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ZOARER R ER
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F A — AN A R G IR ¢, il — S
AT R R G ¢, o SEEEE L % 3 BH 2
A, FEAR T R BT N R DL AR
N/ (nxM) =1t +1, (1)
EX 4 FEEdEm S BiENmiEsiAim Q &—
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Hop K2 A R 4E Tk, kyy oy k7 R S4E
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R
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(3)
Pl 2 SR RIS F AU i B B DO, X AST A
WA DAL A
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WA RN S, & Q = (K, 7, q, N}
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@ Iy =CreateQuerylndex(K, ¢)

2 While( a new tuple s e S arrives) {

® if (current Bw, is not full) insert s to Bw, ;

@ else{ Create a new Bw,,, and insert s;
® Ip,; = CreateBwlndex (Bw,,q) ;
© append B,; and I,

@ remove _ expired _bw( Sw, N );
trigger procedure QueryThread | }

Procedure: QueryThread

(D Obtain the snapshot of sliding window index /g, ;
@ Filtering step for candidates C = filtering (I, , Ix) ;
(3 Verify step for result R = verify(C, K, 7);
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Bk T4 $ 7, FRHEEL g-chunk J51F  FRAF4E S0
C,(s) (BIE15HOIT) . ¢ HFAFER:
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{37 # 1L 9§ (position-filtering ) + P4 75 VT Jic 1) B4
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(1) 78T 333 & ( pre-prune filtering, PPF) . %
PSR : AR IR KA B X R [ i A i By
Bt iy, e nE SR TR BB B, st
AP ATL EAN T BEARAL Y 4 £, /0 Bl 8 TR
IR SRR o AR AR« T8 it i 2l A
TP DG SHE S AFDGT [ 2, DA LG AT DG B A9 R R A Sy
BIAEEEA G R 5112 B, B4 B 1) OC 5 1Y)
q-gram FAEVE R BEAC BT CURRER 51 PG, T
— IR FAFEAE L BEAAAE T — > g-chunk F1 ¢ 4>
q-gram 1, PR — > B AT SR B 2 BES S I — >
q-chunk 5 g-gram ARVCEL, Bl A FAFH r =
“apple” ,s, = “appde” ,s, = “abace” ,q = 2,7 =1,
r [ 2-gram FEE4ES G, (r) = {ap, pp, pl, le, e
$ 1, s Mls, 1Y 2-chunk $1EHES C,(sy) = {ap, pd,
e $i Gy (sy) = {ab, ac, e §$ | ’C2(31>5 G, (r) A
DERCHRFE RN T 55 T 1, PR s, AR D i g i, i
C,(5,) 3 G, (r) NILFCHYFRFIEBOR T 1,00 ed(r,s,)
> 1, WBTEGT AL AR A 3 7R, a4 i
FIHY g-chunk FFAE 5 EIHER 51 W1 4R token ANDLHCHY
MERT 7, W@ AN eI/ NT% T 7,
PIT] DL ZWE 12 40 J 5 AR AN DE R B9 g-chunk /%4
INTEET 7, WD Z A 8 R RE A ER 5

— 898 —

&% 2. Pre-Prune Filtering (I, Bw, 7)
A AWRFER T [, BAE 1 Bw, S e E .
it AR ARG I,

get tokens of Iy as the initial value of I,

for s, in Bw do
for chunk; in C,(s;) do
N = count mismatched chunks against I ;

if (N > 7) continue;

@O ®eee

else insert C, ( s;) into I, |}

B3 WMEHEE

(2) W& i i 3€ ( count-filtering on stream,
CFS) o BT 8 880 5 9 AR X FREFAE 19 58 1 3 U8
Bk ( count-filtering, CF) [11] . g-chunk F g-gram %
fEEGE T RRAIE AT

LG, (r) NC(s) I =[1sl/q]-7 (7)
(7)) B 7 SR R AR BE g B I, 5 4 H il
SRR IR B A A, B AT g-chunk FI
q-gramFAE Y 5 BT BRET g-chunk JiF J& 09545 5
KEBGE, Wardld, 1 6,(r) NC,(s) 1 =2, /K
s R 2, R g IR B o 1 WESE T
R AnSRoRe = (7) B i e B s i b A e Ry )
ST AST BRI T AF ER R g-chunk + R,
Jr LA (7)) f5 R W 0% e A 30k 1 ST 2H AT B
BT E—F IR, JF B RS 4i A s K R
BRI R, i taxX A ), BT 2. 2
T RYRAESRIBOR S , FATE N T 5 BE i g i
Bk CFS, Bk i BEAC SRR 7 4 e r AL s W2
ed(r,s) <7, Wl—FEWE! I rl =l sl | <7, WA
(7) A %id e

A IR IRZ I Er Aty
q q

(8)
() WY SR A7 AT r Mls W2 ed(r,s) <,
ENTRAES FRAFIE S 5 5 T BRI, ol
JENH R KB B AT R s 19 g-chunk FRAESE S, il
i T WA, 5 r 1 g-gram S FIRIRHEEL
H0(8) By LR ERAELO, 1 ] i, R FE 5 BE AT L
W —aiE s 4N (8) RIS FIR=Z2ERT 1 mf, A
27 = q, M FRERTHET 1 AAEL XMTEY
PRI, 28 r BUERORIE, FA R T RO 0 AOfER
AR, DA e 22 s 7 TR O B9 L, TR (8)
Fedm R BT E S N ER



FEOAR R TS B OB AT R T AL )

2('”7_7'1_7,27 <q
G,(r) N C,(s) 9

> FMT_TW—T,ZTBq

(9)

NHFAT R E AR . T (T )
Bl E RS Rk T A A A S
JETRR, RS2 240 O (n) , Horp n 58
TR RN B8G T  Ge T 0 ( CFS ) B30 3 i A
T DG B A B DA SRR A B 3 BB A o R i E 5 32
TR, JF H RS — W5, Bt i ] 52 2% i Oy
O(m)(m << n),m HERIHET M CFS Hik
A REREAR T TR B 5 T BRAY I ] A2 24, 2
Th T AR A SR SR Y TR A HR O H G R
FRES ORI DL, CFS S 2 PSS T IR M4 2%
/NS4
2.4 ETHERFLRNIIEEE

SR A VL AR 1 B 7 o R T Sl AR Bk
R R, LR A 2R O (1 rl x| s 1)1, S
BR[ 10 J 421 73T prefix-pruning YWLEE A I51E J5 1
TESNAS AN B A b, ) B BT N Aok
FEFTZ L BAIE AR S AN A AR T AR M,
MUi, j] Fomrar[ 1] 5s[1:] MgmiEEe, 5
PRI IR B E XA [ - 7 7] U RS
JC, BEMLi,[i -7, i + 7] ] A IS EIN T BoTH
KT, WP iR 2 — & KT 7, W& L,
R DL 75 BT B P e J5 — AT i ML r 1
I's1], BRI &G4 R 0((27 +1) x min(l 7|,
s 1)), TBRAFTETUAR BRIC Y 1108, Ay sk A 11
0, FRATTHE: M 3 T [ AR BR 1 56 IE 58 5 CV ( Coordi-
nate-based Verification) , A — MM, R ed(r,
sys7,lri=lsl Hlrl=lsl <7, @ THELE
FIWr AT ML, ]

(D) FFRITABRIE A | @ —j 1 > 7, Bl r[1:4]
5[ 1] Mg E KT r, PIATT 29153 M i,
ils

(2) A BATTAARIE R | i —j1 < 7, AR B Uk
AT L] 801 ] MG R LB,
sli—jl,m/rli+1:0rl] Hs[j+1:1s1] /8
R E T FR LBr[Hl;\r\:;s[jH:IxI] =l (I rl-1) -
(Isl=j) 1o W ed(r,s) <, WLLEFAiE
e FRZM—E/NFET 7.

(1) #H o< Js nJ 1% LBr[l;i];s[l;j] =J -,
LB, anujona) = 1T rl=lsl+ (j—1) |, ATRAHE

Wi-is<s ((r=(rl=1sl))/2,

(2) % i = Jy WA LBrLl:iJ;sLl:jJ =1 -,
LB, iinytjsran = Hrl=lsl— (i-7)1,

(D i—j<lrl=lsl, ATRHEH LB, .+
LB, ity =l rl=lsl, HTFEHTrl =1 sl <

T, PILHR IR M1, /],

(Gi)Fi—j>lrl=lsl, AJLMHER I —j< (7 +
L rl =1 s1)/2,

AR AR T IR R SO
M[ i, j] RARAR N i
- ((r=(Url=lst))2<i-j<(r+lrl-1sl)/2

(10)

0 (10) Jy CV S H W A T H SRR B BT iy 25 1F,
HIRIE BN O((7+1) xmin(l rl,1s1)).
TR TR AE DG B B BT, T RIS 1
SRR RITT RS . 4 2 CV Bk b FE g fh 1R
A

&% 3. Coordinate-based Verification (r, s, 7)
A FAFE rs, IR EE 7

i AR E

for(inti =0; i<l sl;i++) M[O,i]
for (intj =0; /<l rl;j++) M[j,0]

i;
J3

for (inti =1;i<lsl;i++)]

for (intj =1;7<lrl;j++)i
f(i-j<(r+lrl-lsl)2andi-j=-((r=-(lrl-
I's1))/2)
M[i,j] =min(M[i-1,j-1] +1,M[i,j-1]+1,M[i
S0+
if(M[i,*] >71)

else continue ; |

GECRCRCNS)

return false;

® e

return true;

B4 ETHERELTHBRIERE

3 EBRAERE AN

R AR AT, FRATT R LAN (7 &
BLas, Horh— S AL g DAL £ 52 ORI 1 5 2y B8
FLIESE R LB Ty — AL, B BCBUIE B 1 1% 2L
MBI AT AT R A i, AL R
W% AMD CPU 2100MHz, N ¥ 2GB, ¥ {E R G N
Linux Cent OS 6.3, NiZ I AE 2. 6.32, AS’ %
Z55% ] Java SZ3, JDK version 1. 6.0, 5 3% FH %L
4R English-Dict®, B4 7 150k A FAF S 3 K

@ http://dbgroup. cs. tsinghua. edu. cn/wangjn/data/word. for-
mat. tar. gz
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FE29 9, 5 S 4 English-Dict )5 4F 83 K 73
T B,

25k

20k}

15k
F=d
< 1okl

Sk

0L
0 5 10 15 20 25 30
KE
B S English-Dict )FfFEKESH

3.1 FHMEZRSIMEIE

Xt HE = A AR 4R U i ——g-gram | AE X ARy
fIER Y g-chunk DL BRERY g-chunk = (CRIIATUEY
BOLUE (PPF) o SRR T8 sh e 1, 7E AR [
AT IR RHER T RITERE . W38T 1R/
107, BEACH 11 10°, RRAERJE ¢ OIRME N 2 13,
I H B AR B 13RS | 1 F- 24 B ) T4 F1°F-
RGN, K6 g T shE ARG BIE R

B TE] X FE o
—&— 3-chunk* -—~@-- 3-chunk
3000 A A 3gram —v— 2-chunk*
A ~<—-2-chunk - 2-gram
g 2000 -
% L Do D o e
g
3 1000 |
0

1 2 3 4 5 6 7 8§ 9 10
E6 BINE ORI IR TR Ex

Bl 6 IRAT R F AT /N A 1000, P8
AW S H RS A ], e A AR S B R T Y
KL FATATA, SR H] g-chunk = $2BOF A E A
B R IE R 5| W I [R]85 e 2, He g-gram FEAIR T
50% , . g-chunk AT 15% ~20% ., B 7 2FE
Wl 1, AR EEA T R/ 25 AR 1], mT LA
B3 g-chunk = [ FEA G 1 H3E A, A2 BT 75 i i
[8]/NT* g-gram Fl g-chunk . [&] 8 2 HEAT M &R 5| K
/N, AT 2R ) g-chunk + B EE A7 1R 5] 1L

— 900 —

g-gram (T T 40% 197 I FF Y, 1L g-chunk JE (% T
249 10% 175 T TF 4 B30 19 T 6 BRSO J22 000 S i
[q-chunk = 2B i 12 ] JF 4 L T0E & 16§
OIEAREET

250

—=— 3-gram

200 |-

150 |

£ A (8] (ms)

100 |-

50 |

8 9 10

& 5 6 7
FEAE A K/ (x1000)
E7 EABEORS GIENFHEEITLE

i 2-gram 2-chunk 2-chunk* 3-gram 3-chunk 3-chunk*
B8 EABEOERSIBFEHRANITLL

3.2 TFiREEMEE

AT B &L 38 (PPF) Fgi g it id i (CFS) 1y
PERE. FRATTBEHLIEIR SO A5 8 0 A0 ih) Ot 57
Gt B T R (L 1 R 2

PPF 503k o 19 2 % H i A PPF i i 55 0% Hif

1000

E5| K/ (kB)

100 H

10 H
[a=2n0 ppfl{g=3n0 ppf] [q=2:% =1] [q=2x =2] [q=3:x =1] [q=3;x =2]

B9 fn PPF EiLAETEHEEIE QRS KTt




FEOAR R TS B OB AT R T AL )

J& A RS IR/, i EIWAL A PPR
B E B T KB 2 RIIFE, Rol R/ S A )
KRR R B DL R G S B (A AH OG . AT i)
KHEFZ WA B R 5] b7 FH 23 RO R
K, 5| R o5 2 18R/ 5 G 0 B 25 (B80S , 3
TSR K, B N A i 2

X R AR X ARRFIE ST g CF Bk
CFS Bk irkne. & 10 EER R st 0 kA H
BT, il 2 A 10 5 DA S A T B TRDG) L, A A A
JRAE S . AT LLE F| CFS 83k % LA 8 130T 19
Bt ) RS R 2 CF B3E 19 50% , I HLI ) iy 2% 3
TNAE2% X R R CFS ATTHEE KT CF Bk,
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Sliding-window based approximate string search on data streams
Cui Jia™ ™™ | Wang Weiping ™ , Chen Zhongtao™ ™ ™ | Meng Dan ™
( *CCAR, Institute of Computing Technology, Chinese Academy Of Sciences, Beijing 100190)
( ™ University of Chinese Academy of Sciences, Beijing 100049 )
( " Institute of Information Engineering, Chinese Academy of Sciences, Beijing 100093 )
Abstract
The approximate string search on data streams was studied to face the gradual transfer of the data accessing
from the static disk mode to the dynamic data stream mode with the development of network technologies. To solve
the problem that current static-dataset based approximate searching methods cannot work efficiently on data streams
because data streams are continuous, boundless and unpredictable, and the resources for online computing are lim-
ited, a sliding-window based method for Approximate String Search on data Streams, called the AS’, was proposed
based on a filter-and-verification framework. The AS® adopts a basic window mechanism to facilitate real-time index
update, and improves the asymmetric signature scheme for the construction of basic window signature index. Fur-
thermore , it uses the pre-prune filtering ( PPF) algorithm, the count-filtering on stream ( CFS) algorithm and the
coordinate based verification (CV) algorithm. The experimental results show that the AS® can achieve the great
query performance on data streams while ensuring the accuracy of results with the higher real-time response and
peak processing capacity on data streams.
Key words:data stream, approximate string search, sliding window, edit distance
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