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9|94l FAl(Traveling Salesman Problem) Fo|Z n7j9] ZAIEH 1 EAIE 719] Agjuldo] Foii&
o, B TAISS A8 At WEEEA FY v 8] Al = Z2E e Aot webM HF
Soptima) & o AL AFAQA NP-&A £4 $9 UE, AR ZAE ddsEle dgd s E
o] Mw=x et 53] AA A EAHbio-molecule)S Alte] =7 AMgdle AlZE A4 < DNA 3
FHe DNA EA7F ZAFE 7N e Tuidh HHAS o83 NP-&xd EAES sfdsias ste
AFEe] ol AP Slk. eyt ofF AA A £49 54& # ¥Fske ANt Zdoht BA A&
A AHESE AibEe] Bol AEEA Fol A4t mgo] HlwE £A grh wEki B =M oud &
AL #)Aas7) 93 DANAFEIY N2g 27 &4 A4 ¥h&(Polymerase Chain Reaction, PCR) HARS- 7}
s i=d

ABSTRACT

In the Traveling Salesman Problem(TSP), a set of N cities is given and the problem is to find the shortest
route connecting them all, with no city visited twice and return to the city at which it started. Since TSP is
a well-known combinatorial optimization problem and belongs to the class of NP-complete problems, various
techniques are required for finding optimum or near optimum solution to the TSP. Especially DNA
computing, which uses real bio-molecules to perform computations supported by molecular biology, has been
studied by many researchers to solve NP-complete problem using massive parallelism of DNA computing.
Though very promising, DNA computing technology of today is inefficiency because the effective computing
models and operations reflected the characteristics of bio-molecules have not been developed yet. In this
paper, I design new Polymerase Chain Reaction(PCR) operations of DNA computing to solve TSP.

* 489 AT AREAY AzEgS] AL AF HYPA} =EAS 2001 10. 13
AR : 2001, 10. 23.



1350 #HBIAFEHEZHEEE Horik 2001, 10, Vol. 2., No. 10, October

1. A&

AQHd FAE Folzl w9 EXNEH I A
B39 A HlBo] FAE W, HESLTAA
FEH Y3 & TA= 3 w4t wEsly oA &
W EAZ EoleuM HEY EAEE ddshe 3
429 Hlgo] B HEE I FAZ FH s (opti-
ma)E T3h 2 YA NP-g9d EAFe 8
Uo|th3]. ojZA B3e ud EAV e H3
3t FAS] $8° 2 gt opg), NP-gH EA
& d43oE FAsles =89 48 7] 9
Fol 29 BAE Aty A3 ok A7l
AlZ 1 9l

£7] 3% Branch-and_Bound) &3gjZo|u}t 5
3 =2 ¥%(Dynamic Programming) L1E)Z W
Wi 2ol HHAE F3he @78 3, FEF
HA F-g] 2~El(probability search heuristic)oll A3}
A ZAlel(near optimal)E ke FA duEE, B
2 1, J24 el ¢agE 5 U W

Eo] MEEAk

53] A2 59 #4 AEg] ufF Ao
2 QX A BAE o83 Ae A
3= DNA ZFE 71&$ o83 477 823 2
=3 gtk DNA HFEo] FEE ¥1 gle ol
£ DNA £}t 7Hln Q& ohish Wd4os @
A AREHL e HE AFHEAE 4= 8 $
stk olziet BEAES o183 Np-¢bd EAES
e oy 714 FAES AgHoE 28 F ¢

§ Aoz AztEot 1¥sE, DNA AFHLS A
- BAE ol &3] Wil Ut AFHY AIAE A
48 7 1, A AEA AMse 98 7R
HE HES Ao BT AMEEAo} 3 2
g AFL MEHe Ju Aite] BA ¥k wet
M B =% DNA AFHY a3 F 3¢ &
& A wg ANe BRHeE FUE & IS
k=

£ =29 T4 S Zo "HA 23604
DNA FAi{E9 718 Adsy F2 AEHe 934
E3 DNA #AFH9 SAE5d W) PESHen, 3
oA &uYd EAS DNA AFEoZ sHAshe
WS 7188k, 4FME B =RdA AN 2

FaEL ARl ois) dweH, 53lA AP

We-e AEST npAgoz AL Wy g AF
Aol i) =By,

2. DNA #3749

2.1. DAN #H#%9 71& A

DNA ZAFH 7IHe 44 A4 2A%] DNAS
AR =7 R A% =72 AR wEA M
9] DNA ZFEE A(Adenine), C(Cytosine), G
(Guanine), T(Thymine), 47} @7]9] ARE BHT
ot AE T 209 4 AFE FAshAA At
I Ce Gst Y 4 AES 43N Adst
£, °]AE Watson-Crick A8 ZAgolzta st}
[1]5]. AEFZ+= DNA F22 o]=7}=Hdouble
strand)o]u} FU71single strand)S AMR-3HH, AR
E A3l F&3= 712 WhHe Watson-Crick A+
B Afo|th. GukAQ didze AEs 49 W
HEY A& U(ligation), A1*¥E -4 (annealing), 3}
B2 =¥ d(hybridization), FHEL kS, A A
7] dFW(gel electrophoresis), 3}H g =S
(antibody affinity) 3 8] 7}A] &Hi(enzyme) S
& AT

2.2. DNA RAF994 AL 944

D slo]BE|= X (Hybridization) : 2+ g7159]
AEA A715% Mz AT AL gug
th o1& F3A 271y B s" ARse] 2
st 1749 olF 71E Akeg AT 4+ Stk

2) A3 (Ligation) : H&Lei(sticky end)o] A2
AYEA st 7 Ales g4 AL 9
w3

3) A3 E-2%(Annealing) : DNA ZAF=IA = 4
Y Ee delrz WA A 5
ol ArgETh

4 FHEAL A - ER d7)u)G(sequence)
£ 7IAi 9= DNAY o)F 71gS 9 7}
gog Belmelingd ¥, ZENATA s
F7Ee AR WIS FUI8tY )% JtHe
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d7] wide] 2719] &7 wigE FE "k

5) A A71%9%H(Gel Electrophoresis) : 54 Zo
9] DNAE F&3he ditolth

6) #A 73}8 ¥h3{Antibody Affinity) : HA @
7E FolM B E7) MEs 7 e
DNAE Addste ol

7) #A(Enzyme) WrE . AN ASHE
ligase, 4T BRE AAs oIF sz A}
& BAN(cleave) TG 71 AER TE F,
o2 B F8% 4 IEE = A% 54
(testriction enzyme)7} ARE-EIT)

2.3. DNA RF¥9Y 543 FAA
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i FF tilo

DNA #HFHe 5L AAZ, s 334
olg8jM Folu FAY FA FHE AR BA
vl g AREETE GRkAQl gaelEe sy &)
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T A& v Ik agx 71839 DNA ARH
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Hel IS B3 BE M FUS gAY WE
o o] 7} HejA th=ch

EX=Z, DNA HFHE A4 &4 AL 589
ML S48k ALt £5 S A AuEE gyt
PCE %% 10°99] AXE & 4 3 #TAFE
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U DNAE dlgk 29 104919 Allo] 7hssith

AR, DNA9] 23t BaAgE A4t o8-8t
£ Rigte] o} FRE AGse 2 AR
g 4 Stk dwbER]l vt "ozl A9 IbitE
A#st7] 98)4 10°nm’o] BeeA|T, DNAS Al
£31 Inm’ute] Wtk o)XY A AMgHI
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v oA 2 J1A dHR] 2 ZAMES A
HE + o
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DNA #AFHY A2 PCR A2t 1351

HA 7Aoo 2 HET 4FPS AR AR}
7] Bl A4k Azto] Bo] AW, AES HYE
& FgHolx Ao HEsA wgdve 7}
Aol & Aol AT, 4% PHES AR A}
£3l= DNA HAFHdA= AFAH 2345 7HAE
F oA Ate] FF3A gk ol F dEe
238 dAP=HE 7} flvkn kA false nega-
tives), A3 7} oldux FHFdetn Adse
(false positives) 59 F7F @& 4 Qo =}
A ojd 2F5Ee M e e HASA 34
AR sAY, 2R7h BAstRE O 0fE S
B3 Qle o] dojorst g,

3. 999 FAE 93 DNA 7Y ¢xdE

G 3= AL T EAE F¥stu
A7l 4 ARE AT e E7IWEONA
sequence)& o]tk FAle] wa} chgst
Ho] &A1& A%k o37)|A= Adlemane] L3
WS ALEEn 9 B4 A @Uig
AAG 3= 9T oflz JEXE -]
g ¥ 3 Folof Fivh thE <& 1>2 DNA
Fe dneEs 1 & Aot
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<HE 1> DNA 3RE 27121E
<Table 1> DNA computing algorithm

1. 3= H& 4 ZM(Encoding) : 2A 7EE 0185}
0 Z01F SRoN Chet B8 2y 28

2. 2)|8l(nitialization) : Z&Et HSl WP HIRGH 2
ASE MY

3. SiM(Synthesis) : Z&E SO| GIMIHAENAE 0
25l JIset BE &) ofiEsS MAs

4. El(Separation) : MAE ZJ(of SEHM FOHX =
S DESIR 2= oSS 22l |

5. 350 2 - 22 I 0% ENdle ol X
olcin s

%7 wide] Zol(1)E 20bp(base pair, Y7I¥HE
T = AA g 2d8Er] S8 dge
Zol7k 10bp(l2)Q1 2748 “9A  E71s}H(position
sequence)”, Pu, PpE AME-3Ith 3 - 5 DNA §
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7o) #ads Jehlls Aotk 7 i > jE
HHs] M= 2 i > 7 dddke F 33
i, jol A G7IE e ol &sl=sl, A i9 3'end
10 bp2] AR H7)u<D(complementary sequence)$)
P29} A jo] 5-end 10bpe] Ax F/WIAL Py
£ ARSI o (29 11 B 471 Wige) o
g By, (28 2)' 7 G771 W@ dE JE
itk

3’ ATCGCATTAA | TGCCACCGGC 5’
Pu Pi2
Vertex i
3> CTCACCGTAA | GCACCATTCA 5°
P Pp
Vertex j

(D& 1) 38 &)1 b
[Fig. 1] vertex sequences

5 ACGGTGGCCG | GAGTGGCATT 3’
Po Py
Edge i -> j
[O& 2] 2t D1 b
[Fig. 2] edge sequences

£ =FME 10194 AANG 2= 8 WS
AR - E@Y) wide 91X drpigee ¥
ata, 7 FGride AA |7migs SR
AMEE BEF TIPS ok 1A BE B
He v J1EAE JIAe Al ATHe] GICH
Hoh Bo] IFPHEE Itk F A, C, G, T/} 2%
@ o "z e FaFYe $8 JPHo= o
F3X 7IEXE Bdske Aot 71EA HEe
4 (13} 2ok

i (45— o

M

0 otherwise.

4 (DellM Kae I i8] 2 ZBRFlTL, Sie
A e 2 AR e Feelth 231 Wa
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o rlo
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o R wjde FI8 olF ridez Al T=

e Aotk riMe FEAITA ske 97) WY
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e FTHES 44 e AgEh

HA R WA AEE e 538 97 e
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e m{o
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Sick

e FREa A4 wee ¥
H9e 743 gl DNAZ 499 ¥, 1 M99
971 Mge o 88 B sA8E zi@ ahe
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A1 el
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pAg o2 Al WA e FHEL A 9he
dats 53 d7) migs AddEtd, 1 %)
Wdue] 7ERE A & 7P AT
T 3g AdA MR AxE addt ¥ FH a4
A WS FHIE Ao AL WHem
AR A 4 A48 SR JREHE 7R
= ARE AAEE 1 A2e JFEA) 2 ssA
o] glemz 3 HgolA AAEIHT

Ad Wg

DNA ZAFEL A4 AEZ 43 PEL it
A2 AR webA A HIEF Azho é F A

Fed vlsiA ol Ho| HastA ok 3§ dit
A9 AE P Ee] LFY S o 2t
A7) wEel A3 el FEAriE dsle 4w
7t viRA] &E 5 Uk a2#A RlEF AREE ‘I:‘r
Z3HAM DNA B4 g 888 Fugsd &

© AMEHoldE FE olgdth Yv VNA(Vmual
Nucleic Acid) #= A|EH o8& ZNL3l9x, [10]
o] & NACST(Nucleic Acid Computing Simulation
Toolkityolgh= AlE#Hel8lE 42 NEssck 2
=R AP JAFoly, A A3 )
EE (1019 e SrHE FYEA AR
o O <X 2>& 99 EAE sy A3 A
£3 FerE ol

< 2> DNA EFE0| A28t TRI0EE
<Table 2> Parameters for DNA computing of TSP

W % 2
SIX| 2 20| 2
JRER 21 A 20 4

SN GIIHE &4 201 1
JIEA gl 0101 1
SI0I=EIE 8 oR&ElE 0.001

DNA ZFE9 A& PCR H4t 1353

e g JHgstEzs 34 Asl
AZstglek =3 oy wkgo] 3lS o
U}E} SH% AT 7HPsiiT. A8 =ASTL
BA ¢ ged o), JEF 4F WS
ol A7) FEHe Vg A do] o) F7
WEE AAsed AMgstRer FA 38 ke
& o83l Zk Y WE AFE Ak 430

DNA Z#® ¢aglFo} 7HAaL gle = Ha4S
ol g3t NP-¢hd FAISE djdshs AHZE WHE
o] Agtd RoE Moy, kg 7|& g At B
ARt A FFE biocomputer)2] 7 70l ¥
1, e 7le 2ekRd v ade g ez U

Ak 2} DNA TFY FuABE oF 9 A
wol} 2= Y WHEC) REdT: mel B
FAHE old BAYE Sasn A2 PR 9
B e YA dARE dPe Wgsku glen,
goz ATaAe EAL 27} olF 2 BAE 4
29 + 9 285 PUES A 9 5=
g AZshske euelEe iha Awshe Yol
okt A AA AHY $9Y & JE A
gelolelg g3t PaHskE Yol
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