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Introduction

The numerical computation of a multivariate normal or t probability is

often a difficult problem. Recent developments resulted in algorithms for the

fast computation of those probabilities for arbitrary correlation structures.

We refer to the work described in Genz (1992), Genz (1993) and Genz and

Bretz (1999). The procedures proposed in those papers are implemented in

package mvtnorm, available at CRAN. Basically, the package implements

two functions: pmvnorm() for the computation of multivariate normal proba-

bilities and pmvt() for the computation of multivariate t probabilities, both

for arbitrary means (resp. noncentrality parameters), correlation matrices

and hyperrectangular integration regions.

We first illustrate the use of the package using a simple example of the

multivariate normal distribution in Section 1. A little more details are given

in Section 2. The application of pmvt() and qmvt() in a multiple testing

problem is discussed in Section 3.

1. A Simple Example

Assume that X = (X1, X2, X3) is multivariate normal with correlation

matrix
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From the results above it follows that

P (−∞ < X1 ≤ 1,−∞ < X2 ≤ 4,−∞ < X3 ≤ 2) ≈ 0.828

with an absolute error estimate of 4.7e − 07.

2. Details

This section outlines the basic ideas of the algorithms used. The multi-

variate t distribution (MVT) is given by
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where the multivariate normal distribution function (MVN)
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where x = (x1, x2, ..., xm)>, −∞ ≤ ai < bi ≤ ∞ for all i, and Σ is a positive

semi-definite symmetric m × m matrix. The original integral over an arbi-

trary m-dimensional, possibly unbounded hyper-rectangle is transformed to

an integral over the unit hypercube. These transformations are described in

Genz (1992) for the MVN case and in Genz and Bretz (1999) for the MVT

case. Several suitable standard integration routines can be applied to this

transformed integral. For the present implementation randomized lattice

rules were used. Such lattice rules seek to fill the integration region evenly

in a deterministic process. In principle, they construct regular patterns,

such that the projections of the integration points onto each axis produce an

equidistant subdivision of the axis. Robust integration error bounds are ob-

tained by introducing additional shifts of the entire set of integration nodes

in random directions. Since this additional randomization step is only per-

formed to introduce a robust Monte Carlo error bound, 10 simulation runs

are usually sufficient. For a more detailed description Genz and Bretz (1999)

might be referred to.
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