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Nanocluster is composed of tens to thousands atoms or molecules, i1ts grain diameter
1s about several to tens nanometer. Nanoclusters have many unique physical and chemical
properties. And the properties strongly depend on the number of atoms or molecules and
the structures of clusters. In this project, we apply our new effective optimization
algorithm “the Knowledge-based Evolution Algorithm (KEA)”for finding the ground state
structures of nanoclusters, and compute their material properties.

In the first processing stage of our project, we test several optimization
algorithms and improve our KEA algorithm substantially and get some good results.

i 423 (keywords) -

Bhigitimhiz > R+ BE a2t ghz -
Optimization algorithm > atomic cluster ° knowledge-based evolution algorithm



’k-' vu_

Z2 4 @ f% HAFEET 2= 3

— -E-f,-‘;;
Y LRGP R BACSEE MR LE LA L A ae R g

PR T R s 3R A S

=0 FIVELFRZE PO

APHRFLES R R BARTEORE 2 > X 1T B B A K
Bernitflddt o F Y BB FEFHRMpE > TEY A3 B ATy b oo 3R]0 “Lr«‘fﬁmfﬁl
+ ®# (Atomic Cluster ) 5 #cip BRFH3] WMo v ne 4 438 R+ B2 T
fE v S A - T RMEHARR o T R K DRT > v AR A R E
A B R ER IR A B o 2 F] S Aot 0 R BT T‘w\ LT E KT LS
2EETEM R D o F IR RIBMADTRE R 0 4 By DR EZ K P E M
Ay g e

B3R BAORERFEE CEETY ST R Moo 0 R R BA SRS 8

et o E® o d W KFHRY T EZPE fﬁ]f%m‘*ﬁ?ﬂ ZA 3R IS P -OF A | P;ﬁ—*ﬁ%i{ﬁéi#&d
AARIEPE N WAST S B S B AR M PR S s

\)

u\,

.z
-~

2o BRI HAFRLEHERAER £ L

1 @f*?’f?—m—’ EF RS P R AR IJEEF S 2(ab initio) % k¥ % & 23 (DLA)
3o R iaes fi /Z%’K%'—‘ﬁfﬁaﬁ#lﬁ”?g » AP B E R et o F B R 3 4 B 20
BRF LY PE SR BRI R T

2= §m =

BT RMANf  A okii o h A p AR Y MAPETEE  BERE F i ok
i (effective potential) o *Tr 4 % jfﬁ}“ AN R R fﬁw i ﬁ SIS T
oo i ,T‘u;a 0o 'I%#Eﬁ'zgmﬁﬁ»’i‘\° * - '@;5'»’ iR BT - BL S T 7% 2 B
Ao B M B A S N

E'T’P——’xiﬁ;‘fﬁ’:’%;‘;;?&*ﬁﬁi—kﬁﬂ[@;? T BEA Y s REREFIT BRI T IR ’Iﬂ;i“—*ﬁ?'lv?

“‘q

FAYRS - BN P oM EAERHEFA Y TR Y G oo RRBEADREE > R

A % , }uq—[a,6,7,8,9] .
‘ :

% — F_ WS4 c4e Lennard-Jones Clusters:Quantum Lennard-Jones Clusters® Morse
Clusters ° Dzugutov Clusters » Z1 and Z2 Clusters % % - # ¢ & % € 4 s%_ Lennard-Jones
Clusters > v 8- e g 5 L BN E BAESHA L £ 5 & P L 1 T4 i REER A -

- A s8R ®H& 4o An o0 Aziz Potential » ArX s a Diatomics-in-Molecules

1



Potential » Net: Clusters s7a Diatomics-in-Molecules Potential : Ar.Cl:¢ha

Diatomics-in-Molecules Potential s Ar:NO #7a Diatomics-in-Molecules Potential % % -

*t Lennard-Jones Clusters » ¥ #&* fffltf WRAETF T + o
5= 2 4R35 M 4o Sutton-Chen Clusters (* % Ag, Rh, Ni, Cu, Pt & Au_t)
Glue clusters ( * & Pb £ Al ) > Gupta Clusters (* & Zn, Cd ¥ Pb) -
av w g A~ + B 40 C60 Clusters > Water Clusters > Fullerene/lon Clusters °

%7 F3p3 B4 4 (NaCl)«Cl # Coulomb/Born-Meyer £ Welch Potentials > Binary
Lennard-Jones Crystals % % -

PLRE L AOBAERT] 0 LA B e ks R o 4
A okehd Ees R o W E I ;wﬁr,.b?ﬁ DR B o gl AL e o

A
AN
gk
(ﬂm
1%
)
B
*_Mh}
B
pos)
0 4
DS

SRR S P Nt 5 SRR SRR B A SR R e
% = % iz & Cambridge * # &0 David Wales h@Ff o # P E 1 - £ § »

3+ 8 2 ;% (basin hopping method) » ¥ &2 v % 4% 5 3 47 7) m@%“f?—ﬁﬁi o 14

e %3k - B B S sk (The Cambridge Cluster Database)

J-
b

fow et T I3 $1km%%%¥?@%%ﬁ AR 0 Mackey = i
TR S RN ST I P & & 7 0 Basin hopping = i# % ’—?—!“ R AR L
""I‘Eﬁ gl ERLN Y &?ﬁ—n E oo Fh o N AiE B ES FR %

l———:E'}?

- -E’E%ﬂ—a ﬁ'éﬁ:&i@“ T
(Knowledge—based evolution algorithm)” &gt

FrAl G B IV FE 22 Al el e
L T e
¢—I-H 1_,'?}“ %ﬁ_%'ﬁ’ﬁ: i:—f_ F‘:il— y 4\.,}35 Flﬁ}; Vﬂ‘b G\;Iéf"j’ﬁ;:b? ;__},‘??:‘3‘ @%F\:B%J °

N

AP Alhd R P HRE S IR DL AFEZEITHEE R
WS B APM R AP FRIES e AR
£ s g2t B (grid computing) %

E Al kA kAR
B - PRI ey 2
Sk FfE- B H o0k 48 “Lennard Jones Cluster” - d

PR LR R R R hAarii o TR E RN PANFE 2 o B R £ FR
BAARIEE IS FR AL S A KR FE Y MR i B o F i S 5
MBAEE T ARt B o F R AR AR AP B E B kR

AFH O X S heT o FAP N U h E PR RE @S T Ay
FlBASHE R EAAM O EEE  FY RS ET Rl > & RESEY L2 K1 F
i BAT L b AR R ERA - EATR R 2 hE ARG R BT FRY c AEFY

NEANSBRARECFEESES o

T By E

\

ok
A
¥

A PE BB

# i L2 Lennard-Jones Clusters & #4 P eplE 3L o FIG 2 F e 3 7 x 2 e



oo ANIEIE UK R g T TN PR 2 o BT ok ARG E SR
A S BEARY BRI RS EE SRR BE A S BE

‘,%\\

BT Foo 3N F“‘?")EEIRF m/ﬁ’?‘r
EaRCal wEE P w47 F'L%J
AL m;_,%} ¢ > J‘[’"f-\q\ wE N

i’ﬂwuj$€’?”ﬁ“}@/$

F o O P NREDSBREE o kfEAPFE N5
£ arEkie Y F 8 2 ¥ Basin Hopping 2 82 &% T %502 o d 30 A
%g$g,Iﬂwﬁgggﬁ$oawﬁ

N n\\-
S

C. ATemgr§id —— wphit i n g
TR S R

bowoarit o e F BT R R R AR 0 TR R Y S o AR
ek Ef2 o A BEARY > - RIWHFFRY UBFEF B hIEF 2 ZFFOTN B
BRELE A1 F 5 F g APPSR BEL 2 Fi S ﬁ—ﬂﬁ%%(%
fg o 3 TF“)T%? AT T KRBT - R F RS EF o ipe REAZRE EER
T ﬁ,‘,J f_g,; o

P

T BOE B E R At %}U—EJ\’* - e A KFEET - NHF oom AP T UK -

oA R A - S kAR e NP RE Y 5 # 5] S (guiding
functlon) c Wil mgE 2 WKL FREH S - B ARG FRE SRR KRS o
A H AR AL 0 F AT U BN ECE hA R R IT L ] Sl o $ R Se R AT
%*@““%ﬁ*”iy§ﬁ7¢“ﬁﬂ’##?uﬁi??°”Hﬁmiawﬁ FEER
YEPTSIL B R AR S R S A AR S Ak e
85 %8 (order parameter) - "EF @B it (7 2 e - BE N4EF- B Ao F SRk
ARAF 0 3 A (B SR ) MEFE R R E BT e

Sy

1. @t FE2Er ARASHENE
BRI o APE R F R AR RN o BEY PpFiE > A
BEBEL LD

ERh S Sl STEE S RS e MU I UL IR SRR E S o S
egr e (E3lad) A7 e n g e (B3lad) A LR E
FeAavrFmE R FF o P AP SRF BSBES Sl A LKA B DE Sl ,qu.\%
Hest R E A WA P B 7D R e SRR R e

A ek A APt E Y e r IR R R REVMERFE RS cAPE R T

3



TRIRE TCE SIS TISPE

-\-’\

Ak LA

BEFRL SHADRIGE > 2 0 ARAFHZ 0 - W BASHENA AP
SR ORI NZZEETEDZL AMMWEF D2 o L LR HE DHIMMEFDZ o APE
o hPERFEAHRT o B ek INFE 22 (4o Basin hopping i# ) 4e I ki
"

CORURART e

T T =5 4 ek
a I > B m..:;-ﬁe

?>
L

TEE P NRARER o

b FRERAE I Pz B
42 “Lennard Jones Cluster”

LRRE

%2 e 3t B (grid computing) i sk Ffz— B H R
vl PR LRIA R R R

A SLET Ry 0 TR L R RTE AN P e

PR L b 2 At o

-~

M+ Lennard Jones &+ B Rzt :

ARG AP LG AR A P A SR o B e 2R T B340 e & o

1. 4I* Monte Carlo ¥ Simulated Annealing = /Z #id i + B & & F Rl
Al 3DALE FAE 0 2 = AT FEEE T T AR (40T B {17 Intel
Fortran %:# %2 Motfor B3\ R T5%B ) -

M fe \.;}2,_4), El%*"}l;-%‘fw}.
BT AR ERS BEGA AR

MATFOR 4.0 - [Figure 1]

o File Wiew Zetting Tools Toolbar Windows Help

e+ oMo %segta M- 0B @

Figure 1

2. FlrFBEE A TR EEAGED L & Lennard Jones &+ H

4



Steps of KEA for LJ Cluster

1. Using arbitrary local search methods (just as SA, SD
and Newton method) , find a lot of local minima
structures.

2. Classify these structures into several symmetry
groups.
3. Focus one symmetry group.

4. Select some minima with lower energy. Only cluster which
with lower energy can survive.

5. Retrieve useful knowledge and construct guiding functions.
Use the density of atom’s position to build a guiding
function of this symmetry group.

6. Guiding functions are used to guide the local searches of
next generation. Consider the energy and guiding function
both when a new cluster created.

7. Back to step 4 till find the minimum of this symmetry group.

8. Chose another symmetry group from step 2. Back to
step 3
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