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/oK ok ok sk sk ok ko o sk ok ok ok ok ok ok sk ok Kok sk ok sk sk ok ok koK ok ok ko ko ko kok ok ok okok ok okok ok /
/* Algorithm for 2-spin problem */
/% J.Inoue */
Kok ok ok ok sk sk sk ok ok o ok ok ok ok ok ok ok ok ok ok Kok K KoK Kok K Kk Kk K ok ok ok sk k ok ok ok ok ok ok ok ok ok /
/oK ok ok sk ok ok o sk ok ok ok ok ok ok Kok sk ok sk ok ok sk ok ok Kok ok ko ko ko ok ok ok okok ok ok ok ok /
#include<math.h>

#include<stdio.h>

#include<stdlib.h>

/*************************************************/

[/ H ARk Kok KRRk ok Rk KRRk ok kKKK ook

#define N 10000 /* OO0D0O0O0O0O0O0O0O0O0O =/

#define p 0.7 /* s1 0000000000000 =/

#define pp 0.7 /* s200000000COOOO0O =/

#define tmax 500 /+ DO000O0O00OD0ODOOOOCO0O =/

#define T 1.01 /x OOODOODO. O0OODOOOCODOOOOOCOOOOOOOO =/
#define Z (exp((J+h1+h2)/T)+exp((-J+h1-h2)/T)+exp((-J-h1+h2)/T)+exp((J-h1-h2)/T))
#define uuO (exp((J+h1+h2)/T)/Z) /* e1 OO ODODOOODODO =/

#define ud0 (exp((-J+h1-h2)/T)/Z) /* 2000000000 =/
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#define du0 (exp((-J+h2-h1)/T)/Z) /+* e300O00OOODOO0O =/
#define dd0 (exp((J-h1-h2)/T)/Z) /+* e40 00000000 */
#define J 1.0

#define hl 0.5

#define h2 0.1

K3k ok sk sk ok sk ok sk ok ok sk ok sk ok ok ok ok 3 3k ok K 3 ok K 3 ok sk 3 ok ok ok sk ok sk ok ok 3 ok ok 3 3k ok 3k 3k ok k ok sk ook sk ok sk k /
[*————== "Seeds" of rundomnumbers appearing in this program ----- */
/KK o Kok Kok ok o oK ok Kok oK ok oK oK oK oK KK KoK oK oK oK o oK o K o K ok oK ok ok ok K ok Kok Kok o ok ok ok ok Kok Kok K
#define SEEDNOISE 121

#define SEEDNOISE2 142

#define SEEDNOISE3 132

#define SEEDNOISE4 45

#define SEEDNOISE5 92
/*****************************************************************/
int s1[N];

int s2[N];

double uu;

double ud;

double du;

double dd;

// double T; /+ 0O0OO0O0ODOCOCOODOCOOODODOO %/

[ KK o Kok Kok ok ok ok Kok ok ok ok ok ok ok KoK KoK oK oK K KK KKK oK oK KKK K ok ok

/* Function of generating randomnumber */

/* by Numerical recepies in C ran3 */
/*******************************************************/

#define MBIG 1000000000

#define MSEED 161803398

#define MZ O

#define FAC (1.0/MBIG)

float ran3(long *idum)

{

static int inext,inextp;
static long mal[56];
static int iff=0;

long mj,mk;

int i,ii,k;

if (#idum < 0 || iff == 0) {

iff=1;

mj=MSEED- (*idum < O 7 —*idum : *idum);
mj %= MBIG;

ma[55]=mj;

mk=1;

ooo s50000
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for (i=1;i<=564;i++) {
ii=(21*i) % 55;

malii]l=mk;

mk=mj-mk;

if (mk < MZ) mk += MBIG;
mj=ma[ii];

}

for (k=1;k<=4;k++)

for (i=1;i<=55;i++) {

ma[i] -= ma[1+(i+30) % 55];
if (ma[i] < MZ) ma[i] += MBIG;
}

inext=0;

inextp=31;

*idum= 1;

}

if (++inext == 56) inext=1;
if (++inextp == 56) inextp=1;
mj=ma[inext]-ma[inextp];

if (mj < MZ) mj += MBIG;
ma[inext]=mj;

return mj*FAC;

}

#undef MBIG

#undef MSEED

#undef MZ

#undef FAC

/* (C) Copr. 1986-92 Numerical Recipes Software 1+5-5i. */

/* s100000000000 =/
void set_initial()
{
long idum=(-SEEDNOISE2);
int x;
for(x = 0; x < N-1; =x++){
if(p > ran3(&idum)){
si[x] = 1;
Yelsed{
si[x] = -1;

/¥ 200000000000 =/
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void set_initial2()
{
long idum=(-SEEDNOISE3);
int x;
for(x = 0; x < N-1; x++){
if(p > ran3(&idum)){
s2[x] = 1;
Yelsed{
s2[x] = -1;

/* 000000 =/
void metro(int k)
{
long idum=(-SEEDNOISE+k) ;
long idum2=(-SEEDNOISE5+k);
int x;
double r;
for(x = 0; x < N-1; x++){
r = ran3(&idum?2);
if((r <= 0.5) && (ran3(&idum)
< exp(-(2.0%J*s1[x]*s2[x]+2.0*h1*s1[x])/T))){
s1[x] = -s1[x];Yelsed{
s1[x]= s1[x];}
if ((r > 0.5) && (ran3(&idum)
< exp(-(2.0%J*s1[x]*s2[x]+2.0%h2*s2[x])/T))){
s2[x] = -s2[x];Yelsed{
s2[x]= s2[x];}
}
}
/K 3Kk ok ok ok ok o ok ok ok ok ok ok sk oK K ok ok ok ok 3k ok ok ok oK K K ok ok ok 3k ok ok ok ok K K ok ok ok kK ok ok ok ok ok /
/* Main Program */
/K 3Kk ok ok ok ok o ok ok ok ok ok ok ok oK K K ok ok ok 3k ok ok ok oK K K ok ok ok 3k K ok ok ok ok K K ok ok ok kK ok ok ok ok ok /
main()
{
FILE *pt;
int i,t;
set_initial();
set_initial2();
if ((pt = fopen("result.dat", "wt")) != NULL){
for(i=1,uu=0.0,ud=0.0,du=0.0,dd=0.0;i < N-1; i++){
if((s1[i]l==1) && (s2[i]==1)){uu = uwu + 1.0/N;}

ooo 7ooog
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if((s1[i]l==1) && (s2[i]==-1)){ud = ud + 1.0/N;}

if((s1[i]==-1) && (s2[i]l==1)){du = du + 1.0/N;}

if ((s1[i]l==-1) && (s2[i]l==-1)){dd = dd + 1.0/N;}
}
fprintf (pt,"%d %1f %1f %1f %1f %1f %1f %1f %1f\n",0,uu,ud,du,dd,uul,ud0,du0,ddol);
for(t=0; t < tmax; t=t+1){

/* 0000000000000 0oOooog =/

// T = 2.0/(log(1.0+2.0%t));
// T =2.0/(1.0+2.0%t);
metro(t);

for(i=1,uu=0.0,ud=0.0,du=0.0,dd=0.0; i < N-1; i++){

if((s1[i]==1) && (s2[i]l==1)){uu = uwu + 1.0/N;}

if ((s1[i]l==1) && (s2[i]l==-1)){ud = ud + 1.0/N;}

if((s1[i]==-1) && (s2[i]l==1)){du = du + 1.0/N;}

if((s1[i]==-1) && (s2[i]==-1)){dd = dd + 1.0/N;}

}

fprintf(pt,"%d %1f %1f %1f %1f %1f %1f %1f %1lf\n",t,uu,ud,du,dd,uul,ud0,dul,ddo);

fclose(pt);
}
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000000000000 :e1<e<e<es0000000000 : P(uu) > P(dd) > P(ud) > P(du)
00000.000,0000000000000 700 (0)00000000000,0000000
0000000000000000000000.000,000000000000000000000
0000000000,0000000000000000000000000000000000,00
000000000 7T=0000000000000000000000000000,0000000
0000000000000000000000000000000000000000MMO0000
0000000000000000000000000000. 000,00000000000000
000,000000000000000000000000000000 (00000)0000000
0000,000000 [00000000000000]000000,000000000000000
0010000000000000000 (000, P(uu)=1,P(dd) = P(ud) = P(du) =0) 00000
03.00:[0000000]000000000000000000000000000000000
00000000000000,00000000000000000000000000000000
000,00000000000000000000.

go,00000000000, 70000000000

T(t) = ﬁ (23)

2

) = Tog(1 + 20) (24)
0000 2000000000000070000.00000,T ~1/t:(23)0000000C0O0O0O
00000,00000000000000000. O0,T ~ 1/logt: (249)00000, P(uu)=10
O0o0o0ooOo0oooO0ooOo0oooOo. 00000000000 rooooooOoboooooobooboboooo
O [DDDDDDDDDDDDDD]|:|DDDDDDDDDDDDDDDDDDDDDDD,|:||:||:||:||:||:|
goobooobobo. 0odbo,b00bbo0ooboboooboboooboooobooooboooa
O 1/10gt|:||:||:||:||:||:||:||:||:||:||:||:||:|,DDDDDDDDDDDDD l000o00oo0oooooooo
gooooooooooon.

1.2 J00oooogoogbob - bobboodgo,bbogoobo,oogoon ete.

00000000 [00000000000000]00000000000,00000000000
000000 s=(sy,s)000 :

e(J5152+h151+h252)/T efE(S)/T

J hisithas)/T —E(8)/T
Zslzﬂ:l Zszzil e(Js1s2+h1s1+has2)/ Zseﬂ:le (8)/

P(Sl, 82) (25)

30010000000000000000000000000000000 (T ~0)00000000000000,000
ooo,bo0o0000000000000. 000,00000000000000O0O0O000O0O00O0O0O0O0O000000O00OO
ooo0o0o0oo.000,0000000000000 OKOOOOOOOO.
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0.7

( P(uu)

0.6 [
T=2/(1+21)
05

T=2/log(1+2t)
0.6
04T
P(dd) 05

03[

02

01r

0 7: 0000000 7@ =2/1+2t)(0),T() =2/log(1+2t) (0)00000000000000000O0.

gboooboobobo.bobooboob,0oboobooboboobg,boob 10000000
000000000000 P(sy,s2)000000000O0OOOOOOOO.
gooo,000o00o0o00 -

E(S) = —J8182 - h181 - h282 (26)

gboboooooboooobobobobobobob,boobooooboobobobobobooooo
o0o,000000,200000000000J000000DO0O000DOO,ODO000DODOOOOO
0,0000 (NOOOO)m,h DOOOOOCOOOOOOOODOOOOODOOOOOO.OOOO,20
O00000oooooOo0 10000000 HebbOOOOOOOOoOO,0000000000O0DODDOO
gboooboooboobooboboobbooboobooob,oba,bobobooboobaon

E(s) = —J&&s1s2 — hi&ist — ha&lso (27)

00000,000000000 ¢ =(¢hé)=(1,1)000000000000000000.
00,000000000000 E00D000O00000000 8=7-'0000

<E> = Z Z E(Sl,SQ)P(Sl,SQ)
Sliﬂ:l Sziﬂ:l
| 2=t = (IS152 F sy £ hasy)e/(s1s2thisithase)
- 251::&1 252::&1 eB(Js1s2+hisithasz)
0
- -3 log Z (28)
7 = Z Z eB(J3182+h131+h232)
Sliﬂ:l Sziﬂ:l
_ [eB(J+h1+h2) 4 ef(=Jthi=ha) 4 B(=J=hith2) 4 B(J—hi—h2) (29)

oobooooooo.ooo,0bo0oobo0obooooooob,0bb0 z,oboooobooooo
gooobooog

F = —TlogZ (30)
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oo

(B) = %wm (31)

000000000000000000.

000000000000000000000.00000,000000 A(sy,s2) 0000 (A(sq, s2))
00000000, A(sy,s;) 000000 (00000)e 0000 ad(sy,s,) 000000000000
00ooooooo :

F = —Tlog( Z Z eﬁ(J'SlsQ-l-hlSl+h232)+aA(81,32)> (32)

Sliﬂ:l Sziﬂ:l

goo,b0o0oo0d

1 12 _ _., A(s1,s eB(Js1s2+h1si+hass)

—~ lim 8_ :Zslfﬂ:lzszfﬂ:l (1 2) (33)
T a—0 \ Oa ZslzilZszzileB(JS1S2+h181+h2sQ)
godgooooooooo. oo bbb oo oo oo oOo,0d
[DDDDDDD]|:||:||:||:||:|DDDDDDDDDDDDDDDDDDDDDDD.DDDDDDDDDD
gooooooooooooo.

OO0,000000000DOO0O0 SOOooOOooDoO

(A(s1,82)) =

S = Z(E)-F) (35)

gbooooooobobo. oguboobooooo,b0bobooooo,bo,0o0cob0ob0obobooon
oooboooogoobobo.ooooo,0bg,r=00000000000DOO0DOODOO,00D0,DO

15 T T T T T T T T

U 8 000000000000 : E=—Jsisa—his1 —hese 00000000 (E),0000000 F,00,000000 S
goooooooog.

00000000 e;=—=J—h1—hy=-10-05-01=-16000000000000000000O.
goboooboobbobboon, e, eq 0O O00DOO0OODOODODOODOOOODOOODODOOO
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U,0dbotdb ggbOoobooobooobo,boobboobboobooboooboobo,0oboobon
O00o00oO0o0o0oooo (s1,82)=(1,))000000,000,000000000000000O00,
gbooobd 0obooobooobg.

00,0000000000000000 (1,1))DOooOoUooooUoOoO,0o0T=0000000
OO0000legl=0000000000000.00,000000DO0O0000,40000000D0A0O
OO00000O000D0Ob00,T—-x0log400000O00ODOOOODOOD.

bobooboboooooboboooboobooooboobooog

N
E(s)=|) ajs (36)
j=1
00000000000 (0O).
/EDl:EDDDDDDDDDDDDD]DDDDDDDDDDDDD. \\

() [oooOooOoooOooOoOooOo)0DoOOo0oO0o0 TrToo0oo0oooooo0O,0o0o0oooo,
gboobooboooboobooboobooobg -

00000000000000N)
B) =
O000ooOoooooog (N)

0000.00,000080(E)(000,00000000)00000.
(2) 1,5, 0000000000 (s1),(sx) 00000000000000000000.

(3 [0ooO0oooO0o00oO0o0oOo0)00O0O000DOTO00DOODO, DDO0D0DO0O0OOOO
oo

ZDDDDDDDDDDDDD (N)[Sl]z

— i
(o) = 0000000000000 (N)

ZDDDDDDDDDDDDD (N)[SQ]IL

— i
(s2) = 0000000000000 (N)

0000, (2)0000 (s1),(s;) 00000,

(4)[000D00D00D0O0DO0O0O0]O000OO0,0000000010000000000D0000
oooobo pOo0O00O0OO0O -

7
— . 1 <<
EF = Tli)lj[%oo ? ti O[Et(Sl, 52)]

(T,000D00000) 000, (1)00000 (EY00DD0000. E=(E)0000000

K ocooooo ? /

ugbo 160000



