(2 x 1)-tube ICF £ 3 lattice knot D minimum lattice
stick number
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Background
BEDREETHRUVBE%Z ST DNA A nanopore GEEIT/NTARINY %
nanochannel GEEICHIVLVE) ZBET3HRFHIEARINTVS. 2D
IC section BZ L & H 4 KR BHEHZ <, DNA DFZIRIF 2 x 1- tube A
DIREVBEPIRABZTAVWTETILEETNS.




R DR

@ (mxn)-tube ATDFREVE (H8HH) DB EICDOVWTIER

@ (2 x 1)-tube R THEUV'E (#&HH) @ minimum step number (DWW T
2R

@ (2 X 1)-tube M minimum lattice stick number ZF~X %
@ minimum lattice stick number & X S & DEREFAND

\l
e

Figure: 4, O FHEUVB % :BiARIC DA LIERF
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BFEUE
E&E (BFHEUE)

ZPHTHEDES 2 DDORFREREIRT 1 DIED % step L.

nARD step ZFOFEVHE BAB) ZIEOHRAALDHDZRES n DRFREYS
B (#&HBE) WS,

F7o, x BCFIT7 step % x-step EIESN.

Figure: 4; DI Figure: 5; Ofl
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(m X n)-tube

(m x n)-tube [ FEEDIEDE mn IZXF L TR OBHES

EF (m X n)-tube)
R x[0,m] x[0,n] TdHB. J

LU#IE (2 x 1)-tube DAEZE R S.

%\\\\\\
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FE & (minimum step number)
K:#&U'B (%&#B)

L: K ZiI A8 FRTERRLIAEFRBOEB (8HE)
LZ I HAEFRTERT 2 DICHEL step DAL % step number & IFT

step(L) £ KT .

=R/NEAE % minimum step number ¥ T [(K) £ R
12, (2 x 1)-tube T K @D minimum step number (& Iy (K) &3k .

Figure: I(41) = 30
(LA, 2008)

Figure: [(51) =34
(A=, 2009)
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TEZ (minimum lattice stick number)

Z2ATHEDES 2 DORFEEFBA TV TDERRED % lattice
stick E MR L Z I AR FHNTIEBR T 2 DICHELR lattice stick DAE =

lattice stick number & IET), stick(L) ¥ 3R 9.

HED R/ NEAE % minimum lattice stick number ¥ T}, S (K) & &
T4, (2 x 1)-tube AT ®D minimum lattice stick number (& S 12x1)(K) &

=Y.

4

Figure: S (4)) = 14
(Huh-Oh, 2005)

Figure: S;(51) = 16
(Huang-Yang, 2017)
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n-braid
TE & (n-braid)
h:R?3(x,y,2) = x e R & x BINDEIHEER
B=h"([a,b)) xRxR
PiFEA (@) xRXxREDE(1Li<n)
Qi FEAI'(b)xRxR EDH
{(il1<i<n}d BRTEDAFNIEMINT, f; 13 P & Q) EIRET
3.0, 01E1,2,.. . n DEHBRETS. £, ho f; ITHATH 3 CRE.
CDEE, (B, fi)i=1,2,..,n) % n-braid &L\ >

Pa N Q4

P3_/\J/\J/_Q3
Pz\/./\,—/ sz

p.—/ —Q:
Figure: ID &L S IC i BB DL i+ 1 FEEDIMDBEVORD D o, EVRDH 0!
IS d 3. EDRIE 4-braid D o-%o-glogofz BT 3
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EF (2n-plat FT’7R)

(B, f)(i=1,2,..,n) % 2n-braid £ 5. COEITEAD nBADIHRE ZFN
ZNP, & Py,P3 & Py,...(Q1 & 02,03 & Q4,...) DK SIZ n BDIMNTEL)
TREONBZEABDRTIZ 2n-plat RINE LS.

C 7\,/\/, )
CX/\’_//\/C/C)

Figure: K3 4-braid B 5B L7=HDTH 3.

AR
OB (BHE)K 1' 2 BREUE (BHE) THBHZ L L 4plat RT-ZHD
CLISEETH 5.
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Conway I[EFFRR

EZ (Conway [EHRKT)

2IBREUE (BAHB) IV, —BLOBIIREDNBRKDL S BA A
745 L% Conway DIERFRE LI\,

C(ay, by, ...,an) X Clay, by, ..., a,,by) DESICKT.

4-braid 0"1”0'_1”0'”2...0'_1’"‘10"11” ICXFIEd % Conway DIEFRFT R %

2 1 2

C(ay,by,az,...,b,_1,a,) TEL, (T‘]Z'O';bla'?z...a‘]l"a;b” ICXFR9 % Conway

DESRTRE Clar, b1, a, .., an, by) TR |

Seeione) (Seecisre

Figure: C(2,-3,-2) Figure: C(2,-3,-2,1)
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plat IR/~ & tube DR

I8 (Ishihara et al. J. Phys. A, 2017)
BED2@BHEUVUB (8&HE) &2 x1)-tube ITHERTE 3.

(2 x 1)-tube ATIEFRARKEUVE (RAHB) IF2BREVE (BHB) ch3.
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SATEAZE (minimum step number in the (2 x 1)-tube)

I8 (Ishihara, 2017, Theorem 3.)
K: 2 B0 (&4»8)

K D #% 3 Conway I[E}REKTR C(ai, by, ..., a,) BMFETEL, K D minimum step

number Ly (A TDRZH=T .
(NK: T2y (2, a)- b—F REECE (1&H8))

by 1(K) = 12|al+4e(a) — 4
(2) #NLUAS

n n—1
by (K) =12 ) Jail +18 b
i=1 =1
n—1

+6 ) (sgn(aiby) + sgn(bai1))
i=1
n—1

+a(—e(@) + ) e@;) - eay) - 12n+ 16
=2

1720, €(a) =0 (a: RED L F), e(a) = 1 (a: FRHD L F)
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minimum step number @ E {5

\ e

1 | 1

Figure: 31 D c::"; C(3).12><1(31) =36

e ——

Figure: 4; D & F & C(1, 1,-3).1px1(41) = 50
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FEE (S, 2023,minimum lattice stick number in the (2 x 1)-tube )

K:21B#E0 8 (8HB)

K D& % Conway IEFRER C(ay, by, ..., a,) DMEEL, K D minimum lattice

stick number S o« A TOXZH=T.
(MK : Try (2, a)- b—F AFEVEH (#&HB))

S Lex1)(K) = 6lal + e(a) +2
(2) TN ) .
S Lax1y(K) =6 ) lail + 8 ) |bi]
i=1 i=1

n—1

+3 ) (sgn(aib;) + sgn(biais1))
i=1
n—1

—e(ay) + Z e(a;) — e(a,) — 6n+ 10

=0

72720, e(a) = 0 (a: BED L F), e(a) = 1 (a: TED & TF)




minimum lattice stick number @ E{£4|

\ e

1 | 1

Figure: 3; D& ElF C(3). S Lox1(31) =21

a——n

Figure: 4; D& F & C(1,1,-3). S 1ox1)(41) = 28
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=
L: lattice knot
CDEE, UTOEFELXHLEDIID.

stick(L) = corner(L)

7=72 L, corner(L) |& 2 D stick " EN > TWSHDEHRE EET S.

VL

1 | 1

Figure: S Lox(31) = 21 = corner(L)
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FTEIBOIRED RN
ATv 1
C(a)(C(ay, by, an, ...,ay)) k=Xt L T minimum lattice stick number =5 % %
L(a)(L(ay, by, as, ...,a,)) TR T 5.

(56000

Figure: 75 ICXII59 % C(2,2,3)

& \_\_g" _\\E\\_ W——W\

(@) A1 (2, +). (b) B13(2). (c) As(+,3).
corner(A(2,+)) = corner(B3(2)) = corner(As(+,3)) =
17 10 22

Figure: stick(L(2,2,3)) = 49 17/30



@”\”,\*’\/’\’Hf\,@

Figure: 77 ICXI9 % C(3,-3,3)

o e

A(3,-). b) By3(-3). (c) Az(=,3).
corner(A1(3 -) = corner(B13( 3)) = corner(Az(-,3)) =
16 18 16

Figure: stick(L(3,-3,3)) = 50

18/30



fned (L(ay, by, ..., a,) D lattice stick number)
Mn=1Dr=

stick(L) = 6la| + €(a) + 2

fe2 L, e(a) = 0 (a: 1BEY), e(a) = 1 (a: FFEY)
@n=20r=

stick(L) 62:MJ+8§:w|+3226gMab)+ngbmH»
i=1 i=1
n—1

—elar) + ) ela;) - e(ay)
i=2

n—1

+2 Z o(sgn(b;-1), a;, sgn(b;)) — 6n + 10
i=2

1272 L, (a;, sgn(by)) + +(1,-1), (a;, sgn(b;_1)) # +(1,-1), €(a) = 0 (a: 18
), e(a) =1 (a: ) DL Z 6(s1,a,5) =1 ((s1,a,5) =+(1,-1,1) D&
F), 6(s1,a, 50) = 0 (FNUAD & F).
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ATvS2

NZ—2DOHNILT BEBEHDDEZT

(2) (0)

(1)

1)

(4)

(8)

Figure: (1 x 2 x 1)-box D x-step DEIE 13 1&1E

(9)

(6)

(10)

(7)

(11)

Diky..ki(0): 2 DA ED pattern Z#AEHE THER L 7= diagram & X359

G

=

Figure: Dys(c,")

a—
_

Figure: D]5(O’|O’3)
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TE % (BFACF move)
UTDORFHREVE (&HB) ND BTN 2E)% BFACF move & I3,

. : [e] o
type 2 move
: : —_—
. type 0 move
O3 @@ eeeeeees *———@ e .
Iotype -2 move :
D — :
.......... [e] S B
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D:minimum lattice stick number Z5%7-9 L DX A1 75 5 L

ATw7T3
Das(07'073), Dea(0103"), Dag(1), Dea(D) DD ICEENBVW I =R T

—2-move IC & D corner #HYEB.

-

-1
(@) Dus(or107 " 073) (b) D16(073)

Figure: corner(D16(03)) = corner(D]46(o'10'l’10'3)) -4
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ATv7T4
pattern5 B D ICEEFNBVWC EERT.

0-move IC& D corner AR S.

_\—\_ﬁ

—

—

(@) Dysse(03072) (b) Dyse(030)

Figure: corner(Dys(03072)) = corner(Dysse(073073)) — 2
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ATv T4
pattern5 B’ D ICE EFNBVWC E&ERT. J

P: Dg15516(01030203) Z BT lattice knot L @ diagram E893 % P

Py: P DD diagram,

Py: P DHEID diagram

r(x,y,2) =(x,2-y,1-2)

P’: Degas(0y o1

DL F, lattice knot L’ D diagram % Py & P’ & r(Py) ZICETHA D
DEIHL,L & LIFFEL knot type TH 3.

T o U\ — S
\ . \ 7

(@) Dgi1ssi(01073072073) (b) D6644(0'§10'§1)

Figure: corner(D6644(0'510'§1)) = corner(Dg15516(010307203)) — 10
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Figure: 754 7DEWACED o3 % 0 ICER D HHKS.
BEAZ VT ILORIHRED S SEOROFIIEDLSHW

[1] Ishihara et al., J. Phys A, 2017
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ATv7T4
pattern5 B’ D ICE EFNHBWVWC E&ERT. J

TS5ATICED o B oz I, Feldos & o ICBSHRRDZZETELDD
72 L) lattice stick number TH&RL T 3.

— \
J \ \ , : \‘T—

(@) Disssas(0302) (b) Digaa(o102)

Figure: corner(D1g44(07102)) = corner(D14s544(073073)) — 4

BofcN2—2ET%EZIT, Lay, by, as, ....a,) DBRIC—TE %

AT7v/5
Y. J
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KRR e DR

EIE (S, 2023)

K:21@BHEUE (&H8)

c: K DR =

c ERAWVWTUTORERXH LD IID.

6c+2<Srox)(K)<6c+3(K: Tr,)
6 +4 < Spoxn(K) < B¢ -1 (RN
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knot | minimum lattice stick number | XfIi&9 % XF5

3 21 3)

44 28 (1,1,-3)
5; 33 (5)

5, 34 (3,1,1)
61 40 (1,1,-5)
69 41 (2,1,3)
63 43 (2,2,-3)
71 45 (7)

7o 46 (5,1,1)
75 47 (5,1,2)
T4 46 (3,1,3)
75 49 (2,2,3)
77 50 (3,-3,3)
8 52 (1,1,-7)
8> 53 (2,1,5)
83 52 (3,1,-5)
84 53 (4,1,3)
87 55 (2,2,-5)
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knot | minimum lattice stick number | XfIi&9 % XF5
8 55 (3,2,-4)
811 56 (3,-3,-3)
9, 57 9)
9 58 (7,1,1)
93 59 (5,1,-4)
94 59 (5,-1,-4)
94 59 (5,-1,-4)
95 58 (5,1,3)
99 61 (3,2,4)
911 63 (2,3,-5)
104 64 (1,1,-9)
10, 65 (2,1,7)
103 64 (5,1,-5)
104 65 (6,1,3)
105 67 2,2,7)
10g 65 (4,1,5)
1047 67 (4,2,-5)
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