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Abstract The scalability problem in DNA computer has been one of the important research areas in
DNA computing. According to the requirement of the DNA parallel computing for exact cover
problem, a DNA model for good scalability is proposed, which is based on the biological operations in
the Adleman-Lipton model and the solution space of stickers in the sticker-based model by
simultaneously taking the method of fluorescence labeling and the technique of gel electrophoresis into
the model. Based on this model, a DNA-based algorithm for the exact cover problem, by making use
of the strategem of divide-and-conquer, is also proposed which consists of three sub-algorithms: Init
), IllegalRemove(), and ParallelSeacher(). Compared with by far the best molecular algorithm for
the exact cover problem with n variables and m sets in which O(2") DNA strands are used, this
algorithm can solve the same problem only using O(1. 414") DNA strands on the condition of not
varying the time complexity. Therefore, the cardinal number of the exact cover problem that can be
theoretically resolved in a test tube may be enlarged from 60 to 120, and thus the proposed algorithm

is an improved result over the past researches.

Key words DNA computer; NP-complete problem; exact cover problem; divide and conquer; DNA
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DNA # H K42 b 69 54474 05 £ % Aldeman-Lipton #2469 32 V5 5 46 M5B A 09 fE 2 10 25 4, 51 A
RIARITA B B kAR IR T — A KA A & 2 P69 DNA 3 A A fo L T 508 7 ik 69 DNA
AWMAEE Ax sl AREFE Init O TARBMEFE F IllegalRemove () Fu 5 47 3 & %
ParallelSeacher() 3 3 /~F H ikmm. HRIEL FW BRI EH . AL EARF S RAX A H3EAE
B MO AN T R MBa 7B E P A DNA 43K O Y £ 0. 414" , A @ ¥ DNA ++ H
MARE AN TRBOIA B LR MES AR 6055 120, K3 THE LG TER.

%428 DNA M NP R4 PA; #HmEEZFM; 2% ik; DNARBATH
FEE4SESE TP301.6

DNA 51— F 1L DNA 4 FRHGAE DR 056, 1994 42, Adleman FF @1 £ o 6 FF 2 T
AR SR B LK B A (K SRR — R DNA 52 T 0 2 B S T 7 A T B A )

s HH1.2007-09-03; & B H #§ . 2008-03-28
E&TB . HRARFAIL 4T H (60603053,90715029) 5 WL H AR A I 4100 H (106654) 5 5 2= A 18 1 5 B4 56 4 101 B (20060400845)
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Hamilton p§4% a5, 1995 4E, Lipton IRt T
55 1A NP 5% 4 o] S —— ] il & 1 (SAT) o] it
IEJ5E - 56 F DNA 5 HL K Hot 5 AL AL 5 5256 Jy i
GO RWESE H 45 5| A 5 AL FEAH SC B 5E B B T 2R
W B HLRR A 08— A B 1 BIF 98 0k 1 222 4
Ak2h T R R 2R R S5 4 A A T Y DNA 3
ML S g 4 S

SR . H BT K 2250 NP 52 4[] B 45 2 3k T 95 %4
(14 7 2%, A ) B firt 2 TR o 255 ) A LA ) 484 K i 2
FEBOPERS K. EAE G LS, AT R B2 8
NP 58 4 [n] R A LA 77 48 % 07 1 50 4 1) I 98 250
1= 7 SN 1 <185 i 1 B O 2 = D 6] =S
FHRE ) DNA PHEEHLE 8 KR #E 5 DNA S5
BT RE. 2004 4R, 255 A AU Ak
BRI KA 8] B 9 DNA 5, 48— Fh sk
fift e A 1R] A 1 DNA JH S ATUAE 0 430 3 5 SOk (13 ]
VU L T — B R T AT G 43 TR RS I 1 A (] DNA
R R IR R N R R L RS S NN E K s S
J i N DNA /4> FHCH A3 Sk f el i
JR PR A B — o B0 (R ERAEAE R ORI L BT Y )
SRR F 0] R A AN SR R 1) 52 81 5 I 3 1 A W B AE 2
Fe kSl th 2 3.

7 SRS B 7 55 ) DNA JHEHLEE Y R
PESEAT TR AR HR R K i 2 55 1) A 2 4 U W 2
NP 5¢ 4 [a) {8, R R 4508 — M ER S= (s sy
s OM—NERIR S FEMESR C=(CL.C,, o,
COVERERECH—NTHEC MEBES C hiF
BFHEOLARMLHIFERN S, 2004 4, Chang 55 A
FIH Adleman-Lipton £5 8 [ 452 45 55 K 05 452 7Y (1) figt
SAMSE G R T OO BEROR R 3-SR E
M DNA JFEALE LN % B8R U W T A
5 () RT3l ot DNA T8 58 . (B iy T 5 vk [
FESE 95 26 5 ik s LA BLA AR AR R 7E 1038 N A RE SR
i L AR 60 ARG Al 7 26 n) .

St T DNA T 0 78 25 1) A 98 &R
B B IFAT EE W A SCH Adleman-Lipton BR1 (4 4
R I AR TR (% figh 23 ) A 45 o 4R I T — iR f RS B

o [A) R ) DNA 31550 AL L 7Y 13 T o A 78 Y 3R
OB R A A TR A SRR U A A R B ik
FIOEAT R A5 4L 3 A PRk gl . A sCmk[13-14 119
SRVEAE L B B R AN G IR B 2 0 S TR
SR A% ) FELAIE T B9 DNA £ 50 4l 38 201 O2") I
DEFEEAY O, 4147).

1 #5HHEBEZa DNA & &5

Adleman-Lipton # %) 4= #) 2 VE 55 Kl I A& 7
(sticker model) 1% fff == ] #H 25 £ f) A58 212 — Bl id H
M DNA 38 g5 mulr-1180 D2 3% B Adleman-Lipton
F55 I FIURE W 55 0 (sticker model) B 46 A5, . T Bifi HL 77
fift FILRA AR Y 2% 28 1R i 46, i T B AL, R
SO A 1 75 = 1) 280 ) S At T SR ] A e AS 2 A 44 5
SN IN W AD CAT AT 53 B B AR 2 2% SCER[16 D A=)
PAERE R IR

@ HhI Cextract). & WE P Ml — DR
DNA #§ S. #iBUAES . +(P.SH A —(P,S). +
(P.S)FRm P hrA4E S 4N 781 DNA 4> 1
B, — (P, S)E®R P HITAALE S MENFHEW
DNA 7314,

@ &I (merge). 45 ERE P, 1 P, #:4E U
(P, P,) =P, UP, £nfidsE P, M P, §IF5]—
MRE P ARAE Py P, W BT AT 5.

@ Kl (detect). il P. 4R P h 2D
£ E —> DNA W& 5] “yes” , 2, 3% [1] “no™.

@ il Camplify). 25 &4 PBRAE Amplify
(PP, P P M &6 P, fl P, HZ )
RE P M.

© B Kk Canneal). 25 & i H P, #:1E Anneal
(PYFE P A iy fir A DNA FEE AR BB

© W hn Cappend). g E P M — A8 W
DNA 5 Z. 2 #EK 5 Z 3 m 2] P b & A48 1 oK
FE.

@ Bl (read). ZERHE P. iz AE R IR 3
P g~ DNA Jr FHERY T A 0/1 15 .

2¢6An1E (fluorescence labeling). 45 i
P ZAR AR BA FE A RRAE R DNA 23 7RI,

© %W VK (gel electrophoresis). %25 %€ i &
Pz BAEW 8 i DNA #5345 B85y T R/ANEFT 43
5.

2 EWEEES DNATENE X

2.1 EFHAMDNAENEZERRE

1974 4F , Horowitz 1 Sahni!" V4336 T ESI A
GRALEE R R o s i A N B S RN
CREE CHEELRNR

O HHES W X355 P4y A P 43 1 i
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AFHEMMAEKAB T

@ XfF A.B h AT EHT

© XE A, B FEATH8 R LA 3] 5] B .

P Y 3 T KR R SR S A R ] A B[]
SEAPEN OCHFEMRE] 027 )~ 1. 414", 2 WL 3CHk
[10 1. R4, e 75 5 4336 16 51 21 %kG B 7 25 1] & 1)
SR A 24 I A B A DNA B9, LA R AIGOR i e
(]R8 DNA 3A T 515 1 gl 15 40 K 19 DNA 4
B X IR ER Y T X R R AT
A AR SR AT A A — 2 SR B DR R i Tk e
KA AL DNA R HLE L R E O
(2" (i TR) B B39 1) A A S 36 45 T B0 DA 22 1 X
AT th 22 P 22 I A ) B R A 2 MR
RKFEAE DNA Bk g L8 al 470 8 T 5 X —
Jy B A% SCOXEORS ff 78 55 7)) DNA 3153 #1531 i
T T HERAMEE SWF5, 8 3 X% Adleman-Lipton
RS A A W4 A 47 58 3% . JF % Horowitz #il Sahni
TRBEVOTEAE MR fE DNA 4 FRE R
TG A5 ih R e B B4 DNA 43 7 $#:4E
SEPEE TR B AR 8 DNA 20 7 8 4E ) R
PE DL — B 25 40 (9 J7 23k 2 B 8 20 55 1k b i DNA
FER, JORE il DNA 4y T4 /E & 22 Pk N 2 10 X 1
fnE)Oh Z2 = DA 5 IR IR T gk b AR AR AR i A

ARFE R HEA LG A iR g S C
HETHE FHESE C, Gy ey C ¥ 5 P 47
W, =(C,Cyy . Cpp) Hl Wy, =(Copovs Croiosors
CoO. 43R W (Wo) i 288 27 A 7 4 e fE
SWi (SW, ). F53 531 55 He v 26 7n T0 A il 1) - 4 L D
SWi(SW) iy 74 74 o i A SRR O - i
fE SW(SW2). SR J5 AR 4 K5 o 78 3 [v) A0 A 8 L R
M5SR4 AR R R IR A7 R Bk I T i R o
B ETF SW 5 SW, iy —xt T4 A5 T4
IS S A TEE s1as00ees, W AME, I
I 330 X6 7~ 4 1 5 4 RIS T S ) A 7 i 1) R 1 A
HEF DNA BAE 0 AP Fe A58 1] DNA 731
PBAE R BEAR S I FE R

Bk L R0 A ) ) DNA B HiE 28
(DNA-based algorithm frame for exact cover
problem).

D 23 57E To Ml Top i DNA $ER R W, =
(C13Coyoe s Cp ) FI Wy =(Cppirs Coogns=s COJFF
A7 T RE To AR F B DNA BE BT
nf2 AR 1 By il 4 B TR — B 1 52Ot

2L MAE To. AR B DNA BB FT /2 4R [FH
() B 4 i) i 422 b 1 [] — ol R A 25 € ) 5 2R

2) 43 5IAE Too A Ty, Hril i 72 DNA 85K B I
fin DNA 7Ry )5 XK Rm W MW, T A 41
XF R TCE I HAE it 8 v L BR FROR TUA R DNA
HE (8 W W, rhxf 54 5 A S8 B G O0)

3) fAE R TR B Too b DNA BE b X ny 48
GS AR MR B M T, h
DNA BEXF I S BT o0 2 By — ik Hil 45 857 4 i A
IE B B A o A 2 ST s e AR G R Uk R R R AT
HRGHATWR WR SR B F K B AWM E 6
() — X% DNA 4§ , 0] [0) B0A7 i o 1 i 4584 1 DNA B
LRIRHFE W, FFE W, 09 JF 5 B RS i 7 5
[") RE5E ) i 5 55 DU ) R G e

TERE 1, Sl fig 48 % b BE 98 F 1T DNA 3t
B WNAEIEATYE P BR DAERI Rl W F1 W, B
AR R AR SCERLLS B Inic O FF2 7,
BT 5 W A SCOR B A0 - SR S AR e 7 ik
B To M To, PEAATE DNA £ RYRT /2 A [EF
B i Byt R ek e R H B R
13 Z 5 1 IF 4748 28 4 50125 B8 LA 22 0 =X 48 1 U8
SEHR AR 2) ER UK IllegalRemove () &
BB 3 h IR AT R ¥ B ParallelSearcher
O SZBL. LR 3 BUGX 4~ DNA B HLF B kW
Bt
2.2 UEBHOMBRER

LA 1R TR R 2 AR
To Al Top s 43 MR FRE S C BT 50 FlE 235 4
s ). AREE L 1 e O 8 0 TiIRE T f
Too W DNA i o [0 38 5o 5 A 28 45 48 >k I B e vp
FORIUREREE. & C RAREAC THE L AT
.o C s £ GO Codsad, w I G
FRic. FEE, & s, BARESS FE; MR A C
PEEITER s WA s brid. AW s fRic.

ik 2. 04 M B B35 (parallel deletion
algorithm for illegal solutions).

Procedure IllegalRemove (Ty , n/2, q)

1) For k=1 to n/2

1.1 Ton="+(To» Ci) and Topr=— (T4 » Cp)

1.2 For i=1 to | C,|

Assume that the ith element in C,is the ; th
element s; in S.

1.3 Topan="+(Tox» 5i) and Toxn=—(Toxs s;)

1.4 Discard(Tgap)

1.5 Append(Toxn s s))
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EndFor
1.6 Toy=U(Toxs Torr)
EndFor

2) For i=1 to q

2.1 Tox=-"+(Tu, s;) and Tope=—(T4» s})

2.2 Append(Toprs s))

2.3 Ty =U(Toxs Torr)

EndFor

EndProcedure

I8 1. B IllegalRemove( Ty [Ty n/2, q)
B TR T4 W, fl W, iRt i F4E4E C
# TR A S DNA .

WL FEAT Init (Toan/2) AL Z 5 W E
Ty h &4 24 DNA #, %R W, T 274
BB TlegalRemove( Ty yn/2,q) BIEE 1) F 3
T B /R TUA R DNA B (T8 W, th P840
SCAR YA B I AE ML 72 AN BT fE DNA SRR R ik
INFEFT XL S igonE. Hd, £FE 11 R A
IHRAERS DNA SRR T4 C B 17 507 By 0L
o3 B BAAE Tox M Tors 1. 2P BE 1.2 1 R 38 1y
TGP AT R, AR 1.3 R Al B 1R
DNA S JIT R 50 17507 f5 0L . 70 5l 70 B
FAE Toap M Tox s HIIAE Tean BN H I3 —
N C BEEITR s PR L4 FERE Toanh
) DNA 8, [H g ix 28 DNA $# £ R (102 TUA R 4
P15 754 Ton) DNA #E KRB INFERILE s
<17 ) DNA F51. 98 1.6 R & I E L4
Tox A Tope FEH B IR Too b, TEHREHRE
WA Toh RIRE T3R8 & MM DNA B, JF HH
XF AL A S T R AR BN B

5 2) AR N LR G IE MR DNA 8E4b 58 IR
A E R S R IR, LT 2.1 R U IRCERAE
1 DNA S BT E s, B 17507 W55, 40 4
BN Tox M Tore h. 5 2.2 R Append O
PRVEAE I Tore T PTA DNA £ 1K B IR 2R
JLEK s A0 DNA ¥4, LU 2.3 R G I #4E
A Ton M Tope #5555 JF 24 T b 1626
ZEUR IR To A DNA BE R M 3 K 1 FoR

Ci | Cy Ch/a

(s )

Fig. 1 Structure of DNA strands in tube T, after

algorithm 2 is performed.

B BT 2 R Toh iy DNA SRS

Bk IllegalRemove(Ty s nf2, ¢) WP, B IRIE M
THUE n/2X (A4 ¢) +q W (n/241) X g &
AN nf 2+ q UG TF AR A R 52 BT A% ik B9 I B A Xk
IS G 3R RS I 3k T 4 (9 104 20k 4 DNA i
MR REERK A n/2 +q.

2.3 HITHERSR

MR 1R 3028 BT ok 2l T
A To, HFHARXSRE S PHYTEER 5150005, IR
HEHIE A 4 T AN DNA &, 4 5 8 4% $8 21 3 B 1
DNA # , W E AT 53 31 6 10 04 5 19 51 46 B A 4 i
B AR %, TR 3R IR TR T
E.

&% 3. i It 47 18 R &% (parallel searcher for
feasible solutions).

Procedure ParallelSearcher(Ty s To,)

1) For j=1 to ¢q

1.1 T, =+(Ty, s)) and T,=— (T4 » s))

1.2 Ty=+ Ty, s}) and Ty=— (T4, )

1. 3 Append a double-stranded DNA with the
length of 27! onto every strand in T;.

1. 4 Append a double-stranded DNA with the
length of 27! onto every strand in Ts.

1.5 Ty =U(T,, Ty) and To,=U (T, T))

EndFor

2) Ampli fy(Toy T s Py)

3) Amplify(To s Toy s Py)

4) Toy=U(Tos Te)

5) Anneal(Ty)

6) feff 368 M L UK B ARG Toy v 1 43 - BRBE K
KNFEAT 385 8 3 WO's 3 £5 I I 0B WL 4% 4 1K AH
ZE 0 DNA 8 5 HA WA A [F 216 1) DNA BE 55 55
Hok. e ks W, T ERAERFRES W, 7
LR HEE B —XF DNA 8, K Kigh LR )5
MALAE Py AP, L 2 o B S EE RO L By — X
DNA FUEE, H A3 B0 N1 15 W flF 5 W, (13f
B R0 Ay N 0 7 i 1) R i

EndProcedure

5|18 2. B ¥k ParallelSearcher( Ty , Ty, ) 7] 8
Fihh Too 4 DNA FEFRIREY siyeerss, BES Tooh
2% DNA $ERIREY 5100000, BUIEH AN BE.

JE . # 3 ParallelSearcher (T s Tyy) W4
DRI g W HE 2R To M Toh ) &
s, B B TAE L e R N A B AE L PR 101
T A EERAE K To th ) DNA 854 OC R s, R
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UEOMEL . 2 EEE T T, s
BE 1.2 fd AR AR 8 To. i DNA BE T R
s HEU 50T AL o oy B B T M T
o P BR 1.3 FUL R 14 3 BIE PGS I AE o — B
HER O 2771 1) DNA XUEE 73 5 ds 248 T, M T
EARBEMARE. B L5 & HFE8IER T 5
T, 538 To Ty 5 T, I8 To. HIEHEER
B R4 To Ml T s & s, B9 3 HE B AR % 46
BT AR AR AR B B R B s & s, B
il A5 B H A — A ME— A B 5 H XS .

SRS 20 B 3) i F & R AE 4 K
WA To M To, 6 T Py M P, . LS
DLKRE TG T & IFR To. 5 5B HIEE K
PRAEN U To ) BB A8 XU, 26 6) 20 fdf ] B
JBE L UK AR A T, v 09 43 1 4 R RN i AT
G385 O 38 b O S £ B W RUEE W52 1 A7 TR 6
AT H A% KA A5 9 DNA #2577 WEATE W,
F W, vh a3 i 6 7 1 5~ 4R 1 0 2 R A RS o A o 0]
) i

B ParallelSearcher (Ty , To, ) FEAH A 29 Ik
I 2g BN 2 +1 WETF 2 WA 1 PGR
KRR SE ROFAT IR, B THATHE 2 5 KN
On/2+q), A, $44T ParallelSearcher(Ty , Ty, )
Ja B RBERAAE N OCnf2+q+20) T I8
A 8.

2.4 EWHEBEZIEAE O(1.414") 555 DNA Bk

W S0 IR 1) ~ 3) By T AU 7 R R — 1
K15 25T DNA B 903 550 09K 8 A o5 7] K
fifp BA %

Bk 4. OCL 4147 S BIOR fife 5 o 6 55 ] A0 pY
DNA % ¢ (DNA algorithm for exacting cover
problem)

1) Init(Ty » n/2) and Init(Ty,, n/2)

2) IllegalRemove(Ty » nf2, q) and IllegalRemove
(T, n/2, @

3) ParallelSearcher(Ty s Ty)

EIE 1. Bk 4 Wk DNA W) 0 1 B 9O
A7 1Y 77 2R Sk A 0 7 =i 1) L.

. BRE DL WAT Inie (To,n/2) i Init
(Torsnf2) KL W FIW, X045 H DNA 4%
FoR, IFE o WA [ 1 5O R KRR ok A AN RS S
MF4E. 58 2 IllegalRemove( Ty sn/2,q) Fl
IllegalRemove( Ty, snf2 . ) ¥ S W, 1 W, )T
P RN TUAH I DNA BEUEAT T M. 28 3) 2k

17 ParallelSearcher (Ty s To) AT R T, P £&
DNAERRHE S FILE s1,00ns, B HHIMES
ToH1 4 DNA 85 R 5100000, (19 3 HIE 15 4
FH R B4 S 5 15 2R L) o D) T R 3 199 4T i DNA %5
X R W R W, T 4R I O S R R RS B 7 56 )
R ) if o 5 D T2 B 7 5 () S 48] G A

2.5 MEESTSER

flir e DNA TR ML 09 M B8 04 b o 8 5 L 55
DNA A ¥y 4y 1 45 VE 19 I 0] 52 2% 1k F0 2 ) &2 4
PRSI R R B O Bk i A A S 5
PRAEREL, T o FAED 2= L H AR BRG], 25 5 5
Fe Pk e A AR AL il ) DNA 23 15 B0 &
JT 8 FH ) S 36 04 BB RE . AR U TR B B A

SEPL 2 TEREREE S N A S R C
oA q R WBR T 4 SR ik iz In) A 52 45 BT 1 )
A WERVE B O (g IRGR B Bk # %0, DNA
HEROCH O, 4147,

. Ak Al 5 AT RSk mEIH
A2 50 B AR SR OCgn) R4 B ECH
12,80 OC. B 4336 S e 58 D2 ol
T NTFERAIES CTFHTEMANSEE n/2 T
EES W, MW, ZEFEE Init(To sn/2) F Init
(To,»nf2) 4 A 277 4~ DNA 8 , 115 5958 2 AT
AR RV A A R BT DNA &, B, B AW
DNA 5540k O B OC/2") a1, 414",

SCHRLL4 IR i 3- AR S (S SAC
(S5 R 3q Fim s HEEG C &t R (ER)
(3L ECER Hy 3) [l B 1 DNA 18 ML T 3 (AR
PAER R O3n+3¢), DNA &%k O2"). ik
(1473 F 4334 W 75 40 0] B DNA 58, BOR OB
DNA HEECASCHRL 1311 O BEARE] O2") A5
T A W B 5 2 B N 22 T 2 AR BT D 22 3 KL
SCHRCL7 138 o et DNA g i 7 8 vl i 0/1 35 4[]
B DNA 3 HLE B f i ] 52 24 B O(n®) B
DNA #5475 R O (2", A% 3CFT $2 Y (0 K o 71 35
DNA TR R R M o 45K #8535 19 DNA T3 ML
Bk b, A UK DNA BE B R =T 5 Sm
OCL. AT4") 1 LA F5 T I 8] &2 2= 475 o 22 331 X 1)
OCqn) H T 38 32 52 By A= 1 52 50 5K Al K FE SRS B
T 5 0] AT RE .

EATHE 02, AT TSR 3 A S B A LG
H i 224 43 F TSR b SR A Ak S 1 PR AR ) 4
(R S W [ T N - 7 NRA SR o - (R 4
OCgm) ZFCHR[1518 OBn+3¢). A THA 4
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S B AR VR Y B A A B DNA 73 1 9k
CRIEEBO A AR A BT Rl A0 3 A G 3 A8
LU ARG A 23 0] S 2% M R S 36 AT A7 M A 2R 5 TR g
A H B AT R A .

3 DNARFWREEZELH

PLS={1,2,3},C={{1,3},{3}, {1}, {2} }fEH
0 7 i 1) S 48] DR 4 Ol AR 9 6 ot S )
AR RS SR A 2o 2.

56 ok H Braich 8 AR 20 A~748 5 SAT [n] @
HE A 9 DNA S8R X 4 — A8 B BT A4
KREEYIN 15 (Y 5L “ {6 )5 31 7. MK 48 Braich 9 % %
B, £ Windows XP #:/E % 4 F ffi J§ Visual
CH+ 6.0 M iEae K74 DNA Jp. Hi k1 &
Bykm A 7 AR DNA A, C RS C
B ANTFESRNRS. A C PR FECUH
Ci #ric - I C dric. [, s, BRES S Y
B MR A C TEEICE s W s dRid, A0
s fnid. Bk 4 b & B2 BRI SK M R an 3k 2
Ji 7K.

ME2AALEZREE HOLNEKBEIKZE.
Tor WY 73 7 B 4% IR R/ N IEAT 70 55 o I I 3 1 33
O FE I W flBE W B¢ A A 1 DNA B, & ILAF
TEWIXT DNA &, 55 %7 DNA &% #5956 20 1%,
H I —X 5 KR 78bps, 5 — X KN 77bps. A
A Py R Py (B3 3 55 3) % Toy A To, B9 & 1D
a3 B2 BCH 55 KO 78bps FI 77bps B M) DNA
PR, PR i 4 B 5 Kl 78bps Fil 77bps
M 45 DNA LR, SR F5 32 1 B A A ) 85 K iy PR X
DNA # b frxf pi iy CC.CsCy {43 %1 2 0111 Al
1001, PRI o oK B 7 5[] 0 S B8 A A R - ({30, {1} s
{215 {{1,3},{2}}.

Table 1
®1 7TALEH DNAFEF

DNA Sequences for 7 Variables

bit 5'—>3" DNA Sequence bit 5'—3" DNA Sequence

C!  TATCTACTAAACCAA| C!  ATTAATCCTTCAAAC
Cy  TAATACCTAATTACC| C} AACCCTTACCTACCT
Cy TCCACCTTTAATTCC | C} ATTCCTAATCCAATT
C} CCAATTTCAACCTAA| C! AATACCTATTACCTT
59 TCCCACAACTCTTTC || s ATTCCTCCTATAAAT
59 CCTCCTTAATCTACC | si AACCATACTCTTCAA
s AATTCCATTCAATCC| s} TTCCACTTCATTCAA

Table 2 Execution Course of Algorithm 4
R2 DNAHENHEEZZRSROKMIRE

S Tube
tep
T(H TUZ
b {CY,CY;CY,Chs {Cy,cy;Cy,.C5
cl,cy; ch,cly Cy.CY;Cy.ChY
~0 ~ 0 0 0
~0 ~0 0 0 0 {C5,ClusY a5y 0555
{CT.CYushasyssys 0 1 0 o
Cy.Cyasyss]s8";
N0 Al 100 2
2) Cl.Chus3558) 5593 10 1 0 0
q o0 11 o C3.C 515595533
C1,Cy.515535589 qo 11 o
Cy.Cias1s55989)
Two DNA strands separated out by gel electrophoresis
are: {C},C}h,s3.s),595 Ci,Clystasy,sy) and {(C],CY,
3) stysh, shs €Y, Chy sty s, sY ), therefore the two
corresponding solutions for the exact cover problem are:
{({3},{1},{2}} and {{1,3},{2}}.
AN
4 & e

i o DNA S8 95 28 T7 1 3 BU 16 8O
AL, £ SCHk [ 13-14, 16 1 T iy 2 aib_E & SOt
DNA FH5 5l 7 e AT TR AR IRR AR
P NP 58 22 BRG i B2 o [R) Rk 19 < B B B9 O 17 R At
T SR AVBUAT AR AR B A 0 R BETH T — Bl OR S RS Al
A AR DNA THRHURSE R ANk A IE TR (R 7
22 I A A A R AR IR ) B8 25 PF T K SR e R 0 7 = 1)
U 1) DNA 79 T 8EBONBEFT i 2" 984> 21 1 4
B 277 BRI SBT RIS OS2 30 e W] T AR SCAR T Y IE
Btk R T B A AL SR A S e B DRORS
il 7 S TP AP SR AR UL 60 24731 120 4.
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DNA computing is a new computation paradigm that employs molecule manipulation to solve computational problems

especially for NP problems. However, DNA-based direct exhaustion leads to the DNA strands increase exponentially, which

becomes the bottleneck factor in the development of DNA computing. How to decrease the number of DNA strands increasing

exponentially in these applications is very important in the research on DNA computers. In this paper, the strategy of divide-

and-conquer is introduced into the DNA-based supercomputing and a DNA algorithm is proposed. This work is supported in
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