




ABSTRACT 

The complexity of automatic quadrature programs is investigated under the hypothesis 
of exactness or asymptotical consistence of local error estimates. The complexity 
measure used is the number N of functional evaluations in real exact arithmetic versus 
the number E of exact decimal digits in the resuit. The methods of integration analysed 
are m-panel rules, CIenshaw-Curtis quadrature, Romberg method, global adaptive 
quadrature, and double adaptive quadrature. For m-panel and global adaptive 
quadrature, based on a Iocal rule of degree r-1 the constants hidden by the "Oh" 
notation are determined in terms of the r-th derivative of the integrand and the 
numerical properties of the chosen Iocal rule. The compIexity of global adaptive 
quadrature results to be of order 8(lOElr), regardless of the regularity of the integrando 
The double adaptive quadrature achieves O(E) complexity for regular integrands and 
O(E2) for singular ones. 

1. lNTRODUCTION 

The problem 

We study the asymptotic compIexity of computing the exact real representation of 
the definite integral 

b 

(1.1) I = If(x) dx, 
a 

by using an automatic integration routine and infinite precision arithmetic. 
The compIexity measure investigated is the number N of functional evaluations 

as a function of the number of exact decimal digits in the result. More precisely, once 
given an algorithm that computes (1.1) with any accuracy, the k-th step of the 
integration process produces a value I(k) that approximates the integrai with an absolute 
error e(k) = I - I(k). Let E(k) = - LoglO I e(k) I and let N(k) be the overall number of 
functional values computed from step 1 to step k. The pairs (E(k), N(k», k=1,2, ... can be 
viewed as instances of a function N(E), whose asymptotical behaviour is investigated 
here. From the point of view of the numerical analyst it is more natural to measure the 
error e(k) as a function of the number of evaluations N(k); both the measures can be 
easily converted one into the other, and, in Section 6, the complexity results proved in 
this work, are summarised in both the notations. 

Moreover it is worth noting that, to estimate the computational load of the 
algorithm, a more detailed analysis wouId be requirecL which takes into account the cost 
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