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Abstract. Let F =  (F1...Fk) denote k unknown distribution functions 
and /e= (pl...iek) their sample (empirical) functions based on random 
samples from them of sizes nl ..... nk. Let T(F)  be a real functional of F. 
The cumulants of T(F) are expanded in powers of the inverse of n, the 
minimum sample size. The Edgeworth and Cornish-Fisher expansions for 
both the standardized and Studentized forms of T(/0) are then given 
together with confidence intervals for T(F)  of level 1 - a + O(n -j/2) for 
any given a in (0, 1) and any given j. In particular, confidence intervals 
are given for linear combinations and ratios of the means and variances 
of different populations without assuming any parametric form for their 
distributions. 
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1. Introduction and summary 

In a previous paper, Withers (1982a), the author gave Edgeworth and 
Cornish-Fisher expansions for the distribution and quantiles of a function 
of a number of unknown parameter estimates t(d~) say, in both its standardized 
and its Studentized forms. This was used in Withers (1983b) to obtain 
confidence interval expansions for t(co). 

In this paper we consider a real functional T ( F )  of a number  of 
unknown distributions F = (FI...Fk). These are estimated by their empirical 
distributions F =  (fl'l'"fl'k) based on independent random samples of sizes 
nl,. . . ,  nk. By identifying (~, &) with (F, F)  it is shown in Section 3 how to 
obtain from the previous parametric results cumulant,  Edgeworth and 
Cornish-Fisher expansions for T(F)  in both standardized and Studentized 
forms as well as confidence interval expansions for T ( F ) .  Putting k = 1 
yields the one-sample results of Withers (1983a). 

The one-sided intervals given are j- th order in the sense that the 
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