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Functional in t eg ra t ion  method (e.g. [ I ] )  l a  popular i n  varioum 
branchea of contemporary mcience, p a r t i c u l a r l y  i n  quantum m~chanica ,  

f i e l d  theory, p robab i l i ty  theory, mta t i a t i ca l  ~hymicm [2].  It I8 ri- 
dely employed i n  aolving i n t e g r a l  and d i f f e r e n t i a l  equstioru,  equa- 
t i o m  rith f u n c t i o a i l  der lvat ivea ,  i n  mtudy-lng 8 8 m t O t i c a  Of t h e  
eigenvaluea of d i f f e ren t i a l  operatorm, etc. H u v r l c a l  func t iona l  in- 

tegzat ion l a  one of the  promiaing mean. of c a l c u l a t i o m  i n  t h e  mod- 
e rn  quantum physica [3]. Due t o  employment of t h i a  method i n  combi- 
nat ion r l t n  the powerful computing techniques i t  became p~amibl 'e  to  
solve many problem which f o r  a long time kre inaccemaible f o r  num- 
e r i c a l  study,  e. g. problem concerned the  topol0gical  a t r u c t W  of 
vacuum in quantum gauge theories.  Theae problems requ i re  the  computa- 
t i o n s  outs ide  of per turbat ion theory. One of the  raga  of numerical 

evaluat ion of funct ional  i n t e g r a l s  i m  Monte Carlo method of l a t t i c e  

Computatiom. Introducing a space-time l a t t i c e  an0 cm n p l a c e  the  
evaluation of funct ional  i n t e g r a l s  by the  computation of ordinary 
ones of a high dimension ( >, lo5). This approach cauaea however some 
ser ious  problem both theore t i ca l  and technical ,  ouch am t h e  problem 
of continuum l i m i t ,  the  dependence of r e s u l t  on t h e  l a t t i c e  spacing 
and on t h e  meane of d i sc re t i za t ion ,  the  low meed of convergence of 
approximations. Besides t h a t ,  t h i s  method guarantees the  convergence 
and gives  the  e r r o r  eatimate only i n  p robab i l io t i c  aence and need. 
too much computer time and memory. Thua the  development of affective 

numerical methoda t o  be d i f f e ren t  from l a t t i c e  Monte Carlo mimulati- 
one i s  of great  Importance. Some s i g n i f i c a n t  r e s u l t s  i n  t h i a  a r e a  

have been obtained recen t ly  141. 
One of the  moat perspective approachem l a  the  c rea t ion  of appro- 

r imation formulae uhich a r e  exact  on a given c lans  of functionalm. 
I n  the  framework of th in  approach we have derived [5] f o r  the  func- 
t i ona l  integrals r l t h  respect  t o  Gauasian meaaureq i n  separable Fre- 
chgt spaces some new approemat ion formulae exact  on a c l a sa  of poly- 
nomial funct ionala  of a given degree. One of the  useful  f ea tu rea  of 
these fonnulae l a  the absence of d i s c r e t i z a t i o n  of paths. Besides 
t h a t ,  due to  high speed of convergence the  employment of the  derived 
fonnulae replaces  the  evaluat ion of funct ional  i n t e g r a l  by t h e  evalu- 
a t i o n  of an ordinary one of a low dimension, thua a l l o r l n g  the  ume 

of the determinis t ic  methoda (Gaussian quadrature, Tchebyahev, etc.) 
and leading t o  a s ign i f i can t  economy of computer t h e  and memory. 

We uaed the  derived approximation formulae i n  p a r t i c u l a r  cane 

of condi t ional  Wiener measure i n  our computations of Feynman path 
i n t e g r a l s  i n  Euclidean quantum mechanics [ 6 ] .  We computed the  ener- 
g i e s  of low-lying l e v e l s  of c e r t a i n  quantum mechanical s y s t e m ,  the  
wave funct ion,  the propagator. We have shorn tha t  our formulae pre- 
sent  the  way of the  e f f e c t i v e  numerical i nves t iga t ion  of topological  
e f f e c t s  concerned the  ins t an ton  solutions.  The computation of topolo- 
g i c a l  charge, topological  succep t i b i l i t y ,  6-vacua energy [7 ]  allowed 
us t o  search the  v a l i d i t y  bounds of the  d i l u t e  in s t an ton  gas approxi- 
mation. 

I n  the  present paper we derive and study some new approximation 
formulae f o r  condi t ional  Wiener i n t e g r a l s  with the  weight. One of 

the  advantages of these  formulas over the  approximation formulae t h a t  
we have derived formerly cons i s t s  i n  the  f a c t  t ha t  the  new formulae 
being more precise  can be uaed a t  the  same time f o r  the  l a r g e  c l a s s  
of funct ionals  t h a t  i s  of high importance f o r  the  p r a c t i c a l  applica- 
tions. The employment of the  formulae i s  i l l u s t r a t e d  with the  nume- 
r i c a l  examples. The comparison of our numerical r e s u l t s  with the va- 
l u e s  obtained by the  o ther  authors  t h a t  uaed the  Monte Carlo simula- 
t i o n  ind ica te s  the  higher ef f ic iency of our method. 

2. CONSTRUCTION OF TEE APPROXIMATION FOlUdULAS 

We s h a l l  study the  condi t ional  Wiener i n t e g r a l  

C 
considering it a s  a Lebesgue i n t e g r a l  with respect  to  a con- 
d i t i o n a l  Wiener measure d , ~  . The measure dWX i s  a Gaussian mea- 
a u r e d e f i n e d o n a s p a c e  c = { X ( t ) E c [ 0 , 1 ] ;  X(O)=X(~)=O)  by the  
co r re l a t ion  funct ion B(t,S) = t? l in( t ,~ ]  -tS and by the mean value 
PI(*)= 0. FCX] i e  a r e a l  funct ional  defined on C ; P[xJ i s  a weight 

funct ional  4 

P[X] = exp{  1 [ p P )  x2P) + g ( t ) ~ ( + ) l  d t ]  ; 
0 

t ,  s ~ [ o , I ] ;  p(t) , 9 (t) E C[o,f] . For t h i s  kind of i n t e g r a l s  we have 
derived the family of approximation formulae of the  a r b i t r a r y  degree 
of accuracy dependent on a na tu ra l  parameter m 

Theorem 1 181. 
Let K(S) be the  so lu t ion  of the  d i f f e r e n t i a l  equation 

( i - S )  K ~ S )  - ( ~ - s ) ~ K ~ ( s )  - 3 K 0 )  -2p!S)= 0 , S E L @ . ~ ~  (1)  



with initial condit ion 

t 

~ ( t ,  = exp { (4-5) KB)ds} ; 

and the constant  C i s  determined by the  condit ion 
4 

Then the approximation formula 
4 

wbere 
m 2 

y,,, (q.)  = 1 cr' !! ('K,') ; [cK ] , ~ = f , 2  ,..., m a r e  the  root. 
of K = l  

i s  exact for  every polynomial functional of degree 4 2 m  + 1 .  

Remark. The es t imate  of the  r e m i n d e r  9, ( F )  is  given i n  [5]. 
Formula (2)  g ives  the  good approximation of the  exact  value when 

F [ x ]  is c losed t o  the  polynomial funct ional  of degree S 2m+ 1 . 
Yore p rec iee  approximations can be achieved f o r  the  l a r g e  c l a sa  of 
funot ionale  i f  one uses the "composite approximation formulae". We 

have obtained these formulae [9] f o r  a func t iona l  i n t e g r a l  with rea- 

pect  t o  Gaweian measure without weight. I n  the  case of condi t ional  
Wiener measure the derived formulae a r e  wr i t t en  a s  followe: 

Theorem 2 [9]. 

m -t sigtltz), t 6 121 
Suppose 

rn 
9 (v,t) = f & sin (xrt) C Y ' S ~ ~  (5) cos (rrvj) . 
m, n K=4 j=l 

Then the  following approximation formula 

where 

i a  exact  f o r  every polynomial funct ional  of degree < 2m+ 1 . 
Remark. The suff icSent  conditions of the  convergence of approxi- 

mations (3) t o  the  exact value and the  es t imate  of the  remainder a r e  
given i n  191. Combining the  method8 of computation of func t iona l  in- 
t e g r a l ~  elaborated i n  [8] and [9] we ob ta in  the new formulae with 

weight. Theee formulae acquire  the  advantages of the  composite appro- 
ximation formulae. 

Theorem 3. 
Under the  condit ions of theorems 1 and 2 , the  approfirnation formula 

where 
Q [ x I  = F[Q(r) + a ( - ) ] ,  A 

i s  exact f o r  every polynomial funct ional  of degree 2 f f l t  1 . 
Proof. 

We e~.plo;l the l i n e a r  transformation ~ ( t )  I-+ ~ ( t )  given by the 
r e l z f  iq:n t )  = Y + X , where 



3 

a x t t ) =  (1-t)  J K ( s ) x ( s ) ~ s ,  K ( S ,  E C I O , ~ J  . 
0 

Thin transformation maps the  space C onto i t s e l f  i n  one - t o  - one 
correnpondence [lo]. Applying this tmnaformation t o  the  i n t e g r a l  
with the  weight P[x] we ob ta in  

where D is  the  fredholm de te l r inan t  D ' e ~ p  {I ! (('~1 K ( s ) ~ s J  . 
After  some more tranaformatione,asBuming the condi t ion  of theorem 1 

holde,we ob ta in  i n  the  right-hand s ide  of t h e  last equa l i ty  the  con- 
d i t i o n a l  Niener i n t e g r a l  without weight. We apply f o r  t h i s  i n t e g r a l  
our composite approximation formula. The a s s e r t i o n  of theorem 3 f o l -  
lows now from theorem 2 due t o  the  cont inui ty  of y(r) and a(+) and 
t o  the  l i n e a r i t y  of Y(X) . 

3. CONKBGEICE OF APPROXIMATIONS 

Now we a h a l l  study the  convergence of approdmations obtainad 
us ing the  formula ( 4 )  t o  the  exact va lue  of i n t e g r a l  an f l  + . 

Theorem 4. 
Let F[x] be a continuous funct ional  on C s a t i d y i n g  the  condit ion 

4 G (A(x,x)) fo r  almost a l l  X E C .  I F P l I  - 
Here G ( 2 )  i s  a nondecreasing pos i t ive  funct ion,  A ( X , X )  is a non - 
negative quadratic funct ional  s a t i s f y i n g  

00 4 

A (x, X )  = 2rK c2x2 [ { ~ ( t )  rir?(rxt) dt]' ; 
K=i 0 

4 + A('f&), (P(x)) ( ~ A ( x , x )  f o r  d o a t  dl Y E  c ; 

Then t c e  remainder of the  formula (4)  Rrnan(f) approachen zero ,  

Proof. - 
Since I q l x l l  -I G ( A ( ~ P J + ~ ,  W ) + a ) )  

and A (xt y , X + Y )  " A  (xIX)+ 2A ( l f)#)  

there  holds  

6"[z) = G ( 2 p z  + 2 A(aIa)), 

g(2) is a nondecreasing pos i t ive  function. It means t h a t  the  suf- 
f i c i e n t  c o n d i t i o n o f  Rm,n( f ) - tO is 

A 1  

m 
according t o  theorem 4 of paper [9]. But t h i s  condit ion i s  s a t i s f i e d  
due t o  ( 6 )  and (7). Thus the  proof of the  theorem is complete. 

We xi11 f i n d  now the  est imate of the r e m i n d e r  of the  aomposite 
approximation formula with the  weight. 

Theorem 5. 
Suppose the  quadratic funct ional  A (H,x) s a t i s f i e s  the  condi.tions of 

theorem 4 and the  funct ional  F[x] can be expressed i n  the  form 

where tm+,[x] i s  a polynomial funct ional  of d e p e e  i 21~1t f  , X,,f C 
and q 

Then f o r  the  r e ~ a i n d e r  of the composite Porfi? I t  ( 4 )  there b o l d i  l ! l c  

estimate 
-.' m t i  mt i 

IR,,,(F)I D f' (L K-nti 

where f f - 
D = [wO)] - f  e x P { $  J ~ ' ( i , d i )  , 

0 

fm , v m  a r e  j r s i t l \ . e  cor.~tar;ts C ~ E I  E ~ C J ; ?  GI: . 
Proof. 

It follows f ro=  t h e  cc.r,iitic.r; of tkr il:c:.:c;. 1h5: 

Y[r+ Xc ] = t,,, [ V r x ) ]  + r , , , : !  $(B,, l;;):, + a ]  9 



where Ern++ [ P ( x ) ]  i s  a polynodal  functional of degree 6 2m+ 1 
due to the l i n e a r i t y  of Y(x)  . 

I 72m+4 [P(X). ' ~ k ) t a l l  prn" [ A  tx,')] mt4 x 

r{diexp[d2 A ( ~ + X O . * X O ) ]  t ~ d 3 e x p [ d 2 ~ ~ x O . ~ . ) ] )  , 

Therefore, the functional Q ) [ x ]  s a t i s f i e s  the conditions of theorem 
5 of paper [ 9 ]  on the estimate of the remainder of the composite fo- 
rmula without weight. The employment of t h i s  theorem completes the 
proof. 

Re-k.The constants lm and 7m are  determined by the coef- 
f i c i e n t s  dl, dZ , d 3  i n  accordance with the theorem 5  of [ 9 ]  . 
Let us consider now the par t icular  case of formulas ( 4 )  when the co- 
e f f i c i e n t s  of the weight functional p [ ~ ]  are constant: p(+) p ; 

y ( t )  9 . One can often f ind this case i n  the  pract ical  applica- 
tions. The composite formula with weight acquires now the form 

ff2 - C- P < y , P [ x ]  i s  defined by ( 5 ) .  The function a(+) i n  t h i s  
case i s  expressed exp l ic i t ly  

aft) = 9 - ( p  cos @)-! Sin &t . sin K ( I - t )  

tha t  i e  s ignif icant  f o r  the pract ical  applications. I n  order t o  stu- 
dy the properties of formula ( 8 )  we aha l l  prove that  the transform- 
a t ion  'P(X) i s  bounded on C i n  L p  - norm. 

Theorem 6. 
Por the transformation y1x.J given by ( 5 )  and (1 ) with the  constant 
coeff ic ient  P ( t ) = P  * O  there holds the estimate 

where p = l + W + 2 G = ' p i ;  w =  -- ( 2 ~ ) ~  ( ~ * f f ) ~  
2F (1- pJ4 

Proof. 
It follows from (1 )  with p(t)"p tha t  

- 
where ~ ( ~ [ * ) ) = ~ i n @ f l - t ) ~ t ( ~ ) ~ ( ~ ) d ~ ;  z(s)= X cos X -sin A 

If-S) s in2~  ' 
0 

4 
We w i l l  Bhow tha t  
Prom inequality 

[ p ( ~ ( + ) ) ] 2 d t  r w j x 2 1 t ) d t  . 
0 

a f t e r  the change of the order of in tegrat ion with respect t o  t 
and S we get 

4 1 

where 

Using the properties of trigonometric functions by some transform- 
at ions  we f ind  tha t  

0 ,< O(S) e - , < W =  f o r  O S  S * ? . 
'7 ( 1 - 9 4  

Using the H6lder inequal i ty  we obtain now 

tha t  completes the proof of the theorem. 
Remark.In [5] we have got the  estimate ( 9 )  with 

2 
p = 2 t $ ~ 2 p 2 ( f + ~ )  P2 , Sm J 3  . The new estimate with 

I P =  (-31 i s  more ingenious. It m r k s  be t te r  when p i e  w a l l .  

I ' Now we can formulate the following corollary of theorem 5. 
Corollary. 

Suppose the functional FIX] can be expressed i n  the  form 



F lX+x,J = P,m+f Cxl + z%+f l x .  XO 1 , x 0 e C  9 

+ 1 i s  a polynomial functional of degree q 2m + 1 , and 

Then there holds the following estimate of the remainder of the com- 
posi te  formula (8) 

Part icular ly ,  i t  follows from t h i s  estimate tha t  the convergence of 
approximations obtained using the composite formulas with the weight 
f o r  n -c 00 has the order 0(n-m-4) . 

We aha l l  consider f i r s t  the pedagogical example of computation of 
the conditional Wiener in tegra l  I = 1 P [ x ]  FCX] dw x with the weight 

and F l j r ]  = (PIXI)-' . The exact value of the in tegra l  does not de- 

pend on P and i n  t h i s  case and i s  equal to  1. The r e s u l t s  of 
our computation of t h i s  in tegra l  by the lpelemantarylt formula wlth 
the weight (2) f o r  tn = 4  and ffl= 2 a s  well as by the " c o m p o ~ i t e ~ ~  
formula (8) with I) = m = i are  ahown i n  Figs. 1 and 2. 

The good accuracy of approximations obtained using the "elementary" 

formula i s  achieved a t  the r e l a t i v e l y  small values of P and 9 . 
This f a c t  i l l u s t r a t e s  the statement that  the formula (2) can be suc- 
cessful ly  employed only i n  the case when F[x] is  closed t o  the po- 

lynomial funct ional  of d e ~ e e  <2m+l.  Using the "elementary" formula 
wlth weight f o r  m = l  one has t o  evaluate the 3-dimensional integ- 

r a l ,  while f o r  M - 2  the dimension of in tegra l  equals 4 . In  the 
case of the "composite" formula, n = m  = 4 , i t  i s  necessary t o  eva- 
lua te  the 4-dimensional in tegral .  We compute these in tegra l s  using 
the Gaussian quadratures. The r e s u l t s  presented i n  Pigs. 1 and 2 

show t h a t  the "composite" formula 
wlth weight gives the more accu- 
r a t e  values than the "elementaryI1 
formula of the same dimension. 
The r e s u l t s  computed uaing (2)  and 
(8) f o r  p = f  and large f$ are  re- 

presented i n  Fig. 3 i n  a la,rge 
scale. The f igures  show tha t  the 
composite fo rmu lae  can give the 

o s 10 IS good approximtions  even if  F[XJ i s  

Pig. 3. not closed t o  the polynomial func- 

t iona l  of degree Q 2 m + 4 . 
We shall i l l u s t r a t e  now the use of our formulae with examples of 

simple quantum - mechanical models characterized by the Hamiltonian 

We s h a l l  study the energy E o  of the ground s t a t e  and the propagstor 
G(r) = (01 X ( 0 )  X ( r ) l O ) .  The expressions f o r  the pr incipal  quan t i t i e s  

of Euclidean quantum mechanics i n  the form of functional i n t e g r a l s  
with respect t o  the conditional Wiener measure a re  given i n  [ 6 ] .  The 
basis  f o r  the computation of these quan t i t i e s  is  the Green function 

<X 1 B-"~Ix> = z (x, T) : 

4 2  4 
Consider the inharmonic o s c i l l a t o r  with the potent ia l  V&)"f X + 2X . 
The numerical values computed using the composite approximation for- 
mulae with various ?I and II) are  l i s t e d  i n  Tables 1 and 2. The 
overal l  CPU time of computation of E, and G(0)  per  point # has 
beenca.30 e f o r  n = m = l ,  ca. 3.5min. f o r  n = f  ,m=2  and 

Pig. 1. Fig. 2. 



Table 1. 

E o  151 1 E o  ( t h i s  work) 
B T n = m = i l  T nXi,m=2I T n = 2 , m = i  

Table 2. 

G(0) ( t h i s  work) G '")(o) 11 
6%) till 

Table 3. 

ca. 40 8. f o r  t7 = 2 , m = 4 ' . Exact values [I 1 ,  121 a r e  denoted by 
E,* , G * ( o )  . For comparison we c i t e  the  r e s u l t s  of the  pa- 

per  [I l ]  , obtained v i a  10 simulations of 3000 paths  each by the  eva- 
l u a t i o n  of N-fold i n t e g r a l  using Monte Carlo method. These r e s u l t s  
a r e  denoted G f N ) ( 0 ) .  Reported CPU time i s  10 r 25 s per  point  8 
f o r  N = 4  and 1 0 X 1 7 m i n p e r p o i n t  f o r  N=20 . The system 
with the  double-well po ten t i a l  V(X) = ( ~ * - , 4 ) ~  i s  of i n t e r e s t  be- 
cause i t  provides the  convenient framework f o r  studying the tunneling 
e f f e c t s  concerned the  ins t an ton  eolutions. bur r e s u l t s  a re  l i s t e d  i n  
Table 3 . CPU time i s  the  same a s  f o r  the  inharmonic o s c i l l a t o r .  

E z  denotes the  exact  value [13] . Since the  r e s u l t s  of the  o the r  
authors  a r e  reported i n  a diagram form we compare them with our data  

i n  Pig.4 (our r e s u l t s  a r e  given by 
the  dots) .  The c i r c l e s  show the 
r e s u l t s  1141 of l a t t i c e  Monte Carlo 
computations. The squares repre- 
sent  the  r e s u l t s  of [15] obtained 
evaluat ing the  N -fold i n t e g r a l  
v i a  averaging over 10 Monte Carlo 
i t e r a t i o n s  on l a t t i c e  with N = 3 0 3  
po in t s  and spacing E =  0.25 . The 

0 i 2 j s o l i d  l i n e  corresponds t o  E,* , 
Fig. 4 .  t he  dashed l i n e  denotes the  d i l u t e  

in s t an ton  gas approximation. 

O u r  progranm a r e  w r i t t e n  i n  standard For t ran  and implemented on 
the  CDC - 6500 computer. I n  [ l l ]  t he  computations were performed on 
the  Vax 780 computer. I n  [14] and [15] this information a8  wel l  a s  on 
CPU, i s  not given. 

5 CONCLUSIONS 

Due t o  l i m i t a t i o n  of space we were not able t o  d iscuss  the  res-  
u l t s  and the  wide spectrum of app l i ca t ion  i n  deta i l .  One can f i n d  

some of the   application^ i n  15 - 7 1  . The method of computation of 
funct ional  i n t e g r a l s  based on the  derived approximation foInnilae has 
some important advantages over t h e  Monte Carlo elmulation method. !Fhe 

uee of these formulae y ie lda  the  more p rec i se  n a u l t s  a l e  r equ i r ing  
the  evaluat ion of the  ordl.n&y i n t e g r a l s  with e s s e n t i a l l y  lower dim- 

ensions. Our computations ahw i n  general  a CPU tima mhorter by an 
order f o r  the  same accuracy of r e su l t e .  Thin method provide. 



t he  approximations with the  de t e rmin i s t i c  accuracy control .  Due t o  

the  absence of l a t t i c e  d i s c r e t i z a t i o n  the  problems concerned the  f i -  
n i t eness  of the l a t t i c e  spacing [14] do not appear. We have &own 
a l s o  t h a t  the use of the  "composite" formulas i s  more advisable  than 
the  use of t he  "elementary1' ones. Our work i n  the  approximation the- 
ory of func t iona l  i n t e g r a t i o n  i s  s t imula ted  by the  r ecen t  advances 
of measure theory i n  quantum f i e l d  theory. We a r e  working now i n  the  

study of the func t iona l  i n t e g r a l s  with respect  t o  a Gaussian measure 
i n  a two - dimensional quantum f i e l d  theory with polynomial i n t e rac -  
t i o n  of boson f i e l d s .  These r e s u l t s  w i l l  be published elsewhere. 
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~ O ~ ~ H O B  m.m. H gp.  E 1 1-88-233 
BbFI~cne~ae  K O H T H H Y ~ ~ ~ H &  HHTerpanOB 
no ycno~sof i  Mepe BwHepa C nOMOQbI0 COCTaBHhIX 
~ T ~ H ~ J I H X ~ H H ~ I X  40pMyn C BeCOM 

n0J'IyneHbl HOBble IIpH6nHXeH~ble @OPMYJI~I W I R  KOHTHHYaJIbHblX 
HHTerptlJTOB C BeCOM no ~cJIoBHo# Mepe BwHepa. @opMynbl TOnHbl 
Ha KnaCCe @ ~ H K L I , H o H ~ ~ J T ~ H M x  MHOrOnneHOB IIPOH~BOJI~HO# 3aaH-  
HO# CTeneHH. J J o ~ a 3 a ~ a  C X O ~ ~ O C T ~  a n n p o ~ c n ~ a w 6 i ,  nonynae- 
M ~ I X  no 3 ~ m  &opMyna~, K TOYHOMY 3 ~ a n e ~ m  nHTerpana, Hame- 
Ha OqeHKa OCTaTOsHOrO nJIeHa 60pMyJI. Pe3yJTbTaTbl UJLTIIOCTPHPY- 
~ T C R  nacneHHblmi npEiMepami. I l p e n ~ y q e c ~ ~ a  ~ T H X  @opMyn HW 

MeTOgOM Mo~~e-KapJ10 paCzIeTOB Ha pemeTKe geMOHCTpHpmTCR 
Ha IIpkiMepe BbFIHCneHHR HeKOTOPblX BenHnHH B ~BKJIHJXOBO# 
K B ~ H T O B O ~ ~  MeXaHHKe. 

P a 6 o ~ a  BblnOnHeHa B n a 6 o p a ~ o p ~ ~  B ~ ~ ~ H C J I H T ~ J I ~ H O #  TeXHHKH 

H aBTOMaTH3aIXHH Omkf. 
npenpw 06aerume~1oro HHCRIIP~. m e p m  u c c n e n o d .  +4y6na 1988 

Lobanov Yu.Yu. e t  a l .  Ell-88-233 
Computation of Condi t ional  Wiener 
I n t e g r a l s  by t h e  Composite Approximation 
Formulae wi th  Weight 

New approximation formulae wi th  weight f o r  t h e  func t io -  
n a l  i n t e g r a l s  wi th  c o n d i t i o n a l  Wiener measure a r e  de r ived .  
The'formulae a r e  exac t  on a  c l a s s  of  polynomial func t io -  
n a l ~  of a  given degree.  The convergence of approximations 
t o  t h e  exac t  va lue  of i n t e g r a l  i s  proved, t h e  e s t i m a t e  of 
t h e  remainder i s  ob ta ined .  The r e s u l t s  a r e  i l l u s t r a t e d  
wi th  numerical  examples. The advantages of t h e  formulae 
over  l a t t i c e  Monte Carlo method a r e  demonstrated i n  com- 
p u t a t i o n  of some q u a n t i t i e s  i n  Eucl idean quantum mecha- 
n i c s .  

The i n v e s t i g a t i o n  has  been performed a t  t h e  Laboratory 

of  Computing Techniques and Automation, J I N R .  
., 
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