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Algorithm 1 RunNFA (UM, (LMj)?:_é: module, T text)

1: procedure SEARCH

2: n < length(T);
3: UM.I + 0w—11;
4: EpsClo(UM);
5: for i =0 ton do
6: for j =0 to k — 1 do UpperToLower(UM, LMj);
7 par j =0 to k — 1 do RunExShiftAnd(LM;, T[i]);
8: for j =0 to k — 1 do LowerToUpper(LM;,UM);
9: Syncthreads();
10: EpsClo(UM)
11: if UM.S & Bit(w) # 0 then
12: report an occurrence at i;
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Algorithm 2 EpsClo(M: module)

1: M.S « M.S| M.
2. Z + M.S | M.Eend
3: M.S <« M.S | (M.Eblk & ((~ (Z — M.Ebeg)) A Z))
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Algorithm 3 RunExShiftAnd(LM;: module, T'[i]: letter)

1. LM.S + LM.S | LM.I;

2: EpsClo(LM);

3: LM.S « ((LM.S << 1) |
(LM.S & LM.Rep[T]i]]);

4: EpsClo(LM);

LM.I)& LM.Ch[TT[i]]) |
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Algorithm 4 UpperToLower(UM, LM: modules)

1: if UM.S & Bit(j) #0
2: then LM.I + 1;
3: else LM.I + 0;
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Algorithm 5 LowerToUpper(LM,UM: module)
1. if LM.S & Bit(w) £ 0

2: then UM.S < UM.S | Bit(j);

3: else UM.S <+ UM.S & (~ Bit(j));
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Algorithm | ¢ Number of Patterns p
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5.3 DOO0OO0OobooOoooooooooood

RunNFAO GPUOODO CPUDOODOOODO1000O0O
oooOooooUoOoooooooooooooo [¢wloo
goboooooooobooobobo sgooooooooonoo
o001o00ooocpuUOOO GPUODOOOOODOOOO
0o0o0ooooooo 20000000 GeUDODOOOCOCODODO
gocpUOOOOODOOOOOOOOOODODODODODOO
ooooooOooGpUOOODOOOOOOOOOOODOOD
O00oOooo0o0oooD 12000GPUDOO CPUDOOODO
0200000000000GPUDOOOOODOOODOO
gobooooooooooobooooocooooooooo

5.4 ODO00O0OO0OO0O0O0OO

RunNFADO GPUOOOOODOOOOOOOODO 40000
gobooooooooobobooob oob200000 100
gobooooboooooooooboooobo9bouooooo
gooodoono 12000 13o00000bOO0O0O0O0O0DOOOO
gobooooooooooboooooooobooooonooo
00400000000000000000O000OO0OO GPU
gooboooo40000000D120000000000D0AO0



20 40

60 80 100 120 140 160 180 200
K —v¥ (B)

09 0D0O0O0O0O00000oooo

gbooobooooooboobolsob0oooobooobooon
gooooooooobooobboooboooobooooooo
gooooo

6. U000

oooO0o0ooooOoOoUoooo GpUOOOOOOODOO
0000000000000 000000000O00ONFAD
gobooobooobooooboboobOoOobbooooo
RunNFADO GPUOOOOOOOOCOODOOOOOODOOOO
ooo0oooooooOooOo cepUOOOOOOOOOOODO
oo00000200000000000000000DO00O0
NFAOOOOOOOOOOOOOOoOOooooooooooo
00000o00o0000oooooO00OooooOoOg NFAD
00000000 ooOoONFAOOODOODOOOOODOODOO
SMOOO 3.500000000000000000000O0
gbooooooboocooboooooobooboooobooos.3g
goboooooooooooboooboooooooooog
gbooooooooooooooooooooooooooon
00000000000 00o0o0O0O0000ooO NFADOD
goooooboooooooobooobooboooobooooooo
goooooooo

O g

[1] N. Bell and M. Garland. Implementing sparse matrix-vector
multiplication on throughput-oriented processors. In Pro-
ceedings of the Conference on High Performance Comput-
ing Networking, Storage and Analysis, p. 18. ACM, 2009.

(2]

(3]

(4]

(5]

9

[10]

Cheng-Hung Lin, Sheng-Yu Tsai, Chen-Hsiung Liu, Shih-
Chieh Chang, and Jyuo-Min Shyu. Accelerating string
matching using multi-threaded algorithm on GPU. In
the 2010 IEEE Global Telecommunications Conference
(GLOBECOM’10), pp. 1 -5, dec. 2010.

S.A. Manavski and G. Valle. Cuda compatible gpu cards as
efficient hardware accelerators for smith-waterman sequence
alignment. BMC bioinformatics, Vol. 9, No. Suppl 2, p. S10,
2008.

A. Margara and G. Cugola. High performance content-
based matching using gpus. In Proceedings of the 5th ACM
international conference on Distributed event-based system,
pp- 183-194. ACM, 2011.

Gonzalo Navarro and Mathieu Raffinot. Fast and simple
character classes and bounded gaps pattern matching, with
application to protein searching. In Proceedings of the fifth
annual international conference on Computational biology,
RECOMB ’01, pp. 231-240, New York, NY, USA, 2001.
ACM.

Gonzalo Navarro and Mathieu Raffinot. Flezible Pattern
Matching in Strings: Practical on-line search algorithms
for texts and biological sequences. Cambridge University
Press, 2002. ISBN 0-521-81307-7. 280 pages.

P.D. Vouzis and N.V. Sahinidis. GPU-BLAST" using graph-
ics processors to accelerate protein sequence alignment.
Bioinformatics, Vol. 27, No. 2, pp. 182-188, 2011.

Eugene Wu, Yanlei Diao, and Shariq Rizvi. High-
performance complex event processing over streams. In
Proceedings of the ACM SIGMOD International Confer-
ence on Management of Data (SIGMOD’06), pp. 407-418.
ACM, 2006.

000O0,0000,0000. D0000000000 gpu
oooooo. 0D looooooooooood, pp. b-009,
2011.

gooob,0000,0000. 00000000D0O0D0ODO
gooooo0o0o0o0oboOobOo. 0400000000000
Oo000000000O0O0, pp. D7-1, 2012.



