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ABSTRACT. To resist Binary Decision Diagrams (BDD) based attacks, a
Boolean function should have a high BDD size. The hidden weighted bit func-
tion (HWBF), introduced by Bryant in 1991, seems to be the simplest function
with exponential BDD size. In [28], Wang et al. investigated the cryptographic
properties of the HWBF and found that it is a very good candidate for being
used in real ciphers. In this paper, we modify the HWBF and construct two
classes of functions with very good cryptographic properties (better than the
HWBEF). The new functions are balanced, with almost optimum algebraic de-
gree and satisfy the strict avalanche criterion. Their nonlinearity is higher than
that of the HWBF. We investigate their algebraic immunity, BDD size and their
resistance against fast algebraic attacks, which seem to be better than those of
the HWBF too. The new functions are simple, can be implemented efficiently,
have high BDD sizes and rather good cryptographic properties. Therefore,
they might be excellent candidates for constructions of real-life ciphers.

1. INTRODUCTION

To resist the main known attacks, Boolean functions used in real ciphers should
be balanced, with high algebraic degree, with high algebraic immunity, with high
nonlinearity and with good immunity to fast algebraic attacks. It would be better
if the function is non-normal and satisfies the strict avalanche criterion. Up to
now, many classes of Boolean functions with high algebraic immunity have been
introduced [4, 5, 6, 10, 11, 15, 16, 22, 23, 25, 26, 27, 30, 31, 32, 34]. However,
none of them can gather all the necessary criteria and be implemented efficiently.
Moreover, none of them took BDD-based attacks into consideration.

To resist BDD-based attacks, which were first introduced by Krause in 2002 [14],
a Boolean function should have a high BDD size. It is known that an n variable
symmetric Boolean function has a BDD size O(n?) [13], and therefore it is weak
against BDD-based attacks. The hidden weighted bit function (HWBF), proposed
by Bryant [1], looks like a symmetric function, but in fact, it has an exponential
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BDD size and its VLSI implementation has low area-time complexity [1]. In [13],
Knuth reproved Bryant’s theorem stating that the HWBF has a large BDD size,
regardless of how one reorders its variables. Therefore, the HWBF can resist BDD-
based attacks and could be implemented efficiently.

In [28], Wang et al. investigated the cryptographic properties of the HWBF
and found that it has overall very good cryptographic properties: balancedness,
optimum algebraic degree, strict avalanche criterion, good algebraic immunity, good
nonlinearity and good behavior against fast algebraic attacks. Since the HWBF has
a high BDD size and can be implemented very efficiently, it is a potential candidate
for the stream cipher construction.

In this paper, we modify the HWBF and construct two classes of functions with
very good cryptographic properties (better than those of the HWBF). The new
functions are balanced, with almost optimum algebraic degree and satisfying the
strict avalanche criterion. Their nonlinearity is higher than that of the HWBF.
We investigate their algebraic immunity, BDD size and their resistance against fast
algebraic attacks, which seem to be better than those of the HWBF too. The new
functions are simple, can be implemented efficiently, have high BDD sizes and rather
good cryptographic properties. Therefore, they might be excellent candidates for
stream ciphers constructions.

The paper is organized as follows. In Section 2, the necessary background is
established. We introduce a concatenation of two hidden weighted bit functions in
Section 3. In Section 4, we give the other concatenation of four functions. We end
in Section 5 with conclusions.

2. PRELIMINARIES

Let F% be the n-dimensional vector space over the finite field F3. We let B,, be
the set of all n-variable Boolean functions from F% into Fs.

Any Boolean function f € B, can be uniquely represented as a multivariate
polynomial in Fy[zq,...,z,], called the algebraic normal form (ANF)

f(xlvu'vl'n): Z GKHSCk.

KC{12,..n} keK

The algebraic degree of f is the number of variables in the highest order term with
nonzero coefficient and is denoted by deg(f).

A Boolean function is affine if there are no term of degree strictly greater than 1
in the ANF. The set of all affine functions is denoted by A,.

Let

1y ={z e F3|f(x) =1}, Oy ={z € F3|f(z) = 0},

be the support of a Boolean function f, and its complement function f + 1, respec-
tively. The cardinality of 1; is called the Hamming weight of f, and will be denoted
by wt(f). The Hamming distance between two functions f and g¢ is the Hamming
weight of f + g, and will be denoted by d(f,g). We say that an n-variable Boolean
function f is balanced if wt(f) = 271,

Let f € B,. The nonlinearity of f is the distance from the set of all n-variable
affine functions, that is,

nl(f) = mip d(/.g).

The nonlinearity of an n-variable Boolean function is bounded above by 271 —
27/2=1 " and a function is said to be bent if it achieves this bound. Clearly, bent
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functions exist only for even n and it is known that the algebraic degree of a bent
function is bounded above by % [2, 9, 24]. The r-order nonlinearity, denoted by
nl-(f), is the distance from the set of all n-variable functions of algebraic degrees
at most 7.

For any f € B,, a nonzero function g € B,, is called an annihilator of f if fg
(the function defined by fg(x) = f(x)g(x)) is null, and the algebraic immunity
of f, denoted by AZ(f), is the minimum value of d such that f or f + 1 admits an
annihilator of degree d [19]. It is known that the algebraic immunity of an n-variable
Boolean function is bounded above by [%] [8].

To resist algebraic attacks, a Boolean function f should have a high algebraic im-
munity, which implies that the nonlinearity of f is also not very low since, according
to Lobanov’s bound [17]

. 2,42%—2 (n Z— 1>'

i=0

To resist fast algebraic attacks, a high algebraic immunity is not sufficient. If we
can find g of low degree and h of algebraic degree not much larger than n/2 such
that fg = h, then f is considered to be weak against fast algebraic attacks [7, 12].
The higher order nonlinearities of a function with high (fast) algebraic immunity is
also not very low [2, 18, 21, 29].

The Walsh transform of a given function f € B, is the integer-valued function
over Fy defined by

Wi(w) = Y (-1t
zeFy

where w € FJ and w - z is an inner product, for instance, w - x = w1z + wax3 +
<oo 4+ wpTy. It is easy to see that a Boolean function f is balanced if and only if
W¢(0) = 0. Moreover, the nonlinearity of f can be determined by

1
() = 2 = 5 max W (@)
The autocorrelation function of f € B,, is defined by
Ct(a) = Z (—=1)f @+ (ata)

z€FY

Also, f satisfies the strict avalanche criterion if C't(a) = 0, for wt(a) =1 [33].

A truth table of order n is a binary string of length 2. A bead of order n is a
truth table S of order n that does not have the form aa for any string « of length
27~1. The beads of a Boolean function are the subtables of its truth table that
happens to be beads. The BDD size of a Boolean function f, denoted by B(f), is
the number of beads that f has. To resist BDD-based attacks, a Boolean function
should have a large BDD size, regardless of how one reorders its variables.

3. CONCATENATION OF TWO FUNCTIONS

Let a,b be integers. Define “B” as follows:

n if n|(a + b),
aBb = { a+0b (mod n) otherwise.

Lemma 3.1. If1 <d <n and (n,d) =1, then the set {1B(kxd) | k =1,2,...,n} =
{1,2,...,n}.
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Proof. Let G ={1,2,...,n}. Clearly, (G,H) is a cyclic group of order n with 1 as a
generator. Since (n,d)=1,d*x1=1H1H8.--H1 = d is also a generator, and the
result follows. O

Let h € B,, be the hidden weighted bit function. That is,

0 if z =0,
hix) = { Tyy(z) Otherwise.

It is known that h is balanced, with the optimum algebraic degree and satisfying
the strict avalanche criterion [28].
Let h(z1,...,2,) = h(S|n|(x)) = h(z|2|11,...,2 2 ), where

Sizy(@) = (1@ g5 ol 2))-

Let || denote the concatenation. We consider the function hy € B,,11 as a concate-
nation of two functions:

(1) P, @ngr) = h(z1, . z0) ||z, . 20).

In fact, we can construct a family of functions in the form of h(z)||h(S;(z)), where
1 <4 <n—1. These functions possess the similar cryptographic properties, and the
function has the best nonlinearity when i = [ % |. For that reason, we only consider
h(x)[|h(S| =z (x)) here. Moreover, if we take h(z) to be any balanced function with
optimum algebraic degree and some other good cryptographic properties, then some
of the following theorems (e.g. Theorem 3.2) still hold. In particular, we can take
h(z) to be the Carlet-Feng function. One can certainly ask about the cryptographic
properties of h(x)||h(S;(x)), for other functions h, and we leave this as an open
problem.

Theorem 3.2. The function hy € By11 (n > 3) defined by (1) is balanced and

n ifn=1,2,3 (mod 4),
deg(hl){ >n—1 ifn=0 (mod4).

Proof. Since h is balanced, then the concatenation of two balanced functions is also
a balanced function. Hence the first claim is proven.

Clearly, hi(z1,...,Znt1) = Tppr1(h(x1, ..o xn) + (21, .. 20)) + Az, ..o 20).
Therefore, deg(h1) > n — 1. We now prove that deg(h;) = n, for n = 1,2,3
(mod 4). That is, g = h(x1,...,%n) —l—ﬁ(xl, ..., Ty) is of degree n — 1. Let 1; =
{(bi1 + 1,bi2 + 1,..., by, +1),1 <i <2771} Then the coefficient of the monomial
1T+ Tp—1Tk41 -+ Ty, in the ANF of h equals (see e.g. [2, 9])

271,71

Zbik = Z|{1‘| wt(x):], aj‘jzl and xk:OH
i=1 j=1

_ S(?‘f) 52"—2_(2_3 (mod 2).

i7h

Case 1: n =2 (mod 4), n > 3.

Since Zfi;l by =2""2—-1=1 (mod 2) (if n > 3) and Zf:;l binyy =2""2 —
("%2) =0 (mod 2), the coefficient of the monomial z; - - - TaZnig: Ty inthe ANF
of g equals 1, and the result follows.

Case 2: n=1,3 (mod 4).
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Since deg(h) = n—1 and h contains the monomial xoxs - - - z,, if deg(g) < n—1,
then h(z1,...,2y) = h(S| =z (z)) also contains z2z3-- -y, and thus h(z1,...,z,)
contains the monomial @1 -+ @ n |12 |13 @pn. Since (n, 5] +1) =1, then by
Lemma 3.1, the ANF of A contains all the monomials of degree n — 1. That is,
Zfl;l bi; =1 (mod 2), for 1 < j < n. However, 212:;1 bin, = 2772 =0 (mod 2),
which is a contradiction and the result follows. O

Lemma 3.3. If f1, fo € B, satisfy the strict avalanche criterion and fi1+ f2 is a bal-
anced function, then the concatenation f = fi||fe also satisfies the strict avalanche
criterion.

Proof. We need to prove that f(z) + f(x + «) is balanced, for o = (a1,...,ant1),
wt(a) =1 and a =1, where 1 <k <n+1.

Case 1: ap, =1, for 1 <k <n. That is, a,+1 = 0.

Since fi and fs satisfy the strict avalanche criterion, we have

Z (71)f(:v)+f(w+a)

zcFy Tt

= Z (1)@ +h+a) 4 Z (—1)2@)+FE+8) — g
."I:EFS' J:E]Fg'
Tpn4+1=0 Tpt1=1

where & = (a1, ...,a,). Hence, f(z) + f(x + «) is balanced.
Case 2: apyq = 1.
Since f1 + fo is balanced, we have

Z (_1)f(1')+f(w+a)

16F;+1
— Z (— )fl(I)Jrfz(I) + Z f2(m)+f1(x) =0,
IG]FS' :L‘Gl""
mn+1:O :tn+1:1
and the result follows. O

Theorem 3.4. The function hy € B,11 defined by (1) satisfies the strict avalanche
criterion.

Proof. Since h(x) and E( ) satisfy the strict avalanche criterion, by Lemma 3.3, we
need to prove that h(z) + ( ) is balanced. Clearly,

001051 = 3 lal wi(e) i and o, = sy = O},
=0
_ n—2 (n . 2) _ 2n_2
)
=0
Similarly,
N1z = Z [{z| wt(z) =i and 2; = z;m | = 1},
=0
i N2
Hence, [0, 7] = [0, N 05| + 1, N 15| = 277", and the result follows. O
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Remark 3.5. From the proof of Theorem 3.4, it is easy to see that h(z)+ h(S;(z))
is balanced, for 1 < ¢ < n. Then by Lemma 3.3, h(z)||h(S;(z)) also satisfies the
strict avalanche criterion.

Lemma 3.6 (Lemma 1 of [28]). Let w = (wi,...,wy), wt(w) = 1 and w, = 1.

Then
n—2
Wh(w) = 4<k‘ _ 1).

‘We now show a similar result for our constructed function h;.
Lemma 3.7. Let w = (wq,...,wp+1) and wt(w) = 1. Then

4(2;22) for n even,
4% < 2
m(w) < 4 (("L;l?) + 1) forn odd

2

which is a tight bound.

Proof. Let 1 <k <n+1and wp=1. Let @ = (w1,...,wn).
Case 1: k=n+1.
Since h(z) and h(x) are both balanced, we have

Wilw) = 3 (1)t

zeFyt!
_ Z (_l)h(z) T Z (_1)E(z)+1 -0
zeFy z€Fy

Case2: 1 <k <n.
By Lemma 3.6, we have

Wilw) = 3 ()

S
_ Z (71)h(z)+&?-z + Z (71)5(90)%-1
zeFy zeFy

If n is even, then

T2
and the equality can be achieved when k =n or 2. If n is odd, then

5.
-2
Wi, (w) <4 <("n1 > + 1) :
T2
and the equality can be achieved when k = ”T'H, and the result follows. O

Lemma 3.8. Let 2 < k <n and wt(w) = k. Then

) 4(7,2;22) for n even,
Whl w S 2n—2
4((%1)—1—1) for n odd.
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Proof. Let w = (w1,ws,...,wpy1) and w; = 1 if i € {s1,82,...,85}. Let @ =
(w1,...,wy). We have
Wi(w) = > (=1mietes
zcFyT!
= Z ( h(z)+@-= + Z h(z)+o- Ttwnir
z€FY z€Fy

If wyy1 =0, then Wy, (w) = Wi (@) + W5 (@). By [28], we have

d;+1

W(@) =2 Z Z Cy — C1),

z6{51 82, 75k}

o

and
N d;+1
W;(@) =2 > > (G- ),
i=1 1
ie{s:B(2],.sB 2]} =

where d; = 2[51] + 1 and

Of — k—1 n—k+1 Oy — k+1 n—k—1
oo —2i41) P\ \i—25+ 1)

Let
. n
Lo= {i1iBl5) € (o152 )
IQ = {51,827... Sk}—ll
I, = {ZEBL j|z€[l}
L = {ZEEL j|z€1'2}
Then

d;+1

o

2

Wi, () =2 ) 202—01 )+2 ) D (G- ().

i€lsUly j=1 i€l1UIs j=1
For1<k<n-—1,let
ait1
2
Se=max|{> Y (C1 —Co)}
i€Ty, j=1

where T}, runs over all k-element subsets of {1,2,...,n}. We have Sy = S,,_; and S,
decreases at first and then increases. Therefore, |Wp, (w)| achieves the maximum
value when k = % for n odd and k = % for n even. Then we have

4(71_22) for n even,
(Wi, (w)] < ;
4 (( ")+ 1) for n odd.
The proof for the case wy, 1 = 1 is similar, and the result follows. O

Lemma 3.9 (Lemma 3 of [28]). Let wt(w) =n. Then Wp(w) = 0.
Lemma 3.10. Let wt(w) =n+ 1. Then W, (w) = 0.
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TABLE 1. Algebraic immunity and nonlinearity of A and h;

n | AZ(h) | AZ(hy) | ni(h) | ni(hy)
6| 3 3 20 | 24

7 3 4 44 52

8| 4 1 88 | 106
9 4 4 186 216
0] 4 5 372 | 440
11 5 5 772 884
12 5 6 1544 1794
13 5 6 3172 3592
4| 5 6 | 6344 | 7266
15 6 6 12952 | 14536

Proof. Let @ = (w1,...,w,) = (1,...,1). By Lemma 3.9, we have
Wiy (@) = Y (~1)@F07 1 N7 (Cpyh@+@ett — g 40 =,
z€Fy z€FY
and the result follows. O
Theorem 3.11. For the function hy € Byy1 defined by (1), we have
2" — Q(B) for n even,
2

l(h) =
ni(h1) 2”—2((27;2)4—1) for n odd.

Proof. By Lemmas 3.7, 3.8 and 3.10, we have
n—2
4(%2) for n even,

w =
weFn+! ()] 4 ((S) + 1) for n odd,

2

and the result follows. O

Theorem 3.12. We have n
AZ(hy) > EJ +1.

Proof. Since h and 1 are affine equivalent, they have the same algebraic immunity,
which is > [ %] + 1 by Theorem 4 of [28]. Then by Proposition 1 of [4], AZ(h1) >
2] +1, 0

It seems that AZ(hy) > AZ(h) and in some cases AZ(h1) > AZ(h), which can
be found in Table 1, where h,hi € B,,.

Let deg(g1) = d < AZ(h1) and h; - g1 = g2. We expect that deg(gz) is as high
as possible for any g; of low degree. The optimum case for a Boolean function to
resist fast algebraic attacks is that deg(g1) + deg(g2) = n+ 1 for any g; of degree
deg(g1) < AZ(hy). Let deg(ga) = e. For 6 < n+ 1 < 13, in Table 2, we give
the lowest possible values of (d,e). Compared with the HWBF, in most cases, the
function h; has a better behavior against fast algebraic attacks.

To resist BDD-based attacks, a Boolean function should have a high BDD size.
In Table 3, one can find BDD size of the majority function maj, the hidden weighted
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TABLE 2. Behavior of the function h, against Fast Algebraic Attacks

n 6 7 8 9 10 11 12 13
de) [ GH] @5 | 16| @D | 18| (1,9) | (1,10) [ (1,10)
(23) | 24) ] (25) ] (25) ] (27) ] (28) | (29) | (2,9)

GAH[ BH] BH] B[ 36| (38 | B3

(4,5) | (45) | (46) | (4.7)

(5.6) | (5.6)

TABLE 3. BDD size of maj, h and hy

n_| B(maj) | B(h) | B(hi)
6| 14 25 | 27
7| 18 0 | 4
s 22 57 | 67
9 27 85 | 95
10| 32 [ 121 | 136

11 38 172 198
12 44 240 290
13 51 335 388
14 o8 459 o17
15 66 630 737
16 74 856 959

bit function h and the modified function hq, with the standard ordering of variables.
Clearly, as a symmetric Boolean function, the majority function has a very small
BDD size. Although the BDD size of & is big, the BDD size of the modified function
hy is even bigger than that of h.

4. CONCATENATION OF FOUR FUNCTIONS

Let h € B,, be the hidden weighted bit function. Let hy € B, 12 and ho(z1, ...,
Tpt2) = h(@)[|R(S| 2| (@)|[A(S = (2))[|R(S| 2|42 (x)). Clearly, hs is a balanced
function.

Lemma 4.1. The sum of the two halves of hy, that is, h = (h(@)|[R(S 2 (x))) +
(h(S| 2 @)|M(S| 2|42 (2))) is balanced.

Proof. Clearly, h = (h(z) + R(S| 2 ())I(R(S| 2| (x)) + h(S| 24 2 (x))). By Re-
mark 1, h(z)+h(S| = (z)) and h(S|z|(x))+h(S| 2|4 = (z)) are balanced functions,
and the result follows. O

By Lemmas 3.3 and 4.1, it is easy to see that ho satisfies the strict avalanche
criterion.

ADVANCES IN MATHEMATICS OF COMMUNICATIONS VOLUME 8, No. 2 (2014), 153-165
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Lemma 4.2. Let w = (w1, ... ,wpt2) and wt(w) = 1. Then

Who(w) < 41§5§n{<2:i>+<kEB(nn—_LZJ)—1>+(k53(”n—_ép_l>

which is a tight bound.

Proof. Let © = (w1, ...,w,). Consider wp =1 for 1 <k <n+ 2.
Casel: k=n+1orn+2.
Since h, h(S| =), h(S|=|) and h(S| =)y =) are all balanced, we have

Wislw) = 3 (1)re

wEF;+2
D DR et D DR GVl
z€FY z€FY
Tp+1=Tn42=0 Tpp1+1=Tp42=0
h(S| n|(z))+zk
S S
‘T'GIFEL

Tp41=Tp42+1=0

+ Z (_1)h(SL%j+[%j(w))+$k

z€FY
Tp41=Tpy2=1

= 0.

Case2: 1 <k <n.
By Lemma 3.6, we have

Wig(w) = 3 (-1t

wng’

z€Fy z€FY

+ Z (_1)h(SL%J(I))+5'E + Z (_1)h(SL%J+L%J(1))+@'I
z€FY T€FY

i () R PP R (PR

+4< n-2 )
KB 2] - 130 - 1)
and the result follows. O

Similarly, as for h1, one can find some other cryptographic properties for hy, and
we gather these in the following theorem, whose proof we omit.

Theorem 4.3. The Boolean function ho € Byt is a balanced function, it satisfies
the strict avalanche criterion, has degree deg(ha) > n —1, AZ(hy) > |2 ]+ 1 and

nl(hg) =2 — 2 nax { (Z B i) + (k M@ (nn—_LZ‘J) - 1>

*(mmn—_éj) - 1) " (m = Tzﬁ 2 - 1)}
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TABLE 4. Algebraic immunity, nonlinearity and BDD size of ho

10 5 448 137
11 5 896 196
12 6 1820 280
13 6 3658 383
14 6 7508 571
15 7 15018 | 782

TABLE 5. Behavior of the function hs against Fast Algebraic Attacks

n+2| (de)

10 | (1,7) | (26) | 35) | (45)

11 | (1,9 | (2.8) | (3,7) | (4,6)

12 | (1,10) | (2,9) | (3,8) | (47)| (5,6)
13 | (LID) | (210)] (3.9) | (48) | (5.6)

In Table 4, one can find the algebraic immunity, nonlinearity and BDD size of
ha € Bpyo for 10 < n + 2 < 15. Clearly, the BDD size of hg is better than that of
h, AZ(hg) > AZ(hy) and the nonlinearity of hs is much higher than that of h and
h1. In Table 5, one can find the behavior of the function hs against fast algebraic
attacks, which is better than that of h, as well.

We have the following well-known results.

Proposition 4.4. Let pi(z1,...,2;) € By be balanced, ps(xi41,...,%14+m) € Bm
and p = p1 + p2 be the direct sum of py and ps. Then we have

1) deg(p) = max{deg(p1),deg(pz)}.

2) AL(p) > max{AZ(p1), AZ(p2)}.

3) nl(p) = 2™ nl(p1) + 2'nl(p2) — 2nl(p1)nl(p2).

Recall that the fast correlation attack has an on-line complexity proportional
to (%)2, where € = 1 — "é(nf ) is the so-called bias [20]. In consideration of the
implementation efficiency, we compare the 16-variable Carlet—Feng function with

the 256-variable HWBF. Let f. be the 16-variable Carlet-Feng function discussed
by [26], h = hase + T257T258 T T259T260 + T2617262 T T2637264 T T265T266 + T267T268 +
T269T270 T T271 %272, h1 = N1,y +T2570258 L2597 260 TL261 %262 2637264 T 265266 +
T267T268 + T269T270 + Tar1Tarz and ho = ho,,o + Tas57T258 + T259T260 + T261T262 +
T263%264 + T265T266 + T267T268 + T269T270 + Tar1Z272. Then, the bias of f. is € =
0.0036, while by Proposition 1, the bias of h is e = 0.0001, the bias of/\fkl is e =
0.00005 and the bias of hs is € = 0.000025. Clearly, the behavior of h and h1 against
fast correlation attacks is better than that of f., and ho has the best behavior among
all of them. We have AZ(f.) = 8, while the other three functions have algebraic
immunities at least 86. The Carlet—Feng function also has an exponential BDD
size. However, B(f.) < 2%, and it is much smaller than the BDD sizes of the other
three functions.
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Example 4.5. Let h, h1, ho € Bis. Then they are all balanced and satisfy the strict
avalanche criterion. deg(h) = deg(hy) = deg(hs) = 11; AZ(h) = 5 and AZ(h1) =
AZ(hs) = 6; nl(h) = 1544, nl(hy) = 1794 and nl(hy) = 1820; B(h) = 240, B(hy) =
290 and B(hs) = 280. Comparing it with h, h; has a better behavior and hy has
the best behavior against fast algebraic attacks (it is noticed that hy € Bjs has
the optimum algebraic immunity and the optimum behavior against fast algebraic
attacks). Clearly, all these cryptographic properties of hy and hy are better than
those of h.

5. CONCLUSION

This paper modifies the HWBF and constructs two infinite classes of functions
with very good cryptographic properties (better than those of the HWBF). To
summarize, the new functions are balanced, have almost optimum algebraic degree
and satisfy the strict avalanche criterion. Their nonlinearity is higher than that of
the HWBF. We investigate their algebraic immunity, BDD size and their resistance
against fast algebraic attacks, which seem to be better than those of the HWBF,
too. Since the new functions can be implemented very efficiently, they can be used
with a large number of variables, which allows reaching very good cryptographic
properties. The new functions could be excellent candidates for stream ciphers
constructions.
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