N

N

The selfnegadual properties of generalised quadratic
Boolean functions
Lars Eirik Danielsen, Matthew G. Parker

» To cite this version:

Lars Eirik Danielsen, Matthew G. Parker. The selfnegadual properties of generalised quadratic
Boolean functions. WCC 2011 - Workshop on coding and cryptography, Apr 2011, Paris, France.
pp-361-370. inria-00614437

HAL 1d: inria-00614437
https://inria.hal.science/inria-00614437

Submitted on 11 Aug 2011

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://inria.hal.science/inria-00614437
https://hal.archives-ouvertes.fr

The selfnegadual properties of generalised
quadratic Boolean functions

Lars Eirik Danielsen and Matthew G. Parker

The Selmer Center, Department of Informatics, University of Bergen, PB 7800,
N-5020 Bergen, Norway,
larsed@ii.uib.no, matthew@ii.uib.no

Abstract. We define and characterise selfnegadual generalised quadra-
tic Boolean functions by establishing a link, both to the multiplicative
order of symmetric binary matrices, and also to the Hermitian self-dual
F4-linear codes. This facilitates a novel way to classify Hermitian self-
dual [F4-linear codes.
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1 Introduction

In this paper an n-variable generalised quadratic Boolean function refers to a
function in ZRM(2,n) (the quaternary Reed-Muller code). To be explicit, if
f :F3 — Z4 is of the form:

f(il?) = 2(2 ajkxjilik) + 2(2 bjl‘j + C) + Zajj:cj + d (1)

J<k J

where aji,a;5,b;,c,d € Fo, then it is a function in ZRM(2,n). We consider f
and its phase representation, i/, where i> = —1, and i/ = (i/(®)), k € Fy, is
interpreted as a column vector of 2" elements. When a;; = d = 0, Vj, then f
is a quadratic Boolean function. We consider a map from f to an n x n binary
symmetric matrix, Ay = (a;;), where the off-diagonal part refers to Boolean
quadratic terms, the diagonal part refers to Zj-linear terms, and the binary
linear coefficients, b;, together with the constant term, c, is called the binary
affine offset, and is ignored for the map to a matrix. To simplify notation, and
without loss of generality, we assume, throughout this paper, that ¢ =d = 0.
Recent papers [4, 7] have classified and constructed Boolean functions that
are selfdual, i.e. their phase representations are eigenvectors of the Walsh-Ha-
damard transform - such functions are therefore bent. Another direction is to
classify and construct Boolean functions that are negabent or bent-negabent (both
bent and negabent) [13, 14]. We show that a function in ZRM(2,n) can never be
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both selfdual and negabent. Let a function be called selfnegadual if its phase rep-
resentation is an eigenvector of the negaHadamard transform - such functions are
therefore negabent and it turns out that they are also bent. We show that there
are no quadratic selfnegadual Boolean functions, but that there are selfnegadual
functions in ZRM(2,n). So, in this paper, we answer the following question:

Question 1. Which functions in ZRM(2,n) are selfnegadual?

The main result of this paper is to characterise those functions in ZRM(2, n)
that are selfnegadual.

We came at this problem from an unusual direction. Our initial question
was in the context of the study of multiplicative orders of symmetric binary
matrices. Let A be such a matrix, and let it have order p if AP = I, the identity,
and A7 # I, for 1 < j < p. We say that ord(A) = p, where A can only have an
order if A has maximum rank. If f € ZRM(2, n) is selfdual, then ord(Ay) = 2 [4].
If f is negabent then Ay + I has maximum rank [13]. However, if ord(Ay) = 2
then Ay + I cannot have maximum rank. This motivates the question:

Question 2. For which nxn symmetric binary matrices, A, is ord(A)
and ord(A+ 1) jointly minimised to 37

An n x n symmetric binary matrix, A, represents an n-vertex undirected
graph with possible loops. For w primitive in Fy, the rowspace of matrix A +
wl is a Hermitian selfdual F4-additive code of blocklength n. The graphical
interpretation has been used to aid in classifying all selfdual F4-additive codes
up to blocklength 12 [6]. A small subset of these matrices, A + wl, generate
selfdual F4-additive codes that are also selfdual F-linear of blocklength n - all
selfdual F4-linear codes can be represented in this way. So we have the question:

Question 3. For which n X n symmetric binary matrices, A, is the
F4-additive code generated by A+ wl also Fy-linear?

Question 3 has been characterised by Van den Nest [15]. Our contribution
is to show that questions 2 and 3 are the same question, and also the same as
question 1 to within a binary affine offset.

In section 2 we characterise dualities of functions with respect to Walsh-
Hadamard and negaHadamard transforms. In section 3 we look at orders of
symmetric binary matrices, show how they relate to dualities of a function, and
show that order is preserved by action of the orthogonal group. In section 4
we show how selfduality and selfnegaduality relate to linear selfdual codes over
Fy and F4, respectively, and also, by interpreting the symmetric matrix as an
undirected graph, show how a modified form of local complementation [2] on the
graph preserves selfnegaduality. In section 5 we use graphical interpretation, and
orthogonal equivalence, to classify all Hermitian selfdual F4-linear codes up to
n = 18.
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2 Bentness and selfdualities of functions - definitions
Let f : F} — Z4 be in ZRM(2,n). Let H = %
matrix, and let N = % (i _:;), i? = —1, be the 2 x 2 negaHadamard matrix.
Let ‘®’ indicate the tensor product of matrices.

(i _i) be the 2 x 2 Hadamard

We summarise, in table 1, the dualities that we discuss in this paper, where
s,r,r’" € FY and w(zx) is the Hamming weight of . For brevity, except in the case
of selfdual and selfnegadual, we do not make explicit the global multiplicative
constants or eigenvalues in these expressions, using symbols o and o’ to indicate
arbitrary constants that need only satisfy |a| = |&/| = 1. In [4] the cases of
a =1 and o = —1 were used to distinguish between selfdual and anti-selfdual,
respectively, but we refer, here to the union of these two simply as selfdual. For
selfnegadual, observe that N3 = e™/4]. For some eigenvalue, o, and eigenvector,
v, of N®" we have N¥"y = awv. Therefore (N®")3v = a?v = ¢"™/4y. Therefore
a € {et8R)™/12 1 — (1,2}, Choosing f from ZRM(2,n) and selfnegadual
restricts o to the alphabet {e/7/4}, for some integer, h. Theorem 2 and lemma
11 will show that, for such an f, then n must be even. It then follows, uniquely,
that a = e~ ™im/4,

Table 1. Spectral dualities

Property of f € ZRM(2,n)| equation satisfied by f

bent ’Lf = aH®"f

negabent if = aN®f

selfdual if = 1 gen;t

selfnegadual if = e~ mim/A O, f

P-dual Z‘f(z) — aH@n,L-f(ac+s)+r<z
— o HOif @)+

P-negadual i@ — o N®fats)tra
— o/ N®njf @)

If f is bent then its dual, f, is also bent. But if f is negabent, then its dual, f,
is only negabent if f is also bent. A selfdual function is bent and a selfnegadual
function is bent-negabent, where bentness of the selfnegadual function follows
because H®"if (@) = gnin/4 gon N@nif(e) — gnin/4;f(@)+3; 2

Selfdual and selfnegadual are special cases of P-dual and P-negadual, re-
spectively. If f — f or f — f are binary affine then f is P-dual or P-negadual,
respectively.

3 Matrix orders and function dualities

We wish to characterise the n X n binary symmetric matrices, A, such that both
ord(A) and ord(A+1) are as small as possible. We call A a (p, ¢)-matrix if A has
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order p and A+ I has order ¢, where p or q equals ‘=’ if A or A+ I, respectively,
does not have maximum rank. Trivially, if ord(A) = 1, then A =T and A+ T
cannot have maximum rank, in which case A is a (1, —)-matrix. Likewise, if
ord(A) = 2 then A+ I cannot have maximum rank, as (A+1)? = A2+1 =0, in
which case A is a (2, —)-matrix. So our first candidate of interest is for A to be a
(3,3)-matrix and, indeed, such symmetric binary matrices do exist. After some
preliminary lemmas, we present, by considering the conditions on f € ZRM(2,n)
for selfduality and selfnegaduality, two theorems for (2, —) matrices (theorem 1),
and (3,3) matrices (theorem 2), respectively.

Let X = ((1) (1)) and Z = ((1) 7?). The following lemma is easily verified.

Lemma 1.
HX =Z7H, HZ =XH,
NX =iZXN, NZ = XN.

For r € F%, U a 2 x 2 matrix, U’ = I, the identity, and U' = U, let
U, = ®O<j<n U™, be a 2™ x 2™ matrix constructed using the tensor product.

Lemma 2. For f bent,

H®nif(m+r) — aif(at)+2r-$.

Proof. By lemma 1 and table 1,

@) — enx i@
— 2. HEI @) = a7 @) — gif@tere,

Lemma 3. For f negabent,

N®nif(a;+r) — aif(x+r)+2rw+w(r)’

and

f@+r)

N®nz~f(w)+27'w = od )

Proof. By lemma 1 and table 1,

Nenif@+r) = Nonx, if(@)
— w7z X, NOnif @) — o7 X,if@+wr) = gif(@tr)+2ratw(r)

For the second part,

NOn;f(x)+2ra _ N®an,L'f(:c) _ X,«N®nif(z) _ aXTZ-f(ac) _ aif(err).
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Lemma 4. For f € ZRM(2,n), and for any r € Fy, r # 0,

fla+71) = flz)+ 2457 -+ f(r).

Proof. To within a constant, f(z) = 2¢(z) +2b-x + [ - x, where ¢ is a
homogeneous quadratic, and b, € Fy. Then 2¢(x +1r) = 2(q(z) + Agr-x+¢q(r)),
2b-(x+r)=2b-x+2b-r,andl-(x+7r)=10-2+2l-r -z +1-r. Therefore
fle+r)=2q¢(x+7r)+2b-(z+r)+1-(x+7)=(2q(x) +2b-z+1-x)+2(A,r +
l-r)-z4+ (2q(r) +2b-r+1-7). Observe that A;r = Agr+1-r. O

Theorem 1. If f is selfdual or anti-selfdual then Ay is a (2,—)-matriz, and
f(r) = —f(Ayr), Vr € Fy, r # 0. Conversely, if Ay is a (2,—)-matriz, then
Aj = Ay, i.e. fis P-dual, and f(r) = —f(Ayr), Vr € F3, r # 0.

Proof. Using table 1, lemmas 2 and 4,

H®n2-f(ac+r) — H®nif(m)+2Afr~x+f(r) — aif(m)+2r-m.

Similarly,

H®nif(m+Afr) — H®nif(x)+2A?r~w+f(Afr) f(m)+2Afr-x.

=al
Then, as H®" is self-inverse,
i @+2ra= () _ if @+2A3ra+f(Ayr)
from which A? =1 and f(r) = —f(Ayr). For the converse, we have that
FOnif(atr) _ gonf(@)+2Ara+f(r) _ Oﬂ-f(m)+2r-:v’

and
H®nif(m+Afr) — H@?’Lif(I)JrQAfAf?T'ZI?“’f(AfT‘) _ aif(:c)JrZAfrm.

Combining gives

@ t2ra—fr) _ jf@+245Apratf(Asr)

O

Theorem 2. If f is selfnegadual then Ay is a (3,3)-matriz, and f(Asr) = w(r),
vr € Fy, r # 0. Conversely, if Ay is a (3,3)-matriz then A; = Ay, f is P-

negadual, and f(Asr) = f(r) — f(r) +w(r), Vr € F5, r #0.
Proof. Using table 1, lemmas 3 and 4,

N®nif(ac)+2Afr~x flz+Apr) — Od-f(av)—‘,-QA?f7"~ac+f(Afr)7

=t
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and
N®nif(m+r) — aif(m+r)+2r-:c+w(7‘) — aif(m)+2(Af+1)r-x+f(r)+w(r).

But, by lemma 4, we can equate these equations and the first part of the theorem
follows. For the second part we obtain, in a similar fashion,

I @245 Apratf(Am) I _ if @+2(A+Dratf(n+w(r)
leading to Ay +1 = AyA; and f(Azr) = f(r) — f(r) +w(r). The argument is
completed by constraining ord(As) = 3, and Ay + I to be of maximum rank, in
which case Ay is a (3,3) matrix and A? +A;+1=0. O

Before continuing, we summarise function dualities of f in terms of the as-
sociated orders of Ay.

property of: || f |f f f+20mf
bent|negabent|P-dual |P-dual P-negadual

ord(Ay) v |- 2 - 3

ord(A;+1)||— |V — 2 3

Remarks: The condition in the proof of theorem 2 that A 4+ I has maximum
rank is important, as both (3,—) and (—,3) matrices exist. For A of order 3,
(A3 +1)= (A2 + A+ I)(A+ 1), and the condition that (A + I) has maximum
rank is equivalent to the condition that A% + A + I = 0. In the full paper
we discuss the binary offsets, b in (1), required to make a P-dual or P-negadual
function, f, selfdual or selfnegadual, respectively, for Ay a (2, —) or (3, 3) matrix,
respectively. For Ay a given (2, —) matrix the set of valid b vectors is of size the
binary eigenspace of Ay but, for Ay a given (3, 3) matrix, there is only one valid
b vector, as follows from condition f(Asr) = w(r), Vr # 0, in theorem 2.

Lemma 5. [1,11] An invertible binary symmetric matriz can be factored in the
form MMT iff it has at least one nonzero term on the main diagonal.

If f € ZRM(2,n) is such that A, has zero diagonal, then f is a quadratic
Boolean function.

Lemma 6. If f is a bent quadratic Boolean function, then Ay has even order.

ptl
Proof. If Ay has odd order, p, then we can write Ay = B?, where B = A;Q .
But, B is symmetric as Ay is symmetric so Ay = BBT which, by lemma 5, is
impossible as Ay has no ones on its diagonal. O

Lemma 7. There are no selfnegadual quadratic Boolean functions.

Proof. By theorem 2, A has order 3 if f € ZRM(2,n) is selfnegadual. There-
fore, by lemma 6, f cannot be a quadratic Boolean function. O
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Remark: The result of lemma 7 can also be deduced from the thesis of Van
den Nest [15], in the context of Fy-additive and Fy-linear codes.

We identify an action which preserves the (p,q) property of a matrix. An
orthogonal matrix, U, satisfies UUT = I. The set of n x n binary orthogonal
matrices forms a group, O,,, under multiplication.

Lemma 8. For A a symmetric n x n matriz, and U € O,,, then UAUT is a
(p, q)-matriz iff A is a (p, q)-matriz.

Proof. We have that (UAUT)? = UAPUT = 1. For 0 < j < p, we need to
show that UATUT # I. But if UAJUT = I then UA’ is the matrix inverse of
UT, and there is only one inverse of U”, namely U, so U7 = I and UAIUT # I.
The same argument holds if we replace A by A + I, and p by ¢g. Moreover,
if Ay or Ay + I are not of maximum rank, then neither are their orthogonal
transformations, so non-order is also preserved by the action of O,,. O

Corollary 1. (oflemma 8) ForU € O,, and f(x) € ZRM(2,n), and by theorems
1 and 2, if f(x) is selfdual then so is f(Ux) and, if f(x) is selfnegadual then so
is f(Ux).

4 Graphs and code dualities

Let A be an n x n symmetric binary matrix. Then A can be used to generate
codes, and can also be interpreted as an adjacency matrix for an undirected
graph, where the graph of A has loops if its diagonal is non-zero. The next
lemma is well-known.

Lemma 9. If A has zero diagonal, and if A2 = I then the linear space generated
by the rows of A+1 is a self-orthogonal binary linear code of dimension rank(A+
I). In particular, if A is the adjacency matriz for a bipartite graph with equal-size
partitions, then A+ I generates a selfdual binary linear code.

Proof. The rows of A are pairwise orthogonal as A% = I. Therefore the rows
of A+ I are pairwise orthogonal as A is symmetric. The linear space generated
by A + I is self-orthogonal because (A + I)(A + I)T = 0. For the last part,

A= (F?T g), P square, so A + I spans a self-dual code. O

An additive code over Fy = {0,1,w,@ = w + 1} of length n is a Fy-linear
subgroup of F}. We define the dual of the code C with respect to the trace inner
product as C+ = {u € F} | 31 (wi&; + U;c;) = 0 for all ¢ € C}, and say that
it is selfdual if C = C*+. A linear code over F, which is selfdual with respect
to the Hermitian inner product, i.e., u - v, is also selfdual additive with respect
to the trace inner product. However, most selfdual additive codes are not [F-
linear. Two selfdual additive codes over 4 are equivalent if we can obtain one
from the other by permuting, scaling, and conjugating coordinates. Equivalence
of selfdual linear codes is defined similarly, with the exception that conjugating
single coordinates is not permitted.
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It is known [15] that any selfdual additive code has a standard form n x n
generator matrix of the form A + wl, where I is the identity matrix and A is a
binary symmetric matrix. It is also known [15] that two codes are equivalent iff
the corresponding graphs are related via local complementation (LC) [2]. Given
a generator matrix of standard form, conjugating a coordinate is equivalent
to complementing a diagonal element in A. Hence, for selfdual additive codes
considered up to equivalence, this diagonal can always be set to zero. For selfdual
linear codes (represented by overdefined n X n generator matrices), the diagonal
is of importance and can in fact never be zero.

Lemma 10. [15] For A and B symmelric, a Hermitian selfdual F4-additive
code, generated by A+ wB, is Fy-linear iff AAT + BBT + ABT = 0. Moreover,
if B =1, this condition reduces to A2+ A+ 1 =0.

Corollary 2. A+ wl is the codespace of a Hermitian selfdual F4-linear code iff
A is a (3,3) matriz.

Proof. Follows from lemma 10 as the condition A% + A 4+ I = 0 immediately
implies that both A and A + I have order 3. (|

Let G 4 be the n-vertex graph of A with an edge between 7 and j iff a;; =1,
and a loop at vertex j iff a;; = 1.

Lemma 11. If A is a (3,3) matriz, then all vertices of G4 have odd degree,
disregarding loops. In such a case, n, the number of vertices, must be even.

Proof. Since A is a (3,3) function, A2 = A + I. Hence the diagonal entries
in A% must be the complements of the diagonal entries of A. This criterion is
satisfied iff there is an odd number of 1s among the off-diagonal entries in each
row of A. The number of edges of a graph equals the sum of the vertex degrees
divided by 2. But, if all vertex degrees are odd, then n must be even. O
Remark: It is also a well-known fact that all codewords of selfdual Fy-linear
codes have even weight, which amounts to the same thing.

It is known [6] that local complementation (LC) acting on G 4, where loops are
ignored, preserves, to within equivalence, the F, additive selfdual code generated
by A+ wl. However, for those additive codes that are also linear codes, one has
to modify local complementation to take account of loops, so that the additive
code remains linear after local complementation. We first describe this modified
form of local complementation (LC*) and then prove that it preserves linearity
of the Fy codespace. Let Nj C {0,1,...,n — 1} be the set of vertices that are
neighbours to vertex j in G 4 (not including j itself). Let LC* at vertex j of G4
produce the graph G a:.

Modified local complementation (LC¥*):
LC* on G4 at vertex j is realised by
al, =ay,; =ar+1  i,keN,
al, = ap,; = ax otherwise.
a;i:a“——kl ZG]U./\/],
al, = ag otherwise.
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Lemma 12. Let G4 be the graph resulting from LC* on G 5 at some vertex. If
A is a (3,3)-matriz, then A’ is also a (3,3)-matrizx.

Proof. Let LC* act on G4 at vertex j. Let D = (d;;) and V = (v;x) be
n X n binary matrices such that d;; = 1 and d;; = 0 otherwise, and vy, = 1,
Vi, k € Nj,i # k, and v;, = 0 otherwise. Then, by the LC* rule, one can see that
A= A+D+V. A is a (3,3)-matrix iff A”? = A’ + 1. But A? = (A+D+V)? =
(A2 + D*+V?) + (AD 4+ DA) + (AV + VA) + (DV + VD). But A> = A+ 1
as A is a (3,3)-matrix. Moreover it is easily verified that D? = D. Using lemma
11, V2=V, and AD + DA = AV + VA. D and V are row/column disjoint, so
DV +VD = 0. Therefore, A=A+ 1+ D+ V = A’ + I, as required. O

The modified local complementation proposed in [3] differs crucially from
ours - when doing a local complementation at vertex j, they do not flip the
diagonal at j, whereas we do.

5 Code classification

Selfdual linear codes over Fy have been classified up to length 16 [5,12]. As a
consequence of lemma 10 and corollary 2, we can use the correspondence to (3,3)
matrices to devise a new algorithm and classify codes of length 18. During the
process of extending the result to length 20, we became aware that codes of length
18 and 20 have already been classified independently in two preprints recently
made available online [8,9]. However, we still give an overview of our approach,
since it gives different theoretical insights and highlights the connection between
selfdual codes and selfnegadual Boolean functions.

Table 2. Number of selfdual linear codes over Fy of length n [5,8,9,12]

10 12 14 16 18 20
5 10 21 55 245 3427

n 2 4 6 8
11 2 3

Conjecture 1. Given two n X n (3,3) matrices A and A’, there always exists an
orthogonal matrix U € O,, such that A’ = UAUT.

By our classification, we verify this conjecture numerically for n < 18. Also
note that it has been shown by Janusz [10] that all selfdual binary codes of
length n are equivalent under the action of O,. It is known [10] that O, is
generated by all matrices of the form PM, where P is a permutation matrix

0 Is+Jy
representative for selfdual Fy-linear codes of length 2n, we choose the matrix
C =(%1)®1I,. Starting from C, we then apply orthogonal transforms until one
representative from each equivalence class has been found. (Which is verified
by checking the mass formula [12].) In practice, we achieve this by generat-
ing C" = (PM)C(PM)T for all the (}) non-trivial permutations P. C” is then

and M = (I”*‘* 0 ), where J, is the 4 x 4 all-one matrix. As a canonical
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treated as a graph with loops and checked for isomorphism against all previously
seen graphs. If C’ is new, the corresponding code is output, and the complete
LC*-orbit of C’, using modified local complementation, is generated and stored.
(This is not strictly necessary, but speeds up the algorithm, since LC*-operations
are faster than orthogonal transforms.) We proceed recursively, generating ma-
trices (PM)C'(PM)T, and so on, until all codes are found. With this algorithm,
classifying all codes of length n < 18 was achieved in about two hours of CPU
time on a standard desktop computer.

References

1. Albert, A.A.: Symmetric and alternating matrices in an arbitrary field. AMS
Trans. 43 (1938) 386-436

2. Bouchet, A.: Graphic presentations of isotropic systems. J. Combin. Theory Ser.
B 45(1) (1988) 58-76

3. Brijder, R., Hoogeboom J.H.: Pivot and Loop Complementation on Graphs and
Set Systems. Theory and applications of models of computation, Lecture Notes in
Computer Science, LNCS 6108 (2010) 151-162

4. Carlet, C., Danielsen, L.E., Parker, M.G., Solé, P.: Self-dual bent functions. Int.
J. Inform. and Coding Theory 1(4) (2010) 384-399

5. Conway, J.H., Pless, V., Sloane, N.J.A.: Self-dual codes over GF(3) and GF(4) of
length not exceeding 16. IEEE Trans. Inform. Theory 25(3) (1979) 312-322

6. Danielsen, L.E.; Parker, M.G.: On the classification of all self-dual additive codes
over GF(4) of length up to 12. Journal of Combinatorial Theory, Series A, 113(7)
Oct. (2006) 1351-1367

7. Danielsen, L.E., Parker, M.G., Solé, P.: The Rayleigh quotient of bent functions.
12th IMA International Conference on Cryptography and Coding, 15-17 Dec. 2009,
Cirencester, UK, Lecture Notes in Computer Science, LNCS 5921 (2009) 418-432

8. Harada, M., Lam, C., Munemasa, A., Tonchev, V.D.: Classification of generalized
Hadamard matrices H(6,3) and quaternary Hermitian self-dual codes of length 18.
arXiv:1007.2555 (2010)

9. Harada, M., Munemasa, A.: Classification of quaternary Hermitian self-dual codes
of length 20. arXiv:1012.0898 (2010)

10. Janusz, G.J.: Parametrization of self-dual codes by orthogonal matrices. Finite
Fields Appl. 13(3) (2007) 450491

11. MacWilliams, J.: Orthogonal Matrices Over Finite Fields. The American Mathe-
matical Monthly. 76(2) (1969) 152-164

12. MacWilliams, F.J., Odlyzko, A.M., Sloane, N.J.A., Ward, H.N.: Self-dual codes
over GF(4). J. Combin. Theory Ser. A 25(3) (1978) 288-318

13. Parker, M.G., Pott, A.: On Boolean functions which are bent and negabent. S.W.
Golomb, G. Gong, T. Helleseth and H.Y. Song, (Eds.), Sequences, Subsequences,
and Consequences, International Workshop, SSC 2007, Los Angeles, CA, USA,
May 31 — June 2, 2007, Lecture Notes in Computer Science, LNCS 4893 (2007)

14. Schmidt, K-U., Parker, M.G., Pott, A.: Negabent Functions in the Maiorana-
McFarland Class. Sequences and Their Applications - SETA 2008, University of
Kentucky, Lexington, KY, Lecture Notes in Computer Science, LNCS 5203 Sept.
(2008) 14-18

15. Van den Nest, M.: Local Equivalence of Stabilizer States and Codes. PhD thesis,
K. U. Leuven, Belgium (May 2005)



