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Abstract A large number of work has demonstrated that self-assembly of DNA tiles is a signifi-
cant method among molecular computations. Self-assembly is a process in which small objects au-
tonomously associate with each other to form larger complexes. The simple binary arithmetic and
logical operations can be computed by the process of self assembly of DNA tiles, yielding the re-
sults of the problem. In this paper, the authors consider taking advantage of the self-assembly of
DNA tiles for logical evaluation, and propose a procedure to compute a 4-variable 4-clause 3-con-
junctive (3-CNF) Boolean computational problem. The procedure enables any Boolean operations
whose inputs and outputs are defined by a truth table, and evaluates any different kinds of Boole-

an logical formula simultaneously.
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J o3 FHE VTS AL Y A BE M Y A
ZEIE W] 1994 4F ., Adleman™™ A DNA 3155 19 J5
P e 1A 17 Hamilton §%4 [5] 8, I 18 2 4t F1
A T F A EARTER A DNA B a8 k17
TR R TTAERAE R 7 — A 7 AT
S B Hamilton A2 0] @, B J2 & Fr 47 Ok
1) SR 1 1 R A T SRR ] 2 Y. B O B Y B
BYUAUNE TR E S HE. HE TR T —M4e
B BAE T A AR T — R LA P HAROR
SEER L B AE 22 550 5K R () P LA 2R ) R[]
AT L. Adleman /) 70 F A ) 1 SR A 5
ST LR B AN 352 (1) DNA 4 74 19 B K IFAT
P 5 (2) Watson-Crick B ANE5#. FEm .17 2 3%
2 VIR it 1 5 T A i R R 3 A 0110 22 3 =X ) 5
AT $E T . AT LU 2o 55 2 B A A] RE R OR SR AL AR
117 33X R 148 A S T K R T S JiT i BR J2 6
258 LR AH 2 DNA Jp 75 BE 8 w5 %5 B 10 F- 0
B I HLRB R B 25 MR AT R (4 DL 4555 )44
TR DL s ] B R AT RE. 1 Watson-Crick [ B #b
iR PRAE T DNA 43 0] DL3d aof B kb 5 A% 55 ok 52
A AT A a0 2R P ST BAF R EROHE 45 44 L DNA 3t
SRR R T oK R i T8 22 1) T A R A B ) L B S
£ Adleman )33 B8R LAl b BT REF R 2% %
MR A 2% 0T HER DR 2 D R N B T A e S R
BT J T3 O T A S AR

HY T V0 ) 52 % PRI 5 ) A e 28 8 g AN T ik
A AREGZ B B LAy 7 AR AT RASK e PR g )
(57 F At SR A 2 B 5T Ao 8 4y 1 RS
EHATIRBGE . B T 8% DNA T B TR e
PRIME [R] B 22 A B2 G AT 223 X Rl 4 1 A= W i 5
B PAT B S AR (1 AR 402 L. Guarnieri % A5 R A
LT L A L A8 8 T i ok S B

B AF BRSO 1 s T — R 95| ) 4T e s 1 S5
B 5 1 P kB ks L R HE) T BT
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—4RH T e FhkR DNA #2552 8 K PO N iz B G
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Wang ™ 76 JL 3 1E by B M 4R i T
“Wang Tile” (&, 3138 i Wang Tile ] LLi# i H
A 2 b B AR 4R F TR R VRS s T HLZ R R
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man" " AERFIE S T AN K S5 4 i S a1, 7 3 Wang
Tiling B E % . 32 il T Tile 20 1 A 43619
R RSB B A AL FIE B DNA Tile H 412
TR EA K RSN,

AL ELEVPIBHET DNA Tile S B AT /R B 4515
FHE 2 W EZ BB DNA Tile 5 20 3 #1282 DL &
DNA Tile [H 20 %z 5 (%) — 26 1 FH 5 T8 9 W 92 4 e
55 3 Wi T DNA Tile H 43 LB A /R B 45 ia
B a4 i — 2 AR e,
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MR}
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B A B DNA 437 M 4 45#. DNA Tile
HA4LEHATiz8 g0 BEET T TF—1MAEN
) R0, S 1) 8 ST B L R TR KR Tl AR R DA
B LE R BT DNA Tile £, 4 5 J5 0] 7™ 4% i B
AT DI AR TE A DNA Tile H 41 2%% 5 ##
SR A 1) R 1 i ELAT S8 A5
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P DNA B 55 580 w8 o DT 52 W) 17 3K fife 0] 2
B A R AT A R T S RGO FPOR A2 . Winfree 5§
NFE S A B2 e T SR R R R 2 SR Y
— 2 2 BRI e KA R AE T AR B AR
T A N R ROR R D Xt B AR T AR
YISz o A\ BRI, S A0, T4k [ 4 Y 2
25 R AR FL T RE e A T A it s 5 2 A
W T G R i R A2 2k ) TRV T A 3 3 ]
N = 4 [ 2 e AR AR (H R X T ) S 5 R
A REHE— 2L B WF I A SO T SO SR 0 ol 7
Y g AT I R

HHi Mk, Bl %8 DNA Tile AR EH Rz &
TSR B 2 12 B TF. 2000 4F, LaBean™ #& 1 — Fh
4 241 DNA Tile 43 FH9 %, Bl =22 X Tile 51,
b 48 X 284> T3 LAAE Y Tile 28 B A8 A 1k 52 1 v
S, AR E L IR A ) SR B IE T X Fl Tile
Sy AR AL RS s E
Brun""“ 48 H — AN R 1 Tile | 4156 AR BLR, If
FH B ke 592 B0 1 S 5004 n i R o vk 5L O A ok
BRGE R T REEHL. Zhang' ™ 7E Brun T AF ) 3L At
b R U R R T B B S LB e MR BRIA Y is
Fal LT DNA Tile HHRWET 3 M T R4S
LT R G EZ W F RGEMIE T R G T 56 bR
P 5 [F B % B TR R G 00 R R BRIt 2 5k
Barua"'* f§ DNA Tile § 413 M5 AL T @ 57 F
R S5k 3 5 A R 4.
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HRIBEITE

3.1 #/RIELEEA

i IR #5134 F George Boole, i i 5% [ $i 2%
HAE 19 b it i WOE LT 2B RS H
TE AT IR ZHAE AL T2 T SEURE PR AR 45 Dy i o
WA T Z N FETH AL AR R ST
A 7R T2 B BRI A I PRV 4R AR AT B R BOR s —
AEE 2 A — A2 Ok T R
TR TR A0 i AT IO AR B4 2 R R AT 4 i

B R L CO L TR 1 L O B AHDNE YD L A2 pR R
KT — DB 2 58 is 5, a7 UAR & L&
T R A1 0L A SORAE 7y 7 RUE B fE DNA Tile
4128 R SRR L S B0 A R 18 4 e 3k Rk AT
SRABE VS 320775 LLG B A7 AT RE #  FH 3) 5K ik 0y
PRI X TF) R, L 2 ] A A2 T R

AR SCHL I8 3K A R 2 R 3R 8 XA SR AEL R
AT — ek BRI R A G (CNF)

W= Vo Vz) ANV, V) A
(e VEs Va) NV Va),

Hrr, 2, (1=1,2,3,4) F M7 A AE I6 . 7, R R B I0
xR AR ST BE S D (0. 1) 80 Al 2
BRSO D B L i B ARV U ROR B R s
B2 Va, =0 8HNY x,=2,=0,fF5“N"F
R GIEE W Nz, =1 5B 2, =2,=1. &
SCHIWESE TAE EZH BN T AR TH () 2z 255
LR S E — HLRAE AR )5 5K A A R 22 4 3R Gk 50
Wt .
3.2 EF Tile g

2128 BRI AT I 8 — > 5 B Ta] 25 2 ey
WAV HEA 1) Tile 73 7. 454 fir 471X 28 Tiles fiE
iz BEFRAT 10 2o B AE A= A S 45 o i 2R il H b ] R Y
filt. TR OR XA ) R FRATT AR L S A E
[ RN B e 20 1T ) A B, 455 DNA Tile H 4%
(R RE R TRV NE A 800 25 ) 31 3 e o e 2 R
R i ) AR 75 ) B F Tile B9 F2 L X L T
Tile 8 (& 75 B 2H 2860 A& v, ARSI 2K vy, i) HL
FAREE R RE R T iEARRI Tile 58 A (1)
RN LA 0 B I W Bt S Tile B RS IR o
XA R T DNA G 5% 5 A 18 A W7 4 J8 o DT die R R
JE Hu /b Tile 78 A 21265 B b A AR A A L.

HE. AR — T A SCH A ] 3 Y 2 A
Tile 5 R, =38 ¥ (tripple crossover) DNA Tile 43
TR TX 507, Hoor T a5 B X B AT DU g
KB B H 4 45 DNA FUAE i 5o i 5k 1
A C X 5 U i DB B B A S5 A 4 6 B 2 AT DL
JEth 4 ARG VE AR S L O T 5 (s SR R Rk AR X
Fl oy ¥ — 2B g B 1 o (D) Z5 R 507 1.2.3
4 53R TX 43719 4 AR K i, 76T 10 1Y
PIIE A FRATREAR I 3153 10 75 2 A P e P
rh— R W AR i L 3 T LS ST Re L T R A
[ 1y i 5.

FRAT A A5 B DNA 15 A8 w5 A 60 ) 1B A
HEZ— JETHREZ REE FLBF AR, T
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3 2

(b) R MIZH Tile 70
o1

FRVHE A R IB R FEN W AH 4 DER A T 85
FIH DNA Tile [ 21 %6 15 09 IF- 47 1 F A5 X 5
AFA AN — A tile HAKIBH TR B
T R GeNs A B Sy AT o — AN B A B L 4 i
WX ANFRGEN CLC LG C

KT R EAF RGNS R AR LS
BRCI3 T i 7 2 XS B 413858 BT R G040 il i
R FAELE, TR s A Ad%EH. % Cl
M C BRSNS T RGN )E 8 tile, Hrpi=1,2,
304 WY TN 2Ca) 7R, Cro s Coy s Con 1 Cis Ny
00 b 76 45 W 00 45 A — AR PR AR i 72 B S I 1F e
EATATLAER, XA tile ;1 G=1,2,3, DA L
J7 (RS 2R it 2 B 1 4 5y A — A Ja s oy
Ci (1=1,2,3,40) A7 L J5 BRG M A i e FH F i W
H R — SN B A8 J6 (A Je A . 5 RT
tile C, (=1,2,3, DFEHA F AT o 5lAa —
ARG PR o s KRR B BT A tile CuESE @ AF
Ra il G TSR dle C %A
O A R 5B 5T tile M4 A

o i R IB IR W oA, IR 4 AN o
(=1,2,3, 0, 7S it B e G 2Tk z, 1
S FEE G — R 2(b) 22N 5y F. BREA R L

[ ] 1 1

Ciina Cy

() PSR IRdle A T3 G5 N 742 Totile DA K32 $itile

3 2 2
[ |
11(1" ) yu
1 1 3
(b) AZTu(8 A TE AR tile EA KA 1 RORIZ 5L [tile
3 2 3 2
[ ] [ |
And, And
1 4 1 4

(o) M B HEANDIZE 5 fitile
K 2

BRI RR 6 3 A B a3 AT — > 58 R
A s, FEr R PR o 1A 2 R TR B R, &
BB AR 0 tile, TR i 3 W J2 7] b i 3% 7% oo
tile Y32 48 {H. 30 72 Ut . % T 28 oo (B 28 e dE) 1Y
tile T & » Ho b AOORE PE AR 3 1 A 2 n] RLALAE 28 50 iR
ol X3 G LA ) s ) 15 T B % 72 T AR 8 i )
S ATk A R s N E . RATHY H AR L1k
AT tile A TR B R L, A KAEE Y
8057 ' AT PRI RE 52 3% H s [ 25 ) 322 SR AL

HTIBHENTRE. RN TENSTFRE C L5
W —A tile yq G=1,2,3, ) (LK 2(b) iR,
Ay FZEHIPE EES TIZREHE —DEITH
L. 3R Y Ak RS fo 45 451> ) 19 12 12 B U gk
1. Rt FATET tile v, I FHAT BB N
128 OR B3, KR AW TP,

Y=y Yz=yn Va2, yi=y12 VT

Vo =21 Yo = Yo V Ty s Yoy = Yoo VT

Va1 =Zzs Y2 =Y VT Yoz =y V243

Y =Tis Y =yn VT2 yis =y VT
EATRFENIE R TS FiEH ARG s R b4
AR I P 25 2R L T 25 A A0 1 2 () B 7 HG AP RS
A 1TSS G B E5 R R R s 3 T
BESEZINT — B I8 5 8 I8 (B2 JTHE) L R
A 2 Bl R AYB B ER. H AR OR 25
Fan & 3 Ca) fir 7w

DT REIHPATRED TIEAIERZ
JG S AT S, GO T IE R GE. X B T T AL
WA FEERIW 4 A T RS0 — R
TBRRG. 2 9T/ £59C4E DD, K
H.DHTXN T RS CM G Ry B4 Rt — B AE
e AND 255, 45 R0 E And, . H Andy = yi; N
yos. [ D, TR F RS CoM Cy1yis F45 Rk —
WAFZ I AND iz 55, H 45 RiAME And, s HAnd, =
Vs N yis. BRI T tile 589 LI 2 (o) 2 43 T 1
RS 1.4 TS —RTRENBRER,
RiTEAR s 3 I TAR IR 2% PR T R % X — &
W ERATHE — 1 AND B8 b R B3 /EH. B
H AR AND 52 3R ILIE 3(h).

TEPAT R GO T IB R ARG Z )5 ATH ST
SYOMTIBR RS E . WA YOMT B H RS R
KIBHAER LA MWA o B AT RO — i
A KA T tile 45 WIE 2 A4y F. /2 F I f
AT J5 AN KR S T U B SO TIE B R
B8R 25 2R oS A A A R P A S () P X A1 i 1 A T
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CCAGT ACACA
[ I [ 1
¥3=0 ya=1 GAGGA
(c ) (c )
[ I
GGTCA =1 GAGGA TGTGT
¥y =0 (y,kzl ,

TGTGT ¥=1

GGTCA
¥y=1 ¥,=0
(a) i=1,2,3,4 j=1,2,3; m=1,2,3,4; k=1,2,3
TGAATTCT CTACG TGAATTCT CCTAT
TGTGT | And,=1 TGTGT TGTGT | And=0 GGTCA
( Ya=1 ) ( yﬁ:1 ) V=1 ( yﬁzo ’
TGAATTCT CCTAT CATAAC CATAAC
GGTCA | And,=0 GGTCA GATGC And=1 GATGC
( v,=0 ) =0 ( And,=1) And,=1)
ACACTT TCTAGG ACACTT TCTAGG
GGATA| And=0 GATGC GGATA | And=0 GGATA

B
8
£
8

And,=0 And,=1 And,=0 And,=0

(b) k=1,2; h=1,2; i=1,2,3; j=1,2,3

Kl 3 B Tile 954 B A2 MM ((2) IB 5 tile PUATE B OR B9 SEAFI T 77 18 P J7 W R 4544 dile VB ¥
A HACE A F AR 0 1 OR I AYZ5 R AR 05 (b) 125 tile A7 2 5 AND iz 58 5 A B L 24 H.AL
BT AP ARB Y LR AND BRMERA S D

AND iz B 145 R, And=And, \ And, , H H H KK
AND iz 5 R WL 1 3(h).

ARSI B tile (B 2Ca)) 4h, KA1 tile
= HA — i WA R B R AE W A T A5 . e XA
JC tile &, (1 =1,2,3, ) B F Z LI tile 7, (i =1,2,
3D Y x=18F (WL 2(b)), FR 14 H A L
5 B ORG E A 3 R T JE E 81) 5'-CTCCT-3"s 2 2, =1
BFL AT A A2 1 5 iR R i o B 3 4 5
ATTCC-3". K, 4 Fia & tile v, . 24 v, =1 A,
A AT b7 R A i 3 81 3'-ACACA-5;
My, =0 B, A oA b7 ARG AR Uk Bl 81 3
CCAGT-5".

AN — WL XA SR B ) L WAT: 25— 4 UE
(1529 23 s2,)=(1,0,0,1) 383 — 2%+ R G 7] L)
A B 4 A F R G0 A 4 Fios. 405k — % 3F 17

FREN A TR T RE COM G KT F
8 Dy E— AR B AND 28, T80T RE 1. 1
B3 3 SUARYEAE TCAR 7, 28 H 10 Rk 1 2 iy B3 57 31
5'-TCTACAA-3", 7 jt Al 7, 5& 19 K 1 A bt A Bk
FFH) 5 -GTCATCA-3", T/ 1 B3t Jy 51 n]
DL r
3’ "NNNNNAGATGTTCAGTAGTNNNNN-5'.
Foldh TR T RGE CM CIE R R T RS
D, it — 24 AND iz 8, AT 44T 2, Hom
FEFHNBATNE
3’ "NNNNNAATTGCCCAGTAGTNNNNN-5'
e T4 EHZEER T o A HE R RTF RS D,
A1 D, WLE S FroR.

P —25 i, AT T AR 3, Ho 3y 51 ok 3
NNNNNNA-GAATTCAACTTAAGANNNNNN-
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SVTHEL “RFRG DA D, U —BAEZ R WY BT DR U R & W 45251 And =1, B A
AND iz 8, Hoz 45 R WK 6 Pron Jadad —&  REBEERER S W=1.

ACACA
GAGGA

ATTCC
TATTGGT

ACTACTG
ACACA
TAAGG

TTGAG ~ GAGGA

TATTGGT

AACTC CTCCT
CCGATTA GTTAGAG

TTAACGG

ACACA
GAGGA

AGATGTT

GAACT
TAATGTC

ATTCC
TATTGGT

T
TAAGG
[]

ATCGGAG
[1]

[11
GAACT
GTCATTG
L]

ATTCC TAGCCTC
TCTCAGA
[

(D1 HALHETREFTN CoOgRAH 4 MER oV Va WisE

4
BYFCA 9 =52 XU DNA tile 48 F45 12580 % 1532
4 I TG S o g A 5 dle (R M R g AR O 1B, T

DNA Tile F 412 £ AR X 45 5 1 A IR 12 45 1] Bk 47
ARSCAERAN B T A AR R kAl B fF SREEHE. AR dle R R R NE T
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1 TGAATTCT

CTACG 2

TGTGT

And, =1

I TGTGT

(2 HAMARTRE DX L ETREPMN CM CMEERE—SFZ2H ANDEH

1 TGAATTCT CTACG 2
| |
TGTGT And,=1 | TGTGT
ACACA ACACA

ot T+ DNA ligase probe?
—

(D)5 2 FALET ARG DS 1 BT RGEH ) CM CiERAF 2 AND 2

probe 3

[@r=rrode

[@s e

And,=1

BG 53 % tile ALK T RY E) 5 MURIR — 2 192 4

AND 25 7 26 5 10 P A S 6 1 1
tile, 743 5 1 i v O ML FH DA 5 A 7K 02 3 i
B By FATHERA — B AR A R 2 A
PEATSRAA B 4 2206 1 4 A58 4] 10 45 G 204 g
(A /R 2 BRI, eI T 4 A tile AALE— 2
T ARG IR EA R A T RS B D
— RN ZRTRE. BT REMNE 44
I S By — A A A L 2 T ST e B A
B AL T R G Z AT AR R EJR T A AT
HAERMER B GHD N TFRERZES AT
RGMAER LR — 20 A 4123 DLE i i is 5
T RGBT FIN AR AR ] R R A S HOKR
B L 1 H T R RECCRI 2 02 7 &R 50 WE i

o

F—RTREM DB Z R . BB &G — R T
AL H A RBBECN 1 A5k 5 R R —
T F BRI I8 B A5 R T M A — )
HARET ARG JATRE T ] 8 i 2 8 Az 5 &R
L. 253 RS A AAE . B4 R SR o i
[Fa] 25T Y i

2073 RO L AT LA SRR i A B AN AT
AN TR R A K2 A8 R AL M T dile B ARG 02
S R B IFA T+ B DR X ] REUSK g 3% 07 9 W] LAk
— Tt NP 5g 4 )3 AP i) a3 A2 1 1] 0, AN
Ao T W 194 T AU i 6 He v 2 iz S Y tile 45
P 24 0 4 i B G0 T RE AT ROR i (] AL 25 4Rl [+
FERWLE tile B 4142 5 59— 30 . A(E X 7
T BIF 5 T A R RS i B 2 A ) AR BT O E Y
PRI X

Z % x W
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Background

The research group mainly devotes themselves to the
field including the Graph Theory, Information Security,
Model and Method of DNA Computer etc. They have pub-
lished more than 150 papers on DNA computing and DNA
computer, The paper proposes an arithmetic model to evalu-
ate a four-variable four-clause Boolean computational problem
based on the DNA tiles self-assembly. The smart “DNA
tiles” invented by Winfree are the most promising approaches
among DNA computing methods. Winfree’s brainstorm is to
create nano-scopic building blocks out of DNA that not only
can store data but are designed- Winfree likes to say *“pro-
grammed”-to carry out mathematical operations by fitting to-
gether in specific ways. Normally, DNA exists as two inter-
twined strands of the chemical letters A, G, C and T-the
familiar double helix. But Winfree’s DNA tiles are made by
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“tiles” about 15 nanometers (billionths of a meter) on their
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and his colleagues have used DNA triple crossover molecules
with diagonal reporter strands as tiles to perform four steps
of a cumulative exclusive OR (XOR) operation in two inde-
pendent assemblies in their laboratory. Brun has defined an
arithmetic system of tile assembly, and tackled these issues
to compute the sum and product of two numbers in binary.
All these work have demonstrated that the DNA tiles can
program in light of our careful designs to accomplish a variety
of computations. This model proposed in this paper has dem-
onstrated the huge potential for computing inherent in DNA
tiles. It shows that the great potential of algorithmic self-as-
sembly of DNA tiles can be used to solve the SAT problem.
When the conventional computer based on silicon is facing
more and more seriously hard computing problems, at least
needing quite a long time to get the result, human beings
have to turn to other computing methods for help. Algorithm
basing on the self-assembling of DNA tiles may be one of the
possible ways to break the limit of brute-force method in
DNA computing. Many scientists have been paying their at-
tentions on this field for solving NP problems using DNA

tiles self-assembly.



