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Abstract:
puting. In this paper, for the objective to reduce the DNA volume of 3-Dimensional Matching Problem which is a famous NP-com-

At present, it is how to decrease the DNA volume that plays an important role in the development of DNA com-

plete problem, an improved DNA computing model based on the operations in Adleman-Lipton’s model and the solution space of the
sticker-based model is put forward. Then, the divide and comquer is introduced into the DNA computing and a new DNA comput-
ing’s algorithm is proposed. In a computer simulation, the DNA strands of maximum number required was O(1.414"), the time
complexity was O(15x n+30 x ¢), the test tube complesity was O (1) and the longest DNA strand was O (15n/2 + 45¢) .
Hence, the scale of 3-Dimensional Matching Problem may be enlarged from 67 to 134. This new algorithm is highly space-efficient
and error-tolerant compared to the conventional brute-force searching, and can be scaled-up to solve large and hard 3-Dimensional
Matching Problem. By the approach, we can also show DNA computing’s vast potentials for resolving NP problems.
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NI, TESCHRL 16 ] AR LAY I, AR SO = 4k DU )
Y DNA AR rp 7 R R EA T T8 IRA)
R, FETAETHER N

(1) R T $2 80 3R ff = 4k VT IC 9] 8T DNA 385809
AT 4 M, A SC L T Aldeman-Lipton 455 71 (14 B4 5 Kl
DAY (%) ffe 225 i), 4 ) — ol oK A = 4 DT T (7] &1 DNA
THRBA A

O BAEGE R P AR SR 48 ) —Fh = 2 VT i
] LAY DNA A B T s 1l A s, = 4 DT
e T 2 28 B = ZE DT 8 & 2

ZEEEEYEBER S o)A E 0(150 +
30q) , MEIRE B FF T 0 ()b E 0(1) , o KBk
Kl 0150 +45¢) W% 0(15n/2 +45¢ ), DNA £ %8
H 0Q")I/NE 0(1.414").
2 KR=ZITE @A) DNA it EEE
2.1 jEEEHRNS

BERA ¢ M TR EAMZNES X Y. Z,
X = {xl’...’xq%’ Y = {yl’...’yq}’Z: {zl’...’zq}‘%%
WcXxYxZ,W= {(xk,yl,zm)lxke X,y€Y,z2,€
ZH P i<k, l,m<ql @I WI = n (REFEH W PIT
FM(<sn< ) BRATA Wk —AICE W c W,
PCBC I W' < n, JF HLUCES W' rp AT E WA =041
T[] — A s J2 AH 7] B4 . = 4 DT i) J s 2 4% 1 4R
A W IR/ = 4EVL R

WEES X=11,21,Y=13,4],Z=1{5,6},W=
1(1,3,5),(2,4,6),(2,3,6),(1,4,5) | . 15358ELG W =
HEVCEE R fR A W = 1(1,3,5),(2,4,6) 155 1(2,3,6), (1,
4,5)1.
2.2 DNAtEFER

ARSCHE T — Bl 3 30k [3 ] 42 Hh ) DNA 3
AR F i D = 2 DG Pt ] A0 A S A TR0 . 2 A 7R 5 R
F578 (Sticker model ) [17] B fi 25 (], [R] B %) Adleman-Lipton
R 2SI ep g A R DEAT T 35 24 098, L Adle-
man-Lipton A5 7 FURG AR 7Y ( Sticker model ) A 55, B A
BEALAAAERE JT , 2438 I R R R AR, AR AR 30 T AT 1k
X W=
2.2.1 DNA ITEFEEFETE

AR DNA FHE 7 B R L Rl A5 78 1) e 25 () 4
XS XY Z 5B g R IR E ) aheexl Ly
y‘zy;z‘l z‘zzf] Fros, Hob a2 SRR EES XY Z
HICE a4 y) 2, 2 0 FE ATRERY = HEDTC (i € 10,
W<k, l,m<q). xp y) oz, RREITCE w902, AT
BRI = ZEDCRCD, o L y) 20, IREBICH vz, AFETT
Ay = 4EDLfid

T BB W= W, Wy, -, W, |, AT

FA—A n L ZF 1 H ) a0+ w0y, 278 —FR AT BE A = 4k
VCBCHZE, w, b WHES b NIt E(l<b<sn), i Frm
TCE w, REEZLEILE P (i€ 10,11) .4 w), RFTE
W, FERT BEE = H4EVLEL W', Wl RRITE W, ANEET]RE
B = 4EDCHEE W' s UCEE W' = Loy, w,, ws ) AT R
B wl wiwl” Foon . R, = 4EDC T ) B30T LAk R SR G
JESREH S 1 D b
{X*xlxz X3 Y102y Ciel01l ()

i i i g i
27y s W whwh - w,

2.2.2 DNA i+ EHER A YIRIE

W = 4E D 0] 80 1) i A\ B B, DNA S 7 971) 94
TSRS ) J AR S BEAS A AR TT 1R AT

w1 (Append) : 73 H %S I—4¢ 2 DNA 88 58 I FE
FER L) DNA 7 BEWI RIS N4 4% , B AppendStrand ( T,
Z)FI Append-Length( T, k) .

B EFRIC (Color) : #24E Color( T, C) P 44 B RS
T, 0RE PR IA DNA BRI C POE% .

mffl I (Extract) : 43 0 3 JEURE 2 DNA R Bratb 474 B
S IR SE K 3474, B Extract-Strand ( T, S) 1 Extract-
Length( T) .

W Adleman-Lipton FE81 H1 A M) 445 : 5 FF (Merge) , £
M ( Detect) , & (Amplify) , 152 (Read) 5 ZEF+ (Discard) .
3 Z#HIEEEE DNA HHEZ
3.1 =#EIUELEE A DNA i EH %

ST MBHEME AR5 DNA $ 4 i b P8 190 5k
fiffe — 4k DT C [A] Y 532 DNA 233V E Sl ) S A 1
AT

Algorithm 3.1: = 4L (5] 1 DNA i+ E & A ESR

1LESE W= (wyy 05,7, WU%“Q%@J%% Wi = (wyywy, o, w,0)
5% Wy = (Wansts Wapins s Wn)q:'~ 1EE Tor» T()z':PFH DNA
R W 5 W, BT A TR,

2. I T 2R A 5 T = AR DG (] A6 AL P A5 X T, 5 Too Y
fff s IR A T Y048 2R, A5 3] = 2 UG ¢ ] R ) T M A 2 I

3 To M EASAIE Y DNA SERET n/2 AR B oy 5l % 3%
FABEMIOEE, AL To AR DNA SE196T n/2 AR
B BB PO R

4. Z 4R VT PC )RR 1) 18 ARG K ARV 9 DNA B e 40 S K O BE S
T FHZESCARICFIBEIE L VKB A, ) IR AT 48 5 e % = 20k UG i ) At
) RIIEATHE 2R, R = 28 DC JC v L

ARG PWG 4016 W IV FH T DNA H B kv, st
PUARAE RN FEAT M SR PR IE ik, TR W, BT
BTFHERE Ty P EA R B DNA 8B HT n/2 A
[F] ) F B oy i 4 BB R e Ros W, i
THEM T B AE A DNA BERRT n/2 DARB T
BB F S ® . LR A AR 3.
DNA TR LR 1]
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3.2 ZYEMLEE)EET B E AR

TS B = G DT I ) B AR A R R TR A iR
235 [A] AR s
Algorithm 3.2: = #E UL ja] @1 i == (8] DNA T EE %

Procedure Init _ Solution _ Generator( Ty, n./2)

A WRE T, 6 WHITENM 2

i BEES W a2 AN TCEMERMRE Ty
1: For i=1 down to n/2

2 Amplify( Ty, Ty, T,)

3 Append-Strand( 7', w})

4. Append-Strand( T, w(,))
5

6

To: = U(T,, Ty).
EndFor
EndProcedure

B Tnit _ Solution _ Generator( Ty, n/ 2)HBEIAT n2
WEHIERAE , n RIS INERAE , n/2 IRA FEEAE  BE T 5]
AL B 15 19 DNA iR 2R, 84 5238
3 Init _ Solution _ Generator( Ty, n/2)J5 DNA KM 15
x n/2, it EREHON 3.

3.3 ZHRREBEHITRRSE

N TIRBPRAT R R B 1, Bt T = 4EDT
T 1] R0 T 2R 7 5 — 44 DG i 1) R 2R 4
3.3.1 Z4EMLAE)BMIE KR

R A5 = 4 UG P 0] 0 A 1) A% 1 e T ) = 4 DL e )
RIS R A ANE

Algorithm 3.3.1: =4 ILELFIE R 2549 DNA it HHE %
Procedure 3-DMatching _ Resolvent _ Searcher( Ty, U)
A SRV C S 5 ) A T, P T 00 il s T A7 48 R
S U.
= =2 DTG R o) R ) P A
1: For i=1 down to n/2

2: Extract-Strand( Ty, w')
3: Ty:=(Ty,wh) + and Tp: = (Ty, w?) - .
4. If( Detect( T, ) = ‘yes’ ) then
5: Assume that W; = (x;, y;,2,), 1<k, l,m<q
6: Extract-Strand( T}, x})
7: Torr: = (Ty,xh) + and Toy: = (T, %) —.
8: Discard( Topr)
9: Append-Strand( Ty, x]k)
10: Extract-Strand( Ty, 1)
11: Torr: = (Tox, y1) + and Toy: = (Ton, y7) — .
12: Discard ( T opp)
13: Append-Strand( Ty, y})
14: Extract-Strand( Ty, z5,) +
15: Topr: = ( T()r\’Z}n) + and Toy: = ( T()V\’zin) - .
16: Discard ( Topp)
17: Append-Strand( Ty, z5,)
18: EndIf
19: To: = U(Tox, Ta).
20: EndFor

EndProcedure

Bk 3-DMatching_ Resolvent _ Searcher( T, U) 77 2
PAT 20 WAMBERAE , 302 RIS INERAE 302 IR EFi

Y, n/2 WA T, B0E 3.4 52 UG 15 2 DNA 55 K
F 15 x (n/2+3q), T 2 WS ECN 4.
3.3.2 = aBIE R

SR T ER = Yk DU n) A AR, 1 T = 4 DG ) R
HWRBWT

Algorithm 3.3.2; =4 [LF 1% & 250 DNA T EE %

Procedure 3-D _ Matching _ Searcher( T, , T, U)

A AL R VT () B 25 ] ARG Tor s T T X 2S () SR AT
wERmks v=xUvUz.

i L« = DG ) Y G 1 A

I: Fori=1to3xgq
2: Extract-Strand( Ty, ul 5, ;)
3: Ty:=(Topsupmei) + and Tp: = (Top,uhssy ) — .
4: Extract-Strand( T, ul 5, ;)
5: T3:= (T, upmes) + and Ty: = (Top,uhay ) -
6: k=2x1
7: IF (Detect(T;) = ‘yes’) then
8: IF(Detect( T;) = ‘yes’ ) then
9: Append-Length( T;,2%71).
10: Append-Length( T,2%-1).
I1: EndIF
12: EndIF
13: IF(Detect( T,) = ‘ycs’) then
14: IF(Detect( T3) = ‘yes’ ) then
15: Append-Length( T, 2%).
16: Append-Length( T 2%).
17: EndIF
18: EndIF
19: Tor: = U(Ty, To)
20: To: = U(Ts, Ty)
21: EndFor
22: Tor: = U(Top, Tep).
EndProcedure

Hi3-D_ Matching _ Searcher( Ty, , Tpp, U ) AT
6q UKL 6 IR I HIERAE , 129 RESINHRAE .64 + 1
WA IHEE  DNA BEKBE R 0(45qg + 15n/2) , T 21K
RN 6.
3.4 =4EEEBR DNA HEEZE

BLIETE 3 0P 1 -4 TR SRS A
R B — A A5 31 1 = 4EDTHC [ & DNA JH3 3Rk
Algorithm 3.4: = #4E DL AL (5] A DNA T E &%
Procedure 3-D Matching( T, , Top» n)
A2 E Tor, Ty Tos
A« = ARG A R A
1: Init_ Solution _ Generator( Ty, n/2) and

Init _ Solution _ Generator( T, , n/2),

2:  3-D Matching_ Resolvent _ Searcher( Ty, X, Y, Z) and
3-D Matching _ Resolvent _ Searcher( Tpp, X, Y, Z)

3:  Color( Ty ,Red) and Color( Ty, , Green)

4:  3-Dimensional _ Matching _ Searcher( Ty, , Top, U).
5: If(Detect( Ty ) = ‘yes’) then

6: Extract-Length( Ty, ) .

7 Read( Ty, ).

8: EndIf

EndProcedure

EIE 3.4 5545 3-D Matching( Ty, Top, n) AT F473R
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fiffe — 4k DT e [A) 0.

HERA 559k 3.4 % 1 A4 T Init_ Solution _ Generat-
or{ Ty, n/2) 5 Tnit_ Solution _ Generator( Ty, n/2) BF2E &
W, F W, X5F 54 ) DNA 52671 , I3 12 95 Fl A [i]
PR TR K AARFEA T4 25 2 2 3-D match-
ing_ Resolvent _ Searcher( Ty, X, Y, Z),3-D Matching_ Re-
solvent _ Searcher( Ty, X, Y, Z) , $0A T P4 24 AE , 43 0|45
RKHIRE Tor 5 Toz':':'éij& ) DNA %% . %% 3 4T Color
(T ,red) 5 Color( Toz,greenﬁ;‘?%f/lfﬁ'ﬁt% ToHFEAAH
1) DNA $5 1 RT n/2 DRI By % 45 B 40 )98
HE T T DNA BERIHT n/2 AR BT %
TSR R . 5 4 25 3-Dimensional - Matching _
Searcher( Ty, , Ty, U) . i I 8ES U R ITA M ILE, X F
WA Ty, T AR DNA B A RV I — B4 K1
DNA Bt . 5 AR A7l A2 19 DNA 555 24 T,
H 5 5 - 8 R A R BRI R R 5 5 P XA
Tor 8 AR 47 3R 1] “ yes PATEE 6 -7 .55 6 25
XA AT IBGRAE , Sl B HA HR R 5% K ) DNA 5%
55 7 A0 BB , BEICRE KA [R5 HLRA P RN S
) DNA BEA5 S, , e 245 31 =2k DT e (v R 11 i
3.5 MESTSILR

T 3.5 Bk 3.4RMX= {xl,"',x,,}, Y =
vy s Z=tz, g, -G WCXxYXZ, W=
f(xk,yl,zm)lxke X,y€Y,z,€ Z,Hy 1<k, l,m<
qi, | W1 = n B =4 VT R) 8 R 75 28 0 2B W) VR Bk
0(15n +30¢) , MK HCH 0(1) , KK 0(45¢
+15n/2) ,DNA 55800 0(2"%) =~ 0(1.414").

WERR B30k 3.4 1 8 PN, 5 3CHR[2 ~ S TR DL
R AR 1 W EPAT n W HIERAE, 20 WS
B, n G ITERAE. 50 2 DA E TR L PAT 4n U
A, 3n RIS INERAE, 3n IR E 54 1E, n IRGIT
PE. 565 3 D407 2 I (UARAE 5 4 20005 B 20T 64
YA IUEAE 6 ¢ RO HIHRAE 12 WIS INERAE 64 + 1 IR
B2 5 DT A AT 1 R IR, 2 6 2
o L AT 1 A% DNA 5 Bl B, 26 8 P
BT PTG BGRAE . B, anxC 2, 55 S AR
PIREVEBUN 150 +30¢ + 6, L2 R A B AR B0
0(15n +3()q).

Operation_ Num = (n +2 xn +n)+(4 xn +3 xn +3 xn +n)
2 +(6 xq +6 xq +12 xq +6 xq +1)+1 +1 +1
=15xn+30x q+6 (2)

W SCHR (2 ~ 5] RS a0 Bl 0, S0k 3.2 /280K
RO 3,005 3.3 W B RO 4, 505 3.3.2
BB 6, I, AR LT A EHC 3x3 +4 x
3+6=27 /1 0(1). 5 ¥E 3.3.1 5513 3.3.2 4518,

LT DNA S e REERK A 0(45¢ +15n/2).

AREIEAE Y TR R A5 n MR NESF
BBl & n2 DR ES W, 5 W, L ET
45.7E Init_ Solution_ Generator ( Ty, n/2), Init_ Solution _
Generator( Ty, n/2) , 115542 i 272/ DNA i . I 5 B B
PATIEFE A AR OB DNA &% . PRI, L9 DNA
BEBCRH 0(2"2) Bl 0(2%) =~ 0(1.414").

SCHRL16 I H ) B MR 95 28 SR figg 1) R, SR 1Y)
HRIERE RN 02"), FEMIREHR N 0(n), T Kk
KA 0150 +45¢) S EWEAEECH 0(n?). UIBLA 1k
SEER KA, BRI A A 25 W 0 TR BE g Ik B A AR K
e 10249 DNA S R, R R BEE 4L
RESK A n <67 I = HEVCHL A (107 ~27).

IR BEE R BE A SR R 1Y LA A AR L 3R
LR LRI AR SO AR R E SR 0(n®) i &
O(15n +30q), WX ERH B FFHFH 0(n) kD=
00, REEK M 0150 +45¢) W FE 0(150/2 +
45¢) ,DNA #E80H 2" /N E 0(1.4147) . HI, 150
AN b AT SR i = 4 DT JC [ 851 ) RILRSRE T 3K 1) 134
(22 =29 <107) , 1 HAE 25 [A] 52 Z M Fn SE 00 T 470 55
LR PERE B Y He A e ds S I g 258

R1 ZHTEEE DNA T EE R MRERT L

R DNA 4%k DNA 4% K PR B

ik [ 14] 02" 0(15n +45¢q) 0(n?) 0(n)

AXEY: 0(1.414") 0(150/2+45¢) 0(150+309) O(1)

4 BRULBER

Sk BRI (R A S AR SR SCRR[2 ~ 5,8 T H Y
SIS P DL X = {1,21,Y=13,4],Z=1{5,6/,W=
{(1,3,5),(2,4,6),(2,3,6),(1,4,5) | Jy = 4 VC [ [a] 35
(RS2, 2y HE Aol PR 22 53 o L S 091 A R SR A i
4.1 DNA ##g(2~5°]

e 2 bR AR 1 v = 4 DT ) AT A9 DNA T
L HA w(1<i<2) N TR S, HTIRRES W,
TS § 25 TC R IR AR RER = HEDCRCH 5 0y, 5 2,(1
<J<2)MERThRER X V. Z PHS A e R
e REAY = ZE DT e
4.2 EHiEkMRidiz

R R Rata o = | WEI D G < 78 B = I
S w=1(1,3,5),(2,4,6),(2,3,6),(1,4,5) | -1
RIS W 5 W, B UEEl W, =1(1,3,5),(2,4,
6)1,Wy=1(2,3,6),(1,4,5)!
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J& O — T A B9 = 4EVCEC R B DNA AR 1835

*2 1R=4IEREBMATHER DNA F51

L 5'—3' DNA J¥#% JE(H)  W(S) HHIRE(G)
w! AATTCACAAACAATT 114.4  299.4 25.0
w CCTTATCATCCAATC 112.8  284.9 27.8
w3 AATTCCCATTCCCTA 108.5  273.0 27.0
w TCTCTCTCTAATCAT 105.2  270.5 24.4
w3 CTTCTCCACTATACT 111.1  288.3 25.0
w} CCTTTCTAACCTTCA 103.8  272.6 22.3
wd AAACTCTACATACAC 109.9  285.5 24.5
w} AATTAACAATCATCT 104.3  273.0 22.7
o TTACTCTTAACATCT 112.1  282.8 27.8
! TTAATCAAATCCCTA 102.1  266.0 22.7
x9 ATTCTAACTCTACCT 105.2  277.1 22.4
x TCTAATATAATTACT 104.8  283.7 19.9
! AAAACTCACCCTCCT 113.7  288.7 27.5
% TAATTCCATAACCTA 110.2  288.2 24.0
p% CCAATTCCAATAATC 113.0  290.6 26.2
¥} ACCATCTCCAATTCC 111.1 280.0 27.6
2 TTTCCAACTCCTTCA 108.2  276.9 25.6
z CTACTACAAATCCAC 101.1  253.6 25.3
23 TATCTACTAAACCAA 114.4  299.4 25.0
z TAATACCTAATTACC 112.8  284.9 27.8

FERPA TR
(DHATHIE 3.4 55 (1) 2013 B 405 = 4E DT IC ]
R B IR To 5 T Hrb:
g Tm':':' DNA £5 K ¢ | w?wg, w(l)wé, w}wg, w{wé} 5
e TOQ':F' DNA #5 8 ¢ | w?wg, w(l)wé, w}wg, w{wé} .
(Q)fpas ) AR S P TR0 3.4 56 2 DR 3.
U Ty Y DNA 550 -
L wdad 29y7y520 20, wlwyafxyy i ya 2l 2
wiwd X A9 Y1Y271 25, wiwy X Xy y1y271 2 -
WA To, Y DNA 54 «
o wdad 29y1 Y321 20, wiwyxi a9y yaz1 29,
wiwdx Xy y1y221 20 wiwy X Xy y1y271 52
G)PITEIL 3.4 55 3 4G
WA To, Y DNA 5 «
{ Red-w w3} 2 y1y221 22, red-wiwy iy 1 y2 2z,
Red-wiwlxix5y1y57123, Red-wiwyxixyyiyrzi 2t -
A T Y DNA 55
{ Green-w w3x9x3y) 2023, Green-wwix}x9y) vz} 25,
Creen-w}ng?x;y}ygz(l)zé, Green-w} w;x}xéy{yéz}zé} .
(O)PITHEERD: 3.4 55 4 5153
WA To, Y DNA 54 «
i Red—w?ng?xgy?ygz?zg + (2122425427427 421
bpDNA F B, Red-udwixxbydyizlzh + (20 +2° +2° +
20428 4 2" bpDNA H Bt Red-w}whx} x5y} y9z125 + (2" +
242404274+ 2% + ZIO)prNA B, Red-w! wéx}xéy%y%z%zé

+(20 + 22 424 + 20 4+ 28 4+ 2'9) bpDNA H BX, Green-
wwdx a9y )92 + (20 + 2% + 24 + 26 + 28 + 2'9) bpDNA
B, Green-w?wéx?xéy?yéz?zé + (2022420427 + 28 421
bpDNA F Bt Green-wl wdxi x50yl y3z129 + (21 + 22 + 25 4+ 2°
+2° + 2" bpDNA H Bt, Green-wiwhxixyylyazizh + (2! +
23 +25 427 427 4 2")bpDNA F B
(5)PAT R A 1A T AR 25 . 4 B4 P iy
DNA HERBEAT 3 25 . 4% 2 B AR 25 H B A PRl 1)
DNA #574 :
{Red—w?ng?xgy?ygz?zg + (2P 42+ 427 +2° 421
bpDNA F Bk, Green-wl,wlyx1,xl,y1,ylyz1 21, + (2" +2°
+2° 427 427 42" bpDNA H Bl
{Red—w}wéx}xéyiyéz:z; + (20 + 22+ 20+ 20 + 28 429
bpDNA F Bt Green-wdwdxd x5y )y32029 + (20 + 2% + 2% + 2°
+28 4+ 219 bpDNA F B¢ | .
H S A 3] — 4 DT I [ Y i B £ (1,3,5), (2,4,
6)151(2,3,6),(1,4,5)1.

5 it

TESCHR[2 ~ 5,19 ~ 22 ] TAE M SEAE I, A SOX = 4
DCRL A 8T DNA SRR (o] 47 e ik (] A T TR A
R 2 ARIEELA DNA AT 4 A B A ik 25
1 NP 58 42 (1) = 2 DT IE 17 807 4 7 2R A 75 2R, 36 3¢k
(2~ 5]/ DNA THERARY {5 AL G015 0 7016 SR g 1
TET—FeR AR = 4EDUEC RIS DNA A A A SCE
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