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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

(Yi, Xi, wi, blocki), i = 1, . . . , N.

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

H0 : D(Y | X) = D(Y)

against arbitrary alternatives. Strasser and Weber (1999) suggest to derive scalar test statistics for testing
H0 from multivariate linear statistics of a specific linear form. Let A ⊆ {1, . . . , N} denote some subset
of the observation numbers and consider the linear statistic

T(A) = vec

(

∑

i∈A

wig(Xi)h(Yi, {Yi | i ∈ A})>

)

∈ R
P Q. (1.1)

Here, g : X → R
P is a transformation of X known as the regression function and h : Y × Yn → R

Q is a
transformation of Y known as the influence function, where the latter may depend on Yi for i ∈ A in a
permutation symmetric way. We will give specific examples on how to choose g and h later on.

With xi = g(Xi) ∈ R
P and yi = h(Yi, {Yi, i ∈ A}) ∈ R

Q we write

T(A) = vec

(

∑

i∈A

wixiy
>
i

)

∈ R
P Q. (1.2)

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

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 Xi, i ∈ A and conditioning on all possible permutations S(A) of the responses Yi, i ∈ A. This
principle leads to test procedures known as permutation tests. The conditional expectation µ(A) ∈ R

P Q

and covariance Σ(A) ∈ R
P Q×P Q of T under H0 given all permutations σ ∈ S(A) of the responses are

derived by Strasser and Weber (1999):

µ(A) = E(T(A) | S(A)) = vec

((

∑

i∈A

wixi

)

E(h | S(A))>

)

,

Σ(A) = V(T(A) | S(A))

=
w•

w•(A) − 1
V(h | S(A)) ⊗

(

∑

i∈A

wixi ⊗ wix
>
i

)

(1.3)

−
1

w•(A) − 1
V(h | S(A)) ⊗

(

∑

i∈A

wixi

)

⊗

(

∑

i∈A

wixi

)>

1





Chapter 2

R Code

2.1 R User Interface
"libcoin.R" 3a≡

〈 R Header 154a 〉
〈 LinStatExpCov 4 〉
〈 LinStatExpCov1d 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 = sqrt(.Machine$double.eps))�

Fragment referenced in 4, 17.

Uses: block 26f, 27b, subset 26ade, weights 25b.
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> set.seed(29)

> ls1s <- LinStatExpCov(X = as.double(1:5)[x], Y = matrix(c(y, y), ncol = 2),

+ nresample = 10, standardise = TRUE)

> ls1c <- lmult(1:5, ls1d)

> stopifnot(isequal(ls1c, ls1s))

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 26f, 27b, subset 26ade, weights 25b.

"ctabs.R" 15b≡

〈 R Header 154a 〉
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, iy, weights, subset)

else

.Call(R_ThreeTableSums, ix, iy, block, weights, subset)

}

�

Uses: block 26f, 27b, N 23bc, R_OneTableSums 111a, R_ThreeTableSums 119b, R_TwoTableSums 115a, subset 26ade,

weights 25b, weights, 25cd.

> t1 <- ctabs(ix = ix, iy = iy)

> t2 <- xtabs(~ ix + iy)

> max(abs(t1[-1, -1] - t2))

[1] 0
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〈 Function Definitions 23a 〉 ≡

〈 MoreUtils 130a 〉
〈 Memory 141a 〉
〈 P-Values 64b 〉
〈 KronSums 93b 〉
〈 colSums 106a 〉
〈 SimpleSums 89b 〉
〈 Tables 110a 〉
〈 Utils 123a 〉
〈 LinearStatistics 77b 〉
〈 Permutations 127b 〉
〈 ExpectationCovariances 78a 〉
〈 Test Statistics 57a 〉
〈 User Interface 30a 〉
〈 2d User Interface 39b 〉
〈 Tests 50a 〉
�

Fragment referenced in 22c.

3.2 Variables

N is the number of observations

〈 R N Input 23b 〉 ≡

SEXP N,

�

Fragment referenced in 89c.

Defines: N 5ab, 6, 8, 15b, 23c, 33ab, 34ab, 35abcd, 37, 41a, 67, 77d, 81ac, 83a, 84ac, 85b, 87a, 88abc, 90a, 91a, 93a, 94b,

96b, 97a, 99, 101b, 102b, 103b, 104c, 105c, 106c, 107b, 109b, 111a, 112a, 115a, 116a, 119b, 120b, 123c, 124b, 125ab,

126a, 127a, 135a.

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

〈 C integer N Input 23c 〉 ≡

R_xlen_t N

�

Fragment referenced in 24bc, 32, 37, 41a, 77c, 81ab, 83ab, 84c, 85a, 87ab, 90b, 91b, 92abc, 94b, 95c, 102b, 103a, 106c,

111a, 115a, 119b, 123c, 124a, 125ab, 126b.

Defines: N 5ab, 6, 8, 15b, 23b, 33ab, 34ab, 35abcd, 37, 41a, 67, 77d, 81ac, 83a, 84ac, 85b, 87a, 88abc, 90a, 91a, 93a, 94b,

96b, 97a, 99, 101b, 102b, 103b, 104c, 105c, 106c, 107b, 109b, 111a, 112a, 115a, 116a, 119b, 120b, 123c, 124b, 125ab,

126a, 127a, 135a.

The regressors xi, i = 1, . . . , N

〈 R x Input 23d 〉 ≡

SEXP x,

�

Fragment referenced in 30b, 39c, 47a, 77c, 84b, 85a, 86, 87b, 94a, 95c, 102a, 103a, 106b, 110b, 114b, 119a.

Defines: x 8, 14, 17, 21a, 24bc, 30d, 31ab, 33ab, 35acd, 36c, 37, 40b, 41ab, 42a, 43b, 44, 47b, 48, 77d, 84c, 85b, 87a, 88a,

94b, 95b, 96b, 97a, 99, 101b, 102b, 103b, 104c, 105c, 106c, 107b, 109b, 111a, 112a, 114a, 115a, 116a, 118b, 119b,

120b, 122b, 130bc, 131a, 135ab, 136ab, 137, 138ab, 139, 140abc.

are either represented as a real matrix with N rows and P columns
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〈 C real subset Input 26e 〉 ≡

double *subset,

〈 C subset range Input 26c 〉
�

Fragment referenced in 91b, 92a, 97bc, 100bc, 104a, 105a, 108bc, 112d, 113a, 117ab, 121bc.

Defines: subset 3b, 4, 5ab, 6, 8, 15ab, 17, 19, 26ad, 30d, 31a, 32, 33b, 34ab, 36c, 37, 40b, 41a, 43b, 44, 77d, 81ac, 83a,

84ac, 85b, 87a, 88ab, 89a, 90a, 91a, 94b, 96b, 97a, 102b, 103b, 104c, 105c, 106c, 107b, 111a, 112a, 115a, 116a, 119b,

120b, 123c, 124b, 126a, 127a, 128ab, 129ab.

Blocks blocki, i = 1, . . . , N

〈 R block Input 26f 〉 ≡

SEXP block

�

Fragment referenced in 30b, 39c, 47a, 119a, 123b, 124a, 125b, 126a.

Defines: block 3b, 4, 5a, 6, 8, 15ab, 17, 19, 27b, 30d, 31ab, 34ab, 36c, 37, 40b, 41ab, 47b, 119b, 120b, 122b, 123c, 124b,

125b, 126a, 145a.

at B levels

〈 C integer B Input 27a 〉 ≡

int B

�

Fragment referenced in 27b, 32, 149b, 150.

Defines: B 31ab, 32, 33a, 34a, 37, 41ab, 42b, 45, 46, 48, 49b, 70, 71, 74, 119b, 120b, 122b, 132abc, 133ab, 134, 147a, 148,

149b, 150.

are stored as a factor

〈 C integer block Input 27b 〉 ≡

int *block,

〈 C integer B Input 27a 〉,
�

Fragment referenced in 120c.

Defines: block 3b, 4, 5a, 6, 8, 15ab, 17, 19, 26f, 30d, 31ab, 34ab, 36c, 37, 40b, 41ab, 47b, 119b, 120b, 122b, 123c, 124b,

125b, 126a, 145a.

The tabulation of block (potentially in subsets) is

〈 R blockTable Input 27c 〉 ≡

SEXP blockTable

�

Fragment referenced in 124a, 125b, 126a.

Defines: blockTable 37, 123c, 124b, 125b, 126a.

where the table is of length B + 1 and the first element counts the number of missing values (although
these are NOT allowed in block).
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+ b <- LSEC(Xfactor, y, ...)

+ d <- LinStatExpCov(X = integer(0), ix = ix, Y = iY2d, iy = iy, ...)

+ cmpr(a, b) && cmpr(d, b)

+ }

> stopifnot(

+ testit() && testit(weights = weights) &&

+ testit(subset = subset) && testit(weights = weights, subset = subset) &&

+ testit(block = block) && testit(weights = weights, block = block) &&

+ testit(subset = subset, block = block) &&

+ testit(weights = weights, subset = subset, block = block)

+ )

All three implementations give the same results.

3.3 Conventions

Functions starting with R_ are C functions callable via .Call() from R. That means they all return SEXP.
These functions allocate memory handled by R.

Functions starting with RC_ are C functions with SEXP or pointer arguments and possibly an SEXP

return value.
Functions starting with C_ are C functions with pointer arguments only and return a scalar or nothing.
Return values (arguments modified by a function) are named ans, sometimes with dimension (for

example: PQ_ans).

3.4 C User Interface

3.4.1 One-Dimensional Case (“1d”)

〈 User Interface 30a 〉 ≡

〈 RC_ExpectationCovarianceStatistic 32 〉
〈 R_ExpectationCovarianceStatistic 31a 〉
〈 R_PermutedLinearStatistic 37 〉
〈 R_StandardisePermutedLinearStatistic 39a 〉
�

Fragment referenced in 23a.

The data are given as xi and yi for i = 1, . . . , N , optionally with case weights, subset and blocks. The
latter three variables are ignored when specified as integer(0).

〈 User Interface Input 30b 〉 ≡

〈 R x Input 23d 〉
〈 R y Input 24d 〉
〈 R weights Input 25b 〉,
〈 R subset Input 26a 〉,
〈 R block Input 26f 〉,
�

Fragment referenced in 30c, 32, 36b.
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〈 R_StandardisePermutedLinearStatistic 39a 〉 ≡

〈 R_StandardisePermutedLinearStatistic Prototype 38b 〉
{

SEXP ans;

R_xlen_t nresample = C_get_nresample(LECV);

double *ls;

if (!nresample) return(R_NilValue);

int PQ = C_get_P(LECV) * C_get_Q(LECV);

PROTECT(ans = allocMatrix(REALSXP, PQ, nresample));

for (R_xlen_t np = 0; np < nresample; np++) {

ls = REAL(ans) + PQ * np;

/* copy first; standarisation is in place */

for (int p = 0; p < PQ; p++)

ls[p] = C_get_PermutedLinearStatistic(LECV)[p + PQ * np];

if (C_get_varonly(LECV)) {

C_standardise(PQ, ls, C_get_Expectation(LECV),

C_get_Variance(LECV), 1, C_get_tol(LECV));

} else {

C_standardise(PQ, ls, C_get_Expectation(LECV),

C_get_Covariance(LECV), 0, C_get_tol(LECV));

}

}

UNPROTECT(1);

return(ans);

}

�

Fragment referenced in 30a.

Uses: C_get_Covariance 143c, C_get_Expectation 143a, C_get_nresample 146b, C_get_P 141c,

C_get_PermutedLinearStatistic 146c, C_get_Q 142a, C_get_tol 146d, C_get_Variance 143b, C_get_varonly 142b,

C_standardise 64a, LECV 141b.

3.4.2 Two-Dimensional Case (“2d”)

〈 2d User Interface 39b 〉 ≡

〈 RC_ExpectationCovarianceStatistic_2d 45 〉
〈 R_ExpectationCovarianceStatistic_2d 41a 〉
〈 R_PermutedLinearStatistic_2d 48 〉
�

Fragment referenced in 23a.

〈 2d User Interface Input 39c 〉 ≡

〈 R x Input 23d 〉
SEXP ix,

〈 R y Input 24d 〉
SEXP iy,

〈 R weights Input 25b 〉,
〈 R subset Input 26a 〉,
〈 R block Input 26f 〉,
�

Fragment referenced in 40a, 45.
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3.10.3 Other Utils
〈 MoreUtils 130a 〉 ≡

〈 NROW 130b 〉
〈 NCOL 130c 〉
〈 NLEVELS 131a 〉
〈 C_kronecker 133b 〉
〈 R_kronecker 133a 〉
〈 C_kronecker_sym 134 〉
〈 C_KronSums_sym 135a 〉
〈 C_MPinv_sym 137 〉
〈 R_MPinv_sym 136b 〉
〈 R_unpack_sym 139 〉
〈 R_pack_sym 140c 〉
�

Fragment referenced in 23a.

〈 NROW 130b 〉 ≡

int NROW

(

SEXP x

) {

SEXP a;

a = getAttrib(x, R_DimSymbol);

if (a == R_NilValue) return(XLENGTH(x));

if (TYPEOF(a) == REALSXP)

return(REAL(a)[0]);

return(INTEGER(a)[0]);

}

�

Fragment referenced in 130a.

Defines: NROW 6, 8, 9ab, 14, 33a, 37, 43b, 44, 61b, 131a, 133a, 140c.

Uses: x 23d, 24bc.

〈 NCOL 130c 〉 ≡

int NCOL

(

SEXP x

) {

SEXP a;

a = getAttrib(x, R_DimSymbol);

if (a == R_NilValue) return(1);

if (TYPEOF(a) == REALSXP)

return(REAL(a)[1]);

return(INTEGER(a)[1]);

}

�

Fragment referenced in 130a.

Defines: NCOL 12, 31b, 41b, 61b, 81a, 83a, 94b, 102b, 106c, 123c, 133a.

Uses: x 23d, 24bc.
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3.11 Memory

〈 Memory 141a 〉 ≡

〈 C_get_P 141c 〉
〈 C_get_Q 142a 〉
〈 PP12 131b 〉
〈 mPQB 132a 〉
〈 C_get_varonly 142b 〉
〈 C_get_Xfactor 142c 〉
〈 C_get_LinearStatistic 142d 〉
〈 C_get_Expectation 143a 〉
〈 C_get_Variance 143b 〉
〈 C_get_Covariance 143c 〉
〈 C_get_ExpectationX 144a 〉
〈 C_get_ExpectationInfluence 144b 〉
〈 C_get_CovarianceInfluence 144c 〉
〈 C_get_VarianceInfluence 144d 〉
〈 C_get_TableBlock 145a 〉
〈 C_get_Sumweights 145b 〉
〈 C_get_Table 145c 〉
〈 C_get_dimTable 145d 〉
〈 C_get_B 146a 〉
〈 C_get_nresample 146b 〉
〈 C_get_PermutedLinearStatistic 146c 〉
〈 C_get_tol 146d 〉
〈 RC_init_LECV_1d 149b 〉
〈 RC_init_LECV_2d 150 〉
�

Fragment referenced in 23a.

〈 R LECV Input 141b 〉 ≡

SEXP LECV

�

Fragment referenced in 50b, 52b, 141c, 142abcd, 143abc, 144abcd, 145abcd, 146abcd.

Defines: LECV 38bc, 39a, 50c, 51, 52a, 53, 54, 55ab, 56, 69b, 71, 141c, 142abcd, 143abc, 144abcd, 145abcd, 146abcd.

〈 C_get_P 141c 〉 ≡

int C_get_P

(

〈 R LECV Input 141b 〉
) {

return(INTEGER(VECTOR_ELT(LECV, dim_SLOT))[0]);

}

�

Fragment referenced in 141a.

Defines: C_get_P 33a, 39a, 46, 52a, 56, 71, 143bc, 146b.

Uses: dim_SLOT 21b, LECV 141b.
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〈 R Header 154a 〉 ≡

### Copyright (C) 2017-2023 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

### the Free Software Foundation, version 2.

###

### 'libcoin' is distributed in the hope that it will be useful,

### 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.

###

### You should have received a copy of the GNU General Public License

### 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 3a, 15b, 151a.

〈 C Header 154b 〉 ≡

/*

Copyright (C) 2017-2023 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

the Free Software Foundation, version 2.

'libcoin' is distributed in the hope that it will be useful,

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.

You should have received a copy of the GNU General Public License

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 20a, 22ac, 30d, 152c.
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