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CALCULATION OF NUMERICAL INTEGRATION
OF MULTIPLE DIMENSIONS BY DISSECTION
- INTO SIMPLICES®

Wang ORENG-gHU (£ K IE)
(Computing Center, dcademia Sinica, Betjing, Ching)

In this paper, we introduce a method of numerical integration on a polytope of maultiple
dimensions. Iis basic idea is to cat a polytops into some aimplices and sum the integral values on the .
simplices. We give the integral formulas, the expressions t0 estimate the error and the method for

- culting a polytope into simplices. Bome examples are provided to explain the adaptability of the
method. : ;

L. Introduction

For numerical integration in ®higher dimensions with certain complicated
regions of integration and integrands it is too diffiouli to obtain a very precise
result, because that generally requires a very large amount of computation. Some
commonly used methods™ are the network method of number theory and the Monte
Carlo methods. The former has its advantage when the integrand belongs to the
E7(c) class of functions on a unit cube™, The Latter™ are relatively good when
high preocision is not required. Their computational formulae and programs are not
very complicated, but it is too difficult o obtain a precise result. In practice,
sometimes we could not irnprove the computational precigion even by one gignificant
digit, although astonishingly large amount of additional computation is done.

In this paper, we try to study the nuomerical integration for an n—-dimensional
polytope, whose boundary consists of (n—1)-dimensional byperplanes. For the
integral on this kind of region we give a numerical method with relatively high
preocision. Itg bagic ides is to separate the polytope into simplices. "We can adopt the
centroid method of numerical integration™ to compute the integrals on the simplices
end then sum the integrals to obtain the integral on the polytope. Compared with
the other methods, ite computational preecigion is relatively high and itg computational

amount relatively small. For some.ocases the advantage of the integration method of
digsection info simplices ig without comparison. .~ .

II. Numerical jntégrnﬁon on a Simplex
Deﬂn_itiOh 21. In R (n—defmem@bhalﬂmhdem space ) the conves, pan of r4+-1

(r<n) affinely independent poinis is an r—dimensional simples, denoied by r 5. Thess
7 Lindependent points are the vertices of r—8%%. « 5. |

Assume the é-th vertex is denoted by
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I{“‘{mﬂ, Zig, **, Dink.
Then, its -r+1 vertices define & matrix
' ' %1%‘%:
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From the propertfies of the affinely independent,poiﬁm, we have
rank M=p+1 oy
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Let 8, =8,(Xo, Xy, o, X))

be the closed region of a r—S Let | S, ] denote tha Enelidean measurement Volume

of f' SE'I;'-] ThEIl . | = .iq:r:l.- ’“I- =
18] ..;..._.  [det (Mm)]i By o 2.1)

If ¢ =mn,

Bl =2-dot My 2.2)

- The centroid point of & r—§ is denoted by X, - . ... . .-
: & r—l—lmzoxl’ LB R @ 5

which sa;t:ieﬁea

- Assume - -
I f(X)dX, - (2.4)

When f(X) has a continuous (p+1)-th derivative mth respecat fo X, we can use
the Taylor Bxpansmn then o e 2o -
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I=|S lf(-f)’l'%Ti i (2.5)
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