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Markov Chain Monte Carlo
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® 5Spin-1/2 XXZ model
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» Bond operator composition of Hamiltonian
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» Bond operator composition of Hamiltonian
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» Bond operator composition of Hamiltonian

W(a,Sy) = (ﬁ) —n)! 1_[ a(p)|Hap®@)|alp — 1))
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» Bond operator composition of Hamiltonian

W(a,Sy) = (ﬁ) —n)! 1_[ a(p)|Hap®@)|alp — 1))

® LEiZFEFE T(bond operator) (BEHES?ZHRER)

(a(®)|Hop@)|alp — 1)) = (S (), SF ) |Hap ®@)|SF(p — 1, SF(p — 1))
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® Detall balance:

W(a, Sy)P({a, Sy} = {a, Sy}) = W(a, Sy)P({a, Sy} = {a, Su})
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Z|8BFf (Operator-loop update)
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FiE/(main.fo0)

111
! directed loop SSE fot XXZ model I i _
I Written by Yan-Cheng Wang @BUAA 2024-06-09~06-12 !!! do itoss=1,ntoss
} _ : H call dupdate
nclude "variable.f9c call lupdate
program Square XXZ anh=anh+nh
SE variable aig=aig+ig
TMPLICIT NONE
DOUBLE PRECISION :: aig,anh,ra ra=aig/anh/2.
INTEGER :: itoss,isample,ibin if (ra.1t.0.8) then
s e nloop=nloop*5/:

ppen(1,file='sysize.in") elseif (ra.gt.1.5) then
read(1,*), nx,ny nloop=nloop*3/4

if(nloop.lt.1)nloop=1
endif

: themolization

1.in')

:%, gggzj,nsample,nbin call adjlgth

if (mod(itoss,ntoss/10).eq.0) then
call openlog
write(12,10)itoss,1l,nh,ra
format('Equilibrated. ',I7,

call closelog

all allocate para

all ransi

do ibin=1,nbin

call cleardata

do isample=1,nsample

call dupdate

call lupdate()

call measure()

if (mod(isample,nsample/10).eq.0) then

call openlog

write(12,11) ibin,1,nh




do ibin=1,nbin
call cleardata
do isample=1,nsample
call dupdate
call lupdate()
call measure()

if (mod(isample,nsample/10).eq.0) then

call openlog
write(12,11) ibin,1,nh
format('Measured ',I7, | =
call closelog
endif
enddo
call results(ibin)

contains

include "allocate.f90
include "initial.f90"
include "lattice.f90
include "weight.f90"
include "update.f90"
include "cleardata.f90"
include "
include "results.f90
include "random.f90"

end program ! Square XXZ

e m et OO
measure. Tt9u

, 18,




—, EX N3 EnkEE

ENTE=MEHE(variable.f90)

MODULE variable

ILattice structure and parmeters of Hamitonian

IMPLICIT NONE; SAVE

INTEGER :: nx,ny I system sizes

INTEGER :: Nsite | total sites

INTEGER :: Nb | total bonds

INTEGER, allocatable :: kbst(:,:) | lattice def.

REAL(8) :: beta,Jz,hh

INTEGER, allocatable :: spin(:) I initial state of the spin-config

IMC management: probability tabel of vortex

INTEGER :: lmax I max of time seq.

INTEGER :: 1 ! number of time seq.

INTEGER :: nh ! number of vortex

INTEGER, allocatable :: ns(:,:,:,:)! legs-spin-config

INTEGER, allocatable :: ktype(:) ! property of the vortex:0->diagonal, 1l->off-diagonal
INTEGER, allocatable :: nv(:,:) I tell the state of every leg of each vortex
REAL(8), allocatable :: w(:) I give the weight of each vortex

REAL(8), allocatable :: pb(:,:,:) ! give the probability tabels

INTEGER, allocatable :: new(:,:,:) ! tell the updated vortex

INTEGER, allocatable :: kstr(:) ! operator position and property seq along time
INTEGER, allocatable :: ntype(:) ! which vortex =1,2,3,4,5,6

Iparameters for MC update and sample

INTEGER :: ntoss ! thomo steps
INTEGER :: nsample ! sample steps
INTEGER :: nbin ! number of bins

INTEGER :: ig ! number of visit legs not includ ...
INTEGER :: nloop ! number of loop update

DOUBLE PRECISION :: Mz,Mz2
DOUBLE PRECISION :: En,En2,Cadd




> EMTSHEUE (SBEBIKE: allocate para.fo0)

subroutine allocate para
Nsite=nx*ny

Nb=2*Nsite

Lmax=

allocate(spin(Nsite))
allocate(kbst(2,Nb))
allocate(ntype(lmax),kstr(lmax))
allocate(nv(6,0:3))
allocate(w(0:6))
allocate(pb(0:3,

allocate new( : 3,
allocate(ns(0:1,0:1,

end subroutine allocate para

(
(

(
allocate(ktype(6))
(n
(w
(p
(




> EXTZEMEE GEXRBEM: lattice.f90)

Isquare lattice with 6 sites in one cell.

Constructs the list of sites kbst(l,b) and kbst(2,b) connected by bond b.
The x-bonds correspond to b=1,...,N, y-bonds b=N+1,...,2*N

implicit none
integer :: is
integer :: x0,y0
integer :: Xxp,yp

is=
DO y0=1,ny
DO x0=1,nx
xp=mod (x0,nx)+
yp=mod(y0,ny)+

,1s+Nsite)=(y0-
,i1s+Nsite)=(yp-

check-lattice
print*, 'check lattice-bond'
do i=1,Nb
print*,i,kbst(1:2,1)
enddo
stop
definiton of lattice is OK

return
endsubroutine lattice




> EXTESHIZE (18]

subroutine weight
1mp11c1t none

integer :: zr,i,]j
integer :: is0,isl,ip,lin, lout
real(8) :: wO,wl,w2,w3
real(8) :: a00,a0l1,a02,a03
real(8) :: alo,all,al2,al3
real(8) :: a20,a2l,a22,a23
fleal(8) :: a30,a31,a32,a33
integer :: out0,outl,out2,out3
integer :: new0O,newl,new2,new3
Cadd= Jz/- 10+hh/4.d0+0.1d0
pb(0:3,0: B,l:ﬁ):d.cﬂ
new(l 4,3:3,1:5}=-L
ip=0
do i=-1,1,2
do j=-1,1,2

ip=ip+1

nv(ip,0)=1i

nv(ip,1)=]

nv(ip,2)=i

nv(ip,3)=]

w(ip)=Cadd-Jz*i*j/4.d
ns(i,j,i,j)=ip
ktype(ip)=0

enddo

enddo
ip=5
nv(ip,0)=0
nv(ip,1)=1
nv(ip,2)=1
nv(ip,3)=0

w(ip)=0.5d0
ns(0, _,;,3):5
ktype(5)=1

O+hh*(i+j)/2.d0/4.d6

=R . weight.fo0)

ip=6
nv(ip,ﬁ)-L
nv(ip,1)=0
nv(ip,2)=0
nv(ip,3)=1
ns(1,0,0,1)=6
w(ip)=0.5d0
ktype(6)=1
do i=-1,1,2
do j=-1,1,2
if(i==-1.and.j==-1)then
ip=1
do 1in=0,3
if(lin==0)then
I case 1: in=0, out0=2, outl=3,
out0=2
outl=3
newd=3
newl=6
else if(lin==1) then
I case 2: in=1, out0=3, outl=2,
out0=3
outl=2
newd=2
newl=>5
else if(lin==2) then
I case 3: in=2, out0=0, outl=l,
out0=0
outl=1
newd=3
newl=>5
else if(lin==3) then
I case 4: in=3, out0=1, outl=0,

newd=3, newl=6

new0=2, newl=5
new0=3, newl=5
newd=2, newl={§




> EXTESHEE 1SR weight.fo0)

I case 4. in=3, out0=1, outl=0, newd=2, newl=6 else if(wO+wl<=w2)then
ouzgi a22=w2-wo-wl
ﬁgwe; a20=wo0
- YA |
endif al2=a2l
wo=w(ip) a02=a20
wl=w(newo) adl=
w2=w (newl) alf=a0l
al0= dif
all= enes

a22=

pb(lin,lin,ip)=ab0/wo
pb(out®,lin,ip)=a0l/wo
pb(outl,lin,ip)=a02/w0
pb(lin,out0,newd)=al0d/wl
pb(out0,outd,newd)=all/wl
pb(
pb (
pb(
pb (

if(w2+wl>w0.and.wO+wl>w2.and.wO+w2>wl) then
ab0=
a0l=(wo+wl-w2)/
a02=(wo-wl+w2)/
al2=(w2+wl-w0)/

alf=ad1 outl,out®,newd)=al2/wl

a20=a02 lin,outl,newl)=a20/w2

a2l=al2 out®,outl,newl)=a21l/w2
else if(wl+w2<=w0)then outl,outl,newl)=a22/w2

af0=w0-wl-w2

afl=wl . . . .

202=W2 new(lin,lin,ip)=ip

al0=a0l new(outO, lin,ip)=new0

al2= new(outl,lin,ip)=newl

g§?=2?§ new(lin,out®,newd)=ip
else if (wo+w2<=wl)then new(out®,out®, newd)=new0d

2112wl -Wh-w2 new(outl,out®, newd)=newl

a10=w0 new(lin,outl,newl)=ip

al2=w2 new(out@,outl, newl)=newl

abl=alo new(outl,outl,newl)=newl

ab2= enddo

EiEi endif !end i=-1,j=-1 case

al2l=al2



> EXTESHEE 1SR weight.fo0)

sum=0.d0

' do lout=0,3

' if(pb(lout,lin,ip,1ib).1t.eps)then
' print *, 'negative pb'
' print *, 'lout=', lout, lin=",lin,
' print *, 'pb=',pb(lout,lin,ip,ib)
' endif

! sum=sum+pb(lout, lin, ip,ib)
' enddo

' write(7,99) (pb(lout,lin,ip,ib),lout=0,3)
199 format(4f10.5)
|

|

|

|

|

|

|

|

ip=',ip, 'ib=',ib

if(dabs(sum-1.d0).le.1.d-15)then
else

print *, 'pb sum=',sum

print *, 'wrong pb, lin=',1lin, 'ip="',1ip
endif

enddo
enddo
lenddo

return
endsubroutine weight




> It EIdHE3E S (initial .f90)

| Initializes a configuration with random spin state and empty string

implicit none
integer :: 1

do i=1,Nsite
spin(i)=2*min(int(( )*rn()),
enddo
do i=1, Lmax
kstr(i)=
enddo
nh=
return
end subroutine initconf




—. {ufsiEit

» Diagonal update(update.f90)

: themolization

do itoss=1,ntoss
call dupdate
call lupdate
anh=anh+nh
aig=aig+ig

ra=aig/anh/

if (ra.lt. ) then
nloop=nloop*5/

elseif (ra.gt. ) then
nloop=nloop*3/
if(nloop.lt.1)nloop=

endif

call adjlgth

if (mod(itoss,ntoss/10).eq.0) then
call openlog
write(12,10)itoss,1l,nh,ra
format ( 17,
’ f8.3)
call closelog

subroutine dupdate
implicit none
integer :: b,i,1is0,isl,is2
integer :: kop,ip
real(8) :: apl,dpl
do i=1,1
kop=kstr(i)
if (kop==0)then
ntype(i)=
b=min(int(rn()*dfloat(Nb))+1,Nb)
is@=kbst(1,b)
isl=kbst(2,b)
ip=ns(spin(is®),spin(isl), &
spin(is@),spin(isl))
apl=beta*Nb*w(ip)/(1l-nh)
if(rn()<apl)then
kstr(i)=2*b
nh=nh+
ntype(i)=ip
endif
elseif(mod(kop,2)==0)then
b=kop/
ip=ntype(i)
dpl= *(1l-nh+1)/beta/Nb/w(ip)
if(rn()<dpl)then
kstr(i)=
nh=nh-
ntype(i)=
endif
else
b=kop/
is@=kbst(1,b)
isl=kbst(2,b)
ip=ntype(1i)
spin(is@)=nv(ip,2)
spin(isl)=nv(ip,3)
endif
enddo
return
end subroutine dupdate




» Directed-loop update (update.f90)

, pO=Llast(s0)
| o o o pl=last(sl)
implicit none

integer :: 1i,j,b,p0,pl,p2,50,s51,52
integer , allocatable ::frst(:)

if (p0/=-
1ink(p0)=i0

) then

integer , allocatable ::last(:) link(10)=po
integer , allocatable ::ntime(:) else
integer , allocatable ::link(:) frst(s0)=i0

integer :: t0,t01,t02,t1,t2 endif
integer :: i0,il1,i2,it,ipl

integer :: leg,leg0,leqgl, leg2
integer :: ni,ki,nj,kj, j@ no

if (pl/=-1) then
link(pl)=il

integer :: ic,ir,irt,ib,ip link(il)=pl
logical a1 a2 else
double precision :: wr,wa,wb frst(sl)=il
II*xxx Construction of the linked vertex list vrtx endif

allocate(frst(N51te))
allocate(last(Nsite))
allocate(ntime(0:nh))
allocate(link(0:4*nh)) I'l--1link table

last(s0)=10+
last(sl)=11+
10=10+

(et
1t=1t+
i 0= endif
i?: enddo
it= _
do s0=1,Nsite
do j=1,1 i0=frst(s0)
if(kstr(j)/=0) then if (10/=-1) then
ntime(it)=j pO=last(s0)
b=kstr(j)/ link(p0)=10
1ink(10)=p0
sO=kbst(1,b) endif
sl=kbst(2,b) enddo




» Directed-loop update (update.f90)

ig:@
if (

nh==0) return

do i=1,nloop

607

pO=min(int(dfloat(4*nh)*rn()),4*nh-1)

il=pl/4
legO=mod(pl,4)
i0=ntime(il)
ip=ntype(i0)
wr=rn()
wb=0
do j=0,3
wa=wb
wb=wb+pb(j,leg0,ip)
if(wr>wa.and.wr<=wb) then
legl=j
goto 601
endif
enddo

ntype(i0)=new(legl, leg0,ip)
p2=4*il+legl
pl=link(p2)

if(legd/=1egl) then
ig=ig+1

endif

if(pl/=p0.and.p2/=pO) then
goto 602

else
goto 607

endif

continue

enddo

LT Pek** Mapping of updated vertices to operator sequence
do ie=1,1
if(kstr(i0)/=0) then
b=kstr(i0)/2
ip=ntype(i0)
kstr(i0)=2*b+ktype(ip)
endif
enddo

** Flipping of spins affected by loop updates,
! ** and random free spins
do jO=1,Nsite
10=frst(jo)
if(i0/=-1) then
il=ntime(int(i0/4))
legO=mod(i0,4)
ip=ntype(il)
nO=nv(ip, leg0O)
spin(j0)=n0
else
spin(jO)=2*min(int(2.dO*
endif

deallocate(frst)
deallocate(last)
deallocate(ntime)
deallocate(link)
return

end subroutine lupdate




> IBMFRSHSE (initial.f90)

Increases the cut-off 1 to nh+nh/4 if 1 is currently less than this.
! Distributes the nh non-0 operators randomly among the new 1 positions.

implicit none

integer :: 11,1i,j

double precision :: r

11=nh+nh/

if (11.1le.1l) then
return

else if(1l1l.gt.lmax) then
call openlog

write(12,*) , L1, lmax
call closelog

stop

endif

]:
DO i=1,1

IF (kstr(i).NE.O) THEN
j=i+
kstr(j)=kstr(i)
ntype(j)=ntype(i)

ENDIF

ENDDO
DO i=nh+1,11
kstr(i)=
ntype(i)=
ENDDO
1=11
j=nh
r=DFLOAT(nh) /DFLOAT(1)
DO i=1,1, -

IF (j.GT.0.AND.j.LT.i.AND.RN().LT.r) THEN
kstr(i)=kstr(j)
kstr(j)=
ntype(i)=ntype(j)
ntype(j)=
i=]-

ENDIF

ENDDO
return
end subroutine adjlgth



=, HEFENE

> M= = (measure.f90)

subroutine measure
implicit none

real(8) :: tot,en tmp
en tmp= *nh
En=En+en tmp
En2=En2+en tmp*en tmp

tot= *sum(spin(l:Nsite))
Mz=Mz+tot

Mz2=Mz2+tot*tot

return

end subroutine measure




M, SRM\A

> SIS (results.f90)

subroutine results(ibin)
implicit none
INTEGER :: ibin

En=-En/dfloat(nsample)/dfloat(Nsite)/beta+Cadd/
En2=En2/dfloat(nsample)/dfloat(Nsite*Nsite)/beta/beta

Mz=Mz/dfloat(nsample)/dfloat(Nsite)
Mz2=Mz2/dfloat(nsample)/dfloat(Nsite)/dfloat(Nsite)

open(unit=68, file= ,status= , access=

write(68,66)nx,beta,En,En2,Mz,Mz2,]Jz,hh,iseed, ibin
66 format(i5,f12.6,4f22.14,21f9.5,21i5)

close(68)
return
end subroutine
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