% b, TESEHEA Rb
Rb. Head = (Rb. Head + 1) % Rsize ; //W*% Rb A\
Rb. empty = Rb. empty — 1;// %% Rb %5 RERICEL
Rb. full = Rb. full +1;//V%& Rb HICHREIEEL
RCSW 4 i 5 5 48 BRA VS - AR B flag BRiN
G RCSW A RCH I 75 L 16, G023 2 4, DU HI I8 R 8 2%
DR A R BT A , 2R R 8 2 I HE ) RC-
SW T E LG IX Rb [ HIF 3]
HIA : ringbuffer
i AR 0, (im0 n,)
if (flag)
{while (fill > Resw. MoveStep )
{for (int i =031 < Resw. MoveStep ;i ++ )
| deletemodel ( Resw. WindowOut ) ;
7/ MFEABE I BRFS 1 Resw (9 4%
Resw . WindowOut = ( Resw . WindowOut + 1) % Rsize ; / /W& RC-
SW R s |
for (int i =03 i < Resw. MoveStep ;i + + )
{ Resw. Windowln = ( Resw. Windowln + 1) % Rsize ; / /8 #%
RCSW T3 iz #:
insertmodel ( Resw. Windowln )
//MAZRBE IS A Resw BT |
Rb . empty = Rb. empty + Resw. MoveStep
Rb. full = Rb. full — Resw. MoveStep
// VK Rb 235 TREA TR AR 4 |

5 KBRS

SZI PR B . CPU N Pentium Dual-Core 2.0GHZ. N 7
1 2GB; #:4E R 55N Windows XP; RS o S0 5
i H B = RE AL A B — 4P AR A . S
e I A AL 5 BB TR 22 A 22 v X 5 8K
P AL [ 25 3 17 . B8 Dt Ak 3 B 45 % 1T Ak oA 2 I
AR .

Sy — B H AR R AR IR 3 8 1 KN (Wsize ),
T sh 8 DR sl 2 K (MoveStep ) BUAS [FME B R , 2 F 1)
AR A 1Y T B B H (Vector) 5 A 8 5 F 36y 3 8 1
( Circular) %5 4 Ab BRI [R5 B389 sh 8 11 A0 208
b PRI B X R A 8] 4 BT, B[R] BT Sk 22 B0 (ms) . AR
&l 4 LA Y, ]SS IE P 3l 0 R £ b 3 B L
T A TR T ) 74 10 1740 590 Ak L 3 B, (HL B o 3 B 7
RS Sl R Bl 1 RN 38 R, 3 F el B2 i 40
PSS . AR B RN RS O T, BaR

W BT 11 1432 17 I [ B 2 A% 2 285 1 1 9 R o 2D
et 1 B gl D K AR i, B3RS0 B H iz
A7 B ) i 2 i 2l 7 1 DR/ N e T k2

WY& K/ WY E OB B LKA R

Time/ms Time/ms
64001 —— Vector | 6400 —+— Vector

—a— Circular i
6300k s300k —a— Circular
6200 6200}

6100

r 6100 '\-\-\-\./"
6000}

6000

5900b—— L I [ 00l
5 10 15 20 25 30 299055755 7qp 200 300 400
MoveStep Wsize

E4  Vectorfll Circularf) 435 kb 2 B 8] %
> RS VA 1) AN T bR ke AN BTG O, i
WAL R 5 . /N B A5 R B 2 5 40 i 9 08
S /D S AT 4 SRR AN BE A 2 8 e I 1 sh A8 Al
T, DT 22 52 1 5040 G 2 R L 300 1 S A W . K
/NS Bl G AR LA R Al e B i Ak B RE O 5 T
T A PR 2 () 2Z W) 09 0 & .4 A 508 T S R
T, 30 ol 75 S A5 79 SR U G AT 72 5 T o ORI, R b R 2
WFFEIE £ BB 4 PR , i E — 5 19 CPUL N AF 3E
PRARAET B T A2 0 RE A5 1R 2 T W St
S A H AR AR I T Bl RN R
TOUT , Z A LG 3 & 1 (RCSW) 5 0] 5 1 6
W Bt F1 (Circular) 7 548 Ab 35S [] . B A B ] B (R 2
TEAIN 4 5 IREEEE{E AT {E . RCSW A1 Circular
AR A Ak 3 [R) X BRI ] S B, o] LA, SRR AR
R BN B 1 R Ak B B ORI T Rl E S A BRI B
T 1A B AL B RE . 7T S i DA R A LT,
ICAEER I 2 i 1 050 b P T L AR e

6500
6000 -\-\H—.\‘—\m
@ 5500
E
5
& 50001
—— Ring
4500 —a— Circular
1 1 1 1 1 1
4000 50 100200 300 400 500 600 700 800

Wsize

El5 RCSW5Circular %% A3 i [R] X R B

TEF RSB A B O T, I SE g AR A B, R 20 B
P =25 ¥ sh i 1 7E W] — B8 i b i Ak B A% 1B AT 1k
AE, QNI 6 F s, FEAS 04353y 4000 1 8000. 18 6 Y
85125 BB 125 5 NI AR LRI 43 A8 A7 1) A 7
Wl O A EE RN S0 E O REE R S
TR 5 BUEF B A 1 A7 I 1R 1 20 25O 02 &R 40 B ) ik
PR A]

L6 FT UL, FRIEAG I S i i AR A B B



&
IS
&
ﬂu

Y . — 5 G2 oh DX 3 B PRI 2R 3 11 AR I Al U 5

e

EZ=E E— ==

Ble =Mah& M AT % A HiE(4000\80004¢ 74%)

V) 5 S8, T L I 6 A A 00 1, 28000 il BBkt B2 1 10
PN AR AL s AT i R, SRR AE B Bl
T 11 o S b B I 8] L n] B G PR S R )
TR B D ARUE , Bl /D . B P AF S (] T 1
K, T RCSW IR W47 1k 7T AT 964 1) 2 i) ofe 45 B
BRIz IR B = . K RCSW HE3E A28 HoAg K4
P B PR R 3 S R R BRI D R A T B s A B

6 HERIZ
TEBCHE 7042 418 STUIR,, B0 0 il IR =X, — B SR R 5T
(RSt RSz, AR B B, IR 6 B 0 3

HAS RS o X @ BERS A, 2 T AR IR R 3l 1 1T /Y
0 Ak F AR SRR T A P ST 3 7 11 % R al A
Tt 3. 5206 3 B 3L T 2T 00 20 1 3l %7 10 A9 25008 O A
B A A B A 3 3 A0 7 1 Al AL 2 i Y, e
B PRAUEHSCHE VAL 19 2 98 45 20 1E 0 920 . ey T30 0 B i
AR RFER B 1, U AR, AN AT TR, B BT R A
AE 7 BB I T 119 2 A T A0 DR L B 9 B Iy M 3 7 AS
R PR R B3 P B U v O A A B i AR
PR AT SENE X3 — (], K 22 e A 5 5 3l 3 )3 5
ST SRR RGN 5 T SR s RS AL ) R RE R B T

% 3k

[1] Giannella C,et al.Mining frequent patterns in data streams at
multiple time granularities[ A]. Data Mining: Next Generation
Challenges and Future Directions| M ]. Sri Lanka: AAAL/MIT
Press,2004.191 - 212.

(2] R, 55 LT Sh 8 10 SCRRZ 280 FH I IR R 2832598
B[] NI ALR S, 2008,29(12) : 2262 - 2267
SONG Bao-yan, et al. Clustering algorithm for ubiquitous data
stream mining based on slip window [ J]. Journal of Chinese
Computer Systems, 2008,29(12) : 2262 — 2267 . (in Chinese)

[3] Hulten G, et al. Mining time-changing data streams[ A ]. Proc.
of the 7th ACM SIGKDD[ C].USA: ACM Press, 2001 .

(4] ZEEL, 5 3298 B0 I A1 2 0 20 B 8] 2 1T P 300 A 5
(] #1241, 2008, 19(10) : 2585 — 2596.

LI Guo-Hui, et al. Mining the frequent patterns in an arbitrary
sliding window over online data streams|[ J]. Journal of Soft-
ware,2008,19(10) : 2585 — 2596 .. (in Chinese)

(5] ZERET, 55— B Ui 18 3l o 1Y e B TR B R
AL ARG [T TR 5 4 €, 2006, 43 (Suppl. ) :

161 - 167.

Li Kangning, et al. Locality-aware query index for range join
on sliding window over data stream|[ J | . Journal of Computer
Research and Development, 2006, 43 ( Suppl. ) : 161 — 167. (in
Chinese)

(6] 24,55 P T SRR 3l i 1 - 1 1] /o5 20 1E 3
WAL BELT] A EAURE,2007,34(12) :51 - 55.

LI Jun-kui, et al. Rewritable circular sliding window: Towards
effective on-line data stream processing[] ] . Computer Science,
2007,34(12) :51 - 55. (in Chinese)

[7] Aggarwal CC, et al. A framework for clustering evolving data
streams[ A] . Proc of the 29th VLDB Conference[ C] . Berlin:
Morgan Kaufmann Publishers,2003.81 — 92.

[8] Z=Wee, %5 ILF M 3h 21 1 W B 18] 3 51) 5 3428 A A
[J].HL 2441 ,2010,38(2) : 321 - 326.

Li Xiao-guan,et al. Sliding multi-windows based trend change
detection on time series stream[J]. Acta Electronica Sinica,
2010,38(2) :321 — 326. (in Chinese)
[9] Babcock B, et al. Models and issues in data stream systems
[A]. Proc. of the 21st ACM Symposium on Principles of
Database Systems[ C] . USA: ACM Press,2002.1 - 16.
[10] PRAE, 70 SCH . — Rl S5 [F] I 2 672 (9 VLIW DSP 2244
[J]. #7241t ,2010,38(2) : 352 - 358.
SHEN Zheng, SUN Yi-he. Architecture design of simultaneous
multithreading VLIW DSP[J]. Acta Electronica Sinica,2010,
38(2):352 - 358. (in Chinese)

[10] 220, 45 00 2 i 12 00 v ity i i) 7 370 485 2 LG A F 5
[J]. HLF244H,2009,37(11) :2353 - 2357.
JIANG Ming, et al. Research on the comparison of time series
models for network traffic prediction [ J]. Acta Electronica
Sinica,2009,37(11) :2353 - 2357. (in Chinese)

[12] By, &5 BUR o O A i PR B (7] 7
241 ,2009,37(2) :404 - 409.

QAN Jiang-bo, et al. Hardware processor for window joins
over multiple data streams[ J] . Acta Electronica Sinica, 2009,
37(2) :404 - 409. (in Chinese)

fEEEIT

B & A, 1970 4R AE T ILIG I, AL
H A7k i VLA 0 BRD AR 2 B R 07, RO
J7 ] R B AR S E AR

E-mail : zhanying @ zjvtit . edu. cn

REWR B ,1967 44 T UL L, B L, WK 2 - LA B
O A S, FE BT 5 1) S 0 4 S5 B L T EE A IR 4% R
51 2% AL B AZ S AL ROR

E-mail : wuchunming @ zju.. edu.. cn



g

2011 4




