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Abstract Biological systems are far more complex and robust than systems we can engineer today,
and Because of its advantages of stability and specificity, DNA molecules have been used for the
construction of nano-scale structures. With the development of DNA molecule self-assembly strategy,
lots of programmable DNA tiles are constructed and used for solving NP problems. The tile assembly
model, a formal model of crystal growth, is a highly distributed parallel model of nature’s self-
assembly with the traits of highly distributed parallel, massive storage density and low power
consumption. In the system, a function can be computed by deterministic assembly and identified two
important quantities: the number of tile types and the assembly speed of the computation. Here a
DNA self-assembly model for perfect matching problem of bipartite graph is demonstrated, and a 10-
vertices bipartite graph is used as an example to illustrate this model. The computation is
nondeterministic and each parallel assembly is executed in time linear in the input. The result shows
that the successful solutions can be found among the many parallel assemblies, and it requires only a

constant number of different tile types: 14.
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Fig. 4 Perfect matching self-assembly model of the bipartite graph G shown in Fig. 1.
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v 1+6))==,bdy(Ss(x,—6,y,+5))=r, DAL E
WK bds (1) =r M bd () == 1] Success Tile 7 &t
FoE MG G BB b 2 108 U A A ke o AR
4(h) IR,

e, €U RAEWTEHN ¢ LHAEALE (2. — 7,
yo—D) € QAL E S, I RERR E A AE M
Tile,A=34ep g (bd (1) sbd ;1 (A(d(x,3y)))) =1 J&
¢ Tile BEUEFE EAFAE TR E L 5510, BAR B 41
BB 0N TileCompute(S, ,n).

&k 2. TileCompute(S,.,n).

S.,<Sy;

for i<0 to n

S,<PerStep(S,_,,);

end for

if S,(x,—n,y,+n)=Success
return S, ;

else

(a) A result of Step 1

Boundary Tile

Auxiliary Boundary Tile 8 Compute Tile

return failure;

end if

PerStep(S,—1.1);

for j<—0 to m

Si(x,—j.y. T =t;;

end for

return S;.
2.6 HEHER

ARSCHR IR SE R VC B H BB 2 2.5 5 1Y
Stepl H 4% 7 A= 45 17 51 18 3 2 vh o X 4 A o B
(x,y)€Q,,U, TR A £ Tile BB 454 31X
g L. i FE—A Tile 1,0 €U, 0] fig L BE AL 45
GEIRFMAE (2, y) € Q b WAl 2 Ui & (x,
WEQ fl Tile t€cU, BEX—MRER. FrLh, 74
FF N T RE 23 0 A A T Tile, 07 3% R 9 25
FF 50 AR R S8 SE DL L. S T8 58 35 DT RC 1 45 2
Jr 91 53X e 5¢ 36 DT E 1Y 45 2R 91 43 8 0T O AR 3
BT 745 R P SR AR 43 5 45 37 81 g 5 L IL I,
OB BRI 22 b A B — AR il Tile
Success Tile; A& 58 LIEHL, HA KK ET — 2
Tl 3 P A AN IET 5 (20 BT -

(b) The process of detection

Bl Compute Tile for the First Assembly Step

Fig. 5 Self-assembly model for perfect matching.
Bl 5 SE3EIT N H 20 R R

K 5(a) J& Rl F i B 2 Stepl [ 4135 J5 T 0 45
. B 5 ) al AL FE 25 R F 5 R o7 Tile R
HELL M ¢ Tile BA HBL, B ARX 4551 55 A 2
SEIEVCTC. & 5 () S Ffr 7 i A K I3 43 % 45 SR 7
B HEA TR ) 2 AR AR

i 5 AT ZEXT ¢ Tile gEAT A, i T

WA LTI P ERE A8 bdy (D =c &
— I L. A E (2. — 6.y, +3) 1 BREREW
N 45588 bdw (S, (2, —5,y.F3))=c",bdy (S,
(2= 6,3, 1t2)=r. 1M U, TEELEEIWH bds(D=r
M bdp () =c"#) Tile REME LS & 2% B L WA
1E B Gs B R 58 UG L o= 3. A5 A R



W52 KA DNA [ 41T R R i — 30 ] 5 36 DT i) 0

2591

EXLATHY o€ S\ {null, =0} s g (650) = 1. HEHE
FESC 3 AHLAE o =3 &M T, Tile S, (x, — 5, y.+
DM EEMR o B T ok, A kR b, Hofth Tile £ &
URES - S INTTR L S R AN Ty L

3 HESW

A SCAR I e 56 DG TCARE S A J8] v o0 [ 1) <0 42 ¢
gt oE L UL A 4% R 5 H 2 A 115 Tile, Xf F
— A AT AR R R UG, B SR T
R B 1 rp & o ] B 4R 4 06 & L 4 i DNA - Tile
I R F RS iS5 1) DNA Tile @ af 2.5 45
PO A R S BRI AT A e A A R Ty o A A e A
& AL @1 Success Tile; 75 M, 2 2 4% 78
2 Tl A v

FEL TRIEMAAERGS Sin = To s Zom
To ) VL1 3R [8] (1) 5 41 2 45 40 S — > S8 SE DL L.

Y. X TERE A A EL HTUSECY . 4
FE Sy =Ty s S s Gom s Tom ) » Lo W1 2.2 T AT 2.4 {5 1
AR St =2, Sho S Fh FHCE R HE 2.3 W, % &
Gt A Tile 850 Iy = (D)2, Hr

Do=<(X",r . X"sr),

D, =" X" Y ,X",

D, =(X", X", X",r),

D, =<6y —sks—7,

D,=(v,null,v,—),

D:-={r,— ,r,null),

D;=<{v,null,null,null),

D; = {(r,null,null,null),

Ds=(null, = ,r,null),

D, = (null,null,v, =),

D= {r,r,r,null),

D, =(v,null,v. 72",

D, ={k,null,null,null),

Dy, =<(null,=,X",=).

S'(xisy)=D,,S,(x.—k,y.—1)=D;,
Spm(zosy.tk)=D,. Vi€ {1.2,,k—1}.S}, (x.,
yo+i)=Dy . Shu(x.—i,y.— 1) =Dy,. Ip 4 Fh i
B S 2> &S, (x.,y.) = Start, S, (—k,
—1=L,S,,(0,k)=R,S,,(0,i)=Dy,,S,, (—i,
—1=D;.

S HAbA B (2, ) €27, S, (s y) =empty. H
2.5 WAl HI,.S, =S, &0t ¢ A% s 5 2R
®5S,.

B2 4 TWATALDMFREDSE 0ITH D 5

550 51 Dy (5# D Tile) J& = #8 & v ) T s
Tile, HH &L HENZ:2) HA Y D, Tile 5§ D, Tile
JFAR M TS AR 4B, D, Tile A1 Dy, Tile A fE7E A4
WA PR A B DR 2) FSEFEILELR 3 %
ARZERA AN 5 A AT 2.5 WY Stepl 58 UG
T 145 SR 7 40 v A TR T Tiile, W5 A 4
Bob R R — A5 R ILEL. fE X R G B Stepl 2
Gb AT A BRAR R AE R I Stepl 7= A4 (1 45 R b
WA EE)TA.

F2 R R AIE B AG I 25 9% v BE A8 S 102 1 T 5 4
SRAG I H O 1 A Bk B A e AT S 2 R L

M TARE S A EE Tile 19 S, RIS 2. 4 354
AR Vi€ (1,2, k—1},i TSI 1Y
WA bR S A BIME(—id—1) I S, & D, Tile.
M=k WA TAE(—k.d— 1), A E W44
Wk Z, S WSS A R r 19 Tile ¢ A BERR A Hh 45
A EE AR T AR AR Tile o 25 B HE
i (—k+1,d—1) kY Tile A Tile ¢/ IF ARG
2.2 W g B RE L IEIE Tile ¢ (45 £ 38055 5 F0 Ky
2(E S5G80RE R 1, S 855 HRE N 1N W 1)
SEEWORE R 0. fE AR E R R, RERE
tm=2. Tile ' e R EL AR E S, L. HAR
Gk T B o =3 B RE 2 X3 AT Tile ¢ 4%
SN S, EaE T k. iF .

2. EEIILHANERLE S =T+ Zom >
Tom ) I ZE S 1) 1] 2 O 1.

IE . ASCERM I SESEICHEL A A RS Tile R
BESpm = (Tom s Gom s Ty ) » — D Tile T B 7 L
Spm:Z° Dy M58 X1 o T 5 SCHR i B, R4
T T H)—A~ Tile fig s A& 5 S, B EMN S, E5
BTk AV, eZ 2 T,y Tile REM S, 15085
Tk EES.S) RTAEME V, N S, -
I ROk Tile P2 AEMECE. W, €27 )& T, Tile
RE4 &8 S, BRI BES AR weW,,
U, REETENE w 4555 ST L Tile £4 .S &
fie & S, WES.S HELIT &M

VpESL: Si(p=S,(p),
VweW,,S (w)elU,,
Vp&S;mUWO,S](])):empty.

XA B S, € S, ATHAE S 78 S 25T
LTHEFET S TEE As Al Ay K,
Vi€ (1,2, (nf2)+2} EBH SfE A FE 1 4
PR AR AR AT LA S, 7E Ay B&at (nf2) +2 4
FPHET Ay o IR S TERCE A By A B MfE— L B
2 ARG R4 A RBFRE R — A A BLE s R A



2592

ARV S KR 2016, 53(11D)

& SpufE Sp L7 A — A B AT E B4 (nf2) 42
SRR SonfE Sp EFRAE A B AL%E BT B9 A B0 Bk 2
i S S 774 A B4LEERT [REOG). i K.

3. EEILHANERLE S = To s Zom s
Tom ) T T B Tile NEUE O(n®).

IEBH. 2.3 A5 2.4 AT AL, 5E SEPE RS DNA
T A e R AR 5 22 14 Ff Tile 28R, W& 2 B
. HHE 2(a) ~ (D H Y 4 Fp Tile 288D J /] 2
(e)FICHH 2 Ffp Tile 28 A, J2 fr A 58 2 VL L [ 21 %
REH BN 6 A Tile; B 2(g) ~ () 4 il 2
YRARE A AT TR LB A Tile 288, &3 Fp Tile
KRIFEE nf2 A~ Tile, L7 2n 4> Tile; B 2 (k) 24
SR F A Tile {5 8 ) AL Tile 2880, 3L
n/2 A~ Tile; & 2 (1) v Tile W VEFH &Y bds (1) #
bdy (OB K S FE 1Y 45 & 843 ) 1) b F0 e A A%
L BOX A I Tile 227 n/2Xn/2=n"[4 4~ & 2
(m) 1 OK Tile /&Y bds (1) =bdy (OB ¥ S 1)
S5 A sln) AL i WOX R SR Tile 2675 n/2 45 K
2 TR Tile 8T 19 Tile 405 T A A
B TS RO 6 R — A n AT
LRl BE 1 WRTE B IEE R AN EERCH 1 TR
HoViell, 2 k)0 SEECH T T SR 2B
FERTH S o FERCR A, Vi E (1,2, un) .y R TS
B 1 BE B, B 4 [ 2 (n) Hh Tile 26 8 (1 K0

IV = D DTh ks OB B L R E Y

n k
Tile 1450k %2 . —%EA_, k7 [4+3n+6.
i=1 j=1

ik .

TR

-

AR SC A X S P 52 55 DU () LR 1 T — Rl T
DNA T3 5 21 8 4500 4 303k . AR A% — 3 181 5¢ 5 DL fic
B ARE 8 K — R 1A v ToL A5 R) A R 4 G R T G
DNA Tile JeFlF ZR 4t . - Fl H DNA 115 41 B
RUA B Jr B 105 BE IR AT 1k IR R A7 i e 7 IR REAE
%10 A 36 P& Fe 1, 42 5 DNA Tile fF — &
P S R AT AR I L is B

ARSCUL—AS A 10 AT S R —HF B Can gl 1 fr
FONBL A T IENAIE: D 41 DNA Tile
MRS T R % B TA FRA I 1 BT
¢ RS AR TS ¢ AT RS, ¢ Tile HAES
¢t ' Tile 45 A M T 3X Fl Ak BE 7 18 40 T BR ¢ Z 4h
5 R AR Y Al TR A5 9 Tile 33 SRR T

DNA Tile $¥JA4~%L. [AI#}, i T ¢ Tile & ¢ ' Tile M —
REfB 45 & 9 DNA Tile, Bf LL7E 2. 5 95 9 Stepl 2
Jei s AR S T 8 b A b DNA Tile 5 ¢!
Tile §+%5 5 ¢ Tile &5 & ML T4 = T 45 87
G HER . 55 Ah AR SCHR BT T 45 S 8 A
43 5 3 3 Xt 5 S A0 AT A AR 4 S 8 R A
FEAETE B G T A Tile, DA 0 7 25 SR e 1 2 485 02 5
SEVCEL. A NAEAEE S M T Tile, W15 B 45 52 )7 5]
JE ot FEVC L TN fe K S AR L RS R 22 1 f 31
LIA{0 B Success Tile, 45 7 4 2e R By B 1 1 — 47 52
B 75 0], 25 S P B R 2 58 2 DL L.

FEA R G0 L 78 G it 3o A2 o ) B — A5 0 T BN
FHE GVL.E) h 4 i A RO 1 T IR 1
JEETOU A LA R 5 1 T R 408 A0 T A5 R 58 T DA S BBk
I NE G Rk I EEE G

FIFH DNA F 2155 0 A7 313302 — Flor i 31 3
S EA RNFE Y EE R DNA Tile, #F 1M JE 1
AR 3 9] RS g 5 4 s RIS 1 JR BT 1 2 2 455 Y iy
FH T 52 % ) S8 1 115
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