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Constant Time RMESH Algorithm for Finding All-pairs
Suffix-prefix Matching of Strings

JinWoon Woo™

ABSTRACT

Since string operations were applied to computational biology area, various data structures and algorithms for computing efficient
string operations have been studied. The all-pairs suffix-prefix matching is to find the longest suffix and prefix among given strings.
The matching algorithm is importantly used for fast approximation algorithm to find the shortest superstring, as well as for
bio-informatics and data compressions. In this paper, we present an algorithm to find all-pairs suffix-prefix matchings of the given

strings using three-dimensional 72X 727 processors on RMESH(Reconfigurable MESH). The algorittm has O(1) time
complexity.
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TAE At EE WY dagsol Bol 97
5o} AtH1,246891617]. tiF-E2] B¥E <ads
© CRCW.PRAM ®HolH 523171H6816,17],
RMESH Z& o]l A F23HtH2,49].

RMESH =9 o] Ak o2, Fd1e] okl A=
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oA EAE AE AT TR dagEEe

A2 TH2).
B eEe LRIEED

sufﬁx—preﬁx } A3he Be A 27 ¢ 6& & /‘]

27907 712 AL§3h] RMESH 29 2t 224
Hel 29148 EEAOR AFANORA 5 AT

o FA,

Il. RMESH /=
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Fig. 1. RMESH structure
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2R 9dstaL, W4 22 NI E 2914, St W
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Fig. 2. row, column, and diagonal bus
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29 Y&E ¢lo] HA2E Rl AAsEH R =
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Fig. 3. 4x4x4 RMESH structure
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1. Suffix-Prefix7| 2X|5l= 2

rin

suffix-prefix”’} YA 8= BE 4 27| F 7 o)

of ZAE o] ol uf 7} o] EArd ol tiel] 74 11
suffix9} Y2 H= prefix s Zh= A o TH7.

o & E9], Al 7§¢] EAE Sl=xbaxab, S2=abxb,
S3=axabaxba ol 3l suffix-prefix’} YA|3t= ZE
% 3719 A v 2 S13% 529 suffix-prefix
= ‘ab/, S1 3} S39] suffix-prefixi= ‘axab’ 7} =1, 52 9}
S19] suffix-prefix=xb’, S2 ¢} 539 suffix-prefixe &
A3}A] et vpA Bk 2, S3 9} S19] suffix-prefix=
‘xba’ 7} 5111, S3 9} 529 suffix-prefix= ‘a’ 7} H T} 0]
B A7E FASHE 139 A "ok F 1004 &
A= Si 9§ 9 suffix-prefix7t YA 8H= Si9] 71 21
suffixe] Zolo] Fie}, 1E]a 02 YX|s=
suffix-prefix7} EA8FA] 255 & 7| FHTH5].

suffix-prefix’} LA5h= L& % 2718 218l k A

o
B2E

o #44, 81,82, .., Sk 7F Fold o, Z+ FAE e 4
o]Eni (1l <i <k ekt HrAL g S 0] 8317
Ak He] BAL & At shte] 1 #AE S ={
S1,82, .., Sk }& AAsHH, A9 ES 78] 98]
AAHE EAE Atold] S 4§ & HEThS
Zoln=Yn;+m+1°HmeEAEEY 5|

E}.

H 20| A £A42 9] suffix-prefix7} A5t

T RE ’%L A71E HeiMe §4 z2adgH e

Ads] o] 83t 4 I F AL W

Y Ad(edit distance) AME I WAOR

suffix-prefix’} GA|8l= ZE %S ZH=TH13,15]. ©
H O

A Hlol & A 2 ElolE d4e] 3t Hof sgst

= TAE dAek 1, %A o 002 BAIRE S
of A Ao r ALd 19 A7t AR Al
agget. ol | A7t 1 ool He FEEA
S T & Foll ‘¢ EAet A2H Ao suffix-prefix
T prefix-suffix’t YAshs F-EOE suffix-prefix
FEvs gt
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E 1. suffix-prefix7t Lxjets ZE 4 37(9 of
Table 1. an example for finding all pairs suffix-prefix matching

Sr=xbaxab Sz=abxb Ss=axabaxba
Sr=xbaxab - 2 4
Sz=abxb 2 - 0
Ss=axabaxba 3 1 -

I3 49 ZA Aot I8 404 ‘¢ EAE Yo g uk

$ix|bla|x|a|lb|%|a|blx|b|3|alx|alblalx|blal}
1+ -] -| - e I I I P s T s s s ey e e
x| + [ 1 + 1 + 1 1 +
b| + 1 1]+ 1 1+ A1 T4 1 +
al + 1 1] [+]1 AL [1] '} i+
x| +[1 1 1] |[+] [T Y1 +
al + 1 o (A N 1 1 1 1]+
bl + 1 iy /1% i/ |1 +
1+ -] -] -[-]-]-]DLA-]-]+tNL-]-A--]-]-]+
al+ 1 1 +| 1 +] 1 1 1 1+
b+ ] 1+ 1 1]+ 1 1 +
x| Y [\ [1 + o [+ |1 1 +
HENE ) 1]+] |1 1E 1 1 +
sl - - -] -1+ -1 -1-1-1+1-1-]-1-1-]-1-1]-1+
al + 1 1 +] 1 + |1 1 1 T+
x| +|1 1 + 1 + 1 1 +
al + 1 1 +] 1 +] 1 1 1 1]+
bl + 1 1+ 1 1]+ 1 1 +
al + 17 1 +] 1 +] 1 1 1 1]+
x| A T + 1] [+] |1 1 +
b+ 1 \ 1T N 1]+ 1 1 +
a \+ i/ 1] [+ ) +1] [1] |1 1 +
SIN- - A - I
—
O3 4. suffix-prefix7t Lxlsts ZE 4 &7] of
Fig 4. an example for finding all pairs suffix-prefix matching
o] A9 gkl M £74E oS So]HAL Sl=xbaxab, S Hae, Y TAE 9B e dAas Y E FA
S2=abxb, S3=axabaxba | t3} o] &£ A2 71 T2 at, P GZ FAo S b+ E HIHTH
g2 YHEH S =$xbaxab$abxbaxabaxba$ 7} =™, ©] T 40l M ZA FAE 2 ok Holl ¥ &4

A Hol & A 7} Hlol & A4 3} Do afFst =7 EAe A2 A1y Ak 1 o)l
A QA 1, 1A o0 o7 wA S + 9 7 2 AAE FE-2 suffix-prefix

e o
S
it
ft

ﬁ
okt
rr

-
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o
H

S & ¥ B AAH TS prefix-suffix 7}

L

YA3H= FEoltt, webA suffix-prefix’t Y A|3k=

HEkS 2251 =w 13 404 ¢ <ol BAH T,
ojFl FEH T A Sl dell HAALE

A5t suffix-prefix’t DAk ZE A 271 &
Ak oo ool Al MY EAY Sl=xbaxab,
S2=abxb, S3=axabaxba o tUHs] S1z} S29
suffix-prefixe= ‘ab’ZA Zol7} 2, S1 ¥} S3¢
suffix-prefixe= ‘axab’ 241 4o|7} 4, 2 9 S19]
suffix-prefixe= ‘xb’2A Zol7b 2, §2 ¢} S3¢
suffix-prefixe= EAISHA  ¥oH, S3 9 S1¢
suffix-prefix:= ‘xba’ 24 Zo|7} 3, S3 & 29
suffix-prefix:=‘a’ 24 Zo]7}10]th, o] 32 & 1904
FAIEY, 39 404 A o] BAE FE EALEE
of HAAgdl sjFeth FoI ZALGES AASH
of shue] 71 BAE R eSS W 2ot
(ZAg e s fal Aslate 24y
mx<mxn 33 RMESH 72904 suffix-prefix7} &
Aete BE A 275 Y ¢ugEs Soksid ¢
N E 13 o) 7 HAZE AT

Z7)°l|, AA4% 71 FAgo] N EAE WEet
A nxnxn RMESHE| A% 00 £3t= Z2AA S
A WA ol A= Jvkar 7Hggit &, AlZ 09
ZZAM PE0,0,5) (0 <j<n—1) 94"
A ZAG g FAet 1 EA7 &3 EA4E
SE7RIth

d5 5o 17 494 A ALY N T2 K=
AZ 09 Z2AA PE(0,0,1)0l 44 W3 13 &
Al AZEH, A% 09 Z2AA PE(0,0,13)E Al
A E2E e Al 24 ‘a'eh AHE ME 3 AR
Fig=

it

=

GNP REEBELY RE SRR TR
WA 9] Z2A Aol A,

[P 21 AS 09 A WA ol &3hs Z2AA

PE0,0,5) (0 <j<n—1)= Al

o] EAo} EAE MEE d HAS o] f

sto] HEE2Edtal, Al1F 09 3 WA

dol &3te Z2AAM PE(0,,0)

<i<n—1)= AA Exo} Ea}

d S E 3 HAaE o] ate] HEEI| 2~
E

PE(0,i,5)& 3

4%%9%%4%Himﬂa
1

[T 4]: W H2E o] 83t Z2AAES Al
HEZ R, JIHES] A ZZAA
£ Start YA 2EE 12, P Z2A|A
+ End A 2~HE 12 A g

[SHA] 5]: Start =1 A ZZA A= AF4le] ZZAA id
S g4 BAS E3le] HBREJNAE
Ei3=8

[SHA 6] End =1 ] Z2A A= AGHrE 2 A A9
id gk olgste] HA A< Distance &

AR5t (k, 1, Distance) %2 A3} o]
u k& 3 WAE Aguke BEald HEo)
Al E Y HAR JEie FAY MEo]
=3

[A 7: (k, I, Distance) 7] 9] L8208 A H3.

U312 F 1. suffix-prefix’} GA3t=
RMESH ¢ 12|&

mE A P

4 318)% 12 pseudocode = YERNH ¢112]E 2
o} #Zh
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e

£ 93 A<A17FRMESH ¢alEl&

Assume S is the concatenated string of given strings

with length n.

[step1]: PE(0,0,5)(0 < j<n—1)«S§

[step2]: PE(0,0,5)(0 < j < n—1) broadcasts

(S;,§) using the column bus.
PFE(0,3,0) (0 < i < n—1) broadcasts
(Su 1) using the row bus.
[step 3}: PE(0,i,5) (0 < 4,5 < n— 1) compares
Siand§,
if (Si==S5j) set up the diagonal bus.
else block the diagonal bus.
Processor with '$’ sets up the diagonal bus.

[step 4]: Form segments (SGi, SGy, ... SGi) using the

diagonal bus.
Start of the Fisrt PE of SG;=1;
End of the Fisrt PEofSGi=1; (1 < i < k)

[step 5]: For each processor PE, if Start == 1, PE
broadcasts processor id using the diaognal
bus.

[step 6]: For each processor PE, if End == 1, PE
computes the edit distance Distanct and
stores (k, I, Distance). k is the string number
broadcasted by the row bus and ! is the
string number broadcasted by the column
bus.

[SA 7}: sort (k, I, Distance) by the non-decreasing

order.

d3E)F 2. suffix-prefix/} Y
pseudocode

Suffix-prefix’} GX|eh= BE %
o] Zo] 435 = A4S T ]%ﬂi%@lm}.

[T 1]eA= A 09 A WA P9 Z2AA
PE(0,0,7) (0 < j<n—1)7F Ao Exjo} &
A HSE AT 09 A WA g ZEAA
PFE(0,i,0) (0 < i < n—1)°A AL3t}, o] 3}
A& 98 PE(0,0,5) (0 < j<n—1) ¥
£ o] g3l HETIHAES T Al Ao ZEA
A PE(0,i,j) (i =j)%to] A2d Bz} EA4
WSS P WMAE o|fste] HEEINAEFT ol
PE(0,i,0) (0 <i <n—1) Tto] Eze} Ea4
HEE A 2E o AT o] D= F e B
SAHZE S FYSER O(1) ARt 3 7hsst
=4

[PA 2194 AZ 0] Z2AA  PE(0,0,5)
(0 <j<n—1)c Al EA9 E4E B E
g W AE o] &3] HEEINAESIY, AlZ 00 T8
A PE(0,i,0) (0 <i<n—1)c Al &4
o} EAY HTE 8 HAE o3ty HECI|2E
g}, o) Z+ Z2AX PE(0,i,5) = T Ao}
Ad Mg A%stA doh. webA o] dAE F
W] HREEHHAE WS S8t ng (1) Azl 4
& 7Fssith.

[&HA 3]l AlS 098] Be Z2AAE 33 4 B
25 53 Ak & BAE vusth 7 “1}7} ¥y
O TE FAFAL, ‘G EX
EAME Y E BAS, %P GJJ tH Eatl 14%%
S ZEAAM YR FAR G ZAE E He)
WA RS T2 A ME Y E FAR

FAE Akl et thgd s AT W
1T 245 71 ZEA A= ¢ 3 2] w2

[ A =R TR )

GAeha, ¥ BAS R LA RS 92
sk YRk, BAE AR A H—t— 3z
204 B2nhe G4BT, ol8@ BAE 19 49 3
GRS

o ABE A% 08 ZEANZo] A $FoE
ATRES G Bk o e FHzzaY
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3 71l A A vk} o] = EAE ZoWH 1, 2
A oW 00.E Yehe A 2t o] A= <
8] g HLH & }Hlﬁ% W29 JHE A HE=
0(1) Alztell 3 7Fsseh

[ 4] H” thzd WeFo = *ﬂl‘ﬂE% &4
SHA| HH, 2 W 2ol A Q&o]] ‘' FALE 717

ZA A Start AA 2Eof 1 X1 deta, 1284 ¢k
A0S g A7) A Start FAI2E 719 Z2 A
e o] AIHE A& ou|gitt Q&
EFAE 74 ZEAME End #A 2H el 18 A3}
a1, IR o™ 02 A3 o 714 End A 2~E
74191 Z2AAE A TAES vhA ko] iy, of
WA v W e] R E ZRA TS Felshe
Z 0(1) Azl 3 7hs3th,

[&HA 5]9 A Start =1 ¢1 TEZA| A= A THAE 9]
ZZAAEANA A T2AA id e thdA H

2 Edlo] HECHAE a0, ZEAA = =
EAAY Y3 € WHEE YEdL. & ZEAA
PE(0,i,5)9 A%, 6, )% BREAN2ES, o] 3}
AL AIHEE UehlE thzhd w2 AollA] & ¥
S BrE2ERtdojurg O(1) Azt 39
ok

[EA 6]o X End =1 Q] Z2XAM & g X2
AA 2] id & o] &3+ (k 1, Distance) 72 AA3ic)
o714 Distance™ B3 Al s gstH 2Ha1] & ¥
SO MRk ZRAA ] id of j gt-& Wl Fhoth
Z, 224M PE0,i,§ )7} G, j) & Aesiohd,
Distance = j-j+1 = AXFA T 1831 k & ©A 20014
3 AR Agre B Heo|a, ] = d HAR
Agire F2lE Msolt), 3k, End =0 1 Z2 A4
T (00,00,0)9 gt A% o] DAGA= AL
HE O vpA|ut ZEAN M7} (&, I, Distance) ZEZ 74]4
she AT A estE g AEe AR 0(1)°]

O

[SA1 71& (k, |, Distance) &1 k 91 #< 71 2.2 8
SEAeEoE AEHATE  Nigamd Sahni[ll]E
S 3-29 mxmxn RMESHO &

43t p? 719 wolElE O(1) At BB 5

rotate sort &1 &

AT LS AgFEEt, of dagFedA =
719 n? 719} dolE = A% 090 &3k PE (0, 4, 7)

0<i, j< n)dl EAlstH, B A= A S 00l &
Sh= Z 2 A Aol row-major A1 2 34 AT
%, PE(0,0,0), PE(0,0,1), --- , PE
(0,1,0), PE(0,1,1), ~--- , PE
(0, n—1,n—1) 9 A= AZH o] DA A

o] 48 <uE]|&S o] & W (k |, Distance) A ES
O(1) ARkl BBE = Atk olu, Al 09 Z=2A)
Aol AAH (k, I, Distance) < k WA AL} AA|
T2 o] Distance 0|5 suffix-prefix7} & 2|8t}
= 2 eI,

5 501, 19 49 ZAgl tisf) ¢eE1Y ¢
ATAA A gam A2H02 (122), (134) 212,
(13, (217} AXEG. EAY  S=xbaxab,
S;=abxb, Sy=axabaxba o 3, (1,22)= S 59
suffix-prefix®] A°]7} 224 ‘ab’, (1,34)< S & 539
suffix-prefix2] 4°]7} 424 ‘axab’, 21,2)= S, 9+ S
9] suffix-prefix®] Ao|7} 224 ‘xb’, (3,1,3)2 S5 % S
9] suffix-prefix®] Zo|7} 3024 “xba’, (3,21) S3
9} 5,9 suffix-prefix®] Zo]7} 124 ‘@' Y-& YA
o} 283 S, 9} §39] suffix-prefix= EAI3HA| oH,
OJAL F100A EAIF AL, T1H 4ol 4] 9 <ol A
2o sl gk

AF7HA &gl 19 24 dAZE BF 0(1) ARt
o +3d = ee AR, v Aok 2ol
fofd = Slth

A Tl BAE] AolZkn ¥ W, nxnxn3
2+ RMESH 720l Al suffix-prefix7} Y2ete BE

—
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v. 22

suffix-prefix’} GA|8h= BE & 27]E F 4 ©]
e ALl Fold w7 4] AL el 7+
7 suffixet YA eHe prefixs 2= Aot oA g
e v, Tr*PE
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o
=
—"1

4G ANEE 4 5o 24
Hel Ropll ) F05Pl ALgE T glor], 4B &

SRl A= fRAAe] A W
= 5o 2§ 7hssit,

B =FoME= 3-2HY mxuxn RMESH %A
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549 998 B2
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