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second sequence in Table I. This value of the energy is
reached for the first time by MSOE.

3x
- E=0
E{z}) =) |Towsum~C|2+z |colsum—C|>+ o |diagsum—C|?
row col diag
rowsum= colsum=
diagsum= 2 diag

MCMC

E({z;}) =0 —

Y

{P(z*|B)}

k=1,... K

simulated annealing
P(x) X

T TS

{P(z)}1/T
Zm{P(x)}l/T

Pr(z) =

11



OK

MCMC

simulated tempering
parallel tempering
or

(adaptive) umbrella

(cond-mat

Iba,Y. 2001

Extended Ensemble Monte Carlo

International Journal of Modern Physics,
C12 (2001) pp.623-656

(P} k=1,2,...,K

12



exp(—BrE(z"))

Pt ==

B
Py(z®) = P(2*|8;)

Py (z)

Pyyq(x

xk(t‘H) - xk+1(t)

xk_p1(t4-1) - xk(t)

k-l-l)

%4

. P%+&($k@))f%($k+l(0)

rnd W

rnd

o Pk+1(a7k+1(t>) Pk(xk(t))

W = exp (8 — A1) (BGf) - B(af)))

rnd
rnd W

P(zl,22,...,25) = P(z))P(z?) ... P(z)

W= P(z1)..

P(zF)P(zFt1)

.. P(z5)

T P(a)) ..

P(zkt1)P(xF).

.. P(zK)

13



—7

TS
/\/»/[\\/V\
M\M\

Pinn et al. (1998)

B({z;}) = Z |rowsum—C\2+z |colsum—C'[2+Z |diagsum—C|?
row col diag
3x 3
exp(—BE({z;})
P((zi)lp) = ZPEAZUED)
Z(B) = _exp(-=BE({z:}))
- E=0 z
a Pinn a
E({z}) = Z |rowsum—C|"+Z\colsum—C\”‘%—Z |diagsum—C|* ﬂ — oo Z — # of magic squares
row col diag
rowsum= colsum=
diagsum= 2 diag
MCMC

E({zi}) =0 —

Y

{P(z*|B)}

log Z(Bx) = log Z(Bo)+

> log <exp (—(ﬁk+1 - 51@)E($))>gk
k

() =22 exp(=frE(z))
o Z(Br)




> log <e><D (-(5k:+1 = 5A:)E(’”))>5A,
> ,

=1log[[ {Z exp (—ﬁk,_HE(x) + ﬁkE(it)) w}
k x

Z(Br)

S exp (*ﬂk+1E(I))
=log ];[ SR R

_ Z(Br41)
_‘OQH{ Z(B) }

k

(B
=199 Z (o)

=log Z(Bx) — 09 Z(Bo)

100cm
lcm
0.99 0.970
0.99 0.366
0.99 4,32x% 10°
Pinn etal. (1998))
—
/[\,\ ¢ N= 879.53 880
M e N= 27550#### 275305204
/f\/\ . Ne
0.17744 x 10

15



GIFWA-IS>SXEN@I0SSLOXY>Z000
FOS202-01>0>0N<>0ZXaWELOTX
PLIO0ZSXFOZXXOULDIKONWO>W=D>N
0Z>2-0>5S¥0m-0IL00<IDOXFNLW
T-CXO<X-">ZNXLWOOFAODZZ 00 Jm>0
>00@XZOLI-NO><ZaWr-x022 -0
>0ZF0IW>>00-0MOLDEIZINXSAY
SWYLZNFO-E>4250030>0XI<O0D
XS—-0D00X>I-S<20ZO0>JIXO-OWONL
O¥Z>JWXNOLI@>KIZSarH<-00-00
D>005MIZL<—0EOX>OWFNXOZOT
OLIE>>S@M0-0ZXAXOFN=-OZ<OWID
OOLOX<INOWHOE->>ZI¥D04>3003
HBO-SEOZA>FWOZOON>O0OTILOSXYXT
E-WZOO>0MOSXIONJ—0ZL0a><xXh
OONSOFZIX0<DAXWOLOD>TZE>—>
WXON>0@OEAULZOD>-0S<IZOXIFO
ZZOIID<>0VOOLFEXAAN=—>30XW>
@NIXUL>0XDZ00W>XZ0O>a—TH30
XOD>NIAXFS10<-20E>ZWa0>L00
LIOXFODINOWOX00>>2a3—J0-2K
OFQ<EXLWOOZI-Z-@JIXO>0DNOZ>
20>0OLOOCIESNZIWY->X0F0a0
NEOOWOQ-—0X>>ZXF<OTIWLOZE-0-4D32
—HJ0I@-XOSWOOF>0EX>0ONOLAS<Z
<>X500ZTI300r30IN@OWYXODSu~—

A Latin square

409

UNIFORMLY DISTRIBUTED LATIN SQUARES

Each line of an incidence cube contains a single 1-cell.

FIG. 2.

http://www.research.att.com/~njas/sequences/Seis.html

N

=11

McKay and Rogoyski, Electronic J. Combinatorics 2, R3, 1-4, 1995.

7.764 x 1033

106 trials :

N =11,

1 trial

MCMC

Koji Hukushima Comp. Phys. Comm. 147 (2002) 77-82

N-queen

3

1

27

6 (410000 MCS x

20. 52
20. 53

812851200
826590527

10 (510000 MS x

49

9.98x 10%

9. 85x 10%

11 (510000 MS x

7.77% 1047

7.74x 1047 7.74x 107 8.05x 104 7.91x 10%

16



Chen et al.

move B1
Jacobson and Matthews (1996) g
(
constraint 8
N
Latin square web 81
Dimitri“s Achlioptas
g;?l; P. Gomes L
e Ra gl e
Bart Selman " N
intensive
extensive
x
E(z)
D(Ep)
B exp(-B E
E (JZ) = EO x U’
_ D(E
Z(B) =Y exp(—BE(x)) (
T B
D(E x D(E

Z(B) = _exp(—BE)D(E)
E

E

17



D(E) exp(—BE) D(E)

A

E
1/D(E) D(E)

P(E)

N

E py E E

J==

Bl E B
E - ’."'. -
Reweighting Q. D(E)
~ Ans
_ L A@EW) -exp(-pE@®)) - D(EE®M))
L AP () = e S AE®)) - DEED))
Z(B) _ Srexp(—BE(zM)) - D(E(x®)) Entropic Sampling
Ntotal Zt D(E(-'E(t)))
k Mk:
- D(E) L Hk(E)
' D(E) ~ D(EF; 1 1 My,
D<k+1>(E) — DW(E)  Hi(E)
s i i
@ 5?\_,4M.L N W
zi € {+1,-1} S A e
E({z;}) = — Z TiT E IigL‘ i:‘# E’#
(4,9) B T T
Hi N k
P({mi})zw Es|¥gu%i¥

18



>
>

log D(E) D(E)

F

Reweighting(

- o et 3

Reweighting

=




HP

0 -

TABLE 1. The values of the lowest energy reported by several authors for three sequences of 2D HP model.
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FIG.3. A typical conformation with E = —50 of the
second sequence in Table I. This value of the energy is
reached for the first time by MSOE.
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FIG.2. Bivariate histogram H(E, V') obtained by a mea-
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FIG. 4. Itinerancy among the ground states of three types
against the Monte Carlo steps. The upper figure is for the
conventional multicanonical ensemble, and the lower one is
for the multi-self-overlap ensemble. The ordinate indicates
the type of the ground states.

FIG.1.0bserved transitions on the (£, V) plane during a
MSOE run of the N = 64 HP sequence in Table I. Solid
lines connecting two states represent the transitions be-
tween them. Only a small part of the entire (E,V) plane
near the ground state is shown.
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