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Abstract: Approximate string matching technique has been widely applied to many fields such as network
information retrieval, digital library, pattern recognition, text mining, IP routing searching, network intrusion
detection, bioinformatics, and computing in musicology. The two concise parallel dynamic programming algorithms
for approximate string matching with k-differences on CREW-PRAM (parallel random access machine with
concurrent read and exclusive write) are presented by parallel computing the edition distance matrix D in the
wave-front approach and by parallel computing the edition distance matrix D along the diagonal and horizontal

directions, respectively. The first algorithm requires O(n) time and obtains a linear speedup by (m+1) processors.

The second algorithm needs O(n/a+m) time in use of a(m+1) processors, where 1<a£{ —‘ The simulation

m+1
experiment shows that both of the algorithms achieve a good speedup. Based on the divide-and-conquer strategy
and split-merge approach, the two communication-efficient and scalable parallel algorithms for approximate string
matching with A-mismatches on linear arrays with reconfigurable pipelined bus system (LARPBS) are presented by
reconfiguring dynamically the optical bus system, applying neatly the optical message-passing technique, and
computing in parallel the prefix sums. The first algorithm requires O(m) time by n processors and the second one
has O(1) time in use of nm processors.
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concurrent read and exclusive write); reconfigurable optical bus system; edition distance; Hamming

distance
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AMEEF . TR ITESFABREA T2 A AT CREW-PRAM(parallel random access machine with
concurrent read and exclusive write)BA! K F AT X JFATHD 69 7 ik A48 H % BIE B 4EM4 DX T —AMAF k-
£ R QUL L B sh AR AT H R AR AR D) E BT B 2R O(n), Bik 3t B B &M Anik Rk
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FM ALK F G, I RS AR K GE B A AT I TR A0 7 ik, FILT R UASEB 6§ FHATHH 0 T

A3 F LARPBS(linear arrays with reconfigurable pipelined bus system)A2%! 693813 H 20, ¥ K49 L5 k-iR AL 6

AN I B ITAT Fk, H b — AN FERARR 0 NI B BT IR A O(m); B — /N A % 2018 Fok AL mn AL IR,

KEER: UL P T A 5T 4T H % ,CREW-PRAM(parallel random access machine with concurrent read and exclusive
write); T B HE K R G MAIE B X ASE D

FEIESES: TP301 SERFRIRES: A

JTALL Ef UG HE ) A543 g FOVF k- 22 00 O ABL ER DR SR A k-2 E ) IR0 ER DR S P R, R 2 B i v A X 5 OE
SCF R T 1 G 29 5K S IR S SR O SRR 2 T SO R TR O B 95K 5E B Navarro T+ 2001 4F R R
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M e R Dy (v 5L T SERT IR T 3 Doy oy, Doy y M1 Dy R BT AAATIN ) S SR B2 B D TR AE
TEELHE DL B B 34T 46 SCBR[3]3E HY  Landau #1 Vishkin & 31, B Ukkonen 5& S5 2 48 20 55 A1 KE D 2530 A0 L
e HE AT LR AT R T CRCW-PRAM(parallel random access machine with concurrent read and exclusive
write)# T Landau F1 Vishkin fi [ O(n)AEFEEEAT O(k+logm)i 8], % i T — AN B 1) SO VF k=225 (3 B0 B DT IS
AR AT, o 0 N IESCKEE m WK man, b 9 AF 45 5 () 1F 354, 0<k<m.Landau F1 Vishkin )
AT E LT M Om) A BEAT . T2 O(logn) I R SKT 1E SCREAT THAL B LU 57 )5 S84, 1% — TUAL B 72 -+ 5 2%,
PAT AR O(nlogn) B K, i HLJS 2804 52 B v FLAE s 2 100 by 15 SCHBE m 19 12~70 £3%5121.1993 4 Jiang #11 Wright {34
FHREFE L T —/ME4TE CRCW-PRAM A58 E o I WIS A E ) Ok)s SVF k-2 5 AR AL o UG e 51 25 40 &)
HAT S %S BRI TR AE SCARAE T T O(nm) AR 1 4 38 3% DS B 005 10 R AT BT AR OCknm) K
K.1997 4, Lee A1 Ercal 75 ] T A4 9 FLALAS b BT T 2T REBE L (¥ VT k-2 590 1030 0L ER DT IC 8 245 BRI DR AT 503
BRI BAR RS T OCk) R PAAT I I AERE A FH T BB N O ) 1Ay b B4, SLRRAT AR TR S 5 K1 O (k).

X T AVF k- B AR ARL R DCE I FAT S0, SCHR[STAEECE LA 7K logn MITHTHE T, 36T CRCW-PRAM #
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WEE AT O(nlogn)B K, logn>m B PATAM KT O(nm). SCER[6 8 L ¥ 18 —Fh REURGe, A0 4]
TR LIS E VT T —AMEH O(mlog| 2 )xO(n(log|Z [+log’k/loglogh)) A PR 2% F1 O(1) I 18] Y fo 4 k-0 B 3
BLES EE AT 803925, B I PAT AN L KT O(mn). SCER[BIFE B E (n-m+1)2m=16 HIRTHE T, 75 AL #128 HE
(n=—m+1)xmx (n—m+1) ) = 4 7] AL W FLHLAS 3 T —A O(1) ) ) Fo F -8 e RO AL HR DE e AT S35, %50
AR Omn) R K. SCHR[71 00 Hdhs 378 47 DL %% 10 AR 8 Bk 3h MR AU LA b it T —AN Foidf k-5 (1 3 4Bl
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ANFRGEIT . AT S S S k- 22 ) T ABh B VT TE B A BRI B 0 S 40 X AN R IR 7 SU S B 45
B2 WRT A AN W RIS R B MG I T R A DGR RS I AR OGS eI B R IL 4
ARFNFEAT VF ST GR35, S I BE 8 1) AT 1H B, B 7H AN 25 T LARPBS(linear arrays with reconfigurable
pipelined bus system)#5 Y (R A5 S0 AT U AT k-1 B B0 HR DT C HAT S0 50 3 190 4 S0k AT 4.

1 CREW-PRAM #&% FR AT k-ERBEN B TR FITEE

1.1 4REEREES 5 1T k-2 5 B9 0L &R U EL 5]

EX 1. AT RS EWAH XA Y45 X T Y Z W I 2 DX, Y) @ SO R 3 Fhdmifa/E4G &
X B Y B B D M gn iR O AR X DR IER— AN S ()@ [ XEGE DA —
M50 AH— A8 s XEE Ve mEANTS.

MR 1. A E XM Y 245 S DAY RA W RO JEM DX, Y)>0,D(X,1)=0 4 HAL Y X=Y;
@ WD Y)=D(Y.X);@ ZMAER W Z H I — 8,0 DX, Y)SDX,Z)+D(Z,Y).

EX 2. W TAERA RN —NKIEN n M8 X[, 0] FK X[, /10 5 X 7 8 R 5, 7 8 XT L. R A
B X AT T T 8 XT,..on) B0 B X R JE 4%, P 1<, j<n.
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A C‘{l, e '
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15 WA I SCIAF 6 AL AT R R LA Ak 4% .

I 1.1 A5 50, T DL, jIRAE 84K # T D[i-1, j—11,D[i—1, j1A1 D[i, j—11/ 48, B L D[i, jRAE (R 5 5
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Fig.1 Implementing the approximate string matching with k-differences by parallel computing the
edition distance matrix D in wave-front approach
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& LPL 1 PP TAEAEME D Ui EAE B0 S 1 4 et Mgk EOCS MM . &5 1 & o ML i gk—
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22 O oA U L B 65 AT A0 58 0 0 P R L 5 T30 2 i SV RO 9 4T 1
Mh@ﬁ 4 B QR

ERGEH a(m+ 1) ML EELE PRI~PR yery N IEHEHH 1< a < [

FA 316 S KA R n I IESCE T, e RI9F K JE A3 910 n/ alf) oA 1E SCB TI(-1)xn/ ot L. ixnl o] 1<i<a.
ST 1 o 0 30,23 B i o AR EE A RE Dy 1<i<a.D; BIFRBES B N (mt 1)< (n/ atm), 1 <i<o—1 ;8% )5 — A 4
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4 12 R R 0 S5 A 0 18] 2 TR
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0 0 0 0 0
P[1] 1
PIT | )
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Fig.2 Edition distance sub-matrix D;
Kl 2 4miEEER A D,
PR Ay % 4 4 L 20 REL RO A ARG S ST A i D S G 8 B2 2 1 R O T DR ATV S —— MK T 1 IR AT
TS oA G 4 B R 0T A A G P B R, D 4 98 i SO AT HERE (0 D VR —— R ) DR AT U B G 4
TR Dy, 1 <i<on XM A8 3Rl P AR XUOFAT vF S g R 2/ D s =, i 3 poss.

Edition distance sub-matrix D; Edition distance sub-matrix D, Edition distance sub-matrix D,
< «a edition distance sub-matrixes are computed in parallel >

Fig.3 Parallel computing edition distance matrix D along the diagonal and horizontal directions
B3 KRR ) XOFAT V55 i 4B S AR D
TEIE 2. X T CREW-PRAM H5 8 SR A3 ) XU 4T v 64 480 0 20 RER D FR) SEVF - 22 Sl RO A AL o3 DG T 50 2

FRRN S BT it I8 T80 2K O(n/ eet-m), A a(me+ 1) IR (1) A0 LGS AT AN O(nm), 1< <[ w TP Jon

W, SR I TRV A% B R O(m), 38 1k ) 26 1 ke

E B Y AT B IE SCRIRSE xQ - A7 IR, 22 A A B 08 5 22 [) I s BORE 5G9 7 455, % T CREW-PRAM . A28 3 Fif
IR B S ) AT AE O(1) I 8] Py A g 6t T J6 — B 1E SC 1A DE I P38, B3 A8 T (o 1) A A0 B 285 42208 0 =X AT it
15 v S AR B B 1 RN AR BEE SO VL L LA TAE BT A R0h O/ artm). 1R Jg 3545 a(m+1) AN b B
A8 01 DL AT L IRAT MG 3K et 1 SC HEAT Gt 00 B 50 1 S R0 S G I L. DR, 7K ST R0 A 1) U AT - 5 4 e B8 8

Me D SCVF k-2 0 B ARL B DG JE 5503 D 7 I 180k O(n/ actm). IR K 1<a<[ 1 It LUSSE B AT AR A

O(nm+am™)=0(nm). 5 5| b, 4 Ab B2 H by n i SR TR 52240 O(m), IFE EE A O(n). O
1.4 EZMAESE

SR H 94T MULTIPASCAL #4424 B14i 2 7E MS DOS P& [ 1j 2 SM-MIMD {47 4%, 53035 77 =0 I AT
T E g B D DA KR AT T B AR EE B A B D Y A F k-2 ) A ALl AR DG S AR O Ry = T
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ATV S G BE R I DR SR VE -2 0 A SE ABL A DG IRE B A BRI S5 10 07 FL s g 45 SR A B 4(a)~(d) T rs.

2000000000
1500000000 E 4
S e | —e—
1000000000 £ e
500000000 £ % "
ittt W |

100K 500K 800K IM 5M 8M I0M I5M 20M

(a) The vertical coordinate denotes the execution time (ms), the horizontal coordinate denotes length n of text, m=5,
the number of processors is 6, k=1
(a) SN AT I 7] (ms) S04 1E SR n,m=5 AL SR 00 6,k=1

4.80

475 ¢, . o o+

470 r's —&— Speedup

4.65

4.60 L L L L L L L L

100K 500K 800K IM 5M 8M 10M 15M 20M

(b) The vertical coordinate denotes the speedup, the horizontal coordinate denotes length n of text, m=5,
the number of processors is 6, k=1

(b) ALFRG I 7 i3 b Bl oA TE SCRURE mm=5 AL FLES 50N 6,k=1

100000000
80000000 —&——g—— —
60000000 ¢ g
40000000 .
20000000 LS

0 1 1 1 1
34) 56) 78 11(12) 17(18) 23(24) 31(32) 37(38)
(c) The vertical coordinate denotes the execution time (ms), the horizontal coordinate denotes the length of pattern, n=1MB, k=1

(c) HNAN A PAT N [8] (ms) Bl S B 3CKCE m,n=1MB k=1

20

15 4_’_.//’

10 & —&— Speedup
5 704%
O 1 1 1 1 1 1 1

3(4) 5(6) 7(8)  11(12) 17(18) 23(24) 31(32) 37(38)
(d) The vertical coordinate denotes the speedup, the horizontal coordinate denotes length m of pattern, n=1MB, k=1

(d) GHl A 0ok b Bl D B K mon=1MB, k=1
100000000

—O0—9—0—6—0—0—0—0—6— 06 o o6 o o
80000000 ¢ P—0—0—0—0—90—"90"90 90909

—O—
——

01 2 3 4 5 6 7 8 9 1011 12 13 14
(e) The vertical coordinate denotes the execution time (ms), the horizontal coordinate denotes the value of k, n=1MB, m=15,
the number of processors is 16
() PHENFRHAT IR 18 (ms), BHI A k {8 ,n=1MB,m=15 AL FLEEEH 16
11.40
. A*A‘\M*M
11.30
11.25
11.20 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
(f) The vertical coordinate denotes the speedup, the horizontal coordinate denotes the value of k£, n=1MB, m=15, the number of
processors is 16
() HEN R L, Ry & {E,n=1MB,m=15,4bBLE KN 16
Fig.4 The result of the simulation experiment for parallel approximate string matching algorithm with
k-differences by parallel computing edition distance matrix D in wave-front approach
Kl 4 ey A OFAT VS gm B R B R D IR SOV k-2 0 AT ARL A3 DG TIC 3503k ) B0 SIE B &5 2R
MIEL 4(a) il LUE 21, 2B EE I 2 S(REBEEREH 4 6) I, T8 18 A2 #3 AT P0AT I 1) 38 2 AT 4R AT I 1), #48 Bt

9% ¢ Spcedup
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5 1E SCRUAE 7 19 388 KT AH S b 384 0, 3 5 308 0 HT 2 — 35009 .24 n 39K 31— e IUBE I, B A7 A 30388 LT #R 46T 3L
H T AR B 4(b)3R 1, JC 18 1E ST n W], 347 5509234 52 0 2 M sl A 45, EL 3 Le AR 22 AN 88 i +0.11.

Bl 4(c) e W, 257 [ 2 1 SR, ) 224 A XA Ak 2 5 50) 18 K IsF SRR A i) 850 14 IF T A1 A 17 9 2> b &5 L 55 8
AT % T DA B UG 3 () TSR AR W £ T 4(d) 3 B 0 L P E 24 T 0.5, 5 A A T I 2k ks Ay — s (R
.50 IR 2 B2 A7 B S £ OO BR S 73 15 SOMUASE AR/ T R G A i R AR L TR R AR v g K
T2 JIT A6 B 100 IR TR0 AT 59 S A i A b i) v O o A 65 s 5 — D o, 24 B e K B O 31 (A LR Hh 32) I,
TR XS AL /N 3 A TR DAy o I A AL G PRC 5 B £ WL 2 %6 22 Chfin HE DG A 68 o 408 8 22 I (1) )3 8 19, 04T S0 S B ¥ 18
AT RF TR 0 0 38 7 1 2 S 5 A ORI L S P 28 ARG J AT — 2 1R G R

M 4(e)FE 4(6)TT LA 2,25 2 1F SCHME IMBL BEZUK ) 15 BEBS BN 16), W68 1 B AT 34T
I H) 3 2 FEAT HAT I ) JL P-4 S5 A5 B & To 00,3 5 FE 2007 52 4 — B ARk 8 1 /I sk 16 5% w4t
AT IR

K ANAR ) XUFAT V5 G 4 20 R D IR F P k- 2 ) 10 30 A G T 25 285 R B2 1) 4 B2 6 4 SR A ) S
B, Fo P E SO n [ 5 9 2MB B KB m=11, 55 R B (E k=1, A0 BE 2 AN 12 4K 3] 96.

20000000
15000000
10000000 :|’ o
5000000 —H—‘—
O 1 1 1 | 1 |_| 1 I_l 1 I_l 1 '_|
2 24 36 48 60 T2 8 9

(a) The vertical coordinate denotes the execution time (ms), the horizontal coordinate denotes
the number of processors, n=2MB, m=11, k=1

() SVHIA IFAT SR BT IV 8] (ms), BTl 0 A0 P28 8 H ,n=2MB,m=11,k=1

80
o -
40 /’/7/ —e— Speedup
20

0 |M 1 1 1 1 1 1

12 24 36 48 60 72 84 96
(b) The vertical coordinate denotes the speedup, the horizontal coordinate denotes the number of processors, n=2MB, m=11, k=1
(b) PV IEAT SEIE (K I L, Bl b BE 25 45 H n=2MB,m=11,k=1
Fig.5 The result of the simulation experiment for parallel approximate string matching algorithm with
k-differences by parallel computing edition distance matrix D along
the diagonal and horizontal directions
K5 KT RIRE ) XU EAT v 55 20 45 B B RELRE DA SRV k-2 1) FA 3 AL A3 DT C AT S50 07 L 52 36 45 2R
M 5(a)n] LA B, 2 1F SCRUBORTSE 2 B ] 5 I, 184 0 4 2 28 20 H ] DAY 25 92D R AT S0 IR AT IS T
T3 T3 T AT S T 75 BT I 10T 8 £ 338 T 2 P B e b, 88 5 188 20 VR 2%, 36t T 224 4 B 28 50 L A I 3
I, 23 TC &5 AH R A FER 45 JIT A 35 FR) 1 SC B PR 5 4% 0 ke 2 T S WY 3R 4 v D ) AL 3R 4 8 BB 220 RS 45 B A
A B ST AL SR LE SC B BRI T AR AT AT SRR A A i A Ak B A A P D s T B R DR e, > E S
AR 2 88 ] 5 I, — 7 1T, 300 2% &9 mI FH) A B2 250 T B8 35 9D SR AT S0 B AT I Tl 53— T T, 24 Ak B
A HCE G0 E — o LI, AT SR AT I [R) T B R R
Bl 5(b)2 W, 24 1F SCRRASRTASE 2 82 2] 5 11 A P88 50 B0 IS, AT S50 8 008 DR 4R IV 5% 1P o 3 11 i 35

2 LARPBS 2% ERIR1F k-iRECHYIE N B ITE HITE %

2.1 ftifFk-iREC B9 {EL 88 P fg o) 3%

EX 4. 0 TAEE DT 5 (74)a,be 25E XA R fb W

1, Ha=#b
i ={5,
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B X=XT1,...,n],Y=Y[1,...,n]e X" ) X FI ¥ 2 [ )5 W § 25 (Hamming distance) & Xk
ham(X,9)= Y fo(X[iL.Y[i]).
i-1

EX S, WK P=P[1,...,m],IEC T=TT1,...,n]€ & m<n AT 545 & 50 k,0<k<m, T i FCVF k-1 IC (30 0L e T
Pc e R i, SR A L A ham(P,T)<k WREAEE SO IR IR A LI I<isn—m+ 1, T B T=
i,...,i+m—1].
POV k=17 0 9 305 ABL AR TG P ) R0 1 SR i T 2 A% Jld oK A dn 1 R 4
fo:Z" < X" xk — {0,177
Hdr (P, T, k)=cc,...c, . ST 1<i<n-m+1,6
I, #ham(P,T)<k
Cf:{o, gl '
2.2 LARPBSIRE B HERKEBIRIE

A F A UL K 2R A 2R R G (LARPBS) A B A T ' Jh 2 32 427 A T 8 5 D Ol e o Ak 3 48 2 i) A i vy R 100 )
FOGBAL R B B st s DGR S A A7 RS R R SO AL i 4 3R, S AN RF PR DR UE. LARPBS
RYifiet LU K 2y X RE I RAEBOG e, BRI SR F AR 45 i =0 ) #2236 00,1143 LARPBS 1
BRI 1E & T 05 B VE 3 AR N ] A OGS 26 3R 48 LARPBS ) 45 14 61 A, 2 WL SCIRR[9,10].

LARPBS R4 Fk T HA Mo 015 g J) BLAN, T BATE 1 AN V2R AT R ol — AN K 2R 016 5 2k e 51 Ak 3
MAGEEMFEME | DML F RS, 1< <n X8+ R G 0] DU H gk 47 AN W) 19 oF 820 A BA 2 F
W .LARPBS RSt th— 514 R 18 A5 AR S E 50 SR e, Hovt 555 2% B R s 8 ) SR ORI S R 4R IR
Bk L.

5138 31 LARPBS Rtk LA MNAERAR 1 AR IR IEL, 59— A RO BE 38 (0 AR R by 00 a1,
BT LATE 1 A2 R I 58 K

5172 41 LARPBS Z 4t f U5 A0 BT g s 1L = 0 25 77 o 0 B0 A1 & 3% B 28 LT m AN A P28 R VEFR A
IR R ERAE T LATE 1 AR B P e R

517 51 LARPBS Z 4t U5 b B 4 K L Joi i 25 77w (00 B0l A0 R 0% B 28 1 2 AN R B B RO 48 A Bl — )
Z (). A BARAL AR 1N S 2k 8 A P mT DA Ak 38 kR IR B

3138 6, (¥ n MBI AGAE LARPBS REE ML LK n AN AL S b AN AL B 3447 1 AN Sl TR %
TR ) (active) B4 TG 35 0 s AN, 1 <s<n. T BTG BR 0 35 AR 35 )= 3848 52 (1 (L SR AR IR 36 K 76 25 TR A 38 R b
BRAL B8 KGR T R IT R B B A PR, ~PR, 1 WHRAERR A Hs 4 (compression), 4 454 7T LATE O(1) &5 2 J#1 31
W 78 k.

5138 71 X on ANEFEEE LARPBS R4S PR AAAE 1 A HHEME v, ,0<i<n—1.5k

psum, = iv, FRAVHSE ZHEIME TSR, 0 <i <n—1.F 5 —HESIME TS R 4E W] LAFE O(1) 226 J5 3 4 58 k.
j=0

2.3 LARPBS#E! I #Y 72 15 k-iR B A9 0 BB L AT & 5%

BLESL TT0,...,n-1]4#4# £ LARPBS R L n ANAbBRAS op L A BRES PR, A7 ik IESCTAT T [i],0<i<n—1.
VRSN AL B S PR, AL AR DO R B 841 e 3% S[ AT /R B IE 3R Bi),0<i<n—1 IR I B PO, ,m—1]
LEAE A B S PRy~PR,, , 11, PR, 76 P[1,0<j<m—1. 4 7 (B8, B ¥ m AEUS #41% n.ft LARPBS #7 |-#Eit
FoVF k-DR T B AL ER UG IC TR AT S0 i SRS 56 T 20 VA SR ST R 70 B AN 5 0F T B B A RO R L R 4,
I 7823 R 6 R R R R I BOR R AT V557 S8R 0 77 025, S B U B 0 1) AT T B3 SRVA AR

Algorithm. Parallel approximate string matching with k-mismatches on LARPBS with n processors.

HN:P[O,...,m—1], T[O,....n—1]F1 k;

i 3B G 4607 L ,0<i<n—m.
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Begin

(1) =040 3228 PRy ¥ k | HB45 B 26 LA IR Ab B 4%

(2) KEEN n IR Z RS LARPBS J R AT 2 3315, b AL BRAE PR B 45 PR IR 45 Ab BE 2%
PRixp+j+1,1<i€(n/m—1),05j<m~1.

(3) ¥ K BN n MBERGEEM YL n/m NKEER m BT D& RS, 55018 4 LARPBS-i, 1<i<n/m.

(4) BT MR Y LARPBS-i b AT 4b BE 28 3547 s b i FLAF 0k #5% v 10 1E SC 745 T [G=1)x<me+ AR 8 72 4
P[j1,4 T[(i~1)xm+j1=P[ j1,0E B[(i—1)xm+j]=0,7F W& B[(i—1)xm+j]=1,0<j<m—1,1<i<n/m.

(5) & T AE &% LARPBS-i HATHISK I b m A Z I B[(i—1)xm]~Blixm—11HI BT ZE AN psum;, 38 )5
AT B0} B IS BEAE K psum, RIB BN FLEE PR 1)yt (11 S[G—1)xm+119H , 1<i<n/m.

(6) =18 ISm=1,J0%% n MBI EM R —NKBED n FRZER S LARPBS, A5 & 40 B 45 9147 Hi 4k
AT SO0 SRS AR (T iHi<n—1, M b PR 38 PR, B ILTEME 2 TLH)KRE D PR, (R 1T

(7) EMKEN n 8L ARG LARPBS, /b B ds PR; FLEL SLAT & (KA iR S[i1<k, A 2 % i UL il oz .
1,0<i<n—1.

End.

EH 3. 0T n MEFLES K LARPBS R4, AV k- EC AT, B VUG AT BV K I T 52 2% BE DA O(m), BUAT
R A O(mn).

TE A b 5B S TR, 2 AR VR T LATE 1 AN 2 A 30T P9 56 Bz, B e, S0 20 SR (2) 0 R BEAT 22 R84 I 7 I T
o). FEO)N T BERGEEM LAERLIFE 1 AN RE A 588 AR, 8 SR (4) I FRAT LB 45 15 i 55 I8 1) 2y
O(). 5 H 7 AT 51, 3RAT R n A BB M AT SR T 48 1 AN B2k B P 52 R, 1 o 51 B 3 ] S0, ) i 38 1 4
PELTTLATE 1 AN 2 A 30 P9 56 12, DRk, 20 SR (S) IR AT AR AT O I TR). [ RE, 505 20 R (6) 1) o 2 3R 40 T A 4
PERIE S 0550 A% R B AR IR 1) O(1). S5 BB (3)~(6) FLIL A m YR EVE S B (T) K 3547 L e Mgy tE R AR 7]
DA 5 BT IR P 56 B

K e 4 T n A AR PR A5 1F) LARPBS R 46, fuVF k-1 0 (120 4B 53 G IR A7 55092 1) i6F 18] 52 2% 82 2 O(m), AT ARAY
9 O(mn). O

AR AT LARPBS FR 401 B0 4] 52 2% FE (¥ Fo v/ A= IC I 2 AL i DE E OF AT 5005 R % LARPBS
REILH nxm MO KE N nxom — D BLREEH LFBUZE 0 m MK n 07 D& RFEA I
b B 53 3G 5 A PR, O<i<nm—1 WU I E SCAFE R AL B3 PR, (1 T, 0<i<n—1; 1 B A7 il 72 AL 2% PR; (¥
P[j17,0<7<m—1.8[0,...,nm—11 0 " (0] B0 20, i 240 POO,...,n— 1100 - {547 7T fit (10 1F ST UC B AT 4R A B 5 18 1 e
WTF# e X PR IR AT

Algorithm. Parallel approximate string matching with k-mismatches on LARPBS with nm processors.

i N:P[O,...,m—1], T10,...,n—1]1#1 k;

iy T ABA U S 4 7 B 7,0<i<n—m.

Begin

(1) KR nm F) LR % LARPBS | & 4b#12% PR, PATEEAE S[i]=—1,0<i<nxm—1.

(2) KJEH nm (182 R 5 LARPBS $UAT R AER &k W45 pr b 2 45

(3) KEN nm MRL RS LARPBS IR HAT Z 1815, H P AL IR EE PR IE SCFAAT TTRRL 45 kb P 2%
PRy i (1] T[jxn+i],0<i<n—1,0<j<m—1.

(4) KB nm (R 2 788 LARPBS Jf A AT s UGB A5 184, P AL BRER PRy BE T AT T *(n+1)+i]
FIE SCE AL E (i) 53 3 R IE LI IL G PRy i 1) T *nti]F1 S[jxn+i],0<i<n——1,0<<m—1.

(5) W KN nm IR RS LARPBS HMN m NMEJE n 1T S 4 R4 LARPBS-,0<<m—1.m A>T &
2 R RPAT 2 W AR JL T A FUES PR, FIWT j A5 KT 0,45 2, PRy, WING IR IR 774 R I 45 Ak
FR2E PR 1ysn s - s PR 1yent X LK) TIGHD)xn—f],. ., TIG+Dxn=11;75 W, PR, hAT 75 A, 0<<m—1.
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(6) HA—ANKSEX nm MREE RS LARPBS, I R AT 2 B /E L AL BLEE PR A 4F Pk %
RIS PR,y B Plixm+j],0Sj<m—1,1<i<n—1.
(7)) B KRR nm W R RREM R n NN m T RE RS, 7010 8 LARPBS-i, 1<i<n. % T M4 &
28 LARPBS-i Ay 4b B8 947 L AR 45 T W IE SCF T TIG-1)<my R A 45 P, A
TT(i~1)xm+j1=P[j1, & B[(i—1)xm+j]1=0;75 M), & B[(i-1)xm+j]=1,0<j<m—1,1<i<n.
(8) & T ME &% LARPBS-i AT R b m A ZEHIME BI(i—1)xm]~B[ixm—11/I T ps,,ps; (RAFAELL
HLAE PR 1yxm P, 100,
(9) ER—ANKEEN nm B RE R, I RPAT SO SUBAFERAE, LT AEBEDY PR i 1 S[ixntixm] R i%
UEMEFREG PR i 1) PO[ jrixm],1<j<m—1,0<i<n/m—1.
(10) MTKLEEHD nm BB RR, I RKPAT SO SUBAG HAE, AL BRAE PRG_1yxm ¥ ps; KOG AL
PR\ p_s;1,1<i<n.
(11) BOSKEN nm MM RS L on ANBIEEE PR 1<i<n; (b PR3 PR, HLBUN IR p s,y A K TRIMH,
A p_si <k, W H VSR 44 17 B POLi—1],1<i<n.
End.
EIR 4. KT nm ANAEBEEE ) LARPBS R 48, SCVF k-i58 FC (93 B0 R VG P 54T 55030 vl o % B ) 9 52 B
IE WA B IR (DI AT IR AE SRR BT 75 18 10 2 O(1). HH 5 13 4 W 0,20 BRI 383 AE T e 1 AN B2 AW 5
FCHT SR S R4 IR 2 FEERAE R AT LATE 1 AN SR S N 58 . B 51 21 3 R0, 20 3R (4) I R AT O sl S
AR TR I [R] 24 O(1) ARSI 0 BR(5), 7 26 ZR G0 A AR W 7 1 H0n Ta) ) 58 1, T HL IR 2 R ARt T
PATE 1 /> SSRGS 3 P9 56 1. [FTRE 0220 3R (6) ) i 4 R A A 1A B LI R 22 645 4 R v BATE O(1) I 18] P9 56 1.
T BT, — 7 LT R R E A TAE AR 1A R R N 52 B, 53 — T, 2L 3047 B A $84E BT 75 1)
9 O(1). B 513 7 v] 1,20 B () I I A sk — HEHIME AT Z3 AN (B VE T 28 1 AN B RN e BIE P B OB & R
25 F R A e A ) A A A AT AR O(1) IR 1) Py 5¢ . B30 28 R (10) I K AT s 558 st AR AR R AE AT 77 5 $ 0 1)
PN 58 I S0 TR (1) I 147 T IEC B3 R b 5 E BT  IBEIRD A 0(1).
DR, 0T nm AN AL FRER B LARPBS R 40, VT k-1 e AT BL R DT IE AT R B 5 I 18] 2 o), AT A0k
O(nm).

3 % &
BT CREW-PRAM 58 5 51 SR I8 il s AT 3 () vk L vt S e B D, BEE T A RRF k-2

ol PR A ALL 3 DG C ) A B S0 I SEVE AL T (mt DA R PRSI T SE AR EER O(n), BE 18 b3k 21 T Ze M ik 58 )5 R
OKAP R SO FAT VS g AR R B A B D (10 538, Bevk 7 — AMEH a(m+ D) AN ZEBLER AT O(n/ etm) I 18] (¥ 1] A 4

(M SCVF k=22 59 1R 3 Bk £ @Eﬂiﬁ%%ﬂﬂ#ﬁﬁ%,kas[ . 1,%5&%2&%&@?’9 n IS IR N 8] 52 2% B2 ok

m+1

O(m), BLAE b1 B LA i Ay 20 S 56 45 R AR W], IX AN SVA I3RS T R A B vk i S0k T L 5 T S,
I Ay T IE SRR AR 2 A BRI DR IS

BTN IR SRS, W 1 R R B G IF T B &S S EMDL B & ARSI M HDE R L il BARRIEBOR
AN IFAT VF AT ZEAN (0 75 3%, S DLDUWT BE B K OFAT U 5, BE0E TN EAS R A . SRVE k- RRBC AL AL ER DL R AT
SR AL AN SRAE ] n A BB, N 8] 2% O(m), 55— A 2y o K5 TR 530 A P mn AN KRB X AN B0
FIRAT AT I O(nm). W] FEAE DI Js e 3 48 m] LU A0 b g™ Joe Ak L g5 P R A1 0 3 4 AN [ REASE i J85E ) A7 2%
SR AR, BT 2 IR LARPBS R [ Fo v k-1 E AR ABA £ DG IRC IR AT 50025 02 T 37 TR 1.
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