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Abstract

This paper describes the efficient implementation of DNA sequence generate system with genetic algorithm for reducing
computation time of NACST. The proposed processor is based on genetic algorithm with fitness functions which would
suit the point of reference for generated sequences. In order to implement efficient hardware structure, we used the
pipelined structure. In addition our design was applied the parallelism to achieve even better simulation time than the
sequence generator system which is designed on software. In this paper, our hardware is implemented on the FPGA board
with xc2v6000 devices. Through experiment, the proposed hardware achieves 467 times speed-up over software on a PC
and sequence generate performance of hardware is same with software.
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Fig. 2. Conceptual structure of NACST.
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Table 7. Decision result of Adleman’'s DNA sequence.
Sequence(5’—3') :l:: S:;la C;rgn Go/f
TATCGGATCGGTATATCCGA | 73 | 58 | 0 | 4
GCTATTCAAGCTTAAAGCTA | 106 | 79 | 9 | 35
GGCTAGGTACCAGCATGCTT | 22 | 23| 0 |55
GTATATCCGAGCTATTCGAG | 57 | 16 | 0 | 45
CTTAAAGCTAGGCTAGGTAC | 14 | © 9 | 4
CGATAAGCTCGAATTTCGAT | - - 9 |40

k-

8. NACSTS Ademan &8 M MM Zof
Table 8. Ganeration result of Adleman experiment with

NACST.

Sequence(5'—3") ZIS_HTS Srlftl;la Czlr;;m Cof
CCTGTCAACATTGACGCTCA | 48 | 46 0 |50
TTATGATTCCACTGGCGCTC | 30 | 51 0 |50
ATCGTACTCATGGTCCCTAC | 27 | 23 9 |50
CGCTCCATCCTTGATCGTTT | 15 4 0 | 50
CTTCGCTGCTGATAACCTCA | 13 4 0 |50
GAGTTAGATGTCACGTCACG | - - 0 (50

E 9 THE MEMY A28l Ademan AEH ME

MM Anl
Ganeration result of Adleman experiment with
Proposed sequence generator system.

Table 9.

Sequence(5'—3') I;Is—urr:: S::;la Czlr;m G%C
ATGCATCATCTGTCGCCTCA | 43 | 37 0 |50
TTCGCTCGCTAGATACCTAC | 28 | 48 0 |50
CTCGTACCAATGTCAGTCCA | 23 | 27 0 |50
TAGGATAGTGTACCGCTAGC | 16 4 0 |50
TTCCGTCCGAGTTACATCCA | 14 0 0 |30
TTGATATTCACCTGGCCTGC | - - 0 |50

2"l o8 APE AYE Fgo] Hamiltonian A2 &
A A A AHE s ¢ Aog AL 4
Atk E3 #8 # ®IE v]ws] 2 NACSTH s
RARE MEEF 7Y DNA MG Axglo] Tts
o] Wl MEEe EAlel ddt HFPxe] & Aol7t gle
A& & 5 Qo) wgebA ssdelz 7" DNA M4E
AR A2FE NACSTY 23udEFL aUE 43
AARE W Adel i e FA shEA At Al
e AA EJqve AE ¢ 5 Aok

= RE

£

=X M 43A-SCHAS5 = 57
v.2d E

Az dAle) Azgoze 2ol ol BASE

DNA Z%9¢ o84 sdstels =do] AR 9

(298)

o zEy s BAE sAste o dFd =
o] Aztel Al AA APozy AN Zdo W
A% 4 o] ks stk AEA B =EdAE
DNA AEAAR Alz"9 wE AR FRE %
MAAG A2de a&HQ J=do] TRE AUslL
Fasd4d Aad s=do) F2RE G g9 del
EE w2A Mstr] 98] BEAe 7" pipelining
g Agstgon, AT F kA 8
= AYE g5 B2E9 28349 A s
At Adf e 7 A

1He Featd A= 35
B2 F4th 2HA 2
! ofoll wja) oF 4678 F=<) A
gEAZ o, NACST MEAA Aj2dle] &
Iz FEIFHEAE A9 A4 agz
AAT &3 ASHE = 4101— TRz dnEF
A 2 A dE Hog AAY &%
AR A"l A2E vﬂx} dnYEE F83
Stgts £ =84 Agd HE FZ ¥4 pipelining
ZE QA A48T F UEE s webd B A7
Zdo) A8 A ¥ K Bioinformatics) SolA °le7t
=3 9l Hybridization Al E#H o] B 718t A3} Q
Feol AlgdoloM, T F4 F AEE DNA A¥

S w2A A4 ZJ%—@Q T A FoEHN AA *l*E“

0o HBO
u‘}'*x‘.“l‘“ﬂ:e

=

= 2]
=

o
E
e
)
e

e
o0
e

\:

2
N
2

£ ok R
N

o
=2
7}
7S o=

W
AZEY

1

o

N
fo me M rR

l‘-lo::
o>

Jo o

J 1= O

66T

R

=

[o)

_>,:L
g re

3

\_,

2 @neE g 8% oo Hd dus,
DNA ##59] £5¢ .z Suo| Hajz} 4ze,
¥nEs

(1] B 3A, slohem] A4, 1998

[1] Maley, C.C."DNA Computation: Theory, Practice,
and Prospects”, Evolutionary Computation 6(3):
pp.201-229, 1998.
A% “DNA AHFH
A A",
12-27.

T. A. Brown, GENOMES, John Wiley & Sons
(Asia) Pte Ltd, 1999, pp.3.

AR, “FAA guFS ©]4% DNA A8 A
A A28 4EdEa g9=F3 2001, pp.7-20.

[5] G. Paun, G. RoBenberg, and A. Salomaa, DNA

[2] Mg ol & =¥ HA

AUt SH=EH 199, pp.
[3]
(4]



at

58 FEA Y22

Dl

Computing: New Computing Paradigns, Springer,
1998, pp. 3-40.

(6] Adleman, L. M,

"Molecular computation of

solutions to combinatorial problems”, Science,
266:1021-1024, 1994.
(71 Deaton, R, Murphy, R. C, Garzon, M,

Franceschetti, D. R. Stevens, S. E. Jr., "A DNA

based implementation of an evolutionary search

for good encodings for DNA computation”.

Proceedings of IEEE Conference on Evolutionary

Computation, IEEE Press, pp. 267-271, 1997.

JHolland, Adaptation in Natural and Artificial

Systems, The University of Michigan Press,

1975.

A, “AF AEY 3 dnE”, AAT I

], A24d A 3%, pp51-60., 19973 34.

[10]D. E. Goldberg, Genetic Algorithm in search,
Optimization, and Machine Learning,
Addison-Wesley, 1989.

[111G. Winter et al, Genetic Algorithms in
Engineering and Computer Science, John wiley
& Sons, 199%.

(121 R. Deaton, R. C. Murphy, M. Garzon, D. R.
Franceschetti, and Jr. S. E. Stevens, "Good
encodings for DNA-based solutions to
combinatorial problems,” in Proceedings of the
Second Annual Meeting on DNA Based
Computers, 1996.

[13] Peter D. hortensius et al, "Parallel Random
Number Generation for VLSI System Using
Celluar Automata” IEEE Trans. on Computers.
Vol.38. No. 10 pp. 1466-1473 October 1989.

{141 R. Deaton, M. Garzon, R. C. Murphy, D. R.
Franceschetti, and Jr. S. E. Stevens, "Genetic
search of reliable encodings for DNA based
computation”, in First Conference Genetic
Programming, MIT Press. 1996.

[15] N. Yoshida, T. Moriki and T.Yasuoka, "GAP:
Genetic VLSI processor for genetic algorithm”,
Second International ICSC Symp. on Soft
Computing, pp.341-345., 1997.

[16] Dan Mihaila, Florin Fagarasan, Mircea Gh.
Negoita, "Architectural Implications Of Genetic
Algorithms Complexity In Evolvable Hardware
Implementation” EUFIT'9%, Voll, pp.400-404
September 1996.

(16] Melanie Mitchell, An introduction to Genetic
Algorithms, The MIT Press, 1997.

[17]1 T. Fogarty and R. Huang, ” Implementing the
Genetic Algorithm on Transputer Based Parallel
Processing Systems”, Parallel Problem Solving
from Nature, pp.145-149. Springer-Verlag, 1991.

[8]

[9]

2 0|88 DNA MZ 4y N2HES aaXel 130 oS

(299)

rot

@7

[18]M. Tommiska, J. Vuori, “Implementation of
genetic ")3)7F4~ — _ with programmable logic
devices”, Proceeding of the 2NWGA, August
1996.

[19] N. Uoshida, T. Yasuaka and T. Moriki, "Parallel
and  Distributed  Processing in VLSI
Implementation of Genetic Algorithms”, Third
Int'l ICSC Symp. On Soft Computing, June
1990,

[20] M. Salami, "Multiple genetic algorithm processor
for hardware optimization”, Proc. First
International ~ Conference, IECS9%  Evolvable
System: From Biology to Hardware, pp.
249-259., October 1996.

[21] Barry Shackleford, Etsuko Okushi et al, "A
High—performance Hardware Implementation of a
Suvival-based Genetic Algorithm”, ICONIP'97,
00. 686-695, Nov, 1997.

[22IN. Jonaska and N. C. Seeman, Eds, DNA
Computing, 7th International Workshop on
DNA-based Computers, Tampa, US.A, 10-13
June 2001. University of South Florida.

[23]1Q. Ouyang, PD. Kaplan, S. Liu, and A.
Libchaber, "DNA solution of the maximal clique
problem,”Science, vol. 278, pp. 446-449, 1997.



200619 0@ HAIZES =FX M 43 SCH H 5 =

of 2 2RI
2004 7FEYUIgta WEA|
383 AL EY
At gta HHFAl
T8t HAF 4
20063 ~ A3 A vt A

: 122 AlFHF
<FBAR: e A), w2, VLSI 2 SoC A4
A, Embedded System 7>

2006

o & H(H3IY)

A3t gt W= A3 8T

i £4

Aot FEFA

T JA €9

20053 ~ A A A Etn

BBEANF 3 WAL
Alz=" A7, WPAN,

20054

<FBARE : FA

WLAN, VLSI AA>

S IR |

(300)

59

5 24359
7d Aststa AAAS
g3t A 24
Astreta AR
&

20059 st R FA
Foh3t wAb E

19999 ~ AR FA T DxB SAFH @ TAH
<F @A Eok : $4, DMB, VLSI ¥ SoC 47

o (FA3H)

19703 M gdsta H7]38aH
AL £4

u] = Utah State
University A} €4
(Electrical Eng.)

v] = Utah State
University 214} &9
(Electrical Eng.)
19893 ~ & A 3ty FRZANFEHL wg
<F@AdEE : VLSI ¥ SoC A, AFH T&
2 Embedded System “2 #A>

1984+

1988+



