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YTATIOTIKN MNXAVIKN

o Acomolovoa e€icwon — master equation
dw
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XTATIOTIKN MNXAVIKH
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[Tooocopuoiwon Monte Carlo

o [MpooouoICN TLXAIWV BEPUIKWV
SIOKLUAVOEWY

o ALVAOUIKO XaPAKTNEIOTIKA — R(u = v)
l1coppotia |

Katavoun Boltzmann




Apxec NMoooopuoiwon Monte
Carlo

o EkTiuNtNC
_'BE _ . .
» —BEy M yM —1e_BEﬂj
nCu j=1Pu;

o0 A&yyaToOANYIaA PE KPITNPEIO
oNUAVTIKOTNTAC (Importance sampling)

M
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pu = Ee_ﬁEli - QM = Mz Qﬂi
i=1




Apxec NMoooopuoiwon Monte
Carlo

o Aladikaoia Markov
o MBavortnTa petapaong (transition
probability) P(u — v)
o aveEapTnoia atro XPOvo

o aveEapTNoia ATTO TTPONYOVUEVEC
KATAOTAOEIC

l
KATAOTAON BE£PUIKNG ICOQPOTTIAC




Apxec NMoooopuoiwon Monte
Carlo

o Aladikacia Markov
o Kpirnpio g¢pyodikotntac (ergodicity)

0 YLVONKN AeTTTOPEPOLC I00LLYIONG
(detailed balance)

P(,Ll - V) . Pv _ e_'B(EV_EI—l)

P(V_).u)_pu




Apxec NMoooopuoiwon Monte
Carlo

o Aoyoc ATToS0XNC
P(u—-v)=gu->v)A(u-v)
g(u — v) mMBavoTNTa £MAOYNG (selection
probability)

A(u - v) Noyog ammodoxnc (acceptance ratio)
l
Pu-v) gu-v)A(p-v)

Pv-pu) glv-wAW - p)




AANYOPIBUOC Metropolis

o Single-flip aAyopIBUOC — HIKEA ¢
o MBavoTtnTa €MAOYNG

glu—-v) = % X ﬁ
o Aoyoc ATTob0oxXNGC

P(u-v) _ gu-v)A(u-v) _ A(u-v) _ e—ﬁ(Ev—EM)

P(vop)  gvowAv-p)  A(vop)

e FEv=E)  ovE,—E, >0
1 QAALWG

A(u—>V)={




AANYOPIBUOC Metropolis
BAuaTa aAyopiBuou

1. Toxaia emAoyn otV

2. Tuxaia emAoyn VEQC TIUN OTTIV

3. ATTodoxn/amoppIiyn VEAC KATAOTAONG







AANYOpPIBuOC Heat-bath

o Single-flip aAyopIBUOC — ueyaAa g
o Bapoc Boltzman

e_BEV
pv — ZZ=1 e—ﬁE”

0 YLVONKN AeTTTOpEPOLC I00JLYIONC

P o) _py PP B0 e

p(v'=>v) p, ¥I_ e FEu e~BEv
— e_,B(Ev'_Ev)







AANYOpPIBuOC Wolff

o Kpiolun emppdaduvon — B, = In(1 + y/q)
o Cluster aAyopIBuocg

o Avarruen cluster - P44

0 YLVONKN AETTTOUEOPOLC 1I00CVYIONG

P(u=v) = e_ﬁ(EV_EH)

P(v-u)




AANYOpPIBuOC Wolff
E,—E,=(—n)—(—m)=m-—n I




AANYOpPIBuOC Wolff

_ nt bord
g = V) = Pseeq X p)?éS X Pno €T

1
Pseed = N

pitk(u—v) =pitk(v » w) = Cy,
PRSTT (u = v) = (1 = Pag)"

pro (v > ) = (1 — Paga)"

(1 _ Padd)m_n A(u-v) _ e—ﬁ(m—n) - Pyg = 1 — e—,B

A(v-u)




AANYOpPIBuOC Wolff

BAuaTa aAyopiBuou
1. Tuoxaia emAoyn OTTIV-YEVVNTOPO
2. Emaywyika — e€ETaon TTANCIECTEQL WYV
VEITOVRV Pygy =1 —e B,
3. TepuaTIONOG avamTuénc cluster
4. Néea miun oy yia 1o cluster







Aokiun 1 — Metropolis

o ATTAITNON LTTOAOYIOUOL evEQYEIQC — AE

e~ B(Ev=E,)

o Single-flip —» TOTIKOC LTTOAOYICUOG
o0 ATTOBNKELON EKBETIKWYV O€ array
omet _naive.pdf



met_naive.pdf

Aokiun 1 — Heat-bath

o ATTQITNON LTTOAOYIOUOUL EVEQYEIAC
. e_BETL
pn o Zgn=1 e_BEm

o Single-flip = TOTTIIKOC LTTOAOYICHUOC
e_BEn eBEV
Pn = 5q —
Y’ _.e BEm eBEv
M LB(En-Ey)
— YT o BEm-Ev)
ZmleeAEn m—LEy

o heat naive.pdf



heat_naive.pdf

Aokiun 1 — Wolff

o AvarTuén Tou cluster - seed spin
o cluster « stack

Poyq =1—e P « vmohoyiopévo e€apxng
o wolff_naive.pdf



wolff_naive.pdf

Aokiun 1 - ATToTeAeopaTa

time = f(N) Metropolis otn C time = f(N) Metropolis oty MATLAB - dokipr 1
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Aokiun 1 - ATToTeAeopaTa

time = f(N) Heat-Bath otn C time = f(N) Heat-bath otn MATLAB - dokiur 1
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Aokiun 1 - ATToTeAeopaTa

time = f(N) Wolff otn C time = f(N) Wolff atn MATLAB - dokiun 1
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Kakn amodoon — [6iairepoTnTeC TOL MATLAB
xpnon/sSiapoppwon TVAK®Y, logical arrays

B:d:-3-'8
16| 10 XY 12 FE] 14 [ 16 |E
24 Al 13 je] 20 pXN 22 PEY 24 (i
32 |E5] 26 B 22 B2 30 EX 32 P8

40(EEY 34 XY 36 EYA 38 EX] 40[EE
48 54 42 &) 44 P 46 Bl 42 A0
33 40 BY 51 B 53 B 55 Bl 49

64|58 53 B 0[5 62 [ ¢4 55




AOKIuUN 2

[NoooBNKN VEWYV UEBOSWV
nnfinder per (L)

spliter (L)

o Metropolis
o Heat-bath

o Wolff



nnfinder_per.pdf
nnfinder_per.pdf
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met_mat.pdf
heat_mat.pdf
heat_mat.pdf
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AOKIUN 2 — ATTOTEAEOUATA
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AOKIUN 2 — ATTOTEAEOUATA

time = f(N) Heat-bath - dokiur 1 time = f(N) Heat-bath - dokipr| 2

400 180
+  b-0,5q-3 hot start +  b-0,5g-3 hot start
350 F +  b-0,59-8 hot start i 160 1 +  b-0,59-8 hot start
+  b-1,59-3 cold start +  b-1,59-3 cold start
3001 +  b-1,59-8 cold start ] 140 +  b-1,59-8 cold start
120+
250
@ - 100t
E 200t g
150
100 |
50
0 n " " I; 1 " L "
0 200 400 600 800 1000 0 200 400 600 800 1000
N N

tymar,

!
)
I
~

tymar,




AOKIUN 2 — ATTOTEAEOUATA

time = f(N) Wolff - dokipry 1 time = f(N) Wolff - dokiun 2
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Aokiun 3 - Metropolis

Profiler

Lines where the most time was spent

Line Number Code Calls Total Time % Time Time Plot
23 newstate (k) = avalstates(randi... 1000000 10.243s 57.0%  m——
22 avalstates = find(ARLLSTATES-ol... 1000000 4.400s 24.5% mm

24 end 1000000 1.334 s 74%

26 Ei = sum((S(NN(n,:))==[oldstat... 20000 0.383s 21% |1

15 global Q N PROB S ALLSTATES NN 20000 0.373s 21% |

All other lines 1.232s 6.9% n

Totals 17.964s  100%

[NToORANUA OTNV ETTIAOYN TV VERV TIUWV OTTIV




Aokiun 3 - Metropolis

%% Find new spin values, different from the initial ones
for k = 1: (N/2),

avalstates = find (ALLSTATES-oldstate (k))

newstate (k) = avalstates(randi(Q-1,1,1));

)

end

%% Find new spin values, different from the initial ones
newstate = randi(Q,N/2,1);
newstate = abs (newstate-((oldstate==newstate) *double (Q+1)));




Aokiun 3 - Metropolis

Profiler
Lines where the most time was spent
Line Number Code Calls Total Time % Time Time Plot
15 global Q@ N PROB S NN 20000 0.303 s 155% m
23 Ei = sum((S(NN(n,:))==[oldstat... 20000 0.282s 144% m
24 Ef = sum((S(NN(n, :))==[newstat... 20000 0.217 s 11.1% =
19 newstate = randi(Q,N/2,1); 20000 0.212s 10.8% =
27 accept = (delta<=0) | (rand... 20000 0.192s 98% =
All other lines 0.752 s 384% mmmm
Totals 1.958 s 100%




Aokiun 3 — Heat-bath

Profiler

Lines where the most time was spent

Line Number Code Calls  Total Time % Time Time Plot
93 s = nonzeros(nonzeros(nonzero... 429322 22300s 81.2% m—
96 S(nremain(ii)) = gs(bb(ii)); 429322 0.763 s 28% 1

20 global N Q@ S NN PROB ALLSTATES 20000 0.359s 1.3% I

33 nnz = nnz + [(z12+z13+z14), (z1l...|20000 |0.357s 13% |

69 logicarr = nonzeros(n .* tup .... 20000 0.301s 1.1% |

All other lines 3.377s 123% =

Totals 27457s  100%

[MoOPRANUA OTNV ETTIAOYN TV VEWV TIMWV OTIIV YIA TA KN
ELOLYPAUMIOUEVA PE TOLG YEITOVEC TOLG OTTIV




Aokiun 3 — Heat-bath

%% apply the new values to the lattice
for ii=1:1ength (bb),
gs = nonzeros (nonzeros (nonzeros (nonzeros (ALLSTATES -
nnsremain(ii,1l)) + nnsremain(ii,1l) -

nnsremain (ii, 2

4

(
(
( )) + nnsremain (ii, 2)
nnsremain(ii, 3)) + nnsremain(ii, 3)
( ) ( )

nnsremain(ii,4)) + nnsremain(ii,4

S(nremain(ii)) = gs(bb(ii));

l

end




Aokiun 3 — Heat-bath

%% apply the new values to the lattice
avalstates = repmat(1l:Q,length(bb),1);

avalarray = logical ((repmat (nnsremain(:, ,1,0)==avalstates)+

,0)==avalstates)+

4

(:,1),1

repmat (nnsremain(:,2),1
(:,3),1,Q0)==avalstates) +
(:,4),1

(
( (
(repmat (nnsremain
( (

repmat (nnsremain ,Q)==avalstates));

4 14

avalstates (avalarray)=0;
avalstates = sort (avalstates, 2, 'descend');

indices array = subZ2ind(size (avalstates), 1l:length(bb), bb')"';

S(nremain) = avalstates(indices array);




Aokiun 3 — Heat-bath

Profiler

Lines where the most time was spent

Line Number Code Calls Total Time % Time Time Plot
92 avalarray = logical((repmat(nn... 20000 4.673s 38.3% mmmm

99 indices array = sub2ind(size(a... 20000 1.491s 122% =

91 avalstates = repmat(1l:Q,length... 20000 1.061s 8.7% [ |

20 global N @ S NN PROB ALLSTATES 20000 0420s 34% 1

33 nnz = nnz + [(z12+z13+z14), (z1...|20000 0.368s 3.0% |

All other lines 4.186 s 343%
Totals 12.199s 100%




AOKIUN 3 — ATTOTEAECUATA

time = f(N) Metropolis - dokipr) 2 time = f(N) Metropolis - dokipr| 3
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AOKIUN 3 — ATTOTEAECUATA

time = f(N) Heat-bath - dokiun 2 time = f(N) Heat-bath - dokiur) 3
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TeEAIKQ ATTOTEAEOUATO

o Metropolis
MATC 9 — 14
tMAT;

o Heat-bath

tmare 26

LMATS
o Wolff

tMAT -

~ 37

tMAT;
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