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Chapter 1

Introduction

The libcoin package implements a generic framework for permutation tests. We assume that we are
provided with n observations

(Y, X;,w;, block;), i=1,...,N.

The variables Y and X from sample spaces ) and X may be measured at arbitrary scales and may be
multivariate as well. In addition to those measurements, case weights w; € N and a factor block; €
{1,..., B} coding for B independent blocks may be available. We are interested in testing the null
hypothesis of independence of Y and X

Hy: D(Y | X) = D(Y)

against arbitrary alternatives. Strasser and Weber (1999) suggest to derive scalar test statistics for testing
Hj from multivariate linear statistics of a specific linear form. Let A C {1,..., N} denote some subset
of the observation numbers and consider the linear statistic

= vec (Z wig(X;)h(Y:, {Y; |i € A}) ) € RPQ, (1.1)

i€A

Here, g : X — R’ is a transformation of X known as the regression function and h:Y x Y™ — R? is a
transformation of Y known as the influence function, where the latter may depend on Y; for i € A in a
permutation symmetric way. We will give specific examples on how to choose g and h later on.

With x; = g(X;) € R and y; = h(Y;,{Yi,i € A}) € R? we write

A) = vec (Z wixiy;r> € RFC. (1.2)
icA

The libcoin package doesn’t handle neither g nor h, this is the job of coin and we therefore continue

with x; and y;.

The distribution of T depends on the joint distribution of Y and X, which is unknown under almost
all practical circumstances. At least under the null hypothesis one can dispose of this dependency by
fixing X;,% € A and conditioning on all possible permutations S(A) of the responses Y;,i € A. This
principle leads to test procedures known as permutation tests. The conditional expectation p(A) € RF@
and covariance X(A) € RP@XPQ of T under Hy given all permutations o € S(A) of the responses are
derived by Strasser and Weber (1999):

n(A) = E(T(A)[S(A) V66<<szxz> (h | S(A)) )

i€A
X(A) = V(T(A)|S(A)
_ $ (h| S(A (Zwm@wl ) (1.3)

i€ A
1 T
B (Z“’> ’ (Zw)






Chapter 2

R Code

2.1 R User Interface

"R/libcoin.R" 3a=
R Header 151a
LinStatExpCov 4
LinStatExpCovld 6
LinStatExpCov2d 8
vcov LinStatExpCov 10
doTest 12
Contrasts 14

The libcoin package implements two R functions, LinStatExpCov () and doTest () for the computation
of linear statistics, their expectation and covariance as well as for the computation of test statistics and
p-values. There are two interfaces: One (labelled “1d”) when the data is available as matrices X and Y,
both with the same number of rows N. The second interface (labelled “2d”) handles the case when the
data is available in aggregated form; details will be explained later.

LinStatExpCov Prototype 3b =
(X, Y, ix = NULL, iy = NULL, weights = integer(0),
subset = integer(0), block = integer(0), checkNAs = TRUE,
varonly = FALSE, nresample = 0, standardise = FALSE,
tol = sqgrt(.Machine$double.eps))

Fragment referenced in 4, 17.
Uses: block 26bd, subset 25cf, 26a, weights 24ef, 25a.




































Isls <- LinStatExpCov(X = as.double(1:5)[x], Y = matrix(c(y, y), ncol = 2),
nresample = 10, standardise = TRUE)

Islc <- Imult(l:5, Isld)

stopifnot(isequal (Islc, Isls))

VvV V + V

2.1.4 Tabulations

The tabulation of ix and iy can be computed without necessarily computing the corresponding linear
statistics via ctabs().

ctabs Prototype 15a =
(ix, iy = integer(0), block = integer(0), weights = integer(0),
subset = integer(0), checkNAs = TRUE)

Fragment referenced in 15b, 19.
Uses: block 26bd, subset 25cf, 26a, weights 24ef, 25a.

"R/ctabs.R" 15b=
R Header 151a
ctabs <-
function ctabs Prototype 15a
{
stopifnot(is.integer(ix) || is.factor(ix))
N <- length(ix)

Check ix 9a

if (length(iy) > 0) {
stopifnot(length(iy) == N)
stopifnot(is.integer(iy) || is.factor(iy))
Check iy 9b

}

Check weights, subset, block 5a

if (length(iy) == 0)
if (length(block) == 0)
.Call(R_OneTableSums, ix, weights, subset)
else
.Call(R_TwoTableSums, ix, block, weights, subset)[, -1, drop = FALSE]
else if (length(block) == 0)
.Call(R_TwoTableSums, ix, 1y, weights, subset)
else
.Call(R_ThreeTableSums, ix, iy, block, weights, subset)

}

Uses: block 26bd, N 23ab, R_OneTableSums 107b, R_ThreeTableSums 115a, R_TwoTableSums 111a, subset 25cf, 26a,
weights 24ef, 25a.

> tl <- ctabs(ix = ix, iy = iy)
> 12 <- xtabs(~ ix + iy)
> max(abs(tl[-1, -1] - t2))

(11 o

15
























3.2 Variables

N is the number of observations

R N Input 23a =
SEXP N,

Fragment referenced in 87a.

122a, 123a, 130b.

Defines: N 5ab, 6, 8, 15b, 23b, 32ab, 33ab, 34abcd, 36, 40a, 65, 75d, 79ac, 81a, 82ac, 83b, 84b, 85b, 86ab, 87b, 88a, 90a,
91b, 93ab, 96, 98b, 99b, 100b, 101c, 102c, 103b, 104a, 106a, 107b, 108a, 111a, 112a, 115a, 116a, 119b, 120ab, 121,

which at C level is represented as R_xlen_t to allow for N > INT_MAX

C integer N Input 23b =
R_xlen_t N

Fragment referenced in 23ef, 31, 36, 40a, 75c, 79ab, 81ab, 82c, 83a, 84b, 85a, 87c, 88b, 89abc, 91b, 92b, 99b, 100a, 103b,
107b, 111a, 115a, 119bc, 120b, 121, 122b.

122a, 123a, 130b.

Defines: N 5ab, 6, 8, 15b, 23a, 32ab, 33ab, 34abcd, 36, 40a, 65, 75d, 79ac, 81a, 82ac, 83b, 84b, 85b, 86ab, 87b, 88a, 90a,
91b, 93ab, 96, 98b, 99b, 100b, 101c, 102c, 103b, 104a, 106a, 107b, 108a, 111a, 112a, 115a, 116a, 119b, 120ab, 121,

The regressors x;,2=1,..., N

R X Input 23c =
SEXP X,

Fragment referenced in 29b, 38c, 46a, 75c, 82b, 83a, 84a, 85a, 91a, 92b, 99a, 100a, 103a, 107a, 110b, 114b.
Defines: x 8, 14, 17, 20c, 23ef, 30abc, 32ab, 34acd, 35c, 36, 39b, 40ab, 41a, 42b, 43, 46b, 47, 75d, 82c, 83b, 84b, 85b, 91b,

92a, 93ab, 96, 98b, 99b, 100b, 101c, 102c, 103b, 104a, 106a, 107b, 108a, 110a, 111a, 112a, 114a, 115a, 116a, 118a,
126ab, 127a, 130b, 131ab, 132, 133, 134ab, 135, 136abc, 154a, 159ab, 160bd.

are either represented as a real matrix with NV rows and P columns
C integer P Input 23d

int P

Fragment referenced in 23ef, 31, 75c, 76b, 77, 78a, 83a, 85a, 92b, 100a, 145b, 146.

Defines: P 14, 30bc, 32ab, 33a, 34acd, 35a, 36, 40ab, 41a, 42b, 43, 44, 45, 47, 50, 51a, 53, 55, 68, 69, 70ab, 72, 73ab, 74ab,

75d, 76b, 77, 78a, 82bc, 83b, 84ab, 85b, 91ab, 93ab, 96, 98b, 99ab, 100b, 101c, 102c, 103b, 104a, 106a, 107b, 108a,
110a, 111a, 112a, 114a, 115a, 116a, 118a, 127b, 128a, 130b, 142d, 144.

C real x Input 23e =
double *x,

C integer N Input 23b ,
C integer P Input 23d ,

Fragment referenced in 92c, 101ab, 104b, 130b.

Defines: x 8, 14, 17, 20c, 23cf, 30abc, 32ab, 34acd, 35c, 36, 39b, 40ab, 41a, 42b, 43, 46b, 47, 75d, 82c, 83b, 84b, 85b, 91b,

92a, 93ab, 96, 98b, 99b, 100b, 101c, 102c, 103b, 104a, 106a, 107b, 108a, 110a, 111a, 112a, 114a, 115a, 116a, 118a,
126ab, 127a, 130b, 131ab, 132, 133, 134ab, 135, 136abc, 154a, 159ab, 160bd.

or as a factor (an integer at C level) at P levels

23









where offset is a C style index for subset.
Subsets are stored either as integer

C integer subset Input 25f =
int *subset,
C subset range Input 25e

Fragment referenced in 89bc, 94c, 95, 97d, 98a, 101b, 102b, 105bc, 109bc, 113bc, 117bc.

Defines: subset 3b, 4, 5ab, 6, 8, 15ab, 17, 19, 25c, 26a, 30ab, 31, 32b, 33ab, 35c, 36, 39b, 40a, 42b, 43, 75d, 79ac, 81a,
82ac, 83b, 84b, 85b, 86ac, 87b, 88a, 91b, 93ab, 99b, 100b, 101c, 102c, 103b, 104a, 107b, 108a, 111a, 112a, 115a,
116a, 119b, 120a, 122a, 123a, 124abc, 125a, 160bd.

or double (to allow for indices larger than INT_MAX)

C real subset Input 26a =
double *subset,
C subset range Input 25e

Fragment referenced in 88b, 89a, 94ab, 97bc, 101a, 102a, 104d, 105a, 108d, 109a, 112d, 113a, 116d, 117a.

Defines: subset 3b, 4, 5ab, 6, 8, 15ab, 17, 19, 25cf, 30ab, 31, 32b, 33ab, 35c, 36, 39b, 40a, 42b, 43, 75d, 79ac, 81a, 82ac,
83b, 84b, 85b, 86ac, 87b, 88a, 91b, 93ab, 99b, 100b, 101c, 102c, 103b, 104a, 107b, 108a, 111a, 112a, 115a, 116a,
119b, 120a, 122a, 123a, 124abc, 125a, 160bd.

Blocks block;,i =1,..., N

R block Input 26b =
SEXP block

Fragment referenced in 29b, 38c, 46a, 114b, 119ac, 121, 122a.
Defines: block 3b, 4, 5a, 6, 8, 15ab, 17, 19, 26d, 30abc, 33ab, 35c, 36, 39b, 40ab, 46b, 115a, 116a, 118a, 119b, 120a, 121,
122a, 140d, 160bd.

at B levels

C integer B Input 26c =
int B

Fragment referenced in 26d, 31, 145b, 146.
Defines: B 30bc, 31, 32a, 33a, 36, 40ab, 41b, 44, 45, 47, 48b, 68, 69, 72, 115a, 116a, 118a, 128abc, 129ab, 130a, 142d, 144,
145b, 146.

are stored as a factor

C integer block Input 26d =
int *block,
C integer B Input 26¢c ,

Fragment referenced in 116b.
Defines: block 3b, 4, 5a, 6, 8, 15ab, 17, 19, 26b, 30abc, 33ab, 35¢c, 36, 39b, 40ab, 46b, 115a, 116a, 118a, 119b, 120a, 121,
122a, 140d, 160bd.

The tabulation of block (potentially in subsets) is

R blockTable Input 26e =
SEXP blockTable

Fragment referenced in 119c, 121, 122a.
Defines: blockTable 36, 119b, 120a, 121, 122a.

26























































































































































































































































































































































































R Header 151a =
Hit Copyright (C) 2016-2026 Torsten Hothorn
HHH
H# This file is part of the "libcoin® R add-on package.
HHH#
Hitt "libcoin® is free software: you can redistribute it and/or modify
H#H it under the terms of the GNU General Public License as published by
i the Free Software Foundation, version 2.
#HitH
H#HiHt "libcoin® is distributed in the hope that it will be useful,
HiH but WITHOUT ANY WARRANTY; without even the implied warranty of
HitH MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
H#H GNU General Public License for more details.
HH
Hit You should have received a copy of the GNU General Public License
H#H along with "libcoin®. If not, see <http://www.gnu.org/licenses/>.
HHH
HitH
HitH DO NOT EDIT THIS FILE
HHH
Hitt Edit "libcoin.w® and run "nuweb -r libcoin.w®

Fragment referenced in 3a, 15b, 147abc, 148a, 158ab, 159bc.

Rd Header 151b =
%%Y% Copyright (C) 2016-2026 Torsten Hothorn
%%%
%%% This file is part of the "libcoin® R add-on package.
%%%
%%% "libcoin® is free software: you can redistribute it and/or modify
%%% it under the terms of the GNU General Public License as published by
%%Y% the Free Software Foundation, version 2.
%%%
%%Y% "libcoin® is distributed in the hope that it will be useful,
%%Y% but WITHOUT ANY WARRANTY; without even the implied warranty of
%%% MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
%%% GNU General Public License for more details.
%%%
%%9% You should have received a copy of the GNU General Public License
%%Y% along with "libcoin®. If not, see <http://www.gnu.org/licenses/>.
%%%
%%%
%%% DO NOT EDIT THIS FILE
%%%
%%% Edit "libcoin.w® and run "nuweb -r libcoin.w"

Fragment referenced in 17, 18, 19, 152c, 153a, 159a.

151
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