HiHE (weighted) Bt

8 n > 2 WRREAA AR E
4,3,2,3,4,3,2,1,0,1,2,3,2,3,4,5,4,3,2,3

<O>W:Z w(s)O(s)
FIFRHEE (rejection) ¢ HA¥E 83 H 3 7E R R RIS R

Metropolis—Hastings J#E &%
O(s, s"): IEHEBIEEEF Y state s 2] state s' FUERE

W(s)0(s"s) | g
W S00s. )

s — s R EE . min4, 1)

* B AR

Jnids
|

~1#7 (detailed balance)

T(s, s'): HE#BX (transition rate)

W(s) 1(s, s') = W(s'") 1(s', s)
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Boltzmann 73
B ETHRET » AL S — B0 0 A% T AR AR B B 39 o oS BLAA 60 18 B
Pr(s): RHHITIAE state s FIBEE , E(s): state s FUAEE

e—E(S)/kT z E(s)IkT
P = Z\T )= e
T(S) Z(T) ( ) S e

Z(T): B B EL (partition function)
Y ERET A

(0),=Y 0(s)P,(s) Metropolis—Hastings JE 5L 1%
S RAEERAZ L min(d, 1)

1 Z BE( ) a A:e—AE/kT
(E),=——=D E(s)e"""=1nZ(T)
Z(T)5 op AE: BEERUHIINE

p= 1/(kT)



* Ferromagnet

ISlng mOdel + Lattice gas

« Binary alloy

I s s

(i)

i S8 +Ph s,
Nearce;’j;"er:ghbor h 7 Z Z eﬁj;ﬁ ;B Z
1 D {S"} S" [SJZSSH—F th s—l—s+1
_ BLJ+h) e P’ Periodic boundary condition:
Transfer matrix: 7 = ny 8(J—h)
e e 7 =Tr(T)
Transfer matrix i eigenvalues: Partition function: zZ=1"+A"~p"
A, =" [cosh (B h)+vsinh?(Bh)+e ] Free energy: 4=InZ/f
2D
U= an = NJtanh(BJ) [y 0 for T>T.

ap

N[1—sinh *(2pJ)]"* otherwise
[y Ay sinh (B /) 3
Oh Jsinh*(B7)+e P T.~2.269185J




#include "ran_nr.hh" 3
#include <iostream>
#include <cmath>
RanNR rng(123);

int * spins; // 0 or 1

size tn_spins = 0;

double beta, field;

/Il tracking system characters
Int uspin, walls;

void setup(size tn)

{

}

n_spins = n;
spins = new int [n_spins];

for (size ti=0;i<n_spins;i++) spinsg|i] = 1;

uspin = n_spins;
walls = 0;

void update()

{

}

size ti=size i(rng.uniform() * n_spins);
iInt ns = spins[(i + n_spins - 1) % n_spins]
+ spins[(i + 1) % n_spins];
double dE = 2 * spins[i] * (ns + field) * beta;
if (rng.uniform() < exp(- dE)) {
spins[i] = - spinsJi];
uspin += spinsJi;
walls -= ns * spinsi];

}

void mc_step()

{
}

for (size ti=0;i<n_spins;i++) update();

HAE Ising 14

double m_cnt;

double m_eng;
double m_mag;
void measure()

{
m_cnt ++;
m_eng += walls;
m_mag += uspin;

}

int main()

{

using namespace std;
size tsz;
cin >> beta >> field >> sz;
setup(sz);
m_cnt = 0;
m_eng = 0;
m_mag = 0;
for (size ti=0;i<1000;i++) mc_step(); // warm up
for (size ti=0;i<10000;i++){
mc_step();
measure();
}
cout << "eng="
<<m_eng/m_cnt/n_spins - 1 <<'\n';
cout << "mag="
<<2*m_mag/m_cnt/n_spins -1 <<'\n';
return O;



/l'ising1.hh

ﬁ?ﬂﬁlﬂﬂi fayﬁt_ir?hmh %E; I'\\‘ﬁn:} tl:@ /f/_ /f/t L/ MH (interface)

class Ising1 :
public System

// system.hh

{ #ifndef SYSTEM_HH ,

/| parameters #define SYSTEM_HH * Inheritance

double beta; #include <iostream> e Virtual member

double field; #include <vector>

/I state class System

int * spins; // 0 or 1 {

size tn_spins; public:

RanNR rng; virtual void initialize() = 0;

/[ tracking system characters virtual void mc_step() =

int uspin; virtual void set_params(const std::vector<double> & params) =0

int walls; virtual double get_mcnt() const = 0;

/[ measurements virtual std::vector<double> get results() const = 0;

int warm_up; >

double m_cnt; extern System * get system(3|ze tn);

double m_eng; #endif // SYSTEM [ // USe SVS o

double m_mag; #lncludey 'system.hh"

void set_params(double b, double h); : : y '

void update(); nt main 04 _ L

/] overrides S|ze_t_ sz; double beta, flel_d,

void initialize() std::cin i> sz >> beta >> field;

void mc_step(): Sys.j[em sys = get_system(1024);

void set_params(const std::vector<double> & p); std..ve_ctor<d.ouble> B”?(Z):

double get_mcnt() const {return m_cnt;} pm([0] = beta; pm[1] = _f'eld’ o .

std::vector<double> get_results() const; sy§->set_params(pm), sys->initialize(); _
oublic: while (sys->get_mcnt() < 10000) sys->mc_step();

Ising1(size_t n, const RanNR & r = RanNR()); std::v_ector_<douple> - sys-.>get_results(); Nt :

~1sing1(); - for (size ti=0;i<r.size();i++) std::cout << '\t' << r]il;
) ’ std::cout << '\n"; return O;
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A

class System

class Percolation

class Ising2

class Ising1

2T

use Ssys.cc

ave_Sys.cc

animate_sys.cc



/l'ising1.cc
#include "ising1.hh"

#include <cmath> iSi n g 1 - CC

Ising1::Ising1(size tn, const RanNR &) :

rng(r)
{ o
n_spins = n; spins = new int [n_spins]; void Ising1::mc_step()
initialize(); {
} for (size ti=0;i<n_spins;i++) update();
Ising1::~Ising1() if (warm_up > 0) warm_up --;
{ else {m_cnt ++; m_eng += walls; m_mag += uspin;}
delete [] spins; }
} void Ising1::set_params(const std::vector<double> & p)
void Ising1::set_params(double b, double h) {
{ set_params(p[0], p[1]);
beta = b; field = h; }
} std::vector<double> Ising1::get results() const
void Ising1::initialize() {
{ std::vector<double>r;
for (size ti=0;i<n_spins;i++) spins[i] = 1; r.push_back(m_eng / m_cnt/n_spins - 1);
uspin = n_spins; walls = 0; warm_up = n_spins; r.push_back(2 * m_mag / m_cnt/ n_spins - 1);
m_cnt=0; m_eng =0; m_mag = 0; } return r;
}
void Ising1::update()
{

size ti=size i(rng.uniform() * n_spins);
int ns = spins[(i + n_spins - 1) % n_spins] + spins[(i + 1) % n_spins];
double dE = 2 * spins[i] * (ns + field) * beta;

if (rng.uniform() < exp(- dE)) { {System * get_system(size_t n)
spins|i] = - spinsli]; . . : _
uspin += spinsJi]; walls -= ns * spins]il; |S'tn91 " 1=new Ising1(n);

} return I;



/[ ave_sys.cc
#include "system.hh"
int main ()

{ ## 1 Phase space

System * sys = get _system(1024);

std::vector<double> pm(2);

for (double b =0.125; b < 2; b += 0.0625) {

for (double h=-1; h<=1; h +=0.0625) {
pm[0] = b; pm[1] = h;
sys->set_params(pm);
sys->initialize();
while (sys->get_mcnt() < 1000) sys->mc_step();
std::vector<double> r = sys->get_resulis();
std::cout << b <<'\t' << h;
for (size ti=0;i<r.size();i++){
std::cout << '\t' << 1[i];

}

std::cout << std::endl:
) é
0

std::cout << "\n";
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FERAE T ZE CP1 SSH Server _FEUE-: T

cp1@area:~$ cp -r /usr/local/src/i1 i1
cp1@area:~$ cd i1
cpl@area:~/i1$ Is

ave_sys.cc ising1.cc ising1.hh Makefile ran_nr.nh systert.

cp1@area:~/i1$ make
g++ use_sys.cc ising1.cc -0 use_ising
g++ ave_sys.cc ising1.cc -0 ave_ising1

Makefile

all;

all: use_ising1

use_ising1: use_sys.cc ising1.cc
$(CXX) $" -0 $@

all: ave_ising1

ave_ising1: ave_sys.cc ising1.cc

$(CXX) $* -0 $@
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