—F —

" Onhal slw'b«\g doon” aud cluste Moute Carlo methods

The /-'wfor'lcucc of actocorme@h o becomes clear olew we sl
40 g;muéwle 1LL.e ISI'(AS roolel at éow {C«APE‘C‘.’A«:CS. 7741 Aol
/“4&1‘2’)("?_&"»'4\4 <IAA> AS Zero ok eus £'¢u¥€ S&.S‘I‘CLM, Sece ‘H«.C—l‘t
AS a chquCt, beteer. Hee fL0 gspit. - reversed. éow—euusg
Coug*'gu_ro.’{\'lfhs ;

|5 ’ (,cowe,o(y y e Haw Hee Sa'u\.g’e 'gP-'u— J:GP He,{vepoe's a{aon'#u.u at
Ooco Hewpoctaes aud chobug Sow one of He foo couf goationes
4wl Hohe extrew.ely G e Jor all Spies fo ke Repped .

Tlu's FrO!J[ebu Qappcors as Soote Q8 W€ 824 close 4o +ee cm4cn€
-l&aferc.“k!ﬁ y, (,O(tcrc A" cas daScrve_o( ‘HA.Q'I 4(4.( QM‘OCOMQQ.A.OL‘ "’".‘—“Q

Zz
T < {m(n(ﬁll_)]

LJ"“‘ a dad/uamicqe entea@ exFoua,.:f grx 2 Jor all locee L‘FC‘Q"{Q
meedlods Che Hee &'«..3/9 spit. f,a’—)o afgon'#«a.

The sobubor. 4o His Pmbleq,‘ was  Jound by A {*""l“c"“\g

So- colled  elusks  upolofe  feclinigues | ie. A s aoco proposesl
b fp bs cstos of s aud cloose dhew. i o
Way S0 Haf e F’Ol”!'”“‘j 0§ jL'H”hj flese  clustos AS /Q:Se,



—8 —
The Sweudgew - LDQLS " prcdbelustes “ﬁa@on'#)m

The putbiclustes algonthus of Sweudseu ad Ceug Clag7) proceecls

as  Jollowas:

o oacl boud iu Hie @ihce is assigned a late€ " commected "
or Ydlsconnected” :

c= ™ c=T{ c=1 c=1{

Comc_'(..\’e-ék d.t'SConmc C_I-Zd CUSConne c‘-ei Cor mCL‘,{‘COL

o 41,30 aln'gmed SPl'uS are Connec}ed. (,.n-HA Q P"ol-”—‘b"(‘;‘t’j
| - exp (283)

o w0 au"\'faara"el Spius are  Leos Cpucecled

o The c;mnec-kd, lwuols %mup Hee Spius ,’(,._{o c(g._;l“s 05_ ali g ed Spl'u.\‘,
A clu&l—(r ‘a!')eLus Q'aoﬁ‘“«m, Q“ZC Hee —Hosl«w—- lé’f’dwau 0(600'#'4«)
1S wsed to JOL%‘L}‘:’ Auskse o& Conncc-l-eol 4,'» -

° (P()’S-or‘u Mmremwls ( — “—uf?lvocd Qs-(»'m-[o,s)
EQOL CI‘AS{'O' ,4'S "CL‘.HCd CJ\'H« FOITX’«!D)(—-% 1/2. .
Go hoch 4o ske A
The Swendsew - (g algontie. aemls €ess effcet s diwensins

(/08’1&.6 ‘(’L\ﬂ—u ‘Loo ay  4lhe /tvsa:joﬁlr:] oj #'.e C(LLS"-GS 2y L

el
dmall anes, aud oy a feo @oge clustos exyst.



Te COoE{—’f alson"“wu ( s.'u\s.le oluster ) —F—

Te (Do algertha s guwees fo e Satedser -(dcg ofponthun,
et brulds O“IS oue clustes S’?“U'L'kj S a fQ‘-«d—Mv{‘g cliosern
pod . As Hee probalalily of His priut g s o csks of
g2 S s propordomal fo S He ALY olsortne betls Pn\&,csl.:)
Qugs cluskos .

”‘ (%f‘zs as -Q“e(,os:

6 o cliose a mudetn pin as e Aiba€@ cluskes

i ;g a ue\;glmgm'ks SPJ& (S fx\xc’(e‘ fo Hee A'u‘"(\b.{ Sp'q
d ol e odded to Hee clusks i, probe b Lty "e"P(*%J)

x N‘P‘c‘" ‘SkP @ Sor all m&;‘:@ Meca{S added 1o the clustes
aud  repeat His procedivre  wehl a0 el pots cow ke added

° psforn maeeSureue. ts (—-7 ,iumocd e:‘kmc.#ors)

Slp all spius e Hee clushes
. 30 Yo Slcp @

The Liveoy cluster Size doeges (ol Hie cotreloton. lew @ﬂt ©
it Hir acong sk of spis ke olosks pe jusf T

e Moo Qljoa"“"'w adapts OP‘l\mQ/[ﬂ fo e Pl‘gSiCS o:‘: H.e PI‘OQ/%
gud Hhe dymanicel enteal Oponet @ be rcluced 4o 2np

go Hlat Hiwe ds mo @"«86 @edy enbcal S’(oc,m‘s docoe . ’

Close 1o Cn'J\'CaQ'lU 4'1423({ algon'fﬁms are 8Ly proless "
Mag\;-hﬁo(z (a ﬁd-ot L) bells Ha. He Geol L‘qu,/! etocols.

Amﬂ Froren Cm"’\-ccQ')lb a (ft\jbn’d nnetliod —-M,;x,;‘:y . polates
ool s;’ccg(e spaL'mPSﬂ oo Soreehies be '/(»e sdecf a [



\Siu& coheel expouuaLS

Q%Pouw+ \&iu& A=2 lsivg &=2 IS:uS Az y
Q Z 0. 325& (uu) &
5 Yy | 2290 Czs) %
Y \

0.6294(2) '
ol O 2.
o.- o)) )
_[; _ 2
&(HE)

—H@\'SQAEES'- s el QKBT‘«&«»{‘S_

f;xpeuew-l- A=2
[B 0. %33 (3s)
5 [. 3373 (35)
v
0. F04g(30)
oL

0. \yy <QO)




Ex#em cdecl  ensemble  Siumulabons

The. problem :  Thernnal| e libnum
el’)k’—fa'j iC—f\GLSCG.‘DCi is

D SLGSJFCO’)S C&‘“’) "OLLS[-’) (f!‘ﬁt)
husel\\,) Supprested

s omgy 7 |
1 E€xXample Sy s S:
e mple Syskm
L):s IS S
* \}m\&}\rcﬂ-eo( mcghe_-(—s
‘D““(:{‘QAMS
2 " . 3 \,' w' .
. > COV)&'SL«.“C‘\\'OI) Cmc\j Sb&% CIOSC ‘LO
Spe.ce phese trausid oA
/\\'Y:_ ao(;ii \\"r'sp\rcvﬁ G%'\tbrc\‘&\'on y

D PLne cal

L5 | Q.'\w‘o\"\ S
A oL Caw. His Yoe Sl ecl '2

év@i’) Mopke C&:‘J(o Sircp Comsists Q“‘ 41—;)0 pc\t“jrS:

f\> quaesjc a Con-@'%\dc:‘w'on u_fao\c.]!‘i

1 ]171‘.5(0\/'va»€er§:

nen - loce] \&PC{[_‘."ﬁS (Chsks,, QC\%S)
2) CLCC(P\—/ rc;\cd- Hig KPGL(_\_“Q

S }rh‘:x'ovbrnu—\{s: exiekd?@t ;S"\'C*\.S”{\»Cc\l €n Sb;—,laicg

T‘mcf. OASQQ‘H’MMS-’
/\> (,J{:n@ - LG‘)’ZC’(QL‘. C((S(:ﬂ'%m

‘2—> éh&el«/\b)e ())3}\ Az a 'i-\'c;-w

3.> (Pcrql(e} 4

604}’)0\}'76



<

:nﬁu\,{c-‘kom c,} quiZo'v Chains

Ti\/jpfca “&) e

Cond S\Arc\'{‘{on S in

G, — Cl—~> Cg —

A .w('cke\m used c.igmﬂmm
s tHhe

° Pmpose Co (Sima“>

TTWT?T
a;

N £
~inle oac Monke Corlo Slmula’{\'oms as S

Scrne. iA/{Si'\

HQ}\"'OPOL‘\S O_\Son'*\'\qm 2

Pi{ms
kL onal |
T CUuMmensio; : v N
MenSion C_ou_jw&-\,ge o:{\cn Spece

=

‘k—o el \" { i
Rreete Such o Merhey chain

henoe ‘ B .
Chenge T o C_an‘gw‘&uqkon

s WWQ@TT
C(\i»;\

QCC@{)'\' / re ;\e ot e u,POLQL‘g tovth Pl‘oBQ\Oﬁ'L’L‘()

P<CL =¥ G

@

s Hae Canonical ome .

w(@;) - wlg) -
A

a—

we  (oll
-Her(i:

S¢e Some QE—

P(C’L " C-L+\> -

Common C,‘hoice §Or 'H’)L’- S*‘:}\S{"CC‘

do( [Aave c(«o&em el Sc({s

L3z )

wla; )
7

o (1,

)

S'Src:{x‘S“R'Cq'l e Sh ks

wv«'%h#s/ en8emble.

exp(-RE;)
H(,).

E. =
2

enc'rsﬁ

og othes (,aeisirr‘rs

% &
eSe  obhes Cheices lqk; on

Min < l, exp (- (S(E ‘Ei'))} -

24



Mo.r l’&c\/ d/\CvaS ( COh'(,/ CL)

,l'\f\ ma’ang oLt Ciec(&om CL‘OOL»C} w%eﬂq@; or ner

LuPcLOAﬁ Sc\c—‘_\\:3 bchSec’L on  Hhe
CO&Lfg;‘%km"&;}W'Or7S i

e cecept g
elellestinen of  the ke

Loe neS‘EC‘} Q. \0{‘ Dg imjor‘mc_%'oh,

I pc\r-kcu_(qr/ Qe project Hoe rand.c i,
Space. suto one in emug% Spece .

AR

€ingyg 3 :
s

ehally Con %Su_r&"f@‘n

= O, == Capp s

(:mv{. .

%

\Y4
— B Eoi —.
< .
\?
Cney g
od 3¢

é‘spcc‘e : ?anc{orh L)Q\"Z_

(s bicsed (i:)
(S Mey hcvs‘cm,

4 skl ensenbe )

Erves SV\) Space. ?cvuiow. wellk g en - Ma; hewe

N
N CO»ﬂS*gA«SQ“\'LM Space |

\ 7
4 men1cr3 (s stored

Gxava(e - KSn& Mode |

/\H
—0 For lOl&Q . More. M—lel% b

; 3\—-3f est
Doy wS +o SQqQ[Q; %’3 )

-J for Sell M. Mmore MZQ[ to S

S 174 Cligge E7 .
o 3 J < 3,

(&



.’\’l")(’_ \/\/C:_nS - LC‘.nQLQ(A_ OJS(?,'\‘HWV’Y)

Gocl :+ Caledfale c.{eus{‘mj of etetes , ) locj :lx—erc*vdtj
(-LPP{‘OXN’YSQJ“‘\"\ﬁ (_J(L(&hl(g , (A)(E) - l/%(E) y Qi’\(i SO.VV;P[e
o flat "\\'S*Og*]ram/ b (&),

’l’\’\C a\go‘\' ‘Hﬂﬁ’\ ;

\n\\w‘a\(&e H(E) =0 Qh& %(E> = \ gor‘ el &‘/\Cﬂr&.‘c& E .
Sed ‘mod,% ceNon }ad‘c&‘ ' 5': go = e

Stec b J(\romw & randeom CO""ZQS"‘“”C‘WI"OV’ C/\<

— 'Pro\u:;se Comy S}Surc + on u.pd\ociﬁ C/‘ — C o (e & a Spin 3(6(3
; Loikn Cowe$pcnd;ng t’_nu&‘eb E, = ‘H(CA>, Ezf H<.Cz_>.
] 0 ACC&P‘E (,.;Po{o\k ot kh PFO\OC\IDLL(Q

. . o roo9E)
PCCA Ca\) - m‘ﬁ<‘/ S(Ez>> ,

$ cccegled. E, «— E, , C « g,

Updaite OLC’,u-&'\‘\"Q o§ SE}CSI %(EA) — %<EA)'f
Q'HGL \/\RS*‘O%{QN\/ h(EA> > \'7(64)*' ‘ -

Mo \ocp

1§ H‘Ser?Jrcfn S “gl‘l{f’; vpaete ‘g T \/T
Qﬂd\ VQS(E‘\" \’) (E> ‘:O }D(* o

/

I Cin e;%(e_& .

—  lrerate bl 5 be comes Sralles  Hhay, Senme {-\wrc'sho'\o‘\/
e g gg - Lo ool

wa



- "} \,\/b — r . i :
! he Wa § ._LZEM&OGHWM (cont d )

Exemole : 2D lgioe
ple Sing model on a Soare lathee vtk N ke

\/\/ij - Lc;nc;{au (LQ:CA\" ong

ln :Q(E )

exach res, b l\ v\"f\f\/\ J/“"/\/«v

?‘n 2
/ J ¥ = - T
2N ® N +2N -2 2

c\"zznglns e 3&-)-"5 push reandlom
wealkes v exbtremal energies

With  estvmadted OL@&“TQ o Steles  celewlale
Z _ Z %(E) . e—(gE OE/N
e c

uE - —ZLugE-g'LE)e

2 2
C-V(T) = %—k‘_)_ 2 <E >T _<E>‘r

o F(T) = b—l_— @CSZ

seT) - B - T

\




Limtehons  of Slet-histogram semplin

l& &“«mplf{ng a gic-\L Hi&%s“rfc‘m recilL3 the ‘Yoest oe con e 4o
prlore . S.‘j&i—enw Loqu C Y‘OU.Sh Q)‘\Q{S\Q \Qmo(SCaPG.Z

¢
Ne - one  alen  (ye hcvﬁ \)mx Seen - NO¥ all L‘fﬂ’ip’\."&#"‘fﬁ/
WC?S;W‘GS are the Same | So, (-JLM\«S S\fﬁowk Hs
[ ’\"L\Q \/»\S&—o%mm /S“‘C\"{"S'%{CQ.\

ey ("—FSL

het  lye vellectesl

ensenble 2

A more Com‘s\ex anSeser: Cace gz;\l&\/) S\“L&d-z\,j Hhe
N @n \23(6 ( XFQMPK’- c:k,\re ) .S‘PQCC
(r Cahfx'squr\‘on pece

e h(_'LC;Vl’) L}C‘ [2

Qs oppased. do b adon ik

<Ss\me“’\in3 e \'WCIVC’_ airea( i 3een - Mo.\"[fzov{cn VS non-HQHao\n‘cm

bﬁ’ haw SV,

A \5:\.“ ‘\"’\{_‘ YL »s—\e&;a{\'oﬂ 05’ '\—L‘)C_

on - Hc;s }'LCV\' Qi LO@HQO\'OV i< ;%ck
n the SCch& Yoehan e of  tound - “\n‘p Biomps
- T/N2
VA
—
T g SR
L

L C(\“‘\'Cczi g (O\J\'n

4%__\ > N
1‘ S

"'2!\}

Loy !

tan

(,QL‘Q* ov\'&'ﬂo_-}eg «HA{S Sioto\'n& CLO(,Q\/] 2 A (ioca” dvﬂ:u's(m% 'HHCJ\“ g
mMoededatedd \n (enu\%} Spcce . D(e)

N




. _
EV\Sem ble q’dﬁmigq-l{on ~( cont i}

E Xa vnlofe :

et

2D tuits i oclel <.Qrs~‘-oro({§ *.\rCnSAv'cm>

A h(E)

Cuo‘o(d *-S“\\'\'P ‘}YC-\vzb«.“\‘ on
N

L

{—=

=



G

Encermole oP'{\‘ V1 8&‘(‘\'0»’)

—

Ca o We j’.'(&r Haes preve Hoe  simdd akedd  stab sh cal ensemble ¢
To ccheve Hhis e Went to minimize Hhe round - tap hnes
\x ’\'\'JGCV\ e)({\dfi"h Cs.i enes %| ¢S

AN + 2N _
SPI(\* rendlem  Gelle  into oo

S*@th_g - Stebe Cuments {om
Emin — Emd\ anch Em(qg — E—n1..r)

3

Lohi cin QXQC.U.% cancel
CS:V)CG e are " k‘OjrC\\ QO\.&,\:L'DhLu';,-,:

These S‘%'L’CL%*S“‘CS‘Q (’_weﬂ{-g Caen e &Sjﬁmc{‘tc:\

£(&)
- d§ T
v JMEYs by (B ) =
g D(A > z( o 2
Yeael \’)\‘s‘b%;c‘m denved ve
d:&g‘*&\\hkﬁ QS’ -defon
bt (e)
Heys 97 %
h(E) =
Maininai e Ownd - '&\««P fw’me_ b\x M’E.x;m;b'vxg Hais Cevrvesd .
=
o | | | . ,
T — = c;u;< s & N, {E)
9 ; D(E) - h(E)
Eh’)in \———\("\—/
Lagmn_se mm\HPL\'G‘
h(‘)LE) mast renacen Nevmaobzed.
df

. . « S
lqk,(E) L i = oE

The \oPJn‘ma'l/ histogeam Haws  becomes
\ID(E)



. 2N
Ensgvhloet—__qaﬁ i 2e B oin ( Cont '.(,() C/

{?eecugac;'lz el %on' Hva -

S*Cﬁ:\' k—u\“’) Soe. “\I\CJ \,DCASH'\S (,‘JLC> e . & grom \r\/O..m~’Lc_ wciCLl,\

CJSC(\H’\M
—> ¢ lohalize h(e) =0 ht (E)=6, h(e)-0
;’ . .
f s ftzun Simuic.'h'ons > th ch;epjrcthce retes
/ P(C‘( % Gz> i ﬁ’m")(l, w(c ) = min(( LJ(E?’) )
. ; I u(EI)
Fodh record e histoguems W (), H(E) and h(e).
( + Eskoale local diffusinly
| .
o DE) = h'(e)
h £} =
g h(E) ﬁ_ s Ohue J(E) h ()
q &
g

Op‘n'mx& w%ms as

W(E) «— wE)- \/’L‘ ﬁ

T Cor\"{\'nu,g \;@edlcQC‘Q "‘ﬂk‘ Q&SH"'S CGHV‘OSQ

T

K;mP\e: 2% {S\'r’\s T edel

T/NG
A h(E) /N
‘f/ T < \\\aar\N)L
/_/
3
_/ -
I - e ) }
; T o . '
200 E



The par alle |

‘+€ihpez\'03 Q '30 a4+

Goed - \rﬂpro\/e Hocrmro eawilib
r@\j\tCQS O:g +}"\€ S\\.Ss‘l’tnq

S'v\/cl_\opims replfccs l’)i*taeem ooy

o 4\'0\-"’\ Lj Si mu(

CQ:E Van, QS

OJM’)S el Rph
%empfz:ch'-cs anol
QCuin Jr LC’W') p(;t‘fwt.x,

< O

. - o o oq(\g)f\cf\ BN
A ‘ 2. U -—r T
replica S
Swe e
A Ccep'sr x—ePUCQ Swep w\"lr‘w Prubc: ‘al(«' lﬁ:\

PLELT = &)+ min (1, enp (a3 me)

N L ) i ___t_
Q(z-— (zxd - [3.7: = -:,_j - T
AE= E; - €

R\Ofn Bpk C)F\ Ve 0\:\’ j : v 2y “Q‘r)r) \‘C\‘LL\,TG_

D(_P‘cq \SWQAPS ((Y\(‘\,\>rt\\(4_\“- T} 5\0‘0&\ C’.Jng“'&u.rq‘\ﬁom (J»(OCKO_%Q.

E‘cxn st vEe ¢ v e L{LQ:
PS| 7
CQQP"\C(; SV\-'Q‘PS resc it n TCndon, wellz in T - Spece



(Dc (o) “e \ kmpeﬁ\?‘g (Coﬂ{_/ CL)

—————

Hows  deo I chpse Hae  geod ot ~¥empe"c~iu¢ ST l
/\%ain, LI B e <h,

Yoo Hiene chy

}‘L <DUW7’7G_;-‘\'CQ
o; Hoo Sfmulc;‘%\'on/
Chee N, (lo&;\) ok (T

1) Rotrces owoe,gls Hoe
2 €. JrLLaSQ "f

. V\.L(:) (’in lﬁmpwhl‘uﬁé

h’)POC\"{T’d‘C PQ%{VMCS

Spqce) i<

Suppressed]
l’) (T ) ol ; Ohere H (T) « J__
B3 o
é)«:t«ﬂofe_ : 2D lSM& rﬂoo(ei
_ h(T)
O T T
o c o o &, o C o <;J
) \\/ Seed b, B /
i N
o © © O cove 4 ¢ c !
/i ity ’\/
s A . X

Neole - This & ok ‘e Sne ag

(€N &&L\,\S'O{M
S\-’\/C. \:) i QV'CS,



