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Cleaving Automata
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Faculty of Engineering, Yamaguchi University

Abstract This paper proposes a theoretically generalized model of molecular automaton which
was experimentally realized in test tube using biotechnology by Benenson et a., and investigates its
purely automata-theoretical properties.
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2. OO

ubbooboobooboobobooboooboboobooobobooon

2.1 0OO0OO

00 21 00000000 (cleaving automaton) 0000 M = (X, R,T) 000000000
(1) X 0000000000 (input alphabet),

(2) RCY*tX*, 1¢X 00000 (cleaving rule) 00000

(3) T = (P,D) 00000 (probe) DOOO0ODO0 P C X 0000000000 (detection
pattern) 000000 PC2P 000000000000 (test kit) DO OODDOO

00 of0 0 zafy 0 0000 {za,fy} 0000000000000000 of = ate O
0 za 0 {za,e} 00000000000

021 0000000000000 s000000”00000000000000000
D0D000P = {s,t}, 2" = {0, {s}, {t},{s,}} 00 00D = {{s},{t},{s,¢}} OOs,t000
000000000000000D={{s,t}}0000s¢t00000000000000000
D={)}0000s¢t000000000000000000D={{s},{t}}0000s,¢t000
00000000000000000000D ={0,{s},{t},{s,t}} 000000000000
00000000P=¢000000000000000

00 2200000000 M=(X,RT)0OD000DOMOUOD zeX*0000000O0ODO
MO 000000 (configuration)D X* 000000000MO 00000000 (initial
configuration) 0 In(z) ={z} 0000MO 2z 000000000 C,p 00000

datf € R, 3,x,y € X¥[zafy € C,za, By € D,C — {zafy} = D — {za, By}]
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00oooooOooCcHDOOODOODOUOOIy(zx)ODODOODDOOD HFOODOOODODOOOODOD
00000000000 Gy(z) OO0O0OGN(zx) OO0OD0OO0OOODOOOOOODOOOOODOODO
0000000000 7Ty(x) DODODOO0DO0D0O00O0000 (terminal configuration) 00 OO
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022 (1)r;=afb,rg=abfc0 00000000 z=2bc00000000m 000000
U00z0O a,pc00000Or 000000000000 rp,mbdbodbgdnblOa,b,cUn
O0000((2)00 r=aatal D x=a22a 00000000 0000000000000O0O
U000aa,eca 0000000 OODOO0OOO0ODOO0O0O0 20000 a000000000OO0
U00000eaaa,a00000000OO00O-y000000D000O0O00OD00 aa,a,ab00noog

gboboooobooboobbooboobboobooboooobooonooo

00 2.3 00000000 M=(X,R,(P,D)000 LCX* 0000000

(1) se L=>VYC e Ty(z)[CNPeD|0* MO 200000 * 00000

(2) 2 ¢ L=VCeTy@)|CNP¢DD* MO 000000 " 00000

O0000000LO MOOO (accept) 000 O0O00OOMOOOOOODOODO L(M)ODOODO
000000000000000000000 (cleaving language) 0 00O

oooooooOo PnCeDDO0OOO0O0ODOO CcODOODOODOOD POODOOD
goooooobooo pooboooobobobooooboooobobooooobobo
gobooboobbooboobooobooboobboobooboboobooboon
gobooboobbooboobooobooboobboobooboboobooboboon
gobobobobobobobobobobobobobooobbboobbobooobOoboo
ubobodboobbooboooboobooon

2.2 QJOOoooo
00 2.1 (000000) PoX,weX* 000000000

000000000000 M= (X, {atw,wa|ae £}, {w},{{w}})) 00000000000
000000 efw,wle 000000000 w000O0D000000000000000 wOO
0000000000000000 O
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0 2.3 (0+1)*11(0+1)*000000000 M = ({0,1}, {0111, 1111, 1110, 1141}, ({1}, {{1}})
ooooooo

00 2.2 ajay--al, k>1,a:#a; (i#j) 000000000

D00Dk=10000 «* 000000000 M= ({a},0,(0,{0}) 0000000M OO0
gooooooooon

k=20000 2% 000000000 M = ({a,b}, {ata, afb,bib}, ({ba}, {#})) DOD OO
O0({va},{0}) 0D a0 000000000000 0OOMOUOOO balO0OD0OO0OOOO
ooooooon

k=30000a**c* 000000000 M = ({a,bc},{afb,bfc,ata, bib, cfc}, ({ac, cb,ba, ca},
{0}))boDOOOOO

kOODDOOODOOODODOOODOOO0DObOOoOoOOoOoooooo O

ub 23 0000000000000

00000000 LC X 00000M = (X,0,(L,D),D={{z}|2zecL}00zell
000000000000000000000 z€ X2*000007y(z)={{«}}000000
rele{zxleDOOO0OON 0

02400000000 M=({a},0,({ea},{{e},{a}})) 00000 e+a000000

ub 24 00000000D0O0OODODOODO

000000000000 M= (X, R,(P,D)00000M =(%,R,(P,2F —CALD)) 000
000000000 M0 MOO000000000 0

02500000000 M = ({a},{a%ta%},({¢al,{0})) 0 a%a* =a* —(a+¢) 00000
Oa%a* 0 ({a},{a%ta?}, ({a%, 2%}, {{a?},{a%},{a%,2a%}}))0220 0000000000000
00000000

00 2.1 (0000000) 0000 (aa)*={e?n|m>0}0000000000

D000L = (aa) 0000000000000 M= ({a},R,(P,D)) 0000000000
ODDODRODODDOOOO r=a!000000000m = max{k,i}, z =2a?"tl 0000
zr=2a?Cmt) ¢ [ 0002 00000000000 Cy(er) 00000C,(22) €D OO0
Ooooooooooo

00000 r00000 200000000000 CW(z2) = {z,2} = {2} = {221} OO
0000000000CY(z2) 0000000M OO0 z0000000000000000
000000000000000000000000CC%(zz)=Chy(z)UCh(z)=Ch(z) 00
OD0000000Ci(zx)0 MO z000000000000z¢ 000000 Ciy(z) 00
OD00CH(x)¢gDO00O0O0OOOODOO O
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3. Uoooouooboogd

gobooboobboobooboobobooboobbooboobDboobooobobo
gobobobobobobobobobobobobobobobbboobbboobobbobobo
gobooboodg

00 3100000 RC (¢4 X5 ($+e¢), 1,¢$ ¢ X000000 P C¢X$0000
o0oo0000O0o000 M=(X,RT)0D000DODOOOOOOO (cleaving automaton with
terminaters) 0 0 0 O

O000r=¢aff0000000 200000 O00000000OODOOOOOOO

00 3.2000000000000 M=(X,RT)00000OMO00 zeX 000000
O00o00OMD 20000000 ¢X*$0000000O0OOMO zeX*0O0OD0ODODODODODO
{¢z$} 0000MO 000000000 C,DOOODOO

Jatp € R, 3z, y € X [¢xafy$ € C,¢xa8, ¢By$ € D,C — {¢xafy$} = D — {{xa$,¢[yS$}]

ocoooooooc-pooboOoOoDOOO0ODOO0ODO0O0ODO0O0ODOOODOOODOO
gbooooboobon

00 of 00 ¢a$ 0 {¢a$,¢$} 000000000000 0O0O0OOOOOOOOO0OOOO
000000000000 (cleaving language with terminaters) 0 O O O

00 3.1 (a)*000000DODOOOOOO

0000M = ({a}, (fata}, ({¢a$},{0})) 0 (e2)* 000000 O

b 3.2 000000000000000000000

000000000000 M= (X,R,(P,P)000000000M =(X,R,(P,D)) 000
000000000000000000P,D 0 PPOO0O0OOO0O sO ¢s$00000
ooooooo 0
00 21,31 0000 32000000000

00 3.1 (0000000000O0D) DOOO0O0O0O00LOOO0UOO0LOOOUOOODOoOO

ub 3.2 00000000000000D0OO0

gboooboogobobooogooobobooooogooooooobobobobooD MOOO
0000000000000 00000000000 MOo000o0U00o0ooo0ooo 2000
gooobooobooboMObooboobooboooobooooobooooboooobooo
00000000 POO0O0OOO0OOODDO0OO0O0O0O0OO0O0O0O0O0O0O0OO0O0O0O0OoOOooo
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000 PO DO0O0OODOOUOOOOODOOUOOOP epO00 M'O00O0O0OOOOOOO
gbobooboobboobooboooobooboo1o0oo

1. 0000000000 pO0000 max{lel,|d]|zeifye R}IOODOOOO0000000
00000000000000000000000000000000000 y00000
0000000 ~/000000000000000000000000000000000
000000000000000000000000000000000

2. 0000gooobobboboboobuooboobobooboboobooooboobooobg
gobooooboog p,p... 000000000 r,re,...000000000000000
gbooboooboobooooboboboboboboobobooboboboboobo
gboboboboboobooobooooooooo

0000000000000 000000000 ¢4,$000000000 O

t . . . . .

T3
1

input tape
01 DO00oOopoooooogoog

gb320b00oboooboooboobobooobuoooboobobooobooonon
gbooboobooboboooobooboooooooobooboooobooboooooooooboon
ugbboobuoobboobobooboobbooboobboooboobooboboobooan
ubobooboobooboobbooboobbooboobooobooboooobooooan
0000000000000 oOoO00o0o0oOO0o0o0O0ooOOo0LOoOOoUoOOo0OOD 1o

00 3.3 (000000000000ODO) DOODO0OUOO0DOODLOOoUOO0DODOOOOOO (pro-
jection) 00 OO

0000L0000000000000000000 M= (X,Q,,F,6) 000000000
000000Q = {g,qu,....a}, F = {¢g} 000000000000000000 M =
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(ZU{#},R,(P,D)) 00000000000

R = {¢a'#vitoP =114 |a € Xov e Y U{#},6(¢i1,a) = Qh—j}
P = {¢##S da'#0i$ | a € X, v € X,0(qi-1,0) = qr—j}
D = {{¢#H#UT | T C{da'#v'$|ac Y ve X 6(qi-1,a) = quj}}

000000 A0 h@@)=q, h(#)=e0000000000M 0000000 aj#a@#- .-
#al¥l #4102 00 0D0OM 0000000 aias--a, 0000A(L(M)=L(M) 000000
0ooooo 0

031 L=(a+b)p00000000000000 M = ({a,b},{q0,q1},q0,{q:},0) 0000
o000
(g0, 2) = qo,6(q1,2) = qo, (g0, ) = q1,0(q1,b) = q1.
MOODDOO z2=a1a2---a, 00000M 0000000 ay#ad#---#a2#4#*# 0000
0000000000000000 M'=({a,b,#},R,(P,D)) 000000000

R = {da#tviv#, daaffoivd, do#iov#, ¢bb#Tov# | v € {a,b, #}}

P = {¢#°#8, da#v$, faa#v$, fo#$, fob#$ | v € {a,b}}

D = {{#H#P#SIUT | T C {fa#vs, Jaasfvs, fo#S, ¢bb#$ | v € {a,b}}}
“dagh-- 7 (Sdbgt--7) OO0 “” 000 “a” (") 0000000000000 “faa---
(“¢bb#---") 000 “¢” 000 “’ (“’)000000000000000
MD 000000000000 OO000¢##3ecT,(x) 000000000 O

4. OO

goooooooooooobooboobobobobobobobobobobobobobo
400000000000 00000000CO00O0OO0O00COOO00ODOOOODODOOObD

gboboooboabod

e 0000 (multicleave) 0000000000000 RC(Xu{tH)*000000
0000000000000000000000

e 00O (multistage) 10 0000000000000 00000000000000
000000000000{(a#)"(b#)"|n>1}0000000000000000
00000000000000000000000000000000000000
0000000000

gooooooooon

0 150


島貫
テキストボックス
－15－


e 00 (onesided) 00 O0O0O0ODOOOOOODO CCXfO0DODOODOOODODODO
gooooo

e 00000 (time complexity)y]J D0 O0000000000000000000O0
0 a**0 0(1)000000000

e 00O OO (descriptional complexity)DJ OO O Oajas---a; 00000000000
O00000O00OO0|R|+|TI00 k00000O0OOOOOOODODOOODOOOOO

ood
e 00O (standard form)J0 0000000000000 0O00OOO0O0OOO0OOOO
gbobobobobobobooboboboobooobo
e J0IUOUDOOOODO (enumeration) 100000000000 O0OOOOOOODO
000000000 r=2a%' 0000000 "0000000000000 p; =a’
ubbodgbooobuobboobooobuoobbooboooboobbod
ubobooboooboooboo
e 10JUDDODODODOOO (ambiguity) DO O ODODOOOODOOOOOO
godd
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