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Abstract  Maximum Pattern Matching with Gaps and the One-Off Condition (MPMGOOC) is an
interesting and challenging pattern matching problem, which seeks to find the maximal number of
occurrences of a pattern in a sequence. In this paper, a heuristic algorithm based on a new nonlin-
ear data structure, Nettree, is proposed for this problem. A Nettree is different from a regular
tree in that a node may have more than one parent. The algorithm is named Selecting Better
Occurrence (SBO). SBO uses some special concepts and properties of the Nettree to solve the
task. In the loop of finding an occurrence, SBO uses two strategies, Strategy of Greedy-Search

Parent (SGSP) and Strategy of RightMost Parent (SRMP) to find two occurrences with the same
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leaf, and then selects a better occurrence from the results of SGSP and SRMP. The main ideas of

SGSP and SRMP are to find an Approximately Optimal Parent (AOP) and the rightmost parent

of the current node at each step in the process of searching for an occurrence, respectively. Ex-

tensive experimental results on real-world biological data demonstrate that SBO achieves the best

performance among all competitive algorithms in terms of solution quality. This paper not only

provides a heuristic solution for the MPMGOOC problem, but also shows that the Nettree can be

used to solve other complex problems.
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OGm* XW)) , iX FE 55 6 ~ 16 47 Wy I [A] &2 2% &£ Oy
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mX (n+m*)).

SBO B8 iy B () 52 2% BE A3 A A R« b B i =8
6] 52 2% BE 50 BT 55 1 - SBO BRI EE 1 ATAIES 2 411
I [A) 52 2% R 2 OCW Xom X ) s L B 565 4 47 1 I
[ 5 R R OW XmX (n+m?*)) s G E— T H M
B.it8 S" =S—DB B [ & 4 JE O Gm) s RO(B)
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FERL NG 3 AT 805 12 47 R ) 52 2% BE 2 O(W X
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6] 52 24 BE R O(W X n X (n+m?)).
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A A f /MR A I AR EAT TR, LA R i
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55 1 ATHE BRI 1 TS RS ) RPN H. f
N, (n3) 52 2, B85 58 n G A SR ES A n il nd
H N, (n)=N,(n}) =1, 4455 RPN {H7E & 2
(b) PS5 A0 07 45 . 56 2 AT BRI 2 115

BEANGE S LPN fEH. Bl N, () =N, (n}) =0,
A R ns s N RIS OB A 26 4 )2 i 525
N, (i) =3 [N 45 5 A A %145 45 ns B s H.
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(D RN S A NG . 5 3 1THM T 3 1154
AN 45 SR RLPN A, N, (23) = N, (1) X
N, (n}) =6, 45445 S 19 RLPN {76 & 2(b) &4
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GERMZAENG . AT 4 RS E
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B 6~16 1T REMRFE DG F45 8 2l il
B B. SGSP 15 55 4k 45 i nl 1935 LI 1k RS 45 51
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705 PR RS 25 e e 3 7 A D B /N I 25 A D I
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TR pb (35 {3 s nl D F pb(4,{nfsni D). B 2(0) 45
T2 A (nonl ) AL RIAH 46 th F pb (3. (03 s
ni))=N,(n3)+N,(nd)=3 H pb(4,{n;,n}})=
N, (ny) =2 KBS 5 s BB VRIS 50 ni 1 AOP,
Kk SGSP 3 W 3 £ 2 42 43 S B R 1 BUK 45 R
VER S ETSS S 1 AOP H 13, {nd,nl ) <<I(4,{n},
ni}). fJa SGSP iR 45 & n3 1) AOP, 45 55 s A
ASRGESS ot Bl nd . 2505 03 19 AOP J& 25 55 ni N
RP(1)=3<<RP(2)=7. It SGSP % W& i1 5% 2%
H1¢1,3,5,7).

WA SRMP g, Mt F 450 ni 2 5 . B 5
FRBNGE 5 nd B R nl W B A RGER S R T 45 s n
S5 05 s W AT MR S5 R 5 T 45 05 nl 245 5 nd ey
WEEE L. Pt SRMP SEBS 345 R (3.4,5,7).

SBO # ¥k SGSP Al SRMP % i fit 45 5 v
A OGS IR /N Y AR S SR i — S B B A
RO((1,3,5,7)F1 RO({3,4,5,7)) 43 Il & 7 #1 8,
FrLA SBO 8k 3 £ (1, 3, 5, HAE R B IL B — A4
GEE

FE L, 3.5, 1) AT SO 37 5
Hi o aXaXaXbX. SBO Bk 11 4T EHIIE T 1
TEGER T &A45 5 RPNL & 2(d) h 4 0 T 5
4 R B R L I B SBO 8 2 g 45 5 R <0.2. 4,
6). i SBO F3 3k £ Xf A< [a] & 4% 2] 1 % (0,2,4,6)
F(1,3,5,7).

5 XBEREHH

5.1 XWHER

AT SR T E S92 A ) B HE Ok X SATL 5
R SBO BE R PERE. AN AR SR K SGSP
SRMP W Fh 5 W 43 1 T8 B T W6 A~ o] LA S 3 3

MPMGOOC [RI 9532 53 5l iy 45 Jhy 574848 20
JEBH AGSP(Algorithm of Greedy Search Parent)
M A W E B B ARMP (Algorithm of RightMost
Parent). 47 4 AL M IEACHS B 23 A JFC. SL 5
IBAT R BORE 1 BR 8E O: BEA 2 B T7100, F 4
1. 80GHZ .4 1. 0 GB, Windows XP SP2 #:/F %
GBI A.

MU HINT g 3 78 2009 48 R AT . Hoi 2
() DNA J7 5 W] 78 26 B B Z APt 8 E B o m
W E R 9. % #E A AR 2% T . AR SOk BT
2010 4% 3 H 30 H A iy — 445 R (A/Managua/
2093.01/2009 (HIND) (g 435 8 A4~ - B O 44 Sy il
HFA (L D).

R1 EXEMBERE

s B R (A= B
S1 Segment 1 CY058563 2286
S2 Segment 2 CY058562 2299
S3 Segment 3 CY058561 2169
S4 Segment 4 CY058556 1720
S5 Segment 5 CY058559 1516
S6 Segment 6 CY058558 1418
S7 Segment 7 CY058557 982
S8 Segment 8 CY058560 844

Min & AU AE HWF9E TAE R 45 T — S i X
#i. i TIPS BUH AN BEAE DNA P51 b A
B DAAR SCHE £ HAR I 4 DU (PL~ PO A
SCHFR o A AN A SO AR T 5 A
BB CH L R 2 A T A SO A 9 AP AR,

*F2 HERXEHE
- . Wb K
¥ i A KR K
al0,3]t[0,37a[0,37t[0,37a[0.3]t[0,3]
Pl [0.371[0.37a[0.37t[0.5Ta o
e[1.57t[0.67al2.77g[3.97t[2.5]a[ 4,97 _
Pz o 2 0Ta 24 57
g[1,9]t[1,97a[1,9]g[1,9]t[1,9]a[1,9] .
PS  1,97¢[1,97a[1,97g[ 1.9t 2l 101
e[1.57t[0.67al2.71g[3.97t[2.57a[ 4,97 .
Pa .87 2,97a[ 1,9 e[ 1.9t CAE
P5 al0,107a[0,107t[0,10]c[0,10]g[0,10]g 6 56
P6  a[0.5710.77c[0.97g[0.11]g 5 37
P7  a[0.571[0.77c[0.6][0.8][0.7]c[0.97g 7 49

P8 a[5,6]c[4.7]g[3.8]t[2.8]a[1,7]c[0.9]g 22 52
P9 c[0,5]t[0.5]g[0,5]al0,5]a 5 25

O A 4 FE VRIS BT FE http://wuc. scse. hebut. edu.
cn/ F#.

6 H H K A Y i B A B o B R aE hep: //www. nebi.
nlm. nih. gov/.

A/Managua/2093. 01/2009(HINT) /[y 43 8 4> H- Bt il 78
http://www. ncbi. nlm. nih. gov/genomes/FLU/SwineFlu.

html T %%.
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T4 A 45 40 RPN S B L0 ARMP 33 B ] 12 7 AGSP 7277 5T 49 AT 3427
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