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An O(2") Volume Molecuar Solutions for the 3-Colorable
Problem on DNA-Based Supercomputing
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(1. Schod o Computer and communications , Hunan University , Changsha, Hunan 410082, China;
2. Ingtitute d Biomolecular Computer , Huazhong University o Science and Technology , Wuhan , Hube 430074, China)

Abstract: The DNA volume which increases in a pure exponentially with the scale of the problem has become the bottleneck
problem. So how to decrease the volume in DNA computers is of a great significance in the research of DNA computing. For the
objective to decrease the DNA volume of the 3-colorable problem ,an improved DNA computing model basing on the biological op-
erations in the AdlemarrLipton model and the sol ution space of stickers in the sticker-based model is introduced. Furthermore ,a new
DNA agorithm where new agorithms of Vertex Shader ,Sparse Parallel Searcher and Dense Parallel Searcher are devel oped to solve
the 3-colorable problem. The proposed agorithm can solve the 3-colorable problem by using the O(2") shorter DNA strands on the
condition of not varying the time complexity ,as compared by far the best molecular agorithm for it in which O(3") DNA strands
is used.
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| [16.17] (1b) Append( Ty, x5 .
(1c) Append( T2, X .
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DNA X EndFor
Vi f {b,r, g EndProcedure
b 1 Init( To, K) .
x=f(v) =\ r, b r- o (1) Init ( To, k) (1a) To
g T T, To (1b) -
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Procodure Vertex. Shader ( Tp, m, nrk) DNA . 3- p(0< p<
(Dfor i=k+1to n m) , DNA
for j=1to i-1 4

Assume that there are an edge between the vertex v
and v(0< j <i-1)

(la) Ta= + (To.ij) and T, = - (To.ij)-

(1b) T3= + (T2, %) and Ty= - (T2, X).

(Lc) Amplify( Ty, Ts, Te) -

(1d) Anplify( Tz, T7, Tg) .

(1e) Anplify( T4, To, Tio) -

(1f) Append( Ts, X)) .

(19) Append( T, x7) .

(1 h) Append( T7, x) .

(i) Append( Tg, x7) .

(1j) Append( To, x;) .

(1m) Append( Ty, Xi) .

(In) To=(Ts5,Ts, T7, Tg, To, Tao) .

EndFor
EndFor
EndProcedure
2 Vertex. Shader( To, m, n- k)
mrk .
Int( To, k)
To. (1a)-(1b) v,
T To T3 Tao Ta X=Db, T X=4d
r,T; X=r,Ta x=4g. (1lc) T1
Ts Ts ,To . (1d)
T, Te. (1le) Tg Tio.
(11) X =7r DNA Ts DNA
(1g)-(1m) X; rgb
g br DNA Te Tz T To Tio DNA
(1n) Ts Te T Tg To Tio
To . To .
Vertex. Shader( To, m, k) 2 x (k)
3% (k) ,6 x (k)
,(mrk) ,DNA 15 % n,

Procedure Soarse. Pardld . Searcher ( To, p, n)
(DFori=1to p

Assume that the ith edge is between vertex vi; and vi,

(1a) o=+ (To,x1) and T,= - (To,x0).

(1b) Ts= + (T2, %) and T4= - (T2, X1) .

(10) Ts= +(Ti,x2) and Te= - (T1,x2) .

(1d) 7= +(Ts,x2) and Tg= - ( Tz, x2) .

(1e) To= + (s, x1) and T = - (T4, x3) .

(1f) To=(Te, Tg, Too) .

(19) Ts=(Ts, T7, To) .

EndFor
(2) If (Detect( To) = yes) then
(2a) Read( To) .
Endif
(3) If (Detect( Ts) = yes) then
(3a)Discard( Ts) .
Endif
EndProcedure
3 Sarse. Pardld . Searcher ( Tp, m, n)
DNA
p ) Viz Vi2
Xi1 X2 (1a)-(1e) T T
T3 T4 Ts Tg T; Tg Ty Tio. T Xi=b, T,
X1=r g,Tz3 xa=r,Ta Xx1=9,Ts X2=Db,Ts
Xe=r1 g,z Xe=r,Tg X2=b g, To X
=g, Tw Xp=r b. (1f) Ts Ts T DNA
To . To (19) Ts
T, To DNA T . (2 To
DNA . yes (2a) To
DNA . (3 Ts DNA

yes (3a) Ts DNA.
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k  mk, k ), DNA  3nyx (np-1)/2 1 1
) 13.
5 35 3 o(2)  DNA
Procedure Dense. Pardld . Searcher( To, p, no) K q,
(DFori=1to np-1 rk . 1-4
(1a) 1= +(To,x) and To= - (To,x) . , DNA
(1b) T3= + (T2, x) and Tu= - (T2, X) . 3- .
For j=i+1ton 1 0(2" 3- DNA
(1c) Ts= + (Tl,ij) .
(10) Te= + (Ts,€}) and Tr= - (Ts,€)) . (D) Init( Ty, K) .
(1 = (T, T). (2) Pardlldl . Searcher( To, g, K) .
(1f) Discard( Tg) . (3) Vertex. Shader( To, m, rrk) .
(1g) Ts= +(Ts, %) . (4) Pardld . Searcher( Ty, nrq, n) .
(1h)T9:+(T8,e%j) and T10:'(T8,e?j)- 1 1 3- .
(1) Ts= (T3, To). (1) Int(To,k, G k
(1)) Discard( To) . (2) Pardld
(1K) Tu=+ (T4, %) . Saarcher ( To, nrp, k)
(Am) Tp=+(Tu,e) and Tiz= - (Tu, €. 1k
(An) 4= (T4, To) . . 3 Vertex. Shader ( To, m, -
(1p) Discard( Ta3) . K , nk ,
(1) To= (Ts, To, Tia) . G . (4 (3
EndFor , 3-
EndFor .
(2)  (Detect( Tp) = yes) then 3.6
(2a) Read( To) . 1 4 , 1
Endf k 3% k  k
EndProcedure 3 2 x (k) , 3% (k)
4 Dense. Pardld . Ssarcher ( To, m, n) 6% (k) (k) . 2
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