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Abstract

W e  apply re ce ntly de ve lope d e nh ance m e nts of 
th e  Prune d Enrich e d Rose nbluth  M e th od (PERM) 
[1], nam e ly th e  Multicanonical Ch ain-Grow th  Al-
gorith m  [2] and th e  Flat H istogram  M e th od [3], 
to polym e rs and pe ptide s on lattice s.

Both  m e th ods are  base d on th e  ide a to sam ple  
inde pe nde ntly of te m pe rature  th e  com ple te  
e ne rgy space  of polym e r conform ations. Th e y 
th us e nable , for e xam ple , th e  de te rm ination of 
th e  de nsity of state s w ith in one  sim ulation run 
for lattice  polym e rs.

W e  apply both  algorith m s to inte racting se lf-
avoiding w alk s to com pare  th e  be h aviour of th e  
tw o ve rsions and, of course , to ge t ne w  re sults 
for statistical prope rtie s of polym e rs and pe pti-
de s.
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m ucaPERM

Ch e ck  w ith  Exact Re sults

flatPERM

Th e  flat h istogram  ve rsion follow s a strate gy 
from  a m icrocanonical vie w  of th e  proble m . 
Th e  basic ide as are :

Use  grow th  ste ps as in th e  norm al PERM  ch ain 
grow th  algorith m .

Conside r th e n a m icrocanonical e stim ator for 
th e  total num be r of configurations of size  n 
w ith  e ne rgy m

w h e re  W (i)
n,m  is th e  Rose nbluth  w e igh t of th e  

ith  configuration. Now  de fine  r as th e  ratio of 
actual Rose nbluth  w e igh t and Ce st n,m :

Apply population control by pruning, w h e n 
r<1 and e nrich m e nt, w h e n r> 1.

As in all m ulticanonical sim ulations, th e  ide a 
of m ucaPERM  is to sam ple  a flat e ne rgy 
distribution inste ad of th e  canonical one . 
Th e re fore  w e  apply a w e igh t W n

 flat(E) in 
addition to th e  Rose nbluth  and th e  Boltzm ann 
w e igh ts. Th e  partition sum  according to th e  
ne w  distribution th us be com e s 

Th e  w e igh ts W n
 flat(E) h ave  to be  de te rm ine d 

ite rative ly:

w h e re  H n(E) is th e  h istogram  of th e  
accum ulate d w e igh ts, w h ich  is re se t to 0 afte r 
e ach  ite ration. O ne  applie s population control 
by com paring th e  w e igh t w ith  som e  th re sh old 
value s.

Firstly w e  com pare  w ith  e xact re sults from  
e num e ration. An e xam ple  give s th e  figure : It 
sh ow s th e  h e at capacity of an h om o8m e r on 
th e  sc lattice , as w e ll as th e  re lative  de viation 
from  th e  e xact value . Th e  de viation is at all 
te m pe rature s low e r th an 10-3, th e  statistics 
include s 2×106 conform ations, 5×105 arose  
from  inde pe nde nt grow th  starts.

Ch e ck  w ith  Exact Re sults

Th e  figure s sh ow  th e  de nsity of state s as w e ll 
as th e  h e at capacity of an h om opolym e r on th e  
sc lattice , h e re  w ith  14 m onom e rs. W ith  ve ry 
little  com puting tim e , th e  re lative  de viations 
from  th e  e xact value s are  alre ady low e r th an 1 
pe rce nt.

Crystallization

At m uch  low e r te m pe rature s as conside re d 
above , w e  find a se cond pe ak  in th e  h e at 
capacity th at can be  inte rpre te d as a liq uid-
solid transition (crystallization) point [4]. But 
low -e ne rgy conform ations (i.e ., conform ations 
at ve ry low  te m pe rature s) are  th at rare  (by a 
factor of ove r h undre d orde rs of m agnitude s 
for conside re d le ngth s) th at e ve n w ith  th e  
pre se nte d pow e rful m e th ods, ch ain le ngth s 
only up to orde r 102 can re liably be  studie d at 
th e se  te m pe rature s. Th e  figure  sh ow s th e  
ave rage  e ne rgie s and th e  re spe ctive  h e at 
capacitie s for tw o sh orte r ch ains on a fcc 
lattice .
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Th re e  typical conform ations of an h om o256m e r on th e  sc 
lattice  at diffe re nt te m pe rature s.

Coil-Globule  Transition

W ith  th e  pre se nte d algorith m s one  can study 
th e  coil-globule  transition of h om opolym e rs up 
to le ngth s of orde r 103. Th e  uppe r figure  
sh ow s ln(Ce st n,m )  (th e  "de nsity of state s") for 
ch ains up to le ngth  n=256, w h e re  m  is th e  
e ne rgy. Th e  low e r figure  sh ow s th e  h e at 
capacity for th e  h om opolym e rs w ith  le ngth s 
n=128 and n=256 ne ar th e  coil-globule  
transition te m pe rature . Both  figure s are  for 
polym e rs on th e  sc lattice .

O utlook

Furth e r w ork  w ill include :
- Application of both  m e th ods to oth e r m ode ls
- Syste m atic com parison of e xce lle nce  of both  

m e th ods in diffe re nt fie lds
- Study of finite -size  scaling of both  transitions
- Im prove m e nt of e fficie ncy
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