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AN ABSTRACT OF THE RESEARCH PAPER OF

YASANTHI KOTTEGODA, for the Master of Science degree in MATHE-

MATICS, presented on 13th October 2010, at Southern Illinois University Carbon-

dale.

TITLE: THE NUMBER OF ZEROS IN A LINEAR RECURRENCE SEQUENCE

OVER A FINITE FIELD

MAJOR PROFESSOR: Dr. Robert Fitzgerald

This paper provides basic results of finite field theory which describe the struc-

ture of finite fields, trace function, characters and Gaussian sums in order to deter-

mine the bounds on the number of zeros in a linear recurrence sequence of irreducible

polynomial of given degree and order.
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INTRODUCTION

This paper provides a basic treatment of finite field theory in order to determine

the bounds on the number of zeros in a linear recurrence sequence of irreducible

polynomial of given degree and order. The method discussed here is based on

Gaussian sums which leads to better estimates of the bounds.

Chapter 1 deals with the basic concepts of finite field theory such as the struc-

ture of finite fields, the trace function, characters and Gaussian sums. Also some of

the most important theorems regarding those topics and the proofs of most of the

theorems are presented here.

Chapter 2 which is the most important section, describes the linear recurrence

sequence in a finite field and some of its characteristics. Out of the basic theorems

which involves the linear recurring sequences discussed here, the most important

theorem is the one which determines the bounds on the number of zeros in a se-

quence of irreducible polynomial of given degree and order. This method is based

on Gaussian sums and the basic results of finite field theory which are explained in

the first chapter is heavily used here.

Chapter 3 provides results obtained by a MAPLE program written in order to

determine the number of zeros in sequences induced by irreducible polynomials over

the finite field of order 2, of degree 8 and order 85, degree 9 and order 73, degree 10

and order 93 under certain initial values.
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CHAPTER 1

BASIC RESULTS OF FINITE FIELDS

1.1 STRUCTURE OF FINITE FIELDS

This chapter is adapted from [2].

Lemma 1.1.1. Let F be a finite field containing a subfield K with q elements. Then

F has qm elements, where m = [F : K].

Proof. F is a vector space over K. Since F is finite, it is finite-dimensional as a

vector space over K. Let [F : K] = m. Then F has a basis say, {b1, b2, . . . , bm}

over K which consists of m elements. Then every element b can be expressed in the

form,

b = a1b1 + a2b2 + . . .+ ambm where a1, a2, . . . , am ∈ K.

Since K has q elements, each ai can take q values. So F has exactly qm elements.

Lemma 1.1.2. If F is a finite field with q elements, then every a ∈ F satisfies

aq = a.

Proof. When a = 0, it is trivial that aq = a. When a 6= 0, the nonzero elements

in F form a group of order q − 1 under multiplication. Then aq−1 = 1 for every

a ∈ F \ {0}. If multiplied both sides by a this will give the result.

Theorem 1.1.3. (Subfield Criterion) Let Fq be the finite field with q = pn elements.

Then every subfield of Fq has an order pm, where m is a positive divisor of n.

Conversely, if m is a positive divisor of n, then there is exactly one subfield of Fq

with pm elements.(Note that p is a prime.)

As a result of this theorem, it can be concluded that the finite field, Fq is a

subfield of the finite field, Fqn and from Lemma 1.1.1, [Fqn : Fq] = n.
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Lemma 1.1.4. Let f ∈ F [x] be an irreducible polynomial of degree m, over Fq.

Then if f(x) divides xq
n − x then m divides n.

Proof. Suppose f(x) divides xq
n − x. Let α be a root of f in the splitting field of

f over Fq. Then α is a root of xq
n − x which implies αq

n
= α, so that α ∈ Fqn .

Therefore Fq(α)is a subfield of Fqn . Since [Fq(α) : Fq] = m and [Fqn : Fq] = n,

[Fqn : Fq(α)][Fq(α) : Fq] = [Fqn : Fq]

⇒ n = [Fqn : Fq(α)]m

⇒ m divides n.

Theorem 1.1.5. If f is an irreducible polynomial in Fq[x] of degree m, then f has

a root α in Fqm. Also, all the roots of f are simple and given by the m distinct

elements α, αq, αq
2
, . . . , αq

m−1
of Fqm.

Proof. Let α be a root of f in the splitting field of f over Fq. Since the degree of f

is m, [Fq(α) : Fq] = m. Also [Fqm : Fq] = m. Then by Lemma 1.1.1, Fq(α) = Fqm .

So α ∈ Fqm . Now we will show that if β ∈ Fqm is a root of f then so is βq. Let

f(x) = amx
m + . . .+ a1x+ a0 where ai ∈ Fq for 0 ≤ i ≤ m. Then

f(βq) = amβ
qm + . . .+ a1β

q + a0

= aqmβ
qm + . . .+ aq1β

q + aq0 (By Lemma 1.1.2)

= (amβ
m + . . .+ a1β + a0)

q

= f(β)q

= 0

So α, αq, αq
2
, . . . , αq

m−1
are roots of f . Now we have to show that these elements are

distinct. Let’s assume that it is not so. That is, there exist some integers j, k where
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0 ≤ j ≤ k ≤ m− 1 such that αq
i

= αq
k
. This implies that

(
αq

i
)qm−k

=
(
αq

k
)qm−k

.

Then αq
m−k+j

= αq
m

= α. Therefore α is a root of the polynomial xq
m−k+j

= x. Since

f(x) is the minimal polynomial of α, f(x) divides xq
m−k+j

= x. Then by Lemma

1.1.4, m divides m − k + j. But 0 < m − k + j < m which gives a contradiction.

Hence α, αq, αq
2
, . . . , αq

m−1
are distinct.

Definition. Let Fqm be an extension field of Fq and let α ∈ Fqm . Then the elements

α, αq, αq
2
, . . . , αq

m−1
are called the conjugates of α with respect to Fq.

Remark. The conjugates of α ∈ Fqm are distinct if and only if the minimal poly-

nomial of α over Fq has degree m (by Theorem 1.1.5). Otherwise the degree d of

the polynomial is a proper divisor of m. Then the conjugates of α with respect to

Fq are the distinct elements α, αq, . . . , αq
d−1

, each repeated m/d times.

1.2 TRACE FUNCTION

Let us consider that the field F is a finite extension of the field K where

F = Fqm and K = Fq. Then F has a dimension m over K.

Definition. Let α ∈ F . The trace TrF/K(α) of α over K is defined by

TrF/K(α) = α + αq + . . .+ αq
m−1

.

If K is the prime subfield of F , then TrF/K(α) is called the absolute trace of α and

it is denoted by TrF (α).

Remark. The trace of α over K is the sum of the conjugates of α with respect to

K.

Theorem 1.2.1. The trace of α over K is an element of K.

Proof. Let f ∈ K[x] be the minimal polynomial of α over K where its degree is

d. Since K ⊆ K(α) ⊆ F , and since [F : K] = m, d is a divisor of m. Then
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g(x) = f(x)m/d ∈ K[x], which is of degree m is called the characteristic polynomial

of α overK. Then by Theorem 1.1.5, the roots of f in F are given by α, αq, . . . , αq
d−1

.

Then (by the remark given below the definition of conjugates), the roots of g in F

are the conjugates of α with respect to K. Therefore

g(x) = xm + am−1x
m−1 + . . .+ a0 (1.1)

= (x− α)(x− αq) . . . (x− αqm−1

) (1.2)

By comparing the coefficients of xm−1 in (1.1) and (1.2) gives that

TrF/K(α) = −am−1 ∈ K (Since g(x) ∈ K[x]).

Theorem 1.2.2. Let K = Fq and F = Fqm. Then the trace function TrF/K satisfies

the following properties:

(a) TrF/K(α + β)=TrF/K(α)+TrF/K(β) for all α, β ∈ F ;

(b) TrF/K(cα) = cTrF/K(α) for all c ∈ K, α ∈ F ;

(c) TrF/K is a linear transformation from F onto K, where both F and K are

viewed as vector spaces over K;

(d) TrF/K(a) = ma for all a ∈ K;

(e) TrF/K(αq)=TrF/K(α) for all α ∈ F .

Proof. (a) Let α, β ∈ F . Then,

TrF/K(α + β) = α + β + (α + β)q + . . .+ (α + β)q
m−1

= α + β + αq + βq + . . .+ αq
m−1

+ βq
m−1

= α + . . .+ αq
m−1

+ β + . . .+ βq
m−1

= TrF/K(α) + TrF/K(β).
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(b) Let c ∈ K. By Lemma 1.1.2, cq
r

= c for every r ≥ 0. Therfore for any α ∈ F ,

TrF/K(cα) = cα + cqαq + . . .+ cq
m−1

αq
m−1

= cα + cαq + . . .+ cαq
m−1

= cTrF/K(α).

(c) By the properties (a) and (b) and by Theorem 1.2.1, it can be concluded that

TrF/K(α) is a linear transformation from F into K. To prove that this mapping is

onto, we will prove that there exist an α ∈ F such that TrF/K(α) 6= 0.

[If we can prove this existence of α ∈ F , then TrF/K(α) = c 6= 0. Then for any

k ∈ K,

TrF/K
(
kc−1α

)
= kc−1TrF/K (α) (By property (b))

= kc−1c

= k.

Then TrF/K will be onto K.]

Now TrF/K(α) = 0 if and only if α + αq + . . . + αq
m−1

= 0 which is possible if and

only if α is a root of the polynomial x + xq + . . . + xq
m−1 ∈ K[x] in F . But this

polynomial can have only qm−1 roots in F and F has qm elements and this concludes

that there exist an element α ∈ F such that TrF/K(α) 6= 0. This proves that the

mapping is onto K.

(d) Let a ∈ K. Then

TrF/K(a) = a+ aq + . . .+ aq
m−1

= a+ a+ . . .+ a (By Lemma 1.1.2)

= ma.
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(e) Since F has qm number of elements, by Lemma 1.1.2, αq
m

= α, for every α ∈ F .

So TrF/K (αq) = αq + αq
2
. . .+ αq

m
= αq + αq

2
. . .+ α= TrF/K(α).

Theorem 1.2.3. Let F be a finite field extension of the finite field K, both considered

as vector spaces over K. Then the linear transformations from F into K are exactly

the mappings Lβ, β ∈ F , where Lβ(α) = TrF/K(βα) for all α ∈ F . Furthermore,

Lβ 6= Lγ whenever β and γ are distinct elements of F.

Proof. By the properties of the trace function (property (c)), TrF/K(βα) is a linear

transformation from F into K and hence Lβ is a linear transformation from F into

K. Since TrF/K maps F onto K, for every β, γ ∈ F where β 6= γ, there is a suitable

α ∈ F there exist an α ∈ F such that

Lβ(α)− Lγ(α) = TrF/K(βα)− TrF/K(γα) = TrF/K((β − γ)α) 6= 0.

So the mappings Lβ and Lγ are distinct. If K = Fq and F = Fqm , F has qm distinct

elements and hence there are qm different Lβ linear transformtions from F into K.

On the other hand, let L be an arbitrary linear transformation from F into K. Let

α ∈ F . Since[F : K] = m (Since F = Fqm and K = Fq) the basis of F over K has

m elements. Let {a1, a2, . . . , am} be a basis for F over K. Then

α = c1a1 + c2a2 + . . .+ cmam for some c1, c2, . . . , cm ∈ K.

Then

L(α) = L(c1a1 + c2a2 + . . .+ cmam) = c1L(a1) + c2L(a2) + . . .+ cmL(am)

and for each L(ai) where i = 1, 2, . . . ,m, it can take q values (SinceK has q elements)

and hence L(α) can have qm distinct values. Therefore there are only qm number

of linear transformations from F into K. So the set of all Lβ mappings will be the

only linear transformations from F into K.
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Theorem 1.2.4. (Transitivity of Trace) Let K be a finite field, and let F be a finite

extension of K and E a finite extension of F . Then,

TrE/K(α) = TrF/K(TrE/F (α))

for all α ∈ E.

Proof. Let K = Fq, let [F : K] = m and [E : F ] = n. Then [E : K] = mn. For

α ∈ E,

TrF/K(TrE/F (α)) =
m−1∑
i=0

TrE/F (α)q
i

=
m−1∑
i=0

(
n−1∑
j=0

αq
jm

)qi

=
m−1∑
i=0

n−1∑
j=0

αq
jm+i

=
mn−1∑
k=0

αq
k

= TrE/K(α)

1.3 CHARACTERS

Definition. Let G be a finite abelian group (written multiplicatively) of order |G|

with the identity element 1G. A character χ of G is a homomorphism from G into

the multiplicative group U of complex numbers of absolute value 1. That is, a

mapping from G into U with χ(g1g2) = χ(g1)χ(g2) for all g1, g2 ∈ G.

Note that:

1. Since χ(1G) = χ(1G)χ(1G), then χ(1G) = 1.

2. (χ(g))|G| = χ(g|G|) = χ(1G) = 1 for every g ∈ G and therefore the values of χ

are the |G|th roots of unity.
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3. χ(g)χ(g−1) = χ(gg−1) = χ(1G) = 1 and so, (χ(g))−1 = χ(g) for every g ∈ G

where the bar denotes the complex conjugation.

4. The trivial character denoted by χ0 is defined by χ0(g) = 1 for all g ∈ G. (All

the other characters G are called nontrivial).

5. With each character χ of G, there is associated the conjugate character χ

defined by χ(g) = χ(g) for all g ∈ G.

6. If there are finitely many characters χ1, χ2, . . . , χn of G, then the product char-

acter χ1χ2 . . . χn can be obtained by (χ1χ2 . . . χn)(g) = χ1(g)χ2(g) . . . χn(g) for

all g ∈ G.

7. If χ1 = χ2 = . . . = χn = χ, then the product χ1χ2 . . . χn can be written as χn.

The set of characters of a group G forms an abelian group under the above

defined multiplication of characters and the group is denoted by G∧. Since the

characters of G can only be the |G|th roots of unity, G∧ is finite.

Remark. Let G be a finite cyclic group of order n and let g be a generator of G.

Then for a fixed integer j such that 0 ≤ j ≤ n− 1, the function,

χj(g
k) = e2πijk/n, where k = 0, 1, . . . , n− 1

defines a character of G. (Since χj(g
kgl) = (χj(g

k)(χj(g
l) and e2πijk/n is a nth root

of unity) Also, if χ is any character of G, then χ(g) must be an nth root of unity and

it will be of the form χ(g) = e2πij/n for some j such that 0 ≤ j ≤ n− 1. Therefore,

χ = χj. Hence G∧ consists exactly of the characters χ0, χ1, . . . , χn−1.

Theorem 1.3.1. Let H be a subgroup of the finite abelian group G and let ψ be

a character of H. Then ψ can be extended to a character of G; i.e. there exists a

character of χ of G with χ(h) = ψ(h) for all h ∈ H.
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Proof. Suppose H is a proper subgroup of G. Let ψ be a character of H. Choose

a ∈ G with a /∈ H and let H1 be the subgroup of G generated by H and a. Let

m be the least positive integer for which am ∈ H. Then every element g ∈ H1 can

be written uniquely in the form g = ajh with 0 ≤ j < m and h ∈ H. Define a

function ψ1 on H1 by ψ1(g) = ωjψ(h), where ω is a fixed complex number satisfying

ωm = ψ(am). Let’s check whether ψ1 is indeed a character of H1. Let g1 = akh1, 0 ≤

k < m, h1 ∈ H, be another element of H1. If j + k < m, then

ψ1(gg1) = ψ1(a
jhakh1)

= ψ1(a
j+khh1)

= ωj+kψ(hh1)

= ωj+kψ(h)ψ(h1)

= ωjψ(h)ωkψ(h1) = ψ1(g)ψ1(g1)

If j + k ≥ m, , then gg1 = aj+k−m(amhh1) and so

ψ1(gg1) = ωj+k−mψ(amhh1)

= ωj+k−mψ(am)ψ(hh1)

= ωj+kψ(hh1) = ψ1(g)ψ1(g1)

For h ∈ H, ψ1(h) = ψ(h). If H1 = G then we are done. Otherwise, this process can

be continued until an extension of ψ to G is obtained. Since G is finite, this can be

done in finite number of steps.

Theorem 1.3.2. For any two distinct elements g1, g2 ∈ G there exists a character

χ of G with χ(g1) 6= χ(g2).

Proof. Let h = g1g
−1
2 . So h 6= 1G. Let H be the cyclic subgroup of order r generated

by h. Let j 6= 0. Then by the above remark, ψj(h) = e2πij/r 6= 1 where ψj is a

10



character of H. Then by the Theorem 1.3.1, there exists a character χ of G such

that χ(h) = ψj(h) for all h ∈ H. So χ(h) 6= 1. So χ(g1g
−1
2 ) 6= 1 and hence

χ(g1) 6= χ(g2).

Theorem 1.3.3. If χ is a nontrivial character of the finite abelian group G, then∑
g∈G

χ(g) = 0 (1.3)

If g ∈ G with g 6= 1G then, ∑
χ∈G∧

χ(g) = 0 (1.4)

Proof. For the first part of the theorem, χ is nontrivial. Then there exists h ∈ G

with χ(h) 6= 1. Then

χ(h)
∑
g∈G

χ(g) =
∑
g∈G

χ(hg) =
∑
g∈G

χ(g) (Since if g runs through G, so does hg).

Then we have

(χ(h)− 1)
∑
g∈G

χ(g) = 0.

Hence (1.3).

For the second part, define the function g
′

such that g
′
(χ) = χ(g) for χ ∈ G∧.

This is a character of the finite abelian group G∧ since

g
′
(χ1χ2) = χ1χ2(g) = χ1(g)χ2(g) = g

′
(χ1)g

′
(χ2).

So for g ∈ G such that g 6= 1G, by Theorem 1.3.2, there exists χ ∈ G∧ such that

χ(g) 6= χ(1G) = 1. So g
′

is non trivial. So by the first part of this theorem applied

to G∧, ∑
χ∈G∧

g
′
(χ) = 0

Since g
′
(χ) = χ(g),

⇒
∑
χ∈G∧

χ(g) = 0

.
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Theorem 1.3.4. The number of characters of a finite abelian group G is equal to

|G|.

Proof. By Theorem 1.3.3, (1.4),∑
g∈G

∑
χ∈G∧

χ(g) =
∑
χ∈G∧

χ(1G) = |G∧| (Since χ(1G) = 1, this gives the count of G∧)

(1.5)∑
g∈G

∑
χ∈G∧

χ(g) =
∑
χ∈G∧

∑
g∈G

χ(g) =
∑
g∈G

χ0(g) (By (1.3) in Theorem 1.3.3)

= |G|

Then by (1.5), |G∧| = |G|.

Definition. The set of all characters of G which annihilate a given subgroup H (i.e

characters χ of G such that χ(h) = 1 for all h ∈ H) is called the annihilator of H

in G∧.

Definition. Let Fq be the finite field with q elements. Let p be the characteristic

of Fq. Let Tr: Fq → Fp be the absolute trace function from Fq to Fp. Then the

function χ1 defined by

χ1(c) = e2πiTr(c)/p for all c ∈ Fq

is a character of the additive group of Fq. The character χ1 is called the canonical

additive character of Fq.

Theorem 1.3.5. For b ∈ Fq, the function χb with χb(c) = χ1(bc) for all c ∈ Fq is

an additive character of Fq, and every additive character of Fq is obtained this way.

Proof. For c1, c2 ∈ Fq,

χb(c1 + c2) = χ1(bc1 + bc2)

= χ1(bc1)χ1(bc2)

= χb(c1)χb(c2)

12



So the first part is proved. For the second part, by Theorem 1.2.2 (c), Tr maps Fq

onto Fp. Hence χ1 is a nontrivial character. Therefore, for a, b ∈ Fq where a 6= b,

χa(c)

χb(c)
=
χ1(ac)

χ1(bc)
= χ1((a− b)c) 6= 1.

for suitable c ∈ Fq. So χa and χb are distinct characters. Therefore if b runs through

Fq, we can get q distinct additive characters in the form of χb. Also by Theorem

1.3.4, Fq has exactly q additive characters. So it can be concluded that all the

additive characters of Fq can be obtained on this way.

Remark. Let E be a finite extension field of Fq and let χ1 be the canonical additive

character of Fq. Let µ1 be the canonical additive character of E where the Tr is

replaced by the absolute trace function TrE from E to Fp. Let β ∈ E. Then by the

Theorem 1.2.4,

TrE(β) = TrFq(TrE/Fq(β)) for all β ∈ E.

Then,

χ1

(
TrE/Fq(β)

)
= e2πiTrFq(TrE/Fq (β))/p

= e2πiTrE(β)/p

= µ1(β)

Therefore,

χ1

(
TrE/Fq(β)

)
= µ1(β) (1.6)

Definition. Characters of the multiplicative group F∗q of Fq are called multiplicative

characters of Fq.
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1.4 ORTHOGONALITY RELATIONS FOR CHARACTERS

Proposition 1.4.1. Let χ and ψ be characters of G. Then

1

|G|
∑
g∈G

χ(g)ψ(g) =


0 for χ 6= ψ

1 for χ = ψ

(1.7)

Proof. Let χ and ψ be characters of G. When χ = ψ,

χ(g)ψ(g) = χ(g)ψ(g)−1

= χ(g)χ(g)−1 = χ(1G) = 1.

So 1
|G|
∑

g∈G χ(g)ψ(g) = 1
|G|
∑

g∈G 1 = 1
|G| |G| = 1.

If χ 6= ψ,

χ(g)ψ(g) = χ(g)ψ(g)

= χψ(g)

We check that χψ is non-trivial. Suppose otherwise. Then

χψ(g) = 1⇒ χ(g)ψ(g)−1 = 1

⇒ χ(g) = ψ(g) for every g ∈ G

which contradicts with the fact that χ 6= ψ. Therefore χψ is non trivial. So by

applying (1.3) in Theorem 1.3.3,∑
g∈G

χ(g)ψ(g) =
∑
g∈G

χψ(g) = 0

and hence 1
|G|
∑

g∈G χ(g)ψ(g) = 0. Therefore it can be concluded that,

1

|G|
∑
g∈G

χ(g)ψ(g) =


0 for χ 6= ψ

1 for χ = ψ
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Proposition 1.4.2. Let g and h be elements of G. Then

1

|G|
∑
χ∈G∧

χ(g)χ(h) =


0 for g 6= h

1 for g = h

(1.8)

Proof. Let g and h be elements of G. If g = h then

χ(g)χ(h) = χ(g)χ(g)−1 = 1

This imples that 1
|G|
∑

χ∈G∧ χ(g)χ(h) = 1. If g 6= h, then

χ(g)χ(h) = χ(g)χ(h)−1 = χ(g)χ(h−1) = χ(gh−1)

Since g 6= h, gh−1 6= 1G. Then by (1.4) in Theorem 1.3.3,

1

|G|
∑
χ∈G∧

χ(g)χ(h) =
1

|G|
∑
χ∈G∧

χ(gh−1) = 0

Therefore,

1

|G|
∑
χ∈G∧

χ(g)χ(h) =


0 for g 6= h

1 for g = h

Applying the orthogonality relations in Proposition 1.4.1 and Proposition 1.4.2

to additive and multiplicative characters of Fq, the following fundamental identities

can be obtained. Let χa and χb be additive characters of Fq. If a 6= b, then χa 6= χb

and if a = b then χa = χb. Then by (1.7),

∑
c∈Fq

χa(c)χb(c) =


0 for a 6= b

q for a = b

(1.9)

If a 6= 0, since χ0 = 1 and hence by (1.9),

∑
c∈Fq

χa(c) = 0. (1.10)
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Furthermore, for elements c, d ∈ Fq we obtain

∑
b∈Fq

χb(c)χb(d) =


0 for c 6= d

q for c = d

(1.11)

Similarly, for multiplicative characters ψ and τ of Fq,

∑
c∈F∗q

ψ(c)τ(c) =


0 for ψ 6= τ

q − 1 for ψ = τ

(1.12)

Also ∑
c∈F∗q

ψ(c) = 0 for ψ 6= ψ0. (1.13)

If c, d ∈ F∗q then

∑
ψ

ψ(c)ψ(d) =


0 for c 6= d

q − 1 for c = d

(1.14)

where the sum is extended over all multiplicative characters ψ of Fq.

1.5 GAUSSIAN SUMS

Definition. Let ψ be a multipliactive character and χ an additive character of Fq.

Then the Gaussian Sum G(ψ, χ) is defined by

G(ψ, χ) =
∑
c∈F∗q

ψ(c)χ(c)

Before we discuss some properties of the Gaussian Sums, let’s assume that ψ0

and χ0 are the trivial multiplicative character and trivial additive character of Fq

respectively.

Theorem 1.5.1. Let ψ be a multiplicative and χ an additive character of Fq. Then
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the Gaussian Sum G(ψ, χ) satisfies

G(ψ, χ) =


q − 1 for ψ = ψ0, χ = χ0

−1 for ψ = ψ0, χ 6= χ0

0 for ψ 6= ψ0, χ = χ0

(1.15)

If ψ 6= ψ0 and χ 6= χ0, then

|G(ψ, χ)| = q1/2 (1.16)

Proof. If ψ = ψ0, χ = χ0 then G(ψ, χ) =
∑

c∈F∗q
ψ(c)χ(c) =

∑
c∈F∗q

1 = q − 1. If

ψ 6= ψ0, χ = χ0 then G(ψ, χ) =
∑

c∈F∗q
ψ(c)χ(c) =

∑
c∈F∗q

ψ(c). Then by (1.13),∑
c∈F∗q

ψ(c) = 0. If ψ = ψ0, χ 6= χ0, then

G(ψ0, χ) =
∑
c∈F∗q

χ(c) =
∑
c∈Fq

χ(c)− χ(0) = −1

(Since ψ0 = 1 and by (1.10)). If ψ 6= ψ0, χ 6= χ0 then

|G(ψ, χ)|2 = G(ψ, χ)G(ψ, χ)

=
∑
c∈F∗q

∑
c1∈F∗q

ψ(c)χ(c)ψ(c1)χ(c1)

=
∑
c∈F∗q

∑
c1∈F∗q

ψ(c−1c1)χ(c1 − c)

If we substitute c−1c1 = d, then

|G(ψ, χ)|2 =
∑
c∈F∗q

∑
c1∈F∗q

ψ(d)χ(c(d− 1))

=
∑
c∈F∗q

ψ(d)

∑
c∈Fq

χ(c(d− 1))− χ(0)


=
∑
d∈F∗q

ψ(d)
∑
c∈Fq

χ(c(d− 1))−
∑
d∈F∗q

ψ(d)

=
∑
d∈F∗q

ψ(d)
∑
c∈Fq

χ(c(d− 1)) (By (1.13))
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If d 6= 1, then by (1.10) (note that χ is non trivial),
∑

c∈Fq
χ(c(d − 1)) = 0. If

d = 1 then
∑

c∈Fq
χ(c(d− 1)) = q. Therefore, |G(ψ, χ)|2 = ψ(1)q = q and hence the

result.

Theorem 1.5.2. Gaussian sums for the finite field Fq satisfy the following proper-

ties:

(a) G(ψ, χab) = ψ(a)G(ψ, χb) for a ∈ F∗q, b ∈ Fq;

(b) G(ψ, χ) = ψ(−1)G(ψ, χ);

(c) G(ψ, χ) = ψ(−1)G(ψ, χ);

(d) G(ψ, χ)G(ψ, χ) = ψ(−1)q for ψ 6= ψ0, χ 6= χ0

(e) G(ψp, χb) = G(ψ, χσ(b)) for b ∈ Fq, where p is the characteristic of Fq and

σ(b) = bp.

Proof. (a) Let c ∈ Fq. Then by the definition in Theorem 1.3.5,

χab(c) = χ1(abc) = χb(ac)

and hence

G(ψ, χab) =
∑
c∈F∗q

ψ(c)χab(c) =
∑
c∈F∗q

ψ(c)χb(ac)

Now set ac = d. Then

G(ψ, χab) =
∑
d∈F∗q

ψ(a−1d)χb(d)

= ψ(a−1)
∑
d∈F∗q

ψ(d)χb(d)

= ψ(a)G(ψ, χb).
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(b) Since χ is an additive character of Fq, by the Theorem 1.3.5, χ = χb for

a suitable b ∈ Fq. So since χ is additive, χ(c) = χb(−c) = χ1(−bc) = χ−b(c) for

c ∈ Fq. So χ = χ−b. Then by using a = −1 in (a),

G(ψ, χ) = G(ψ, χ−b) = ψ(−1)G(ψ, χb) = ψ(−1)G(ψ, χ).

(Since ψ(−1)ψ(−1) = ψ(1) = 1⇒ ψ(−1) = ψ(−1))

(c) By (b), G(ψ, χ) = ψ(−1)G(ψ, χ). Since ψ(−1) = ψ(−1) = ψ(−1) and

G(ψ, χ) =
∑

c∈F∗q
ψ(c)χ(c) =

∑
c∈F∗q

ψ(c)χ(c) = G(ψ, χ),

G(ψ, χ) = ψ(−1)G(ψ, χ).

(d) By (c),

G(ψ, χ)G(ψ, χ) = ψ(−1)G(ψ, χ)G(ψ, χ)

= ψ(−1) |G(ψ, χ)|2

= ψ(−1)q (By 1.16)

(e) By Theorem 1.2.2, (e), Tr(a)=Tr(ap) for a ∈ Fq. So we have χ1(a) = χ1(a
p).

(By the definition of the cannonical additive character). Let σ(b) = bp. Then we

have χb(c) = χ1(bc) = χ1((bc)
p) = χ1(b

pcp) = χσ(b)(c
p). Then

G(ψp, χb) =
∑
c∈F∗q

ψp(c)χb(c) =
∑
c∈F∗q

ψ(cp)χσ(b)(c
p).

But cp runs through F∗q as c runs through F∗q, and hence

G(ψp, χb) =
∑
cp∈F∗q

ψ(cp)χσ(b)(c
p) = G(ψ, χσ(b)).

Gaussian sums occur in a variety of contexts. This can be clearly seen from

the following propositions.
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Proposition 1.5.3. Let χ be a additive character of Fq and ψ be a multiplicative

character of Fq. Then,

ψ(c) =
1

q

∑
χ

G(ψ, χ)χ(c) for c ∈ F∗q. (1.17)

Proof. If c, d ∈ Fq, and if c = d, then by (1.11),
∑

b∈Fq
χb(c)χb(d) = q. So,

ψ(c) =
1

q

∑
c∈F∗q

ψ(d)
∑
b∈Fq

χb(c)χb(d)

=
1

q

∑
b∈Fq

χb(c)
∑
c∈F∗q

ψ(d)χb(d)

for any c ∈ F∗q. By Theorem 1.3.5, every additive character of Fq is of the form χb

where b ∈ Fq and so
∑

b∈Fq
χb(c) =

∑
χ χ(c). Therefore

ψ(c) =
1

q

∑
χ

G(ψ, χ)χ(c) for c ∈ F∗q.

where the sum is extended over all additive characters χ of Fq.

Proposition 1.5.4. Let ψ be a multiplicative character of Fq and let χ be a additive

character of Fq. Then

χ(c) =
1

q − 1

∑
ψ

G(ψ, χ)ψ(c) for c ∈ F∗q. (1.18)

Proof. If c, d ∈ Fq, and if c = d, then by (1.14),
∑

ψ ψ(c)ψ(d) = q − 1. So,

χ(c) =
1

q − 1

∑
d∈F∗q

χ(d)
∑
ψ

ψ(c)ψ(d)

=
1

q − 1

∑
ψ

ψ(c)
∑
d∈F∗q

ψ(d)χ(d) for c ∈ F∗q.

Then we obtain,

χ(c) =
1

q − 1

∑
ψ

G(ψ, χ)ψ(c) for c ∈ F∗q.
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CHAPTER 2

BOUNDS ON THE NUMBER OF ZEROS IN A LINEAR

RECURRENCE SEQUENCE

Here we will discuss a method to determine the bounds on the number of zeros

in a linear reccurence sequence of an irreducible polynomial of given degree and

order, which is based on Gaussian sums. This material is adapted from [2].

Definition. Let k be a positive integer, and let a, a0, a1, . . . , ak−1 be given elements

of a finite field Fq. A sequence s0, s1, . . . of elements of Fq satisfying the relation

sn+k = ak−1sn+k−1 + ak−2sn+k−2 + . . .+ a0sn + a for n = 0, 1, . . . (2.1)

is called a (kth-order) linear recurring sequence in Fq. The terms s0, s1, . . . sk−1,

which determine the rest of the sequence uniquely, are refered to as the initial

values. A relation of the form (2.1) is called a (kth-order) linear recurrence relation.

We speak of a homogeneous linear recurrence relation if a = 0. Otherwise it is

inhomogeneous.

Definition. Let S be an arbitrary nonempty set and let s0, s1, . . . be a sequence of

elements of S. If there exist integers r > 0 and n0 ≥ 0 such that sn+r = sn for all

n ≥ n0, then the sequence is called ultimately periodic and r is called a period of

the sequence. The smallest number among all the possible periods of an ultimately

periodic sequence is called the least period of the sequence.
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Definition. Let s0, s1, . . . be a kth order homogeneous linear recurring sequence in

Fq satisfying the linear recurrence relation

sn+k = ak−1sn+k−1 + ak−2sn+k−2 + . . .+ a0sn for n = 0, 1, . . . (2.2)

where aj ∈ Fq for 0 ≤ j ≤ k − 1. The polynomial

f(x) = xk − ak−1xk−1 − ak−2xk−2 − . . .− a0 ∈ Fq[x]

is called the characteristic polynomial of the linear recurring sequence.

Definition. Let s0, s1, . . . be a homogeneous linear recurring sequence in Fq. m(x) ∈

Fq[x] is said to be the minimal polynomial of the sequence if it has the following

property: a monic polynomial f(x) ∈ Fq[x] of positive degree is a characteristic

polynomial of s0, s1, . . . if and only if m(x) divides f(x).

Definition. Let f ∈ Fq[x] be a nonzero polynomial. If f(0) 6= 0, then the least

positive integer e for which f(x) divides xe − 1 is called the order of f and it is

denoted by ord(f).

Theorem 2.0.5. Let s0, s1, . . . be a kth-order homogeneous linear recurring sequence

in K = Fq whose characteristic polynomial f(x) is irreducible over K. Let α be a

root of f(x) in the extension field F = Fqk . Then there exists a uniquely determined

θ ∈ F such that

sn = TrF/K (θαn) for n = 0, 1, . . .

Proof. Let s0, s1, . . .be a kth-order homogeneous linear recurring sequence in K = Fq

and let F = Fqk . α is a root of the irreducible polynomial f(x) of degree k, in F .

Therefore

[K(α) : K] = k

and

[F : K] = k (By Lemma 1.1.1).
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Then since K ⊆ K(α) ⊆ F ,

[F : K(α)][K(α) : K] = k

⇒ [F : K(α)] = 1

⇒ F = K(α)

So {1, α, α2, . . . , αk−1} constitutes a basis of F over K. Define L : F → K such that

L (αn) = sn, n = 0, 1, . . . , k − 1

Then by the Theorem 1.2.3, there exist a uniquely determined θ ∈ F such that

Lθ(γ) = TrF/K (θγ) for all γ ∈ F . In particular,

sn = TrF/K (θαn)

Now we have to show that the elements TrF/K (θαn), n = 0, 1, . . . , form a homo-

geneous linear recurring sequence with characteristic polynomial f(x). If f(x) =

xk − ak−1xk−1 − . . .− a0 ∈ K[x], then by the properties of the trace function,

TrF/K
(
θαn+k

)
− ak−1TrF/K

(
θαn+k−1

)
− . . .− a0TrF/K (θαn)

= TrF/K
(
θαn+k − ak−1θαn+k−1 − . . .− a0θαn

)
= TrF/K (θαnf(α))

= 0

for all n ≥ 0.

Theorem 2.0.6. Let s0, s1, ... be a homogeneous linear recurring sequence in Fq with

minimal polynomial m(x) ∈ Fq[x]. Then the least period of the sequence is equal to

ord(m(x)).
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Theorem 2.0.7. Let s0, s1, ... be a homogeneous linear recurring sequence in Fq with

least period r. Suppose the minimal polynomial m(x) of the sequence is irreducible

over Fq, has degree k ≥ 1, and satisfies m(0) 6= 0. Let h be the least common

multiple of r and q − 1. Then,∣∣∣∣Z(0)− (qk−1 − 1)r

qk − 1

∣∣∣∣ ≤ (1− 1

q

)(
r

h
− r

qk − 1

)
qk/2

and ∣∣∣∣Z(b)− qk−1r

qk − 1

∣∣∣∣ ≤ ( rh − r

qk − 1
+
h− r
h

q1/2
)
q(k/2)−1

for b 6= 0.

Proof. Set K = Fq. Let F be the splitting field of m(x) over K. I.e

m(x) = (x− α1)(x− α2) . . . (x− αk), αi ∈ F (2.3)

Since [F : K] = k, by Lemma 1.1.1, F has qk elements and hence F = Fqk . Let α

be a fixed root of m(x) in F . I.e there exist a i
′

such that αi′ = α in (2.3). Since

m(0) 6= 0, α 6= 0. Then by Theorem 2.0.5, there exist a θ ∈ F such that

sn = TrF/K(θαn) for n = 0, 1, . . . (2.4)

If θ = 0 then TrF/K= 0 =sn for every n. This implies that the sequence is 0 where

the least period r = 1 which implies that degree of m(x) is 0. This contradicts

the hypothesis. Therefore θ 6= 0. Let λ
′

be the canonical additive character of K.

[I.e χ1(c) = λ
′
(c) = e2πiTr(c)/p, for every c ∈ Fq where p = char(K)]. Let b ∈ K.

Consider

1

q

∑
c∈K

λ
′
(c(b− sn))

Since λ
′
(0) = 1, if b = sn then

1

q

∑
λ
′
(0) =

1

q
(q) = 1.
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If b 6= sn then

1

q

∑
c∈K

λ
′
(c(b− sn) =

1

q

∑
c∈K

χ1(c(b− sn)

=
1

q

∑
c∈K

χb−sn(c)

= 0 (by the relation 1.10)

For each n = 0, 1, . . .,

1

q

∑
c∈K

λ
′
(c(b− sn)) =

1

q

∑
c∈K

(
λ
′
(cb− csn)

)

=
1

q

∑
c∈K

(
λ
′
(cb)λ

′
(−csn)

)
=

1

q

∑
c∈K

(
λ
′
(bc)λ

′ (−cTrF/K (θαn)
))

(By (2.4))

=
1

q

∑
c∈K

(
λ
′
(bc)λ

′
(Tr (−cθαn))

)
(2.5)

(By the properties of Tr in Theorem 1.2.2)

Z(b) is the number of occurrences of b in a full period of the linear recurring sequence.

So by (2.5),(by considering a period)

Z(b) =
1

q

r−1∑
n=0

∑
c∈K

λ
′
(bc)λ

′ (
TrF/K (−cθαn)

)
(2.6)

Let λ be the canonical additive character of F . Then

λ
′ (

TrF/K (β)
)

= λ (β)

for every β ∈ F (By the relation (1.6))
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Then by (2.6),

Z(b) =
1

q

r−1∑
n=0

∑
c∈K

λ
′
(bc)λ (−cθαn)

=
1

q

r−1∑
n=0

∑
c∈K

λ
′
(bc)λ (cθαn−1)

=
1

q

r−1∑
n=0

∑
c∈K

λ
′
(bc)λ (cθαn)

(
Sinceλ (cθαn) = λ (cθαn)

)
=

1

q

∑
c∈K

λ
′
(bc)

r−1∑
n=0

λ (cθαn)

=
1

q

[
λ
′
(0)

(
r−1∑
n=0

λ(0)

)
+
∑
c∈K∗

λ
′
(bc)

r−1∑
n=0

λ (cθαn)

]

=
1

q

[
r +

∑
c∈K∗

λ
′
(bc)

r−1∑
n=0

λ (cθαn)

]
(Since λ is a group homomorphism, λ(0) = 1)

So

Z(b) =
1

q

[
r +

∑
c∈K∗

λ
′
(bc)

r−1∑
n=0

λ (cθαn)

]
(2.7)

λ is a additive character of F = Fqk . Then

λ (β) =
1

qk − 1

∑
ψ

G
(
ψ, λ

)
ψ (β) , for everyβ ∈ F ∗ (By the relation (1.18))

where the sum is extended over all multiplicative characters ψ of F . Then

λ (cθαn) =
1

qk − 1

∑
ψ

G
(
ψ, λ

)
ψ (cθαn)

=⇒
r−1∑
n=0

λ (cθαn) =
1

qk − 1

r−1∑
n=0

∑
ψ

G
(
ψ, λ

)
ψ (cθαn)

=
1

qk − 1

r−1∑
n=0

∑
ψ

G
(
ψ, λ

)
ψ (cθ)ψ (α)n

=
1

qk − 1

∑
ψ

ψ (cθ)G
(
ψ, λ

) r−1∑
n=0

ψ (α)n
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Then
r−1∑
n=0

λ (cθαn) =
1

qk − 1

∑
ψ

ψ (cθ)G
(
ψ, λ

) r−1∑
n=0

ψ (α)n (2.8)

∑r−1
n=0 ψ (α)n is a finite geometric series, where

r−1∑
n=0

ψ (α)n = r when ψ (α) = 1

and
r−1∑
n=0

ψ (α)n =
1− ψ (α)r

1− ψ (α)
when ψ (α) 6= 1

But ψ (α)r = ψ (αr) = ψ(1) = 1 [Since the order of m(x) = r (which is explained

later), order of α is r].

Then
r−1∑
n=0

ψ (α)n vanishes for ψ (α) 6= 1 (2.9)

Take J to be the set of all characters ψ for which ψ (α) = 1.

=⇒
∑r−1

n=0 ψ (α)n = r for every ψ ∈ J .

Then by (2.8),
r−1∑
n=0

λ (cθαn) =
r

qk − 1

∑
ψ∈J

ψ (cθ)G
(
ψ, λ

)
Substituting this in (2.7)

Z(b) =
r

q
+

r

q (qk − 1)

∑
c∈K∗

λ
′
(bc)

∑
ψ∈J

ψ (cθ)G
(
ψ, λ

)
=
r

q
+

r

q (qk − 1)

∑
ψ∈J

ψ(c)ψ (θ)G
(
ψ, λ

) ∑
c∈K∗

λ
′
(bc)

=
r

q
+

r

q (qk − 1)

∑
ψ∈J

ψ (θ)G
(
ψ, λ

) ∑
c∈K∗

λ
′
(bc)ψ(c)

Let ψ
′

be the restriction of ψ to K∗.

Then ∑
c∈K∗

ψ(c)λ
′
(bc) =

∑
c∈K∗

ψ
′
(c)λ

′
(bc)

=
∑
c∈K∗

ψ
′
(c)λ

′

b(c)
(

Since λ
′
(bc) = λ

′

b(c)
)

27



Since λ
′

is the cannonical additive character,
∑

c∈K∗ ψ
′
(c)λ

′

b(c) is the Gaussian sum

in K. Then

Z(b) =
r

q
+

r

q (qk − 1)

∑
ψ∈J

ψ (θ)G
(
ψ, λ

)
G
(
ψ
′
, λ
′

b

)
(2.10)

Now let us consider the case where b = 0. Then λ
′
0(c) = 1 is the trivial additive

character of K. Then if ψ
′

is trivial,

G
(
ψ
′
, λ
′

b

)
=
∑
c∈K∗

ψ
′
(c)λ

′

b(c) = q − 1

If ψ
′

is nontrivial,

G
(
ψ
′
, λ
′

b

)
=
∑
c∈K∗

ψ
′
(c) = 0 (By the relation (1.13))

So let A ⊆ J such that for ψ ∈ A, ψ
′

is trivial. Then for every ψ ∈ A

G
(
ψ
′
, λ
′

b

)
= q − 1 and for every ψ ∈ J \ A, G

(
ψ
′
, λ
′

b

)
= 0

Then Z(0) = r
q

+ (q−1)r
q(qk−1)

∑
ψ∈A ψ (θ)G

(
ψ, λ

)
(By (2.10))

Z(0) =
r

q
+

(q − 1) r

q (qk − 1)

[
ψ∗ (θ)G

(
ψ∗, λ

)
+

∗∑
ψ∈A

ψ (θ)G
(
ψ, λ

)]
(2.11)

[Note: ψ∗ is the trivial multiplicative character and the asterix on the summation

symbol indicates that the trivial multiplicative character is deleted from the range

of summation.]

G
(
ψ∗, λ

)
=
∑
c∈F ∗

ψ∗(c)λ(c)

=
∑
c∈F ∗

λ(c)

=
∑
c∈F

λ(c)− λ(0)

=
∑
c∈F

λ(c)− 1

= −1

(
Since

∑
c∈F

λ(c) = 0

)
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Then by (2.11),

Z(0) =
r

q
+

(q − 1) r

q (qk − 1)

[
−1 +

∗∑
ψ∈A

ψ (θ)G
(
ψ, λ

)]

Then

Z(0)−
(
qk−1 − 1

)
r

qk − 1
=

(q − 1) r

q (qk − 1)

∗∑
ψ∈A

ψ (θ)G
(
ψ, λ

)
∣∣∣∣∣Z(0)−

(
qk−1 − 1

)
r

qk − 1

∣∣∣∣∣ =

∣∣∣∣∣ (q − 1) r

q (qk − 1)

∗∑
ψ∈A

ψ (θ)G
(
ψ, λ

)∣∣∣∣∣ (2.12)

≤ (q − 1) r

q (qk − 1)

∗∑
ψ∈A

|ψ (θ)|
∣∣G (ψ, λ)∣∣

=
(q − 1) r

q (qk − 1)
(|A| − 1) qk/2

(By Theorem 1.5.1, ψ0 /∈ A∗ and λ 6= λ0 ⇒ |G (ψ, λ)| = qk/2 )

Let H be the smallest subgroup of F ∗ which contains α and K∗.

O(α)=r in F ∗

[Since ord(m(x)) = r, then xr−1 = p(x)m(x) for some p(x) ∈ K[x]. Then αr−1 = 0

(Since m(α) = 0).Then αr = 1. If O(α)=r1 < r. Then αr1 = 1⇒ αr1−1 = 0. Then

α is a root of xr1 − 1. Therefore m(x)/xr1−1. Therefore ord(m(x)) = r1, which is a

contradiction.]

The multiplicative group F ∗ is cyclic. Then |H| = h = l.c.m(r, q − 1).

[Note: H is the subgroup generated by K∗ and α]

Furthermore, if ψ ∈ A iff ψ (β) for every β ∈ H.

[ Proof: ⇒ Let ψ ∈ A. Then ψ/K∗ = 1 and ψ(α) = 1. Let β ∈ H. Then

β = αε11 , α
ε2
2 . . . , α

εk
k , αi ∈ K∗ ∪ {α}

⇒ ψ (β) = ψ (α1)
ε1 ψ (α2)

ε2 . . . ψ (αk)
εk = 1 ⇐ Suppose ψ(β) = 1 for every β ∈ H.

Then for every k ∈ K∗, ψ(k) = 1 and ψ(α) = 1. Hence ψ ∈ A.]
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So A is the annihilator of H in (F ∗)∧.

⇒ |A| = |F
∗|
|H|

=
qk − 1

h

By (2.12), ∣∣∣∣∣Z(0)−
(
qk−1

)
r

qk

∣∣∣∣∣ ≤ (q − 1) r

q (qk − 1)

(
qk − 1

h
− 1

)
qk/2

=
(q − 1) r

q

(
1

h
− 1

qk − 1

)
qk/2

=

(
1− 1

q

)(
r

h
− r

qk − 1

)
qk/2.

Now suppose b 6= 0.

By (2.10),

Z(b) =
r

q
+

r

q (qk − 1)

∑
ψ∈J

ψ (θ)G
(
ψ, λ

)
G
(
ψ
′
λ
′

b

)
where λ

′

b is a nontrivial.

=
r

q
+

r

q (qk − 1)

(
ψ∗ (θ)G

(
ψ∗, λ

)
G
(
ψ
′∗, λ

′

b

)
+

∗∑
ψ∈J

ψ (θ)G
(
ψ, λ

)
G
(
ψ
′
, λ
′

b

))

[Previously, G
(
ψ∗, λ

)
= −1

G
(
ψ∗
′
, λ
′

b

)
=
∑
c∈K∗

ψ∗
′
(c)λ

′

b(c)

=
∑
c∈K∗

λ
′

b(c)

=
∑
c∈K

λ
′

b(c)− λb(0)

= −1

⇒ ψ∗ (θ)G
(
ψ∗, λ

)
G
(
ψ
′∗, λ

′

b

)
= 1 ]
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So

Z(b) =
r

q
+

r

q (qk − 1)
+

r

q (qk − 1)

∗∑
ψ∈J

ψ (θ)G
(
ψ, λ

)
G
(
ψ
′
, λ
′

b

)
⇒ Z(b)− qk−1r

qk − 1
=

r

q (qk − 1)

∗∑
ψ∈J

ψ (θ)G
(
ψ, λ

)
G
(
ψ
′
, λ
′

b

)
It was found earlier that if ψ

′
is trivial then G

(
ψ
′
, λ
′

b

)
= −1 and

∣∣G (ψ′ , λ′b)∣∣ = q1/2

if ψ
′

is non trivial.∣∣∣∣Z(b)− qk−1r

qk − 1

∣∣∣∣ ≤ r

q (qk − 1)

∗∑
ψ∈J

|ψ (θ)|
∣∣G (ψ, λ)∣∣ ∣∣∣G(ψ′ , λ′b)∣∣∣

=
r

q (qk − 1)

 ∗∑
ψ∈A

∣∣G (ψ, λ)∣∣ ∣∣∣G(ψ′ , λ′b)∣∣∣+
∗∑

ψ∈J\A

∣∣G (ψ, λ)∣∣ ∣∣∣G(ψ′ , λ′b)∣∣∣


=
r

q (qk − 1)

 ∗∑
ψ∈A

∣∣G (ψ, λ)∣∣+
∗∑

ψ∈J\A

∣∣G (ψ, λ)∣∣ (q1/2)


=
r

q (qk − 1)

[
(|A| − 1) qk/2 + (|J | − |A|) q1/2qk/2

]
=

r

(qk − 1)

[
|A| − 1 + (|J | − |A|) q1/2

]
qk/2−1

J is the annihilator of the subgroup generated by α (in F ∗) in (F ∗)∧ . Then

|J | =
(
qk − 1

)
r

=
|F ∗|
|α|

.

Then∣∣∣∣Z(b)− qk−1r

qk − 1

∣∣∣∣ ≤ r

(qk − 1)

[(
qk − 1

h
− 1

)
+

(
qk − 1

r
−
(
qk − 1

)
h

)
q1/2

]
qk/2−1

=

[
r

h
− r

qk − 1
+
h− r
h

q1/2
]
qk/2−1.

These bounds are only useful for large r. For instance, if q = 2 , k = 10 and

the least period r = 33, we get

|Z(0)− 16.48| ≤ 15.48
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⇒ 1 ≤ Z(0) ≤ 31

In this case, the sequence has atleast one 0 and atleast two 1’s which is trivially

true. By other means (see [1]) one can show 11 ≤ Z(0) ≤ 21.
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CHAPTER 3

THE NUMBER OF ZEROS OF SOME LINEAR RECCURENCE

SEQUENCES

Here we present some results obtained by a Maple program written to determine

the number of zeros which occur in a full period of a linear recurrence sequence based

on an irreducible polynomial. We will discuss the monic irreducible polynomials of

degree 8 and order 85, degree 9 and order 73 and finally, degree 10 and order 93.

(Refer to the Appendix for the MAPLE codes). All the polynomials considered here

are over the finite field of order 2.

First we do the monic irreducible polynomials of degree 8 and order 85. The

list of all monic irreducible polynomials of degree 8 which are of order 85 are as

follows:

P1=x8 + x5 + x4 + x3 + x2 + x+ 1

P2=x8 + x6 + x5 + x4 + x2 + x+ 1

P3=x8 + x6 + x5 + x4 + x3 + x+ 1

P4=x8 + x7 + x3 + x+ 1

P5=x8 + x7 + x5 + x+ 1

P6=x8 + x7 + x5 + x4 + x3 + x2 + 1

P7=x8 + x7 + x6 + x4 + x3 + x2 + 1

P8=x8 + x7 + x6 + x5 + x4 + x3 + 1

We computed the number of zeros in the sequences based on the polynomials

P1, P2, P3, P4, P5, P6, P7 and P8 for every possible initial sequence. (See Appendix

I-VIII). We obtained only two values for Z(0), namely 37 and 45. According to

Theorem 2.0.7, Z(0) should satisfy the following condition.∣∣∣∣Z(0)− (qk−1 − 1)r

qk − 1

∣∣∣∣ ≤ (1− 1

q

)(
r

h
− r

qk − 1

)
qk/2.
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Since all the irreducible polynomials considereded here are over F2, the q in Theorem

2.0.7, is equal to 2. Also by Theorem 2.0.6, r is equal to the order of the irreducible

polynomial, which is 85 in this case. The least common multiple of r and q − 1 is

equal to r since q = 2. Hence h in this case will be equal to 85. Since the degree

of the irreducible polynomials is 8, k = 8. Therefore (qk−1−1)r
qk−1 = 42.3333..... Also(

1− 1
q

)(
r
h
− r

qk−1

)
qk/2 = 5.3333.....

So

|Z(0)− 42.333...| ≤ 5.333...

⇒ 37 ≤ Z(0) ≤ 48.

Since all the Z(0)s are within these bounds, this verifies the Theorem 2.0.7.

The other main observation of these results is for every monic irreducible poly-

nomial of degree 8 and order 85, Z(0) can take only two values for every possi-

ble initial sequence. That is for each one of the 28 − 1 = 255 initial sequences

s0, s1, s2, s3, s4, s5, s6, s7, the only possible values for Z(0) are 37 and 45. As a par-

tial explanation we will prove that all 8th order linear recurrences of least period 85

can have at most 3 values for Z(0). (See [1])

Let f be an irreducible polynomial (over Z2) of degree 8 and order 85. By the

Theorem 2.0.5, a linear recurrence sequence based on f has the form,

sn = Tr(θβn) n = 1, 2, ..., 85

where β is a root of f and θ ∈ F∗28 . There are 28 − 1 = 255 many initial sequences

s0, s1, s2, s3, s4, s5, s6, s7, where (s0, s1, s2, s3, s4, s5, s6, s7, ) 6= (0, 0, 0, 0, 0, 0, 0, 0) and

255 many θ. Then there exist a bijection between the initial values and θs. Let this

sequence of sn be called S(θ, f). Fix a primitive element α in F∗28 . Since β has order

85 in the cyclic group F∗28 , we can write β = α3k for some k relatively prime to 85.

Also θ = αt for some t such that 1 ≤ t ≤ 255. Then S(θ, f) consists of the traces of

T(θ, f) = {αtα3kn : n = 1, 2, ..., 85}.
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To determine the Z(0)s, the order of the terms in the sequence is not important.

We only need to know the number of elements in T (θ, f) that have the trace equal

to zero.

Theorem 3.0.8. Let f, g ∈ Z2[x] be irreducible polnomials of degree 8 and order

85. Let θ1 = αt and θ2 = αs. If t ≡ s (mod 3) then T(θ1, f)= T(θ2, g) and so

ZS(θ1,f)(0) = ZS(θ2,g)(0).

Proof. Let β1 = α3k be a root of f and β2 = α3l be a root of g. Note that (k, 85)=1

and (l, 85)=1. Pick n such that 1 ≤ n ≤ 85. Set r = (t− s)/3. Set m = l−1(r+ kn)

(mod 85). (l−1 exists as (l, 85)=1.)

Then

ml ≡ r + kn (mod 85)

3ml ≡ 3r + 3kn (mod 255)

3ml ≡ t− s+ 3kn (mod 255)

s+ 3ml ≡ t+ 3kn (mod 255)

αs+3ml = αt+3kn

θ2β
m
2 = θ1β

n
1 .

Therefore T (θ1, f) ⊂ T (θ2, g). The reverse inclusion can also be proved by a similar

argument. This completes the proof.

Corollary Over all 8th order linear recurrences S of least period 85, there are

at most 3 values for Z(0).

Proof. Let f be a irreducible polynomial of degree 8 and order 85. For i = 0, 1,

2, set Si = S(αi, f). Let S = S (θ, g) be any sequence. Let θ = αt. Then there
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exist an i such that i = 0, 1, 2 such that t ≡ i (mod 3). Then by Theorem 3.0.8,

ZS(0) = ZSi
(0).

Now we will discuss the monic irreducible polynomials of degree 9 and order

93. The list of all monic irreducible polynomials of degree 9 which are of order 73

are as follows:

Q1=x9 + x+ 1

Q2=x9 + x4 + x2 + x+ 1

Q3=x9 + x6 + x3 + x+ 1

Q4=x9 + x6 + x5 + x2 + 1

Q5=x9 + x7 + x4 + x3 + 1

Q6=x9 + x8 + 1

Q7=x9 + x8 + x6 + x3 + 1

Q8=x9 + x8 + x7 + x5 + 1

Table 3.1 presents all the above given monic irreducible polynomials of degree

9 and order 73 and the last five columns give the corresponding values of the number

of zeros for each different initial sequence. (Note that each initial sequence given

here represents the order of s0 s1 s2 s3 s4 s5 s6 s7 s8.)

36



polynomial 111000000 111111111 101010101 100000000 100000011

Q1 45 45 45 45 37

Q2 37 33 37 33 33

Q3 45 33 33 45 33

Q4 33 33 33 37 37

Q5 37 33 33 37 37

Q6 37 45 45 45 45

Q7 33 33 33 45 37

Q8 33 33 37 33 37

Table 3.1.

Table 3.1 shows that the number of zeros for every polynomial considered here

have taken only three values, which are 33, 37 and 45, in all cases of initial sequences

that are taken into consideration. According to Theorem 2.0.7, Z(0) should satisfy

the following condition.∣∣∣∣Z(0)− (qk−1 − 1)r

qk − 1

∣∣∣∣ ≤ (1− 1

q

)(
r

h
− r

qk − 1

)
qk/2.

Since all the irreducible polynomials considereded here are over F2, the q in Theorem

2.0.7, is equal to 2. Also by Theorem 2.0.6, r is equal to the order of the irreducible

polynomial, which is 73 in this case. The least common multiple of r and q − 1 is

equal to r since q = 2. Hence h in this case will be equal to 73. Since the degree of the

irreducible polynomials in Table 3.2 is 9, k = 9. Therefore (qk−1−1)r
qk−1 = 36.428571.....

Also
(

1− 1
q

)(
r
h
− r

qk−1

)
qk/2 = 9.6975.

So

|Z(0)− 36.428571...| ≤ 9.6975
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⇒ 26.73107... ≤ Z(0) ≤ 46.12607....

Since the Z(0)s in Table 3.1 are within these bounds, this verifies the Theorem 2.0.7.

Finally, we will consider the set of all the monic irreducible polynomials of

degree 10 and order 93 which are given as follows:

R1=x10 + x5 + x4 + x2 + 1

R2=x10 + x8 + x3 + x+ 1

R3=x10 + x8 + x6 + x5 + 1

R4=x10 + x9 + x7 + x2 + 1

R5=x10 + x9 + x7 + x5 + x2 + x+ 1

R6=x10 + x9 + x8 + x5 + x3 + x+ 1

Table 3.2 gives all the above given monic irreducible polynomials of degree 10

and order 93 and the last five columns give the corresponding values of the number

of zeros for each different initial sequence. (Note that each initial sequence given

here represents the order of s0 s1 s2 s3 s4 s5 s6 s7 s8 s9.)

polynomial 1101000001 1111111111 1010101010 1000000000 1000000111

R1 45 45 45 61 45

R2 61 45 45 45 45

R3 45 45 45 61 45

R4 61 45 45 45 45

R5 45 45 45 45 45

R6 61 45 45 45 45

Table 3.2.

Table 3.2 shows that the number of zeros for every polynomial considered here

have taken two values, which are 45 and 61, in all cases of initial sequences that
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are taken into consideration. According to Theorem 2.0.7, Z(0) should satisfy the

following condition.∣∣∣∣Z(0)− (qk−1 − 1)r

qk − 1

∣∣∣∣ ≤ (1− 1

q

)(
r

h
− r

qk − 1

)
qk/2.

Since all the irreducible polynomials considereded here are over F2, the q in Theorem

2.0.7, is equal to 2. Also by Theorem 2.0.6, r is equal to the order of the irreducible

polynomial, which is 93 in this case. The least common multiple of r and q − 1 is

equal to r since q = 2. Hence h in this case will be equal to 93. Since the degree of the

irreducible polynomials in Table 3.2 is 10, k = 10. Therefore (qk−1−1)r
qk−1 = 46.4545.....

Also
(

1− 1
q

)(
r
h
− r

qk−1

)
qk/2 = 14.5454....

So

|Z(0)− 46.4545...| ≤ 14.5454...

⇒ 32 ≤ Z(0) ≤ 61.

Since the Z(0)s in Table 3.2 are within these bounds, this verifies the Theorem 2.0.7.
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APPENDIX I

MAPLE codes to determine the number of zeros based on the monic irreducible

polynomial P1 of degree 8 and order 85 in chapter 3, for every possible initial

sequence.

for k from 257 to 511 do

for n from 1 to 8 do

s[n] :=convert(k,base,2)[n];od:

for m from 9 to 85 do

s[m] :=s[m-3]+s[m-4]+s[m-5]+s[m-6]+s[m-7]+s[m-8] mod 2;

t :={};od:

for m from 1 to 85 do

if s[m]=0 then t :=t union {m} fi;od:

[s[1],s[2],s[3],s[4],s[5],s[6],s[7],s[8],nops(t)];od;

[1, 0, 0, 0, 0, 0, 0, 0, 45]

[0, 1, 0, 0, 0, 0, 0, 0, 45]

[1, 1, 0, 0, 0, 0, 0, 0, 45]

[0, 0, 1, 0, 0, 0, 0, 0, 45]

[1, 0, 1, 0, 0, 0, 0, 0, 45]

[0, 1, 1, 0, 0, 0, 0, 0, 45]

[1, 1, 1, 0, 0, 0, 0, 0, 37]

[0, 0, 0, 1, 0, 0, 0, 0, 45]

[1, 0, 0, 1, 0, 0, 0, 0, 45]

[0, 1, 0, 1, 0, 0, 0, 0, 45]

[1, 1, 0, 1, 0, 0, 0, 0, 37]

[0, 0, 1, 1, 0, 0, 0, 0, 45]

[1, 0, 1, 1, 0, 0, 0, 0, 37]
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[0, 1, 1, 1, 0, 0, 0, 0, 45]

[1, 1, 1, 1, 0, 0, 0, 0, 37]

[0, 0, 0, 0, 1, 0, 0, 0, 37]

[1, 0, 0, 0, 1, 0, 0, 0, 45]

[0, 1, 0, 0, 1, 0, 0, 0, 45]

[1, 1, 0, 0, 1, 0, 0, 0, 45]

[0, 0, 1, 0, 1, 0, 0, 0, 45]

[1, 0, 1, 0, 1, 0, 0, 0, 45]

[0, 1, 1, 0, 1, 0, 0, 0, 45]

[1, 1, 1, 0, 1, 0, 0, 0, 37]

[0, 0, 0, 1, 1, 0, 0, 0, 45]

[1, 0, 0, 1, 1, 0, 0, 0, 45]

[0, 1, 0, 1, 1, 0, 0, 0, 45]

[1, 1, 0, 1, 1, 0, 0, 0, 37]

[0, 0, 1, 1, 1, 0, 0, 0, 45]

[1, 0, 1, 1, 1, 0, 0, 0, 45]

[0, 1, 1, 1, 1, 0, 0, 0, 37]

[1, 1, 1, 1, 1, 0, 0, 0, 37]

[0, 0, 0, 0, 0, 1, 0, 0, 45]

[1, 0, 0, 0, 0, 1, 0, 0, 37]

[0, 1, 0, 0, 0, 1, 0, 0, 45]

[1, 1, 0, 0, 0, 1, 0, 0, 45]

[0, 0, 1, 0, 0, 1, 0, 0, 45]

[1, 0, 1, 0, 0, 1, 0, 0, 45]

[0, 1, 1, 0, 0, 1, 0, 0, 45]

[1, 1, 1, 0, 0, 1, 0, 0, 45]

[0, 0, 0, 1, 0, 1, 0, 0, 45]
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[1, 0, 0, 1, 0, 1, 0, 0, 45]

[0, 1, 0, 1, 0, 1, 0, 0, 37]

[1, 1, 0, 1, 0, 1, 0, 0, 45]

[0, 0, 1, 1, 0, 1, 0, 0, 45]

[1, 0, 1, 1, 0, 1, 0, 0, 45]

[0, 1, 1, 1, 0, 1, 0, 0, 37]

[1, 1, 1, 1, 0, 1, 0, 0, 45]

[0, 0, 0, 0, 1, 1, 0, 0, 45]

[1, 0, 0, 0, 1, 1, 0, 0, 45]

[0, 1, 0, 0, 1, 1, 0, 0, 45]

[1, 1, 0, 0, 1, 1, 0, 0, 45]

[0, 0, 1, 0, 1, 1, 0, 0, 37]

[1, 0, 1, 0, 1, 1, 0, 0, 45]

[0, 1, 1, 0, 1, 1, 0, 0, 37]

[1, 1, 1, 0, 1, 1, 0, 0, 37]

[0, 0, 0, 1, 1, 1, 0, 0, 45]

[1, 0, 0, 1, 1, 1, 0, 0, 45]

[0, 1, 0, 1, 1, 1, 0, 0, 45]

[1, 1, 0, 1, 1, 1, 0, 0, 45]

[0, 0, 1, 1, 1, 1, 0, 0, 37]

[1, 0, 1, 1, 1, 1, 0, 0, 45]

[0, 1, 1, 1, 1, 1, 0, 0, 45]

[1, 1, 1, 1, 1, 1, 0, 0, 37]

[0, 0, 0, 0, 0, 0, 1, 0, 45]

[1, 0, 0, 0, 0, 0, 1, 0, 37]

[0, 1, 0, 0, 0, 0, 1, 0, 37]

[1, 1, 0, 0, 0, 0, 1, 0, 37]
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[0, 0, 1, 0, 0, 0, 1, 0, 45]

[1, 0, 1, 0, 0, 0, 1, 0, 45]

[0, 1, 1, 0, 0, 0, 1, 0, 45]

[1, 1, 1, 0, 0, 0, 1, 0, 37]

[0, 0, 0, 1, 0, 0, 1, 0, 45]

[1, 0, 0, 1, 0, 0, 1, 0, 45]

[0, 1, 0, 1, 0, 0, 1, 0, 45]

[1, 1, 0, 1, 0, 0, 1, 0, 45]

[0, 0, 1, 1, 0, 0, 1, 0, 45]

[1, 0, 1, 1, 0, 0, 1, 0, 37]

[0, 1, 1, 1, 0, 0, 1, 0, 45]

[1, 1, 1, 1, 0, 0, 1, 0, 45]

[0, 0, 0, 0, 1, 0, 1, 0, 37]

[1, 0, 0, 0, 1, 0, 1, 0, 45]

[0, 1, 0, 0, 1, 0, 1, 0, 45]

[1, 1, 0, 0, 1, 0, 1, 0, 45]

[0, 0, 1, 0, 1, 0, 1, 0, 37]

[1, 0, 1, 0, 1, 0, 1, 0, 45]

[0, 1, 1, 0, 1, 0, 1, 0, 45]

[1, 1, 1, 0, 1, 0, 1, 0, 45]

[0, 0, 0, 1, 1, 0, 1, 0, 45]

[1, 0, 0, 1, 1, 0, 1, 0, 45]

[0, 1, 0, 1, 1, 0, 1, 0, 45]

[1, 1, 0, 1, 1, 0, 1, 0, 45]

[0, 0, 1, 1, 1, 0, 1, 0, 45]

[1, 0, 1, 1, 1, 0, 1, 0, 37]

[0, 1, 1, 1, 1, 0, 1, 0, 45]
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[1, 1, 1, 1, 1, 0, 1, 0, 45]

[0, 0, 0, 0, 0, 1, 1, 0, 45]

[1, 0, 0, 0, 0, 1, 1, 0, 45]

[0, 1, 0, 0, 0, 1, 1, 0, 45]

[1, 1, 0, 0, 0, 1, 1, 0, 45]

[0, 0, 1, 0, 0, 1, 1, 0, 45]

[1, 0, 1, 0, 0, 1, 1, 0, 37]

[0, 1, 1, 0, 0, 1, 1, 0, 45]

[1, 1, 1, 0, 0, 1, 1, 0, 45]

[0, 0, 0, 1, 0, 1, 1, 0, 37]

[1, 0, 0, 1, 0, 1, 1, 0, 45]

[0, 1, 0, 1, 0, 1, 1, 0, 45]

[1, 1, 0, 1, 0, 1, 1, 0, 45]

[0, 0, 1, 1, 0, 1, 1, 0, 45]

[1, 0, 1, 1, 0, 1, 1, 0, 37]

[0, 1, 1, 1, 0, 1, 1, 0, 37]

[1, 1, 1, 1, 0, 1, 1, 0, 37]

[0, 0, 0, 0, 1, 1, 1, 0, 45]

[1, 0, 0, 0, 1, 1, 1, 0, 37]

[0, 1, 0, 0, 1, 1, 1, 0, 45]

[1, 1, 0, 0, 1, 1, 1, 0, 45]

[0, 0, 1, 0, 1, 1, 1, 0, 37]

[1, 0, 1, 0, 1, 1, 1, 0, 45]

[0, 1, 1, 0, 1, 1, 1, 0, 45]

[1, 1, 1, 0, 1, 1, 1, 0, 37]

[0, 0, 0, 1, 1, 1, 1, 0, 45]

[1, 0, 0, 1, 1, 1, 1, 0, 37]
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[0, 1, 0, 1, 1, 1, 1, 0, 45]

[1, 1, 0, 1, 1, 1, 1, 0, 37]

[0, 0, 1, 1, 1, 1, 1, 0, 45]

[1, 0, 1, 1, 1, 1, 1, 0, 37]

[0, 1, 1, 1, 1, 1, 1, 0, 45]

[1, 1, 1, 1, 1, 1, 1, 0, 37]

[0, 0, 0, 0, 0, 0, 0, 1, 45]

[1, 0, 0, 0, 0, 0, 0, 1, 45]

[0, 1, 0, 0, 0, 0, 0, 1, 45]

[1, 1, 0, 0, 0, 0, 0, 1, 37]

[0, 0, 1, 0, 0, 0, 0, 1, 45]

[1, 0, 1, 0, 0, 0, 0, 1, 37]

[0, 1, 1, 0, 0, 0, 0, 1, 37]

[1, 1, 1, 0, 0, 0, 0, 1, 45]

[0, 0, 0, 1, 0, 0, 0, 1, 37]

[1, 0, 0, 1, 0, 0, 0, 1, 45]

[0, 1, 0, 1, 0, 0, 0, 1, 45]

[1, 1, 0, 1, 0, 0, 0, 1, 45]

[0, 0, 1, 1, 0, 0, 0, 1, 45]

[1, 0, 1, 1, 0, 0, 0, 1, 45]

[0, 1, 1, 1, 0, 0, 0, 1, 45]

[1, 1, 1, 1, 0, 0, 0, 1, 37]

[0, 0, 0, 0, 1, 0, 0, 1, 45]

[1, 0, 0, 0, 1, 0, 0, 1, 45]

[0, 1, 0, 0, 1, 0, 0, 1, 45]

[1, 1, 0, 0, 1, 0, 0, 1, 45]

[0, 0, 1, 0, 1, 0, 0, 1, 45]
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[1, 0, 1, 0, 1, 0, 0, 1, 37]

[0, 1, 1, 0, 1, 0, 0, 1, 45]

[1, 1, 1, 0, 1, 0, 0, 1, 45]

[0, 0, 0, 1, 1, 0, 0, 1, 45]

[1, 0, 0, 1, 1, 0, 0, 1, 45]

[0, 1, 0, 1, 1, 0, 0, 1, 37]

[1, 1, 0, 1, 1, 0, 0, 1, 37]

[0, 0, 1, 1, 1, 0, 0, 1, 45]

[1, 0, 1, 1, 1, 0, 0, 1, 45]

[0, 1, 1, 1, 1, 0, 0, 1, 45]

[1, 1, 1, 1, 1, 0, 0, 1, 45]

[0, 0, 0, 0, 0, 1, 0, 1, 37]

[1, 0, 0, 0, 0, 1, 0, 1, 37]

[0, 1, 0, 0, 0, 1, 0, 1, 45]

[1, 1, 0, 0, 0, 1, 0, 1, 37]

[0, 0, 1, 0, 0, 1, 0, 1, 45]

[1, 0, 1, 0, 0, 1, 0, 1, 45]

[0, 1, 1, 0, 0, 1, 0, 1, 37]

[1, 1, 1, 0, 0, 1, 0, 1, 45]

[0, 0, 0, 1, 0, 1, 0, 1, 37]

[1, 0, 0, 1, 0, 1, 0, 1, 45]

[0, 1, 0, 1, 0, 1, 0, 1, 45]

[1, 1, 0, 1, 0, 1, 0, 1, 45]

[0, 0, 1, 1, 0, 1, 0, 1, 45]

[1, 0, 1, 1, 0, 1, 0, 1, 45]

[0, 1, 1, 1, 0, 1, 0, 1, 45]

[1, 1, 1, 1, 0, 1, 0, 1, 45]
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[0, 0, 0, 0, 1, 1, 0, 1, 45]

[1, 0, 0, 0, 1, 1, 0, 1, 45]

[0, 1, 0, 0, 1, 1, 0, 1, 37]

[1, 1, 0, 0, 1, 1, 0, 1, 45]

[0, 0, 1, 0, 1, 1, 0, 1, 45]

[1, 0, 1, 0, 1, 1, 0, 1, 45]

[0, 1, 1, 0, 1, 1, 0, 1, 45]

[1, 1, 1, 0, 1, 1, 0, 1, 37]

[0, 0, 0, 1, 1, 1, 0, 1, 37]

[1, 0, 0, 1, 1, 1, 0, 1, 45]

[0, 1, 0, 1, 1, 1, 0, 1, 37]

[1, 1, 0, 1, 1, 1, 0, 1, 37]

[0, 0, 1, 1, 1, 1, 0, 1, 45]

[1, 0, 1, 1, 1, 1, 0, 1, 37]

[0, 1, 1, 1, 1, 1, 0, 1, 37]

[1, 1, 1, 1, 1, 1, 0, 1, 45]

[0, 0, 0, 0, 0, 0, 1, 1, 45]

[1, 0, 0, 0, 0, 0, 1, 1, 45]

[0, 1, 0, 0, 0, 0, 1, 1, 45]

[1, 1, 0, 0, 0, 0, 1, 1, 45]

[0, 0, 1, 0, 0, 0, 1, 1, 37]

[1, 0, 1, 0, 0, 0, 1, 1, 45]

[0, 1, 1, 0, 0, 0, 1, 1, 45]

[1, 1, 1, 0, 0, 0, 1, 1, 45]

[0, 0, 0, 1, 0, 0, 1, 1, 45]

[1, 0, 0, 1, 0, 0, 1, 1, 45]

[0, 1, 0, 1, 0, 0, 1, 1, 37]
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[1, 1, 0, 1, 0, 0, 1, 1, 45]

[0, 0, 1, 1, 0, 0, 1, 1, 45]

[1, 0, 1, 1, 0, 0, 1, 1, 37]

[0, 1, 1, 1, 0, 0, 1, 1, 45]

[1, 1, 1, 1, 0, 0, 1, 1, 45]

[0, 0, 0, 0, 1, 0, 1, 1, 37]

[1, 0, 0, 0, 1, 0, 1, 1, 37]

[0, 1, 0, 0, 1, 0, 1, 1, 45]

[1, 1, 0, 0, 1, 0, 1, 1, 37]

[0, 0, 1, 0, 1, 0, 1, 1, 45]

[1, 0, 1, 0, 1, 0, 1, 1, 45]

[0, 1, 1, 0, 1, 0, 1, 1, 45]

[1, 1, 1, 0, 1, 0, 1, 1, 45]

[0, 0, 0, 1, 1, 0, 1, 1, 45]

[1, 0, 0, 1, 1, 0, 1, 1, 37]

[0, 1, 0, 1, 1, 0, 1, 1, 45]

[1, 1, 0, 1, 1, 0, 1, 1, 37]

[0, 0, 1, 1, 1, 0, 1, 1, 37]

[1, 0, 1, 1, 1, 0, 1, 1, 37]

[0, 1, 1, 1, 1, 0, 1, 1, 37]

[1, 1, 1, 1, 1, 0, 1, 1, 37]

[0, 0, 0, 0, 0, 1, 1, 1, 45]

[1, 0, 0, 0, 0, 1, 1, 1, 45]

[0, 1, 0, 0, 0, 1, 1, 1, 37]

[1, 1, 0, 0, 0, 1, 1, 1, 45]

[0, 0, 1, 0, 0, 1, 1, 1, 45]

[1, 0, 1, 0, 0, 1, 1, 1, 45]
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[0, 1, 1, 0, 0, 1, 1, 1, 37]

[1, 1, 1, 0, 0, 1, 1, 1, 45]

[0, 0, 0, 1, 0, 1, 1, 1, 37]

[1, 0, 0, 1, 0, 1, 1, 1, 37]

[0, 1, 0, 1, 0, 1, 1, 1, 45]

[1, 1, 0, 1, 0, 1, 1, 1, 45]

[0, 0, 1, 1, 0, 1, 1, 1, 37]

[1, 0, 1, 1, 0, 1, 1, 1, 45]

[0, 1, 1, 1, 0, 1, 1, 1, 37]

[1, 1, 1, 1, 0, 1, 1, 1, 37]

[0, 0, 0, 0, 1, 1, 1, 1, 45]

[1, 0, 0, 0, 1, 1, 1, 1, 45]

[0, 1, 0, 0, 1, 1, 1, 1, 45]

[1, 1, 0, 0, 1, 1, 1, 1, 37]

[0, 0, 1, 0, 1, 1, 1, 1, 37]

[1, 0, 1, 0, 1, 1, 1, 1, 45]

[0, 1, 1, 0, 1, 1, 1, 1, 37]

[1, 1, 1, 0, 1, 1, 1, 1, 37]

[0, 0, 0, 1, 1, 1, 1, 1, 45]

[1, 0, 0, 1, 1, 1, 1, 1, 45]

[0, 1, 0, 1, 1, 1, 1, 1, 37]

[1, 1, 0, 1, 1, 1, 1, 1, 37]

[0, 0, 1, 1, 1, 1, 1, 1, 45]

[1, 0, 1, 1, 1, 1, 1, 1, 37]

[0, 1, 1, 1, 1, 1, 1, 1, 37]

[1, 1, 1, 1, 1, 1, 1, 1, 37]
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APPENDIX II

MAPLE codes to determine the number of zeros based on the monic irreducible

polynomial P2 of degree 8 and order 85 in chapter 3, for every possible initial

sequence.

for k from 257 to 511 do

for n from 1 to 8 do

s[n] :=convert(k,base,2)[n];od:

for m from 9 to 85 do

s[m] :=s[m-2]+s[m-3]+s[m-4]+s[m-6]+s[m-7]+s[m-8] mod 2;

t :={};od:

for m from 1 to 85 do

if s[m]=0 then t :=t union {m} fi;od:

[s[1],s[2],s[3],s[4],s[5],s[6],s[7],s[8],nops(t)];od;

[1, 0, 0, 0, 0, 0, 0, 0, 45]

[0, 1, 0, 0, 0, 0, 0, 0, 37]

[1, 1, 0, 0, 0, 0, 0, 0, 45]

[0, 0, 1, 0, 0, 0, 0, 0, 45]

[1, 0, 1, 0, 0, 0, 0, 0, 37]

[0, 1, 1, 0, 0, 0, 0, 0, 45]

[1, 1, 1, 0, 0, 0, 0, 0, 45]

[0, 0, 0, 1, 0, 0, 0, 0, 45]

[1, 0, 0, 1, 0, 0, 0, 0, 45]

[0, 1, 0, 1, 0, 0, 0, 0, 45]

[1, 1, 0, 1, 0, 0, 0, 0, 37]

[0, 0, 1, 1, 0, 0, 0, 0, 45]

[1, 0, 1, 1, 0, 0, 0, 0, 45]
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[0, 1, 1, 1, 0, 0, 0, 0, 45]

[1, 1, 1, 1, 0, 0, 0, 0, 37]

[0, 0, 0, 0, 1, 0, 0, 0, 45]

[1, 0, 0, 0, 1, 0, 0, 0, 45]

[0, 1, 0, 0, 1, 0, 0, 0, 45]

[1, 1, 0, 0, 1, 0, 0, 0, 45]

[0, 0, 1, 0, 1, 0, 0, 0, 45]

[1, 0, 1, 0, 1, 0, 0, 0, 37]

[0, 1, 1, 0, 1, 0, 0, 0, 45]

[1, 1, 1, 0, 1, 0, 0, 0, 37]

[0, 0, 0, 1, 1, 0, 0, 0, 45]

[1, 0, 0, 1, 1, 0, 0, 0, 45]

[0, 1, 0, 1, 1, 0, 0, 0, 45]

[1, 1, 0, 1, 1, 0, 0, 0, 37]

[0, 0, 1, 1, 1, 0, 0, 0, 45]

[1, 0, 1, 1, 1, 0, 0, 0, 37]

[0, 1, 1, 1, 1, 0, 0, 0, 45]

[1, 1, 1, 1, 1, 0, 0, 0, 37]

[0, 0, 0, 0, 0, 1, 0, 0, 45]

[1, 0, 0, 0, 0, 1, 0, 0, 45]

[0, 1, 0, 0, 0, 1, 0, 0, 45]

[1, 1, 0, 0, 0, 1, 0, 0, 37]

[0, 0, 1, 0, 0, 1, 0, 0, 45]

[1, 0, 1, 0, 0, 1, 0, 0, 45]

[0, 1, 1, 0, 0, 1, 0, 0, 45]

[1, 1, 1, 0, 0, 1, 0, 0, 45]

[0, 0, 0, 1, 0, 1, 0, 0, 45]
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[1, 0, 0, 1, 0, 1, 0, 0, 45]

[0, 1, 0, 1, 0, 1, 0, 0, 37]

[1, 1, 0, 1, 0, 1, 0, 0, 45]

[0, 0, 1, 1, 0, 1, 0, 0, 45]

[1, 0, 1, 1, 0, 1, 0, 0, 45]

[0, 1, 1, 1, 0, 1, 0, 0, 45]

[1, 1, 1, 1, 0, 1, 0, 0, 37]

[0, 0, 0, 0, 1, 1, 0, 0, 45]

[1, 0, 0, 0, 1, 1, 0, 0, 45]

[0, 1, 0, 0, 1, 1, 0, 0, 45]

[1, 1, 0, 0, 1, 1, 0, 0, 45]

[0, 0, 1, 0, 1, 1, 0, 0, 45]

[1, 0, 1, 0, 1, 1, 0, 0, 45]

[0, 1, 1, 0, 1, 1, 0, 0, 37]

[1, 1, 1, 0, 1, 1, 0, 0, 37]

[0, 0, 0, 1, 1, 1, 0, 0, 45]

[1, 0, 0, 1, 1, 1, 0, 0, 45]

[0, 1, 0, 1, 1, 1, 0, 0, 37]

[1, 1, 0, 1, 1, 1, 0, 0, 37]

[0, 0, 1, 1, 1, 1, 0, 0, 45]

[1, 0, 1, 1, 1, 1, 0, 0, 45]

[0, 1, 1, 1, 1, 1, 0, 0, 37]

[1, 1, 1, 1, 1, 1, 0, 0, 45]

[0, 0, 0, 0, 0, 0, 1, 0, 45]

[1, 0, 0, 0, 0, 0, 1, 0, 45]

[0, 1, 0, 0, 0, 0, 1, 0, 45]

[1, 1, 0, 0, 0, 0, 1, 0, 45]

53



[0, 0, 1, 0, 0, 0, 1, 0, 45]

[1, 0, 1, 0, 0, 0, 1, 0, 45]

[0, 1, 1, 0, 0, 0, 1, 0, 37]

[1, 1, 1, 0, 0, 0, 1, 0, 37]

[0, 0, 0, 1, 0, 0, 1, 0, 37]

[1, 0, 0, 1, 0, 0, 1, 0, 45]

[0, 1, 0, 1, 0, 0, 1, 0, 45]

[1, 1, 0, 1, 0, 0, 1, 0, 45]

[0, 0, 1, 1, 0, 0, 1, 0, 45]

[1, 0, 1, 1, 0, 0, 1, 0, 45]

[0, 1, 1, 1, 0, 0, 1, 0, 45]

[1, 1, 1, 1, 0, 0, 1, 0, 45]

[0, 0, 0, 0, 1, 0, 1, 0, 45]

[1, 0, 0, 0, 1, 0, 1, 0, 45]

[0, 1, 0, 0, 1, 0, 1, 0, 37]

[1, 1, 0, 0, 1, 0, 1, 0, 45]

[0, 0, 1, 0, 1, 0, 1, 0, 37]

[1, 0, 1, 0, 1, 0, 1, 0, 37]

[0, 1, 1, 0, 1, 0, 1, 0, 45]

[1, 1, 1, 0, 1, 0, 1, 0, 45]

[0, 0, 0, 1, 1, 0, 1, 0, 45]

[1, 0, 0, 1, 1, 0, 1, 0, 45]

[0, 1, 0, 1, 1, 0, 1, 0, 45]

[1, 1, 0, 1, 1, 0, 1, 0, 45]

[0, 0, 1, 1, 1, 0, 1, 0, 37]

[1, 0, 1, 1, 1, 0, 1, 0, 45]

[0, 1, 1, 1, 1, 0, 1, 0, 37]
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[1, 1, 1, 1, 1, 0, 1, 0, 45]

[0, 0, 0, 0, 0, 1, 1, 0, 45]

[1, 0, 0, 0, 0, 1, 1, 0, 45]

[0, 1, 0, 0, 0, 1, 1, 0, 45]

[1, 1, 0, 0, 0, 1, 1, 0, 45]

[0, 0, 1, 0, 0, 1, 1, 0, 45]

[1, 0, 1, 0, 0, 1, 1, 0, 45]

[0, 1, 1, 0, 0, 1, 1, 0, 45]

[1, 1, 1, 0, 0, 1, 1, 0, 45]

[0, 0, 0, 1, 0, 1, 1, 0, 45]

[1, 0, 0, 1, 0, 1, 1, 0, 45]

[0, 1, 0, 1, 0, 1, 1, 0, 45]

[1, 1, 0, 1, 0, 1, 1, 0, 45]

[0, 0, 1, 1, 0, 1, 1, 0, 45]

[1, 0, 1, 1, 0, 1, 1, 0, 37]

[0, 1, 1, 1, 0, 1, 1, 0, 37]

[1, 1, 1, 1, 0, 1, 1, 0, 37]

[0, 0, 0, 0, 1, 1, 1, 0, 37]

[1, 0, 0, 0, 1, 1, 1, 0, 45]

[0, 1, 0, 0, 1, 1, 1, 0, 45]

[1, 1, 0, 0, 1, 1, 1, 0, 37]

[0, 0, 1, 0, 1, 1, 1, 0, 37]

[1, 0, 1, 0, 1, 1, 1, 0, 37]

[0, 1, 1, 0, 1, 1, 1, 0, 45]

[1, 1, 1, 0, 1, 1, 1, 0, 37]

[0, 0, 0, 1, 1, 1, 1, 0, 37]

[1, 0, 0, 1, 1, 1, 1, 0, 45]
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[0, 1, 0, 1, 1, 1, 1, 0, 45]

[1, 1, 0, 1, 1, 1, 1, 0, 37]

[0, 0, 1, 1, 1, 1, 1, 0, 37]

[1, 0, 1, 1, 1, 1, 1, 0, 45]

[0, 1, 1, 1, 1, 1, 1, 0, 37]

[1, 1, 1, 1, 1, 1, 1, 0, 45]

[0, 0, 0, 0, 0, 0, 0, 1, 45]

[1, 0, 0, 0, 0, 0, 0, 1, 37]

[0, 1, 0, 0, 0, 0, 0, 1, 45]

[1, 1, 0, 0, 0, 0, 0, 1, 45]

[0, 0, 1, 0, 0, 0, 0, 1, 45]

[1, 0, 1, 0, 0, 0, 0, 1, 45]

[0, 1, 1, 0, 0, 0, 0, 1, 45]

[1, 1, 1, 0, 0, 0, 0, 1, 37]

[0, 0, 0, 1, 0, 0, 0, 1, 45]

[1, 0, 0, 1, 0, 0, 0, 1, 45]

[0, 1, 0, 1, 0, 0, 0, 1, 37]

[1, 1, 0, 1, 0, 0, 0, 1, 45]

[0, 0, 1, 1, 0, 0, 0, 1, 45]

[1, 0, 1, 1, 0, 0, 0, 1, 37]

[0, 1, 1, 1, 0, 0, 0, 1, 37]

[1, 1, 1, 1, 0, 0, 0, 1, 45]

[0, 0, 0, 0, 1, 0, 0, 1, 45]

[1, 0, 0, 0, 1, 0, 0, 1, 37]

[0, 1, 0, 0, 1, 0, 0, 1, 45]

[1, 1, 0, 0, 1, 0, 0, 1, 45]

[0, 0, 1, 0, 1, 0, 0, 1, 45]
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[1, 0, 1, 0, 1, 0, 0, 1, 45]

[0, 1, 1, 0, 1, 0, 0, 1, 45]

[1, 1, 1, 0, 1, 0, 0, 1, 45]

[0, 0, 0, 1, 1, 0, 0, 1, 45]

[1, 0, 0, 1, 1, 0, 0, 1, 45]

[0, 1, 0, 1, 1, 0, 0, 1, 45]

[1, 1, 0, 1, 1, 0, 0, 1, 37]

[0, 0, 1, 1, 1, 0, 0, 1, 45]

[1, 0, 1, 1, 1, 0, 0, 1, 37]

[0, 1, 1, 1, 1, 0, 0, 1, 45]

[1, 1, 1, 1, 1, 0, 0, 1, 45]

[0, 0, 0, 0, 0, 1, 0, 1, 45]

[1, 0, 0, 0, 0, 1, 0, 1, 45]

[0, 1, 0, 0, 0, 1, 0, 1, 45]

[1, 1, 0, 0, 0, 1, 0, 1, 37]

[0, 0, 1, 0, 0, 1, 0, 1, 37]

[1, 0, 1, 0, 0, 1, 0, 1, 45]

[0, 1, 1, 0, 0, 1, 0, 1, 45]

[1, 1, 1, 0, 0, 1, 0, 1, 45]

[0, 0, 0, 1, 0, 1, 0, 1, 45]

[1, 0, 0, 1, 0, 1, 0, 1, 37]

[0, 1, 0, 1, 0, 1, 0, 1, 37]

[1, 1, 0, 1, 0, 1, 0, 1, 45]

[0, 0, 1, 1, 0, 1, 0, 1, 45]

[1, 0, 1, 1, 0, 1, 0, 1, 45]

[0, 1, 1, 1, 0, 1, 0, 1, 37]

[1, 1, 1, 1, 0, 1, 0, 1, 45]
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[0, 0, 0, 0, 1, 1, 0, 1, 45]

[1, 0, 0, 0, 1, 1, 0, 1, 45]

[0, 1, 0, 0, 1, 1, 0, 1, 45]

[1, 1, 0, 0, 1, 1, 0, 1, 45]

[0, 0, 1, 0, 1, 1, 0, 1, 45]

[1, 0, 1, 0, 1, 1, 0, 1, 45]

[0, 1, 1, 0, 1, 1, 0, 1, 45]

[1, 1, 1, 0, 1, 1, 0, 1, 37]

[0, 0, 0, 1, 1, 1, 0, 1, 37]

[1, 0, 0, 1, 1, 1, 0, 1, 37]

[0, 1, 0, 1, 1, 1, 0, 1, 37]

[1, 1, 0, 1, 1, 1, 0, 1, 45]

[0, 0, 1, 1, 1, 1, 0, 1, 37]

[1, 0, 1, 1, 1, 1, 0, 1, 37]

[0, 1, 1, 1, 1, 1, 0, 1, 45]

[1, 1, 1, 1, 1, 1, 0, 1, 37]

[0, 0, 0, 0, 0, 0, 1, 1, 37]

[1, 0, 0, 0, 0, 0, 1, 1, 45]

[0, 1, 0, 0, 0, 0, 1, 1, 45]

[1, 1, 0, 0, 0, 0, 1, 1, 37]

[0, 0, 1, 0, 0, 0, 1, 1, 45]

[1, 0, 1, 0, 0, 0, 1, 1, 37]

[0, 1, 1, 0, 0, 0, 1, 1, 45]

[1, 1, 1, 0, 0, 0, 1, 1, 45]

[0, 0, 0, 1, 0, 0, 1, 1, 45]

[1, 0, 0, 1, 0, 0, 1, 1, 45]

[0, 1, 0, 1, 0, 0, 1, 1, 45]
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[1, 1, 0, 1, 0, 0, 1, 1, 45]

[0, 0, 1, 1, 0, 0, 1, 1, 45]

[1, 0, 1, 1, 0, 0, 1, 1, 37]

[0, 1, 1, 1, 0, 0, 1, 1, 37]

[1, 1, 1, 1, 0, 0, 1, 1, 45]

[0, 0, 0, 0, 1, 0, 1, 1, 45]

[1, 0, 0, 0, 1, 0, 1, 1, 37]

[0, 1, 0, 0, 1, 0, 1, 1, 45]

[1, 1, 0, 0, 1, 0, 1, 1, 45]

[0, 0, 1, 0, 1, 0, 1, 1, 45]

[1, 0, 1, 0, 1, 0, 1, 1, 45]

[0, 1, 1, 0, 1, 0, 1, 1, 45]

[1, 1, 1, 0, 1, 0, 1, 1, 37]

[0, 0, 0, 1, 1, 0, 1, 1, 45]

[1, 0, 0, 1, 1, 0, 1, 1, 45]

[0, 1, 0, 1, 1, 0, 1, 1, 45]

[1, 1, 0, 1, 1, 0, 1, 1, 37]

[0, 0, 1, 1, 1, 0, 1, 1, 37]

[1, 0, 1, 1, 1, 0, 1, 1, 37]

[0, 1, 1, 1, 1, 0, 1, 1, 37]

[1, 1, 1, 1, 1, 0, 1, 1, 37]

[0, 0, 0, 0, 0, 1, 1, 1, 37]

[1, 0, 0, 0, 0, 1, 1, 1, 37]

[0, 1, 0, 0, 0, 1, 1, 1, 37]

[1, 1, 0, 0, 0, 1, 1, 1, 45]

[0, 0, 1, 0, 0, 1, 1, 1, 45]

[1, 0, 1, 0, 0, 1, 1, 1, 45]
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[0, 1, 1, 0, 0, 1, 1, 1, 37]

[1, 1, 1, 0, 0, 1, 1, 1, 37]

[0, 0, 0, 1, 0, 1, 1, 1, 37]

[1, 0, 0, 1, 0, 1, 1, 1, 45]

[0, 1, 0, 1, 0, 1, 1, 1, 45]

[1, 1, 0, 1, 0, 1, 1, 1, 37]

[0, 0, 1, 1, 0, 1, 1, 1, 45]

[1, 0, 1, 1, 0, 1, 1, 1, 45]

[0, 1, 1, 1, 0, 1, 1, 1, 37]

[1, 1, 1, 1, 0, 1, 1, 1, 37]

[0, 0, 0, 0, 1, 1, 1, 1, 37]

[1, 0, 0, 0, 1, 1, 1, 1, 37]

[0, 1, 0, 0, 1, 1, 1, 1, 45]

[1, 1, 0, 0, 1, 1, 1, 1, 37]

[0, 0, 1, 0, 1, 1, 1, 1, 45]

[1, 0, 1, 0, 1, 1, 1, 1, 45]

[0, 1, 1, 0, 1, 1, 1, 1, 45]

[1, 1, 1, 0, 1, 1, 1, 1, 37]

[0, 0, 0, 1, 1, 1, 1, 1, 37]

[1, 0, 0, 1, 1, 1, 1, 1, 37]

[0, 1, 0, 1, 1, 1, 1, 1, 45]

[1, 1, 0, 1, 1, 1, 1, 1, 45]

[0, 0, 1, 1, 1, 1, 1, 1, 37]

[1, 0, 1, 1, 1, 1, 1, 1, 45]

[0, 1, 1, 1, 1, 1, 1, 1, 45]

[1, 1, 1, 1, 1, 1, 1, 1, 45]
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APPENDIX III

MAPLE codes to determine the number of zeros based on the monic irreducible

polynomial P3 of degree 8 and order 85 in chapter 3, for every possible initial

sequence.

for k from 257 to 511 do

for n from 1 to 8 do

s[n] :=convert(k,base,2)[n];od:

for m from 9 to 85 do

s[m] :=s[m-2]+s[m-3]+s[m-4]+s[m-5]+s[m-7]+s[m-8] mod 2;

t :={};od:

for m from 1 to 85 do

if s[m]=0 then t :=t union {m} fi;od:

[s[1],s[2],s[3],s[4],s[5],s[6],s[7],s[8],nops(t)];od;

[1, 0, 0, 0, 0, 0, 0, 0, 45]

[0, 1, 0, 0, 0, 0, 0, 0, 45]

[1, 1, 0, 0, 0, 0, 0, 0, 45]

[0, 0, 1, 0, 0, 0, 0, 0, 45]

[1, 0, 1, 0, 0, 0, 0, 0, 45]

[0, 1, 1, 0, 0, 0, 0, 0, 45]

[1, 1, 1, 0, 0, 0, 0, 0, 45]

[0, 0, 0, 1, 0, 0, 0, 0, 45]

[1, 0, 0, 1, 0, 0, 0, 0, 45]

[0, 1, 0, 1, 0, 0, 0, 0, 45]

[1, 1, 0, 1, 0, 0, 0, 0, 45]

[0, 0, 1, 1, 0, 0, 0, 0, 45]

[1, 0, 1, 1, 0, 0, 0, 0, 45]
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[0, 1, 1, 1, 0, 0, 0, 0, 45]

[1, 1, 1, 1, 0, 0, 0, 0, 45]

[0, 0, 0, 0, 1, 0, 0, 0, 45]

[1, 0, 0, 0, 1, 0, 0, 0, 45]

[0, 1, 0, 0, 1, 0, 0, 0, 45]

[1, 1, 0, 0, 1, 0, 0, 0, 45]

[0, 0, 1, 0, 1, 0, 0, 0, 45]

[1, 0, 1, 0, 1, 0, 0, 0, 45]

[0, 1, 1, 0, 1, 0, 0, 0, 45]

[1, 1, 1, 0, 1, 0, 0, 0, 37]

[0, 0, 0, 1, 1, 0, 0, 0, 45]

[1, 0, 0, 1, 1, 0, 0, 0, 45]

[0, 1, 0, 1, 1, 0, 0, 0, 37]

[1, 1, 0, 1, 1, 0, 0, 0, 45]

[0, 0, 1, 1, 1, 0, 0, 0, 45]

[1, 0, 1, 1, 1, 0, 0, 0, 45]

[0, 1, 1, 1, 1, 0, 0, 0, 37]

[1, 1, 1, 1, 1, 0, 0, 0, 45]

[0, 0, 0, 0, 0, 1, 0, 0, 45]

[1, 0, 0, 0, 0, 1, 0, 0, 45]

[0, 1, 0, 0, 0, 1, 0, 0, 45]

[1, 1, 0, 0, 0, 1, 0, 0, 37]

[0, 0, 1, 0, 0, 1, 0, 0, 37]

[1, 0, 1, 0, 0, 1, 0, 0, 45]

[0, 1, 1, 0, 0, 1, 0, 0, 45]

[1, 1, 1, 0, 0, 1, 0, 0, 45]

[0, 0, 0, 1, 0, 1, 0, 0, 45]
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[1, 0, 0, 1, 0, 1, 0, 0, 37]

[0, 1, 0, 1, 0, 1, 0, 0, 45]

[1, 1, 0, 1, 0, 1, 0, 0, 45]

[0, 0, 1, 1, 0, 1, 0, 0, 45]

[1, 0, 1, 1, 0, 1, 0, 0, 45]

[0, 1, 1, 1, 0, 1, 0, 0, 37]

[1, 1, 1, 1, 0, 1, 0, 0, 37]

[0, 0, 0, 0, 1, 1, 0, 0, 45]

[1, 0, 0, 0, 1, 1, 0, 0, 45]

[0, 1, 0, 0, 1, 1, 0, 0, 45]

[1, 1, 0, 0, 1, 1, 0, 0, 45]

[0, 0, 1, 0, 1, 1, 0, 0, 37]

[1, 0, 1, 0, 1, 1, 0, 0, 45]

[0, 1, 1, 0, 1, 1, 0, 0, 37]

[1, 1, 1, 0, 1, 1, 0, 0, 45]

[0, 0, 0, 1, 1, 1, 0, 0, 37]

[1, 0, 0, 1, 1, 1, 0, 0, 45]

[0, 1, 0, 1, 1, 1, 0, 0, 45]

[1, 1, 0, 1, 1, 1, 0, 0, 37]

[0, 0, 1, 1, 1, 1, 0, 0, 45]

[1, 0, 1, 1, 1, 1, 0, 0, 37]

[0, 1, 1, 1, 1, 1, 0, 0, 45]

[1, 1, 1, 1, 1, 1, 0, 0, 45]

[0, 0, 0, 0, 0, 0, 1, 0, 45]

[1, 0, 0, 0, 0, 0, 1, 0, 45]

[0, 1, 0, 0, 0, 0, 1, 0, 45]

[1, 1, 0, 0, 0, 0, 1, 0, 45]
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[0, 0, 1, 0, 0, 0, 1, 0, 45]

[1, 0, 1, 0, 0, 0, 1, 0, 45]

[0, 1, 1, 0, 0, 0, 1, 0, 37]

[1, 1, 1, 0, 0, 0, 1, 0, 45]

[0, 0, 0, 1, 0, 0, 1, 0, 37]

[1, 0, 0, 1, 0, 0, 1, 0, 37]

[0, 1, 0, 1, 0, 0, 1, 0, 45]

[1, 1, 0, 1, 0, 0, 1, 0, 45]

[0, 0, 1, 1, 0, 0, 1, 0, 45]

[1, 0, 1, 1, 0, 0, 1, 0, 37]

[0, 1, 1, 1, 0, 0, 1, 0, 37]

[1, 1, 1, 1, 0, 0, 1, 0, 45]

[0, 0, 0, 0, 1, 0, 1, 0, 45]

[1, 0, 0, 0, 1, 0, 1, 0, 45]

[0, 1, 0, 0, 1, 0, 1, 0, 45]

[1, 1, 0, 0, 1, 0, 1, 0, 37]

[0, 0, 1, 0, 1, 0, 1, 0, 45]

[1, 0, 1, 0, 1, 0, 1, 0, 45]

[0, 1, 1, 0, 1, 0, 1, 0, 45]

[1, 1, 1, 0, 1, 0, 1, 0, 45]

[0, 0, 0, 1, 1, 0, 1, 0, 45]

[1, 0, 0, 1, 1, 0, 1, 0, 45]

[0, 1, 0, 1, 1, 0, 1, 0, 45]

[1, 1, 0, 1, 1, 0, 1, 0, 37]

[0, 0, 1, 1, 1, 0, 1, 0, 37]

[1, 0, 1, 1, 1, 0, 1, 0, 37]

[0, 1, 1, 1, 1, 0, 1, 0, 37]
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[1, 1, 1, 1, 1, 0, 1, 0, 45]

[0, 0, 0, 0, 0, 1, 1, 0, 45]

[1, 0, 0, 0, 0, 1, 1, 0, 45]

[0, 1, 0, 0, 0, 1, 1, 0, 37]

[1, 1, 0, 0, 0, 1, 1, 0, 45]

[0, 0, 1, 0, 0, 1, 1, 0, 45]

[1, 0, 1, 0, 0, 1, 1, 0, 37]

[0, 1, 1, 0, 0, 1, 1, 0, 45]

[1, 1, 1, 0, 0, 1, 1, 0, 45]

[0, 0, 0, 1, 0, 1, 1, 0, 45]

[1, 0, 0, 1, 0, 1, 1, 0, 37]

[0, 1, 0, 1, 0, 1, 1, 0, 45]

[1, 1, 0, 1, 0, 1, 1, 0, 37]

[0, 0, 1, 1, 0, 1, 1, 0, 37]

[1, 0, 1, 1, 0, 1, 1, 0, 37]

[0, 1, 1, 1, 0, 1, 1, 0, 45]

[1, 1, 1, 1, 0, 1, 1, 0, 37]

[0, 0, 0, 0, 1, 1, 1, 0, 45]

[1, 0, 0, 0, 1, 1, 1, 0, 37]

[0, 1, 0, 0, 1, 1, 1, 0, 45]

[1, 1, 0, 0, 1, 1, 1, 0, 37]

[0, 0, 1, 0, 1, 1, 1, 0, 37]

[1, 0, 1, 0, 1, 1, 1, 0, 45]

[0, 1, 1, 0, 1, 1, 1, 0, 37]

[1, 1, 1, 0, 1, 1, 1, 0, 45]

[0, 0, 0, 1, 1, 1, 1, 0, 45]

[1, 0, 0, 1, 1, 1, 1, 0, 37]
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[0, 1, 0, 1, 1, 1, 1, 0, 37]

[1, 1, 0, 1, 1, 1, 1, 0, 37]

[0, 0, 1, 1, 1, 1, 1, 0, 45]

[1, 0, 1, 1, 1, 1, 1, 0, 45]

[0, 1, 1, 1, 1, 1, 1, 0, 45]

[1, 1, 1, 1, 1, 1, 1, 0, 45]

[0, 0, 0, 0, 0, 0, 0, 1, 45]

[1, 0, 0, 0, 0, 0, 0, 1, 45]

[0, 1, 0, 0, 0, 0, 0, 1, 45]

[1, 1, 0, 0, 0, 0, 0, 1, 45]

[0, 0, 1, 0, 0, 0, 0, 1, 45]

[1, 0, 1, 0, 0, 0, 0, 1, 45]

[0, 1, 1, 0, 0, 0, 0, 1, 45]

[1, 1, 1, 0, 0, 0, 0, 1, 45]

[0, 0, 0, 1, 0, 0, 0, 1, 45]

[1, 0, 0, 1, 0, 0, 0, 1, 45]

[0, 1, 0, 1, 0, 0, 0, 1, 45]

[1, 1, 0, 1, 0, 0, 0, 1, 37]

[0, 0, 1, 1, 0, 0, 0, 1, 45]

[1, 0, 1, 1, 0, 0, 0, 1, 37]

[0, 1, 1, 1, 0, 0, 0, 1, 45]

[1, 1, 1, 1, 0, 0, 0, 1, 37]

[0, 0, 0, 0, 1, 0, 0, 1, 45]

[1, 0, 0, 0, 1, 0, 0, 1, 37]

[0, 1, 0, 0, 1, 0, 0, 1, 37]

[1, 1, 0, 0, 1, 0, 0, 1, 45]

[0, 0, 1, 0, 1, 0, 0, 1, 37]
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[1, 0, 1, 0, 1, 0, 0, 1, 45]

[0, 1, 1, 0, 1, 0, 0, 1, 45]

[1, 1, 1, 0, 1, 0, 0, 1, 37]

[0, 0, 0, 1, 1, 0, 0, 1, 45]

[1, 0, 0, 1, 1, 0, 0, 1, 45]

[0, 1, 0, 1, 1, 0, 0, 1, 45]

[1, 1, 0, 1, 1, 0, 0, 1, 37]

[0, 0, 1, 1, 1, 0, 0, 1, 37]

[1, 0, 1, 1, 1, 0, 0, 1, 37]

[0, 1, 1, 1, 1, 0, 0, 1, 45]

[1, 1, 1, 1, 1, 0, 0, 1, 45]

[0, 0, 0, 0, 0, 1, 0, 1, 45]

[1, 0, 0, 0, 0, 1, 0, 1, 45]

[0, 1, 0, 0, 0, 1, 0, 1, 45]

[1, 1, 0, 0, 0, 1, 0, 1, 45]

[0, 0, 1, 0, 0, 1, 0, 1, 37]

[1, 0, 1, 0, 0, 1, 0, 1, 45]

[0, 1, 1, 0, 0, 1, 0, 1, 37]

[1, 1, 1, 0, 0, 1, 0, 1, 37]

[0, 0, 0, 1, 0, 1, 0, 1, 45]

[1, 0, 0, 1, 0, 1, 0, 1, 45]

[0, 1, 0, 1, 0, 1, 0, 1, 45]

[1, 1, 0, 1, 0, 1, 0, 1, 45]

[0, 0, 1, 1, 0, 1, 0, 1, 45]

[1, 0, 1, 1, 0, 1, 0, 1, 37]

[0, 1, 1, 1, 0, 1, 0, 1, 37]

[1, 1, 1, 1, 0, 1, 0, 1, 45]
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[0, 0, 0, 0, 1, 1, 0, 1, 45]

[1, 0, 0, 0, 1, 1, 0, 1, 37]

[0, 1, 0, 0, 1, 1, 0, 1, 37]

[1, 1, 0, 0, 1, 1, 0, 1, 45]

[0, 0, 1, 0, 1, 1, 0, 1, 45]

[1, 0, 1, 0, 1, 1, 0, 1, 37]

[0, 1, 1, 0, 1, 1, 0, 1, 37]

[1, 1, 1, 0, 1, 1, 0, 1, 37]

[0, 0, 0, 1, 1, 1, 0, 1, 45]

[1, 0, 0, 1, 1, 1, 0, 1, 37]

[0, 1, 0, 1, 1, 1, 0, 1, 37]

[1, 1, 0, 1, 1, 1, 0, 1, 45]

[0, 0, 1, 1, 1, 1, 0, 1, 37]

[1, 0, 1, 1, 1, 1, 0, 1, 37]

[0, 1, 1, 1, 1, 1, 0, 1, 45]

[1, 1, 1, 1, 1, 1, 0, 1, 45]

[0, 0, 0, 0, 0, 0, 1, 1, 45]

[1, 0, 0, 0, 0, 0, 1, 1, 45]

[0, 1, 0, 0, 0, 0, 1, 1, 45]

[1, 1, 0, 0, 0, 0, 1, 1, 45]

[0, 0, 1, 0, 0, 0, 1, 1, 45]

[1, 0, 1, 0, 0, 0, 1, 1, 37]

[0, 1, 1, 0, 0, 0, 1, 1, 45]

[1, 1, 1, 0, 0, 0, 1, 1, 37]

[0, 0, 0, 1, 0, 0, 1, 1, 45]

[1, 0, 0, 1, 0, 0, 1, 1, 45]

[0, 1, 0, 1, 0, 0, 1, 1, 37]
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[1, 1, 0, 1, 0, 0, 1, 1, 37]

[0, 0, 1, 1, 0, 0, 1, 1, 45]

[1, 0, 1, 1, 0, 0, 1, 1, 45]

[0, 1, 1, 1, 0, 0, 1, 1, 37]

[1, 1, 1, 1, 0, 0, 1, 1, 45]

[0, 0, 0, 0, 1, 0, 1, 1, 45]

[1, 0, 0, 0, 1, 0, 1, 1, 45]

[0, 1, 0, 0, 1, 0, 1, 1, 37]

[1, 1, 0, 0, 1, 0, 1, 1, 37]

[0, 0, 1, 0, 1, 0, 1, 1, 45]

[1, 0, 1, 0, 1, 0, 1, 1, 45]

[0, 1, 1, 0, 1, 0, 1, 1, 37]

[1, 1, 1, 0, 1, 0, 1, 1, 37]

[0, 0, 0, 1, 1, 0, 1, 1, 37]

[1, 0, 0, 1, 1, 0, 1, 1, 37]

[0, 1, 0, 1, 1, 0, 1, 1, 37]

[1, 1, 0, 1, 1, 0, 1, 1, 37]

[0, 0, 1, 1, 1, 0, 1, 1, 45]

[1, 0, 1, 1, 1, 0, 1, 1, 45]

[0, 1, 1, 1, 1, 0, 1, 1, 37]

[1, 1, 1, 1, 1, 0, 1, 1, 45]

[0, 0, 0, 0, 0, 1, 1, 1, 45]

[1, 0, 0, 0, 0, 1, 1, 1, 45]

[0, 1, 0, 0, 0, 1, 1, 1, 45]

[1, 1, 0, 0, 0, 1, 1, 1, 37]

[0, 0, 1, 0, 0, 1, 1, 1, 45]

[1, 0, 1, 0, 0, 1, 1, 1, 37]
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[0, 1, 1, 0, 0, 1, 1, 1, 45]

[1, 1, 1, 0, 0, 1, 1, 1, 37]

[0, 0, 0, 1, 0, 1, 1, 1, 45]

[1, 0, 0, 1, 0, 1, 1, 1, 37]

[0, 1, 0, 1, 0, 1, 1, 1, 45]

[1, 1, 0, 1, 0, 1, 1, 1, 37]

[0, 0, 1, 1, 0, 1, 1, 1, 37]

[1, 0, 1, 1, 0, 1, 1, 1, 37]

[0, 1, 1, 1, 0, 1, 1, 1, 45]

[1, 1, 1, 1, 0, 1, 1, 1, 45]

[0, 0, 0, 0, 1, 1, 1, 1, 45]

[1, 0, 0, 0, 1, 1, 1, 1, 45]

[0, 1, 0, 0, 1, 1, 1, 1, 37]

[1, 1, 0, 0, 1, 1, 1, 1, 45]

[0, 0, 1, 0, 1, 1, 1, 1, 45]

[1, 0, 1, 0, 1, 1, 1, 1, 37]

[0, 1, 1, 0, 1, 1, 1, 1, 37]

[1, 1, 1, 0, 1, 1, 1, 1, 45]

[0, 0, 0, 1, 1, 1, 1, 1, 45]

[1, 0, 0, 1, 1, 1, 1, 1, 45]

[0, 1, 0, 1, 1, 1, 1, 1, 45]

[1, 1, 0, 1, 1, 1, 1, 1, 45]

[0, 0, 1, 1, 1, 1, 1, 1, 45]

[1, 0, 1, 1, 1, 1, 1, 1, 45]

[0, 1, 1, 1, 1, 1, 1, 1, 45]

[1, 1, 1, 1, 1, 1, 1, 1, 45]
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APPENDIX IV

MAPLE codes to determine the number of zeros based on the monic irreducible

polynomial P4 of degree 8 and order 85 in chapter 3, for every possible initial

sequence.

for k from 257 to 511 do

for n from 1 to 8 do

s[n] :=convert(k,base,2)[n];od:

for m from 9 to 85 do

s[m] :=s[m-1]+s[m-5]+s[m-7]+s[m-8] mod 2;

t :={};od:

for m from 1 to 85 do

if s[m]=0 then t :=t union {m} fi;od:

[s[1],s[2],s[3],s[4],s[5],s[6],s[7],s[8],nops(t)];od;

[1, 0, 0, 0, 0, 0, 0, 0, 45]

[0, 1, 0, 0, 0, 0, 0, 0, 45]

[1, 1, 0, 0, 0, 0, 0, 0, 45]

[0, 0, 1, 0, 0, 0, 0, 0, 45]

[1, 0, 1, 0, 0, 0, 0, 0, 45]

[0, 1, 1, 0, 0, 0, 0, 0, 37]

[1, 1, 1, 0, 0, 0, 0, 0, 45]

[0, 0, 0, 1, 0, 0, 0, 0, 45]

[1, 0, 0, 1, 0, 0, 0, 0, 45]

[0, 1, 0, 1, 0, 0, 0, 0, 45]

[1, 1, 0, 1, 0, 0, 0, 0, 45]

[0, 0, 1, 1, 0, 0, 0, 0, 45]

[1, 0, 1, 1, 0, 0, 0, 0, 37]
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[0, 1, 1, 1, 0, 0, 0, 0, 45]

[1, 1, 1, 1, 0, 0, 0, 0, 45]

[0, 0, 0, 0, 1, 0, 0, 0, 45]

[1, 0, 0, 0, 1, 0, 0, 0, 37]

[0, 1, 0, 0, 1, 0, 0, 0, 37]

[1, 1, 0, 0, 1, 0, 0, 0, 45]

[0, 0, 1, 0, 1, 0, 0, 0, 45]

[1, 0, 1, 0, 1, 0, 0, 0, 45]

[0, 1, 1, 0, 1, 0, 0, 0, 45]

[1, 1, 1, 0, 1, 0, 0, 0, 45]

[0, 0, 0, 1, 1, 0, 0, 0, 37]

[1, 0, 0, 1, 1, 0, 0, 0, 45]

[0, 1, 0, 1, 1, 0, 0, 0, 37]

[1, 1, 0, 1, 1, 0, 0, 0, 45]

[0, 0, 1, 1, 1, 0, 0, 0, 45]

[1, 0, 1, 1, 1, 0, 0, 0, 45]

[0, 1, 1, 1, 1, 0, 0, 0, 45]

[1, 1, 1, 1, 1, 0, 0, 0, 37]

[0, 0, 0, 0, 0, 1, 0, 0, 45]

[1, 0, 0, 0, 0, 1, 0, 0, 45]

[0, 1, 0, 0, 0, 1, 0, 0, 37]

[1, 1, 0, 0, 0, 1, 0, 0, 37]

[0, 0, 1, 0, 0, 1, 0, 0, 37]

[1, 0, 1, 0, 0, 1, 0, 0, 37]

[0, 1, 1, 0, 0, 1, 0, 0, 45]

[1, 1, 1, 0, 0, 1, 0, 0, 45]

[0, 0, 0, 1, 0, 1, 0, 0, 45]
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[1, 0, 0, 1, 0, 1, 0, 0, 45]

[0, 1, 0, 1, 0, 1, 0, 0, 45]

[1, 1, 0, 1, 0, 1, 0, 0, 37]

[0, 0, 1, 1, 0, 1, 0, 0, 45]

[1, 0, 1, 1, 0, 1, 0, 0, 45]

[0, 1, 1, 1, 0, 1, 0, 0, 45]

[1, 1, 1, 1, 0, 1, 0, 0, 45]

[0, 0, 0, 0, 1, 1, 0, 0, 37]

[1, 0, 0, 0, 1, 1, 0, 0, 45]

[0, 1, 0, 0, 1, 1, 0, 0, 45]

[1, 1, 0, 0, 1, 1, 0, 0, 45]

[0, 0, 1, 0, 1, 1, 0, 0, 37]

[1, 0, 1, 0, 1, 1, 0, 0, 45]

[0, 1, 1, 0, 1, 1, 0, 0, 45]

[1, 1, 1, 0, 1, 1, 0, 0, 45]

[0, 0, 0, 1, 1, 1, 0, 0, 45]

[1, 0, 0, 1, 1, 1, 0, 0, 45]

[0, 1, 0, 1, 1, 1, 0, 0, 45]

[1, 1, 0, 1, 1, 1, 0, 0, 37]

[0, 0, 1, 1, 1, 1, 0, 0, 45]

[1, 0, 1, 1, 1, 1, 0, 0, 45]

[0, 1, 1, 1, 1, 1, 0, 0, 37]

[1, 1, 1, 1, 1, 1, 0, 0, 37]

[0, 0, 0, 0, 0, 0, 1, 0, 45]

[1, 0, 0, 0, 0, 0, 1, 0, 45]

[0, 1, 0, 0, 0, 0, 1, 0, 45]

[1, 1, 0, 0, 0, 0, 1, 0, 45]
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[0, 0, 1, 0, 0, 0, 1, 0, 37]

[1, 0, 1, 0, 0, 0, 1, 0, 45]

[0, 1, 1, 0, 0, 0, 1, 0, 37]

[1, 1, 1, 0, 0, 0, 1, 0, 37]

[0, 0, 0, 1, 0, 0, 1, 0, 37]

[1, 0, 0, 1, 0, 0, 1, 0, 37]

[0, 1, 0, 1, 0, 0, 1, 0, 37]

[1, 1, 0, 1, 0, 0, 1, 0, 45]

[0, 0, 1, 1, 0, 0, 1, 0, 45]

[1, 0, 1, 1, 0, 0, 1, 0, 45]

[0, 1, 1, 1, 0, 0, 1, 0, 45]

[1, 1, 1, 1, 0, 0, 1, 0, 37]

[0, 0, 0, 0, 1, 0, 1, 0, 45]

[1, 0, 0, 0, 1, 0, 1, 0, 45]

[0, 1, 0, 0, 1, 0, 1, 0, 45]

[1, 1, 0, 0, 1, 0, 1, 0, 45]

[0, 0, 1, 0, 1, 0, 1, 0, 45]

[1, 0, 1, 0, 1, 0, 1, 0, 45]

[0, 1, 1, 0, 1, 0, 1, 0, 45]

[1, 1, 1, 0, 1, 0, 1, 0, 37]

[0, 0, 0, 1, 1, 0, 1, 0, 45]

[1, 0, 0, 1, 1, 0, 1, 0, 45]

[0, 1, 0, 1, 1, 0, 1, 0, 45]

[1, 1, 0, 1, 1, 0, 1, 0, 45]

[0, 0, 1, 1, 1, 0, 1, 0, 37]

[1, 0, 1, 1, 1, 0, 1, 0, 45]

[0, 1, 1, 1, 1, 0, 1, 0, 45]
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[1, 1, 1, 1, 1, 0, 1, 0, 37]

[0, 0, 0, 0, 0, 1, 1, 0, 37]

[1, 0, 0, 0, 0, 1, 1, 0, 45]

[0, 1, 0, 0, 0, 1, 1, 0, 45]

[1, 1, 0, 0, 0, 1, 1, 0, 45]

[0, 0, 1, 0, 0, 1, 1, 0, 45]

[1, 0, 1, 0, 0, 1, 1, 0, 45]

[0, 1, 1, 0, 0, 1, 1, 0, 45]

[1, 1, 1, 0, 0, 1, 1, 0, 45]

[0, 0, 0, 1, 0, 1, 1, 0, 37]

[1, 0, 0, 1, 0, 1, 1, 0, 37]

[0, 1, 0, 1, 0, 1, 1, 0, 45]

[1, 1, 0, 1, 0, 1, 1, 0, 45]

[0, 0, 1, 1, 0, 1, 1, 0, 45]

[1, 0, 1, 1, 0, 1, 1, 0, 45]

[0, 1, 1, 1, 0, 1, 1, 0, 45]

[1, 1, 1, 1, 0, 1, 1, 0, 45]

[0, 0, 0, 0, 1, 1, 1, 0, 45]

[1, 0, 0, 0, 1, 1, 1, 0, 37]

[0, 1, 0, 0, 1, 1, 1, 0, 45]

[1, 1, 0, 0, 1, 1, 1, 0, 45]

[0, 0, 1, 0, 1, 1, 1, 0, 45]

[1, 0, 1, 0, 1, 1, 1, 0, 37]

[0, 1, 1, 0, 1, 1, 1, 0, 45]

[1, 1, 1, 0, 1, 1, 1, 0, 37]

[0, 0, 0, 1, 1, 1, 1, 0, 45]

[1, 0, 0, 1, 1, 1, 1, 0, 45]
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[0, 1, 0, 1, 1, 1, 1, 0, 45]

[1, 1, 0, 1, 1, 1, 1, 0, 37]

[0, 0, 1, 1, 1, 1, 1, 0, 45]

[1, 0, 1, 1, 1, 1, 1, 0, 37]

[0, 1, 1, 1, 1, 1, 1, 0, 37]

[1, 1, 1, 1, 1, 1, 1, 0, 37]

[0, 0, 0, 0, 0, 0, 0, 1, 45]

[1, 0, 0, 0, 0, 0, 0, 1, 45]

[0, 1, 0, 0, 0, 0, 0, 1, 45]

[1, 1, 0, 0, 0, 0, 0, 1, 37]

[0, 0, 1, 0, 0, 0, 0, 1, 45]

[1, 0, 1, 0, 0, 0, 0, 1, 45]

[0, 1, 1, 0, 0, 0, 0, 1, 45]

[1, 1, 1, 0, 0, 0, 0, 1, 45]

[0, 0, 0, 1, 0, 0, 0, 1, 37]

[1, 0, 0, 1, 0, 0, 0, 1, 37]

[0, 1, 0, 1, 0, 0, 0, 1, 45]

[1, 1, 0, 1, 0, 0, 0, 1, 45]

[0, 0, 1, 1, 0, 0, 0, 1, 37]

[1, 0, 1, 1, 0, 0, 0, 1, 45]

[0, 1, 1, 1, 0, 0, 0, 1, 45]

[1, 1, 1, 1, 0, 0, 0, 1, 37]

[0, 0, 0, 0, 1, 0, 0, 1, 45]

[1, 0, 0, 0, 1, 0, 0, 1, 37]

[0, 1, 0, 0, 1, 0, 0, 1, 37]

[1, 1, 0, 0, 1, 0, 0, 1, 45]

[0, 0, 1, 0, 1, 0, 0, 1, 45]
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[1, 0, 1, 0, 1, 0, 0, 1, 37]

[0, 1, 1, 0, 1, 0, 0, 1, 45]

[1, 1, 1, 0, 1, 0, 0, 1, 45]

[0, 0, 0, 1, 1, 0, 0, 1, 45]

[1, 0, 0, 1, 1, 0, 0, 1, 45]

[0, 1, 0, 1, 1, 0, 0, 1, 45]

[1, 1, 0, 1, 1, 0, 0, 1, 45]

[0, 0, 1, 1, 1, 0, 0, 1, 45]

[1, 0, 1, 1, 1, 0, 0, 1, 37]

[0, 1, 1, 1, 1, 0, 0, 1, 45]

[1, 1, 1, 1, 1, 0, 0, 1, 37]

[0, 0, 0, 0, 0, 1, 0, 1, 45]

[1, 0, 0, 0, 0, 1, 0, 1, 45]

[0, 1, 0, 0, 0, 1, 0, 1, 45]

[1, 1, 0, 0, 0, 1, 0, 1, 37]

[0, 0, 1, 0, 0, 1, 0, 1, 37]

[1, 0, 1, 0, 0, 1, 0, 1, 45]

[0, 1, 1, 0, 0, 1, 0, 1, 45]

[1, 1, 1, 0, 0, 1, 0, 1, 37]

[0, 0, 0, 1, 0, 1, 0, 1, 45]

[1, 0, 0, 1, 0, 1, 0, 1, 45]

[0, 1, 0, 1, 0, 1, 0, 1, 45]

[1, 1, 0, 1, 0, 1, 0, 1, 45]

[0, 0, 1, 1, 0, 1, 0, 1, 45]

[1, 0, 1, 1, 0, 1, 0, 1, 45]

[0, 1, 1, 1, 0, 1, 0, 1, 37]

[1, 1, 1, 1, 0, 1, 0, 1, 37]
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[0, 0, 0, 0, 1, 1, 0, 1, 45]

[1, 0, 0, 0, 1, 1, 0, 1, 45]

[0, 1, 0, 0, 1, 1, 0, 1, 45]

[1, 1, 0, 0, 1, 1, 0, 1, 45]

[0, 0, 1, 0, 1, 1, 0, 1, 37]

[1, 0, 1, 0, 1, 1, 0, 1, 45]

[0, 1, 1, 0, 1, 1, 0, 1, 45]

[1, 1, 1, 0, 1, 1, 0, 1, 45]

[0, 0, 0, 1, 1, 1, 0, 1, 37]

[1, 0, 0, 1, 1, 1, 0, 1, 45]

[0, 1, 0, 1, 1, 1, 0, 1, 37]

[1, 1, 0, 1, 1, 1, 0, 1, 45]

[0, 0, 1, 1, 1, 1, 0, 1, 45]

[1, 0, 1, 1, 1, 1, 0, 1, 37]

[0, 1, 1, 1, 1, 1, 0, 1, 45]

[1, 1, 1, 1, 1, 1, 0, 1, 37]

[0, 0, 0, 0, 0, 0, 1, 1, 45]

[1, 0, 0, 0, 0, 0, 1, 1, 37]

[0, 1, 0, 0, 0, 0, 1, 1, 45]

[1, 1, 0, 0, 0, 0, 1, 1, 45]

[0, 0, 1, 0, 0, 0, 1, 1, 37]

[1, 0, 1, 0, 0, 0, 1, 1, 45]

[0, 1, 1, 0, 0, 0, 1, 1, 45]

[1, 1, 1, 0, 0, 0, 1, 1, 45]

[0, 0, 0, 1, 0, 0, 1, 1, 45]

[1, 0, 0, 1, 0, 0, 1, 1, 45]

[0, 1, 0, 1, 0, 0, 1, 1, 45]
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[1, 1, 0, 1, 0, 0, 1, 1, 45]

[0, 0, 1, 1, 0, 0, 1, 1, 45]

[1, 0, 1, 1, 0, 0, 1, 1, 45]

[0, 1, 1, 1, 0, 0, 1, 1, 37]

[1, 1, 1, 1, 0, 0, 1, 1, 45]

[0, 0, 0, 0, 1, 0, 1, 1, 45]

[1, 0, 0, 0, 1, 0, 1, 1, 37]

[0, 1, 0, 0, 1, 0, 1, 1, 37]

[1, 1, 0, 0, 1, 0, 1, 1, 37]

[0, 0, 1, 0, 1, 0, 1, 1, 45]

[1, 0, 1, 0, 1, 0, 1, 1, 45]

[0, 1, 1, 0, 1, 0, 1, 1, 45]

[1, 1, 1, 0, 1, 0, 1, 1, 37]

[0, 0, 0, 1, 1, 0, 1, 1, 45]

[1, 0, 0, 1, 1, 0, 1, 1, 45]

[0, 1, 0, 1, 1, 0, 1, 1, 37]

[1, 1, 0, 1, 1, 0, 1, 1, 45]

[0, 0, 1, 1, 1, 0, 1, 1, 45]

[1, 0, 1, 1, 1, 0, 1, 1, 37]

[0, 1, 1, 1, 1, 0, 1, 1, 37]

[1, 1, 1, 1, 1, 0, 1, 1, 45]

[0, 0, 0, 0, 0, 1, 1, 1, 45]

[1, 0, 0, 0, 0, 1, 1, 1, 45]

[0, 1, 0, 0, 0, 1, 1, 1, 37]

[1, 1, 0, 0, 0, 1, 1, 1, 45]

[0, 0, 1, 0, 0, 1, 1, 1, 45]

[1, 0, 1, 0, 0, 1, 1, 1, 45]
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[0, 1, 1, 0, 0, 1, 1, 1, 45]

[1, 1, 1, 0, 0, 1, 1, 1, 37]

[0, 0, 0, 1, 0, 1, 1, 1, 45]

[1, 0, 0, 1, 0, 1, 1, 1, 37]

[0, 1, 0, 1, 0, 1, 1, 1, 45]

[1, 1, 0, 1, 0, 1, 1, 1, 37]

[0, 0, 1, 1, 0, 1, 1, 1, 45]

[1, 0, 1, 1, 0, 1, 1, 1, 37]

[0, 1, 1, 1, 0, 1, 1, 1, 37]

[1, 1, 1, 1, 0, 1, 1, 1, 37]

[0, 0, 0, 0, 1, 1, 1, 1, 45]

[1, 0, 0, 0, 1, 1, 1, 1, 45]

[0, 1, 0, 0, 1, 1, 1, 1, 45]

[1, 1, 0, 0, 1, 1, 1, 1, 37]

[0, 0, 1, 0, 1, 1, 1, 1, 37]

[1, 0, 1, 0, 1, 1, 1, 1, 45]

[0, 1, 1, 0, 1, 1, 1, 1, 37]

[1, 1, 1, 0, 1, 1, 1, 1, 37]

[0, 0, 0, 1, 1, 1, 1, 1, 45]

[1, 0, 0, 1, 1, 1, 1, 1, 37]

[0, 1, 0, 1, 1, 1, 1, 1, 37]

[1, 1, 0, 1, 1, 1, 1, 1, 37]

[0, 0, 1, 1, 1, 1, 1, 1, 37]

[1, 0, 1, 1, 1, 1, 1, 1, 37]

[0, 1, 1, 1, 1, 1, 1, 1, 37]

[1, 1, 1, 1, 1, 1, 1, 1, 37]
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APPENDIX V

MAPLE codes to determine the number of zeros based on the monic irreducible

polynomial P5 of degree 8 and order 85 in chapter 3, for every possible initial

sequence.

for k from 257 to 511 do

for n from 1 to 8 do

s[n] :=convert(k,base,2)[n];od:

for m from 9 to 85 do

s[m] :=s[m-1]+s[m-3]+s[m-7]+s[m-8] mod 2;

t :={};od:

for m from 1 to 85 do

if s[m]=0 then t :=t union {m} fi;od:

[s[1],s[2],s[3],s[4],s[5],s[6],s[7],s[8],nops(t)];od;

[1, 0, 0, 0, 0, 0, 0, 0, 45]

[0, 1, 0, 0, 0, 0, 0, 0, 45]

[1, 1, 0, 0, 0, 0, 0, 0, 45]

[0, 0, 1, 0, 0, 0, 0, 0, 45]

[1, 0, 1, 0, 0, 0, 0, 0, 45]

[0, 1, 1, 0, 0, 0, 0, 0, 37]

[1, 1, 1, 0, 0, 0, 0, 0, 45]

[0, 0, 0, 1, 0, 0, 0, 0, 45]

[1, 0, 0, 1, 0, 0, 0, 0, 45]

[0, 1, 0, 1, 0, 0, 0, 0, 45]

[1, 1, 0, 1, 0, 0, 0, 0, 45]

[0, 0, 1, 1, 0, 0, 0, 0, 37]

[1, 0, 1, 1, 0, 0, 0, 0, 45]
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[0, 1, 1, 1, 0, 0, 0, 0, 45]

[1, 1, 1, 1, 0, 0, 0, 0, 45]

[0, 0, 0, 0, 1, 0, 0, 0, 45]

[1, 0, 0, 0, 1, 0, 0, 0, 37]

[0, 1, 0, 0, 1, 0, 0, 0, 37]

[1, 1, 0, 0, 1, 0, 0, 0, 45]

[0, 0, 1, 0, 1, 0, 0, 0, 45]

[1, 0, 1, 0, 1, 0, 0, 0, 45]

[0, 1, 1, 0, 1, 0, 0, 0, 37]

[1, 1, 1, 0, 1, 0, 0, 0, 45]

[0, 0, 0, 1, 1, 0, 0, 0, 37]

[1, 0, 0, 1, 1, 0, 0, 0, 45]

[0, 1, 0, 1, 1, 0, 0, 0, 45]

[1, 1, 0, 1, 1, 0, 0, 0, 45]

[0, 0, 1, 1, 1, 0, 0, 0, 45]

[1, 0, 1, 1, 1, 0, 0, 0, 37]

[0, 1, 1, 1, 1, 0, 0, 0, 45]

[1, 1, 1, 1, 1, 0, 0, 0, 45]

[0, 0, 0, 0, 0, 1, 0, 0, 45]

[1, 0, 0, 0, 0, 1, 0, 0, 45]

[0, 1, 0, 0, 0, 1, 0, 0, 37]

[1, 1, 0, 0, 0, 1, 0, 0, 37]

[0, 0, 1, 0, 0, 1, 0, 0, 37]

[1, 0, 1, 0, 0, 1, 0, 0, 37]

[0, 1, 1, 0, 0, 1, 0, 0, 45]

[1, 1, 1, 0, 0, 1, 0, 0, 45]

[0, 0, 0, 1, 0, 1, 0, 0, 45]
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[1, 0, 0, 1, 0, 1, 0, 0, 45]

[0, 1, 0, 1, 0, 1, 0, 0, 45]

[1, 1, 0, 1, 0, 1, 0, 0, 45]

[0, 0, 1, 1, 0, 1, 0, 0, 37]

[1, 0, 1, 1, 0, 1, 0, 0, 37]

[0, 1, 1, 1, 0, 1, 0, 0, 45]

[1, 1, 1, 1, 0, 1, 0, 0, 37]

[0, 0, 0, 0, 1, 1, 0, 0, 45]

[1, 0, 0, 0, 1, 1, 0, 0, 37]

[0, 1, 0, 0, 1, 1, 0, 0, 45]

[1, 1, 0, 0, 1, 1, 0, 0, 45]

[0, 0, 1, 0, 1, 1, 0, 0, 45]

[1, 0, 1, 0, 1, 1, 0, 0, 45]

[0, 1, 1, 0, 1, 1, 0, 0, 45]

[1, 1, 1, 0, 1, 1, 0, 0, 45]

[0, 0, 0, 1, 1, 1, 0, 0, 45]

[1, 0, 0, 1, 1, 1, 0, 0, 45]

[0, 1, 0, 1, 1, 1, 0, 0, 37]

[1, 1, 0, 1, 1, 1, 0, 0, 45]

[0, 0, 1, 1, 1, 1, 0, 0, 45]

[1, 0, 1, 1, 1, 1, 0, 0, 45]

[0, 1, 1, 1, 1, 1, 0, 0, 45]

[1, 1, 1, 1, 1, 1, 0, 0, 37]

[0, 0, 0, 0, 0, 0, 1, 0, 45]

[1, 0, 0, 0, 0, 0, 1, 0, 45]

[0, 1, 0, 0, 0, 0, 1, 0, 45]

[1, 1, 0, 0, 0, 0, 1, 0, 45]
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[0, 0, 1, 0, 0, 0, 1, 0, 37]

[1, 0, 1, 0, 0, 0, 1, 0, 45]

[0, 1, 1, 0, 0, 0, 1, 0, 45]

[1, 1, 1, 0, 0, 0, 1, 0, 37]

[0, 0, 0, 1, 0, 0, 1, 0, 37]

[1, 0, 0, 1, 0, 0, 1, 0, 37]

[0, 1, 0, 1, 0, 0, 1, 0, 45]

[1, 1, 0, 1, 0, 0, 1, 0, 37]

[0, 0, 1, 1, 0, 0, 1, 0, 45]

[1, 0, 1, 1, 0, 0, 1, 0, 45]

[0, 1, 1, 1, 0, 0, 1, 0, 45]

[1, 1, 1, 1, 0, 0, 1, 0, 45]

[0, 0, 0, 0, 1, 0, 1, 0, 45]

[1, 0, 0, 0, 1, 0, 1, 0, 45]

[0, 1, 0, 0, 1, 0, 1, 0, 37]

[1, 1, 0, 0, 1, 0, 1, 0, 45]

[0, 0, 1, 0, 1, 0, 1, 0, 45]

[1, 0, 1, 0, 1, 0, 1, 0, 45]

[0, 1, 1, 0, 1, 0, 1, 0, 45]

[1, 1, 1, 0, 1, 0, 1, 0, 45]

[0, 0, 0, 1, 1, 0, 1, 0, 37]

[1, 0, 0, 1, 1, 0, 1, 0, 45]

[0, 1, 0, 1, 1, 0, 1, 0, 45]

[1, 1, 0, 1, 1, 0, 1, 0, 37]

[0, 0, 1, 1, 1, 0, 1, 0, 45]

[1, 0, 1, 1, 1, 0, 1, 0, 37]

[0, 1, 1, 1, 1, 0, 1, 0, 45]
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[1, 1, 1, 1, 1, 0, 1, 0, 37]

[0, 0, 0, 0, 0, 1, 1, 0, 37]

[1, 0, 0, 0, 0, 1, 1, 0, 45]

[0, 1, 0, 0, 0, 1, 1, 0, 37]

[1, 1, 0, 0, 0, 1, 1, 0, 45]

[0, 0, 1, 0, 0, 1, 1, 0, 45]

[1, 0, 1, 0, 0, 1, 1, 0, 45]

[0, 1, 1, 0, 0, 1, 1, 0, 45]

[1, 1, 1, 0, 0, 1, 1, 0, 45]

[0, 0, 0, 1, 0, 1, 1, 0, 45]

[1, 0, 0, 1, 0, 1, 1, 0, 45]

[0, 1, 0, 1, 0, 1, 1, 0, 45]

[1, 1, 0, 1, 0, 1, 1, 0, 45]

[0, 0, 1, 1, 0, 1, 1, 0, 45]

[1, 0, 1, 1, 0, 1, 1, 0, 45]

[0, 1, 1, 1, 0, 1, 1, 0, 45]

[1, 1, 1, 1, 0, 1, 1, 0, 37]

[0, 0, 0, 0, 1, 1, 1, 0, 45]

[1, 0, 0, 0, 1, 1, 1, 0, 45]

[0, 1, 0, 0, 1, 1, 1, 0, 45]

[1, 1, 0, 0, 1, 1, 1, 0, 37]

[0, 0, 1, 0, 1, 1, 1, 0, 45]

[1, 0, 1, 0, 1, 1, 1, 0, 37]

[0, 1, 1, 0, 1, 1, 1, 0, 45]

[1, 1, 1, 0, 1, 1, 1, 0, 37]

[0, 0, 0, 1, 1, 1, 1, 0, 45]

[1, 0, 0, 1, 1, 1, 1, 0, 45]
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[0, 1, 0, 1, 1, 1, 1, 0, 45]

[1, 1, 0, 1, 1, 1, 1, 0, 37]

[0, 0, 1, 1, 1, 1, 1, 0, 37]

[1, 0, 1, 1, 1, 1, 1, 0, 45]

[0, 1, 1, 1, 1, 1, 1, 0, 37]

[1, 1, 1, 1, 1, 1, 1, 0, 37]

[0, 0, 0, 0, 0, 0, 0, 1, 45]

[1, 0, 0, 0, 0, 0, 0, 1, 45]

[0, 1, 0, 0, 0, 0, 0, 1, 45]

[1, 1, 0, 0, 0, 0, 0, 1, 37]

[0, 0, 1, 0, 0, 0, 0, 1, 45]

[1, 0, 1, 0, 0, 0, 0, 1, 45]

[0, 1, 1, 0, 0, 0, 0, 1, 45]

[1, 1, 1, 0, 0, 0, 0, 1, 45]

[0, 0, 0, 1, 0, 0, 0, 1, 37]

[1, 0, 0, 1, 0, 0, 0, 1, 37]

[0, 1, 0, 1, 0, 0, 0, 1, 45]

[1, 1, 0, 1, 0, 0, 0, 1, 37]

[0, 0, 1, 1, 0, 0, 0, 1, 45]

[1, 0, 1, 1, 0, 0, 0, 1, 45]

[0, 1, 1, 1, 0, 0, 0, 1, 37]

[1, 1, 1, 1, 0, 0, 0, 1, 45]

[0, 0, 0, 0, 1, 0, 0, 1, 45]

[1, 0, 0, 0, 1, 0, 0, 1, 37]

[0, 1, 0, 0, 1, 0, 0, 1, 37]

[1, 1, 0, 0, 1, 0, 0, 1, 45]

[0, 0, 1, 0, 1, 0, 0, 1, 45]
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[1, 0, 1, 0, 1, 0, 0, 1, 45]

[0, 1, 1, 0, 1, 0, 0, 1, 37]

[1, 1, 1, 0, 1, 0, 0, 1, 37]

[0, 0, 0, 1, 1, 0, 0, 1, 45]

[1, 0, 0, 1, 1, 0, 0, 1, 45]

[0, 1, 0, 1, 1, 0, 0, 1, 45]

[1, 1, 0, 1, 1, 0, 0, 1, 45]

[0, 0, 1, 1, 1, 0, 0, 1, 45]

[1, 0, 1, 1, 1, 0, 0, 1, 45]

[0, 1, 1, 1, 1, 0, 0, 1, 45]

[1, 1, 1, 1, 1, 0, 0, 1, 37]

[0, 0, 0, 0, 0, 1, 0, 1, 45]

[1, 0, 0, 0, 0, 1, 0, 1, 45]

[0, 1, 0, 0, 0, 1, 0, 1, 45]

[1, 1, 0, 0, 0, 1, 0, 1, 45]

[0, 0, 1, 0, 0, 1, 0, 1, 37]

[1, 0, 1, 0, 0, 1, 0, 1, 45]

[0, 1, 1, 0, 0, 1, 0, 1, 45]

[1, 1, 1, 0, 0, 1, 0, 1, 45]

[0, 0, 0, 1, 0, 1, 0, 1, 45]

[1, 0, 0, 1, 0, 1, 0, 1, 37]

[0, 1, 0, 1, 0, 1, 0, 1, 45]

[1, 1, 0, 1, 0, 1, 0, 1, 45]

[0, 0, 1, 1, 0, 1, 0, 1, 45]

[1, 0, 1, 1, 0, 1, 0, 1, 45]

[0, 1, 1, 1, 0, 1, 0, 1, 37]

[1, 1, 1, 1, 0, 1, 0, 1, 45]
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[0, 0, 0, 0, 1, 1, 0, 1, 37]

[1, 0, 0, 0, 1, 1, 0, 1, 45]

[0, 1, 0, 0, 1, 1, 0, 1, 45]

[1, 1, 0, 0, 1, 1, 0, 1, 45]

[0, 0, 1, 0, 1, 1, 0, 1, 45]

[1, 0, 1, 0, 1, 1, 0, 1, 45]

[0, 1, 1, 0, 1, 1, 0, 1, 45]

[1, 1, 1, 0, 1, 1, 0, 1, 37]

[0, 0, 0, 1, 1, 1, 0, 1, 45]

[1, 0, 0, 1, 1, 1, 0, 1, 37]

[0, 1, 0, 1, 1, 1, 0, 1, 45]

[1, 1, 0, 1, 1, 1, 0, 1, 37]

[0, 0, 1, 1, 1, 1, 0, 1, 45]

[1, 0, 1, 1, 1, 1, 0, 1, 37]

[0, 1, 1, 1, 1, 1, 0, 1, 37]

[1, 1, 1, 1, 1, 1, 0, 1, 37]

[0, 0, 0, 0, 0, 0, 1, 1, 45]

[1, 0, 0, 0, 0, 0, 1, 1, 37]

[0, 1, 0, 0, 0, 0, 1, 1, 45]

[1, 1, 0, 0, 0, 0, 1, 1, 45]

[0, 0, 1, 0, 0, 0, 1, 1, 37]

[1, 0, 1, 0, 0, 0, 1, 1, 37]

[0, 1, 1, 0, 0, 0, 1, 1, 45]

[1, 1, 1, 0, 0, 0, 1, 1, 45]

[0, 0, 0, 1, 0, 0, 1, 1, 45]

[1, 0, 0, 1, 0, 0, 1, 1, 45]

[0, 1, 0, 1, 0, 0, 1, 1, 45]
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[1, 1, 0, 1, 0, 0, 1, 1, 37]

[0, 0, 1, 1, 0, 0, 1, 1, 45]

[1, 0, 1, 1, 0, 0, 1, 1, 45]

[0, 1, 1, 1, 0, 0, 1, 1, 45]

[1, 1, 1, 1, 0, 0, 1, 1, 37]

[0, 0, 0, 0, 1, 0, 1, 1, 45]

[1, 0, 0, 0, 1, 0, 1, 1, 45]

[0, 1, 0, 0, 1, 0, 1, 1, 45]

[1, 1, 0, 0, 1, 0, 1, 1, 45]

[0, 0, 1, 0, 1, 0, 1, 1, 37]

[1, 0, 1, 0, 1, 0, 1, 1, 45]

[0, 1, 1, 0, 1, 0, 1, 1, 45]

[1, 1, 1, 0, 1, 0, 1, 1, 37]

[0, 0, 0, 1, 1, 0, 1, 1, 45]

[1, 0, 0, 1, 1, 0, 1, 1, 45]

[0, 1, 0, 1, 1, 0, 1, 1, 45]

[1, 1, 0, 1, 1, 0, 1, 1, 45]

[0, 0, 1, 1, 1, 0, 1, 1, 37]

[1, 0, 1, 1, 1, 0, 1, 1, 45]

[0, 1, 1, 1, 1, 0, 1, 1, 37]

[1, 1, 1, 1, 1, 0, 1, 1, 37]

[0, 0, 0, 0, 0, 1, 1, 1, 45]

[1, 0, 0, 0, 0, 1, 1, 1, 45]

[0, 1, 0, 0, 0, 1, 1, 1, 37]

[1, 1, 0, 0, 0, 1, 1, 1, 45]

[0, 0, 1, 0, 0, 1, 1, 1, 45]

[1, 0, 1, 0, 0, 1, 1, 1, 37]
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[0, 1, 1, 0, 0, 1, 1, 1, 45]

[1, 1, 1, 0, 0, 1, 1, 1, 37]

[0, 0, 0, 1, 0, 1, 1, 1, 45]

[1, 0, 0, 1, 0, 1, 1, 1, 45]

[0, 1, 0, 1, 0, 1, 1, 1, 37]

[1, 1, 0, 1, 0, 1, 1, 1, 37]

[0, 0, 1, 1, 0, 1, 1, 1, 45]

[1, 0, 1, 1, 0, 1, 1, 1, 45]

[0, 1, 1, 1, 0, 1, 1, 1, 37]

[1, 1, 1, 1, 0, 1, 1, 1, 37]

[0, 0, 0, 0, 1, 1, 1, 1, 45]

[1, 0, 0, 0, 1, 1, 1, 1, 37]

[0, 1, 0, 0, 1, 1, 1, 1, 37]

[1, 1, 0, 0, 1, 1, 1, 1, 45]

[0, 0, 1, 0, 1, 1, 1, 1, 45]

[1, 0, 1, 0, 1, 1, 1, 1, 37]

[0, 1, 1, 0, 1, 1, 1, 1, 45]

[1, 1, 1, 0, 1, 1, 1, 1, 37]

[0, 0, 0, 1, 1, 1, 1, 1, 37]

[1, 0, 0, 1, 1, 1, 1, 1, 37]

[0, 1, 0, 1, 1, 1, 1, 1, 37]

[1, 1, 0, 1, 1, 1, 1, 1, 45]

[0, 0, 1, 1, 1, 1, 1, 1, 37]

[1, 0, 1, 1, 1, 1, 1, 1, 37]

[0, 1, 1, 1, 1, 1, 1, 1, 37]

[1, 1, 1, 1, 1, 1, 1, 1, 37]
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APPENDIX VI

MAPLE codes to determine the number of zeros based on the monic irreducible

polynomial P6 of degree 8 and order 85 in chapter 3, for every possible initial

sequence.

for k from 257 to 511 do

for n from 1 to 8 do

s[n] :=convert(k,base,2)[n];od:

for m from 9 to 85 do

s[m] :=s[m-1]+s[m-3]+s[m-4]+s[m-5]+s[m-6]+s[m-8] mod 2;

t :={};od:

for m from 1 to 85 do

if s[m]=0 then t :=t union m fi;od:

[s[1],s[2],s[3],s[4],s[5],s[6],s[7],s[8],nops(t)];od;

[1, 0, 0, 0, 0, 0, 0, 0, 45]

[0, 1, 0, 0, 0, 0, 0, 0, 45]

[1, 1, 0, 0, 0, 0, 0, 0, 45]

[0, 0, 1, 0, 0, 0, 0, 0, 45]

[1, 0, 1, 0, 0, 0, 0, 0, 45]

[0, 1, 1, 0, 0, 0, 0, 0, 45]

[1, 1, 1, 0, 0, 0, 0, 0, 45]

[0, 0, 0, 1, 0, 0, 0, 0, 45]

[1, 0, 0, 1, 0, 0, 0, 0, 45]

[0, 1, 0, 1, 0, 0, 0, 0, 45]

[1, 1, 0, 1, 0, 0, 0, 0, 45]

[0, 0, 1, 1, 0, 0, 0, 0, 45]

[1, 0, 1, 1, 0, 0, 0, 0, 45]
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[0, 1, 1, 1, 0, 0, 0, 0, 45]

[1, 1, 1, 1, 0, 0, 0, 0, 45]

[0, 0, 0, 0, 1, 0, 0, 0, 45]

[1, 0, 0, 0, 1, 0, 0, 0, 45]

[0, 1, 0, 0, 1, 0, 0, 0, 37]

[1, 1, 0, 0, 1, 0, 0, 0, 45]

[0, 0, 1, 0, 1, 0, 0, 0, 45]

[1, 0, 1, 0, 1, 0, 0, 0, 45]

[0, 1, 1, 0, 1, 0, 0, 0, 45]

[1, 1, 1, 0, 1, 0, 0, 0, 45]

[0, 0, 0, 1, 1, 0, 0, 0, 45]

[1, 0, 0, 1, 1, 0, 0, 0, 45]

[0, 1, 0, 1, 1, 0, 0, 0, 45]

[1, 1, 0, 1, 1, 0, 0, 0, 37]

[0, 0, 1, 1, 1, 0, 0, 0, 37]

[1, 0, 1, 1, 1, 0, 0, 0, 45]

[0, 1, 1, 1, 1, 0, 0, 0, 45]

[1, 1, 1, 1, 1, 0, 0, 0, 45]

[0, 0, 0, 0, 0, 1, 0, 0, 45]

[1, 0, 0, 0, 0, 1, 0, 0, 45]

[0, 1, 0, 0, 0, 1, 0, 0, 45]

[1, 1, 0, 0, 0, 1, 0, 0, 45]

[0, 0, 1, 0, 0, 1, 0, 0, 37]

[1, 0, 1, 0, 0, 1, 0, 0, 37]

[0, 1, 1, 0, 0, 1, 0, 0, 45]

[1, 1, 1, 0, 0, 1, 0, 0, 45]

[0, 0, 0, 1, 0, 1, 0, 0, 45]
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[1, 0, 0, 1, 0, 1, 0, 0, 37]

[0, 1, 0, 1, 0, 1, 0, 0, 45]

[1, 1, 0, 1, 0, 1, 0, 0, 45]

[0, 0, 1, 1, 0, 1, 0, 0, 37]

[1, 0, 1, 1, 0, 1, 0, 0, 45]

[0, 1, 1, 1, 0, 1, 0, 0, 37]

[1, 1, 1, 1, 0, 1, 0, 0, 45]

[0, 0, 0, 0, 1, 1, 0, 0, 45]

[1, 0, 0, 0, 1, 1, 0, 0, 45]

[0, 1, 0, 0, 1, 1, 0, 0, 45]

[1, 1, 0, 0, 1, 1, 0, 0, 45]

[0, 0, 1, 0, 1, 1, 0, 0, 45]

[1, 0, 1, 0, 1, 1, 0, 0, 45]

[0, 1, 1, 0, 1, 1, 0, 0, 37]

[1, 1, 1, 0, 1, 1, 0, 0, 37]

[0, 0, 0, 1, 1, 1, 0, 0, 45]

[1, 0, 0, 1, 1, 1, 0, 0, 37]

[0, 1, 0, 1, 1, 1, 0, 0, 37]

[1, 1, 0, 1, 1, 1, 0, 0, 45]

[0, 0, 1, 1, 1, 1, 0, 0, 45]

[1, 0, 1, 1, 1, 1, 0, 0, 37]

[0, 1, 1, 1, 1, 1, 0, 0, 45]

[1, 1, 1, 1, 1, 1, 0, 0, 45]

[0, 0, 0, 0, 0, 0, 1, 0, 45]

[1, 0, 0, 0, 0, 0, 1, 0, 45]

[0, 1, 0, 0, 0, 0, 1, 0, 45]

[1, 1, 0, 0, 0, 0, 1, 0, 45]

93



[0, 0, 1, 0, 0, 0, 1, 0, 45]

[1, 0, 1, 0, 0, 0, 1, 0, 45]

[0, 1, 1, 0, 0, 0, 1, 0, 37]

[1, 1, 1, 0, 0, 0, 1, 0, 45]

[0, 0, 0, 1, 0, 0, 1, 0, 45]

[1, 0, 0, 1, 0, 0, 1, 0, 37]

[0, 1, 0, 1, 0, 0, 1, 0, 45]

[1, 1, 0, 1, 0, 0, 1, 0, 37]

[0, 0, 1, 1, 0, 0, 1, 0, 45]

[1, 0, 1, 1, 0, 0, 1, 0, 37]

[0, 1, 1, 1, 0, 0, 1, 0, 45]

[1, 1, 1, 1, 0, 0, 1, 0, 37]

[0, 0, 0, 0, 1, 0, 1, 0, 45]

[1, 0, 0, 0, 1, 0, 1, 0, 45]

[0, 1, 0, 0, 1, 0, 1, 0, 45]

[1, 1, 0, 0, 1, 0, 1, 0, 37]

[0, 0, 1, 0, 1, 0, 1, 0, 45]

[1, 0, 1, 0, 1, 0, 1, 0, 45]

[0, 1, 1, 0, 1, 0, 1, 0, 45]

[1, 1, 1, 0, 1, 0, 1, 0, 45]

[0, 0, 0, 1, 1, 0, 1, 0, 37]

[1, 0, 0, 1, 1, 0, 1, 0, 45]

[0, 1, 0, 1, 1, 0, 1, 0, 45]

[1, 1, 0, 1, 1, 0, 1, 0, 37]

[0, 0, 1, 1, 1, 0, 1, 0, 45]

[1, 0, 1, 1, 1, 0, 1, 0, 37]

[0, 1, 1, 1, 1, 0, 1, 0, 37]
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[1, 1, 1, 1, 1, 0, 1, 0, 45]

[0, 0, 0, 0, 0, 1, 1, 0, 45]

[1, 0, 0, 0, 0, 1, 1, 0, 45]

[0, 1, 0, 0, 0, 1, 1, 0, 37]

[1, 1, 0, 0, 0, 1, 1, 0, 45]

[0, 0, 1, 0, 0, 1, 1, 0, 45]

[1, 0, 1, 0, 0, 1, 1, 0, 37]

[0, 1, 1, 0, 0, 1, 1, 0, 45]

[1, 1, 1, 0, 0, 1, 1, 0, 45]

[0, 0, 0, 1, 0, 1, 1, 0, 45]

[1, 0, 0, 1, 0, 1, 1, 0, 45]

[0, 1, 0, 1, 0, 1, 1, 0, 45]

[1, 1, 0, 1, 0, 1, 1, 0, 37]

[0, 0, 1, 1, 0, 1, 1, 0, 37]

[1, 0, 1, 1, 0, 1, 1, 0, 37]

[0, 1, 1, 1, 0, 1, 1, 0, 37]

[1, 1, 1, 1, 0, 1, 1, 0, 37]

[0, 0, 0, 0, 1, 1, 1, 0, 45]

[1, 0, 0, 0, 1, 1, 1, 0, 45]

[0, 1, 0, 0, 1, 1, 1, 0, 37]

[1, 1, 0, 0, 1, 1, 1, 0, 37]

[0, 0, 1, 0, 1, 1, 1, 0, 37]

[1, 0, 1, 0, 1, 1, 1, 0, 37]

[0, 1, 1, 0, 1, 1, 1, 0, 45]

[1, 1, 1, 0, 1, 1, 1, 0, 45]

[0, 0, 0, 1, 1, 1, 1, 0, 37]

[1, 0, 0, 1, 1, 1, 1, 0, 45]

95



[0, 1, 0, 1, 1, 1, 1, 0, 37]

[1, 1, 0, 1, 1, 1, 1, 0, 37]

[0, 0, 1, 1, 1, 1, 1, 0, 45]

[1, 0, 1, 1, 1, 1, 1, 0, 45]

[0, 1, 1, 1, 1, 1, 1, 0, 45]

[1, 1, 1, 1, 1, 1, 1, 0, 45]

[0, 0, 0, 0, 0, 0, 0, 1, 45]

[1, 0, 0, 0, 0, 0, 0, 1, 45]

[0, 1, 0, 0, 0, 0, 0, 1, 45]

[1, 1, 0, 0, 0, 0, 0, 1, 45]

[0, 0, 1, 0, 0, 0, 0, 1, 45]

[1, 0, 1, 0, 0, 0, 0, 1, 45]

[0, 1, 1, 0, 0, 0, 0, 1, 45]

[1, 1, 1, 0, 0, 0, 0, 1, 45]

[0, 0, 0, 1, 0, 0, 0, 1, 45]

[1, 0, 0, 1, 0, 0, 0, 1, 37]

[0, 1, 0, 1, 0, 0, 0, 1, 45]

[1, 1, 0, 1, 0, 0, 0, 1, 45]

[0, 0, 1, 1, 0, 0, 0, 1, 45]

[1, 0, 1, 1, 0, 0, 0, 1, 37]

[0, 1, 1, 1, 0, 0, 0, 1, 37]

[1, 1, 1, 1, 0, 0, 0, 1, 45]

[0, 0, 0, 0, 1, 0, 0, 1, 45]

[1, 0, 0, 0, 1, 0, 0, 1, 45]

[0, 1, 0, 0, 1, 0, 0, 1, 37]

[1, 1, 0, 0, 1, 0, 0, 1, 45]

[0, 0, 1, 0, 1, 0, 0, 1, 37]

96



[1, 0, 1, 0, 1, 0, 0, 1, 45]

[0, 1, 1, 0, 1, 0, 0, 1, 37]

[1, 1, 1, 0, 1, 0, 0, 1, 37]

[0, 0, 0, 1, 1, 0, 0, 1, 45]

[1, 0, 0, 1, 1, 0, 0, 1, 45]

[0, 1, 0, 1, 1, 0, 0, 1, 45]

[1, 1, 0, 1, 1, 0, 0, 1, 37]

[0, 0, 1, 1, 1, 0, 0, 1, 45]

[1, 0, 1, 1, 1, 0, 0, 1, 37]

[0, 1, 1, 1, 1, 0, 0, 1, 37]

[1, 1, 1, 1, 1, 0, 0, 1, 45]

[0, 0, 0, 0, 0, 1, 0, 1, 45]

[1, 0, 0, 0, 0, 1, 0, 1, 45]

[0, 1, 0, 0, 0, 1, 0, 1, 45]

[1, 1, 0, 0, 0, 1, 0, 1, 37]

[0, 0, 1, 0, 0, 1, 0, 1, 45]

[1, 0, 1, 0, 0, 1, 0, 1, 45]

[0, 1, 1, 0, 0, 1, 0, 1, 37]

[1, 1, 1, 0, 0, 1, 0, 1, 37]

[0, 0, 0, 1, 0, 1, 0, 1, 45]

[1, 0, 0, 1, 0, 1, 0, 1, 45]

[0, 1, 0, 1, 0, 1, 0, 1, 45]

[1, 1, 0, 1, 0, 1, 0, 1, 45]

[0, 0, 1, 1, 0, 1, 0, 1, 45]

[1, 0, 1, 1, 0, 1, 0, 1, 37]

[0, 1, 1, 1, 0, 1, 0, 1, 45]

[1, 1, 1, 1, 0, 1, 0, 1, 37]
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[0, 0, 0, 0, 1, 1, 0, 1, 45]

[1, 0, 0, 0, 1, 1, 0, 1, 37]

[0, 1, 0, 0, 1, 1, 0, 1, 37]

[1, 1, 0, 0, 1, 1, 0, 1, 45]

[0, 0, 1, 0, 1, 1, 0, 1, 45]

[1, 0, 1, 0, 1, 1, 0, 1, 37]

[0, 1, 1, 0, 1, 1, 0, 1, 37]

[1, 1, 1, 0, 1, 1, 0, 1, 37]

[0, 0, 0, 1, 1, 1, 0, 1, 45]

[1, 0, 0, 1, 1, 1, 0, 1, 37]

[0, 1, 0, 1, 1, 1, 0, 1, 37]

[1, 1, 0, 1, 1, 1, 0, 1, 45]

[0, 0, 1, 1, 1, 1, 0, 1, 37]

[1, 0, 1, 1, 1, 1, 0, 1, 37]

[0, 1, 1, 1, 1, 1, 0, 1, 45]

[1, 1, 1, 1, 1, 1, 0, 1, 45]

[0, 0, 0, 0, 0, 0, 1, 1, 45]

[1, 0, 0, 0, 0, 0, 1, 1, 45]

[0, 1, 0, 0, 0, 0, 1, 1, 45]

[1, 1, 0, 0, 0, 0, 1, 1, 45]

[0, 0, 1, 0, 0, 0, 1, 1, 37]

[1, 0, 1, 0, 0, 0, 1, 1, 45]

[0, 1, 1, 0, 0, 0, 1, 1, 45]

[1, 1, 1, 0, 0, 0, 1, 1, 37]

[0, 0, 0, 1, 0, 0, 1, 1, 45]

[1, 0, 0, 1, 0, 0, 1, 1, 45]

[0, 1, 0, 1, 0, 0, 1, 1, 37]
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[1, 1, 0, 1, 0, 0, 1, 1, 37]

[0, 0, 1, 1, 0, 0, 1, 1, 45]

[1, 0, 1, 1, 0, 0, 1, 1, 45]

[0, 1, 1, 1, 0, 0, 1, 1, 37]

[1, 1, 1, 1, 0, 0, 1, 1, 45]

[0, 0, 0, 0, 1, 0, 1, 1, 45]

[1, 0, 0, 0, 1, 0, 1, 1, 37]

[0, 1, 0, 0, 1, 0, 1, 1, 45]

[1, 1, 0, 0, 1, 0, 1, 1, 37]

[0, 0, 1, 0, 1, 0, 1, 1, 45]

[1, 0, 1, 0, 1, 0, 1, 1, 45]

[0, 1, 1, 0, 1, 0, 1, 1, 37]

[1, 1, 1, 0, 1, 0, 1, 1, 37]

[0, 0, 0, 1, 1, 0, 1, 1, 45]

[1, 0, 0, 1, 1, 0, 1, 1, 37]

[0, 1, 0, 1, 1, 0, 1, 1, 37]

[1, 1, 0, 1, 1, 0, 1, 1, 37]

[0, 0, 1, 1, 1, 0, 1, 1, 37]

[1, 0, 1, 1, 1, 0, 1, 1, 45]

[0, 1, 1, 1, 1, 0, 1, 1, 37]

[1, 1, 1, 1, 1, 0, 1, 1, 45]

[0, 0, 0, 0, 0, 1, 1, 1, 45]

[1, 0, 0, 0, 0, 1, 1, 1, 45]

[0, 1, 0, 0, 0, 1, 1, 1, 45]

[1, 1, 0, 0, 0, 1, 1, 1, 37]

[0, 0, 1, 0, 0, 1, 1, 1, 45]

[1, 0, 1, 0, 0, 1, 1, 1, 37]
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[0, 1, 1, 0, 0, 1, 1, 1, 45]

[1, 1, 1, 0, 0, 1, 1, 1, 37]

[0, 0, 0, 1, 0, 1, 1, 1, 37]

[1, 0, 0, 1, 0, 1, 1, 1, 37]

[0, 1, 0, 1, 0, 1, 1, 1, 45]

[1, 1, 0, 1, 0, 1, 1, 1, 37]

[0, 0, 1, 1, 0, 1, 1, 1, 45]

[1, 0, 1, 1, 0, 1, 1, 1, 37]

[0, 1, 1, 1, 0, 1, 1, 1, 45]

[1, 1, 1, 1, 0, 1, 1, 1, 45]

[0, 0, 0, 0, 1, 1, 1, 1, 45]

[1, 0, 0, 0, 1, 1, 1, 1, 37]

[0, 1, 0, 0, 1, 1, 1, 1, 45]

[1, 1, 0, 0, 1, 1, 1, 1, 45]

[0, 0, 1, 0, 1, 1, 1, 1, 37]

[1, 0, 1, 0, 1, 1, 1, 1, 45]

[0, 1, 1, 0, 1, 1, 1, 1, 37]

[1, 1, 1, 0, 1, 1, 1, 1, 45]

[0, 0, 0, 1, 1, 1, 1, 1, 45]

[1, 0, 0, 1, 1, 1, 1, 1, 45]

[0, 1, 0, 1, 1, 1, 1, 1, 45]

[1, 1, 0, 1, 1, 1, 1, 1, 45]

[0, 0, 1, 1, 1, 1, 1, 1, 45]

[1, 0, 1, 1, 1, 1, 1, 1, 45]

[0, 1, 1, 1, 1, 1, 1, 1, 45]

[1, 1, 1, 1, 1, 1, 1, 1, 45]

100



APPENDIX VII

MAPLE codes to determine the number of zeros based on the monic irreducible

polynomial P7 of degree 8 and order 85 in chapter 3, for every possible initial

sequence.

for k from 257 to 511 do

for n from 1 to 8 do

s[n] :=convert(k,base,2)[n];od:

for m from 9 to 85 do

s[m] :=s[m-1]+s[m-2]+s[m-4]+s[m-5]+s[m-6]+s[m-8] mod 2;

t :={};od:

for m from 1 to 85 do

if s[m]=0 then t :=t union {m} fi;od:

[s[1],s[2],s[3],s[4],s[5],s[6],s[7],s[8],nops(t)];od;

[1, 0, 0, 0, 0, 0, 0, 0, 45]

[0, 1, 0, 0, 0, 0, 0, 0, 45]

[1, 1, 0, 0, 0, 0, 0, 0, 37]

[0, 0, 1, 0, 0, 0, 0, 0, 45]

[1, 0, 1, 0, 0, 0, 0, 0, 45]

[0, 1, 1, 0, 0, 0, 0, 0, 45]

[1, 1, 1, 0, 0, 0, 0, 0, 37]

[0, 0, 0, 1, 0, 0, 0, 0, 45]

[1, 0, 0, 1, 0, 0, 0, 0, 45]

[0, 1, 0, 1, 0, 0, 0, 0, 45]

[1, 1, 0, 1, 0, 0, 0, 0, 45]

[0, 0, 1, 1, 0, 0, 0, 0, 45]

[1, 0, 1, 1, 0, 0, 0, 0, 45]
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[0, 1, 1, 1, 0, 0, 0, 0, 37]

[1, 1, 1, 1, 0, 0, 0, 0, 37]

[0, 0, 0, 0, 1, 0, 0, 0, 45]

[1, 0, 0, 0, 1, 0, 0, 0, 45]

[0, 1, 0, 0, 1, 0, 0, 0, 37]

[1, 1, 0, 0, 1, 0, 0, 0, 45]

[0, 0, 1, 0, 1, 0, 0, 0, 45]

[1, 0, 1, 0, 1, 0, 0, 0, 45]

[0, 1, 1, 0, 1, 0, 0, 0, 45]

[1, 1, 1, 0, 1, 0, 0, 0, 37]

[0, 0, 0, 1, 1, 0, 0, 0, 45]

[1, 0, 0, 1, 1, 0, 0, 0, 45]

[0, 1, 0, 1, 1, 0, 0, 0, 45]

[1, 1, 0, 1, 1, 0, 0, 0, 45]

[0, 0, 1, 1, 1, 0, 0, 0, 45]

[1, 0, 1, 1, 1, 0, 0, 0, 37]

[0, 1, 1, 1, 1, 0, 0, 0, 37]

[1, 1, 1, 1, 1, 0, 0, 0, 37]

[0, 0, 0, 0, 0, 1, 0, 0, 45]

[1, 0, 0, 0, 0, 1, 0, 0, 45]

[0, 1, 0, 0, 0, 1, 0, 0, 45]

[1, 1, 0, 0, 0, 1, 0, 0, 45]

[0, 0, 1, 0, 0, 1, 0, 0, 45]

[1, 0, 1, 0, 0, 1, 0, 0, 37]

[0, 1, 1, 0, 0, 1, 0, 0, 45]

[1, 1, 1, 0, 0, 1, 0, 0, 45]

[0, 0, 0, 1, 0, 1, 0, 0, 45]
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[1, 0, 0, 1, 0, 1, 0, 0, 45]

[0, 1, 0, 1, 0, 1, 0, 0, 37]

[1, 1, 0, 1, 0, 1, 0, 0, 45]

[0, 0, 1, 1, 0, 1, 0, 0, 45]

[1, 0, 1, 1, 0, 1, 0, 0, 45]

[0, 1, 1, 1, 0, 1, 0, 0, 37]

[1, 1, 1, 1, 0, 1, 0, 0, 45]

[0, 0, 0, 0, 1, 1, 0, 0, 45]

[1, 0, 0, 0, 1, 1, 0, 0, 45]

[0, 1, 0, 0, 1, 1, 0, 0, 45]

[1, 1, 0, 0, 1, 1, 0, 0, 45]

[0, 0, 1, 0, 1, 1, 0, 0, 45]

[1, 0, 1, 0, 1, 1, 0, 0, 45]

[0, 1, 1, 0, 1, 1, 0, 0, 45]

[1, 1, 1, 0, 1, 1, 0, 0, 45]

[0, 0, 0, 1, 1, 1, 0, 0, 45]

[1, 0, 0, 1, 1, 1, 0, 0, 45]

[0, 1, 0, 1, 1, 1, 0, 0, 37]

[1, 1, 0, 1, 1, 1, 0, 0, 37]

[0, 0, 1, 1, 1, 1, 0, 0, 45]

[1, 0, 1, 1, 1, 1, 0, 0, 37]

[0, 1, 1, 1, 1, 1, 0, 0, 37]

[1, 1, 1, 1, 1, 1, 0, 0, 37]

[0, 0, 0, 0, 0, 0, 1, 0, 37]

[1, 0, 0, 0, 0, 0, 1, 0, 45]

[0, 1, 0, 0, 0, 0, 1, 0, 45]

[1, 1, 0, 0, 0, 0, 1, 0, 45]
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[0, 0, 1, 0, 0, 0, 1, 0, 45]

[1, 0, 1, 0, 0, 0, 1, 0, 45]

[0, 1, 1, 0, 0, 0, 1, 0, 45]

[1, 1, 1, 0, 0, 0, 1, 0, 37]

[0, 0, 0, 1, 0, 0, 1, 0, 45]

[1, 0, 0, 1, 0, 0, 1, 0, 45]

[0, 1, 0, 1, 0, 0, 1, 0, 37]

[1, 1, 0, 1, 0, 0, 1, 0, 45]

[0, 0, 1, 1, 0, 0, 1, 0, 45]

[1, 0, 1, 1, 0, 0, 1, 0, 45]

[0, 1, 1, 1, 0, 0, 1, 0, 45]

[1, 1, 1, 1, 0, 0, 1, 0, 45]

[0, 0, 0, 0, 1, 0, 1, 0, 45]

[1, 0, 0, 0, 1, 0, 1, 0, 37]

[0, 1, 0, 0, 1, 0, 1, 0, 45]

[1, 1, 0, 0, 1, 0, 1, 0, 45]

[0, 0, 1, 0, 1, 0, 1, 0, 37]

[1, 0, 1, 0, 1, 0, 1, 0, 37]

[0, 1, 1, 0, 1, 0, 1, 0, 45]

[1, 1, 1, 0, 1, 0, 1, 0, 45]

[0, 0, 0, 1, 1, 0, 1, 0, 45]

[1, 0, 0, 1, 1, 0, 1, 0, 45]

[0, 1, 0, 1, 1, 0, 1, 0, 45]

[1, 1, 0, 1, 1, 0, 1, 0, 45]

[0, 0, 1, 1, 1, 0, 1, 0, 37]

[1, 0, 1, 1, 1, 0, 1, 0, 37]

[0, 1, 1, 1, 1, 0, 1, 0, 45]
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[1, 1, 1, 1, 1, 0, 1, 0, 45]

[0, 0, 0, 0, 0, 1, 1, 0, 45]

[1, 0, 0, 0, 0, 1, 1, 0, 45]

[0, 1, 0, 0, 0, 1, 1, 0, 37]

[1, 1, 0, 0, 0, 1, 1, 0, 45]

[0, 0, 1, 0, 0, 1, 1, 0, 45]

[1, 0, 1, 0, 0, 1, 1, 0, 45]

[0, 1, 1, 0, 0, 1, 1, 0, 45]

[1, 1, 1, 0, 0, 1, 1, 0, 37]

[0, 0, 0, 1, 0, 1, 1, 0, 45]

[1, 0, 0, 1, 0, 1, 1, 0, 45]

[0, 1, 0, 1, 0, 1, 1, 0, 45]

[1, 1, 0, 1, 0, 1, 1, 0, 45]

[0, 0, 1, 1, 0, 1, 1, 0, 37]

[1, 0, 1, 1, 0, 1, 1, 0, 45]

[0, 1, 1, 1, 0, 1, 1, 0, 45]

[1, 1, 1, 1, 0, 1, 1, 0, 45]

[0, 0, 0, 0, 1, 1, 1, 0, 45]

[1, 0, 0, 0, 1, 1, 1, 0, 37]

[0, 1, 0, 0, 1, 1, 1, 0, 45]

[1, 1, 0, 0, 1, 1, 1, 0, 37]

[0, 0, 1, 0, 1, 1, 1, 0, 45]

[1, 0, 1, 0, 1, 1, 1, 0, 37]

[0, 1, 1, 0, 1, 1, 1, 0, 37]

[1, 1, 1, 0, 1, 1, 1, 0, 37]

[0, 0, 0, 1, 1, 1, 1, 0, 45]

[1, 0, 0, 1, 1, 1, 1, 0, 45]
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[0, 1, 0, 1, 1, 1, 1, 0, 37]

[1, 1, 0, 1, 1, 1, 1, 0, 37]

[0, 0, 1, 1, 1, 1, 1, 0, 37]

[1, 0, 1, 1, 1, 1, 1, 0, 45]

[0, 1, 1, 1, 1, 1, 1, 0, 37]

[1, 1, 1, 1, 1, 1, 1, 0, 45]

[0, 0, 0, 0, 0, 0, 0, 1, 45]

[1, 0, 0, 0, 0, 0, 0, 1, 37]

[0, 1, 0, 0, 0, 0, 0, 1, 45]

[1, 1, 0, 0, 0, 0, 0, 1, 45]

[0, 0, 1, 0, 0, 0, 0, 1, 45]

[1, 0, 1, 0, 0, 0, 0, 1, 45]

[0, 1, 1, 0, 0, 0, 0, 1, 45]

[1, 1, 1, 0, 0, 0, 0, 1, 37]

[0, 0, 0, 1, 0, 0, 0, 1, 45]

[1, 0, 0, 1, 0, 0, 0, 1, 37]

[0, 1, 0, 1, 0, 0, 0, 1, 45]

[1, 1, 0, 1, 0, 0, 0, 1, 37]

[0, 0, 1, 1, 0, 0, 0, 1, 45]

[1, 0, 1, 1, 0, 0, 0, 1, 45]

[0, 1, 1, 1, 0, 0, 0, 1, 45]

[1, 1, 1, 1, 0, 0, 0, 1, 37]

[0, 0, 0, 0, 1, 0, 0, 1, 45]

[1, 0, 0, 0, 1, 0, 0, 1, 45]

[0, 1, 0, 0, 1, 0, 0, 1, 45]

[1, 1, 0, 0, 1, 0, 0, 1, 45]

[0, 0, 1, 0, 1, 0, 0, 1, 45]
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[1, 0, 1, 0, 1, 0, 0, 1, 37]

[0, 1, 1, 0, 1, 0, 0, 1, 45]

[1, 1, 1, 0, 1, 0, 0, 1, 45]

[0, 0, 0, 1, 1, 0, 0, 1, 45]

[1, 0, 0, 1, 1, 0, 0, 1, 45]

[0, 1, 0, 1, 1, 0, 0, 1, 45]

[1, 1, 0, 1, 1, 0, 0, 1, 45]

[0, 0, 1, 1, 1, 0, 0, 1, 45]

[1, 0, 1, 1, 1, 0, 0, 1, 37]

[0, 1, 1, 1, 1, 0, 0, 1, 45]

[1, 1, 1, 1, 1, 0, 0, 1, 37]

[0, 0, 0, 0, 0, 1, 0, 1, 37]

[1, 0, 0, 0, 0, 1, 0, 1, 45]

[0, 1, 0, 0, 0, 1, 0, 1, 45]

[1, 1, 0, 0, 0, 1, 0, 1, 37]

[0, 0, 1, 0, 0, 1, 0, 1, 45]

[1, 0, 1, 0, 0, 1, 0, 1, 45]

[0, 1, 1, 0, 0, 1, 0, 1, 45]

[1, 1, 1, 0, 0, 1, 0, 1, 45]

[0, 0, 0, 1, 0, 1, 0, 1, 37]

[1, 0, 0, 1, 0, 1, 0, 1, 45]

[0, 1, 0, 1, 0, 1, 0, 1, 37]

[1, 1, 0, 1, 0, 1, 0, 1, 45]

[0, 0, 1, 1, 0, 1, 0, 1, 45]

[1, 0, 1, 1, 0, 1, 0, 1, 45]

[0, 1, 1, 1, 0, 1, 0, 1, 37]

[1, 1, 1, 1, 0, 1, 0, 1, 45]
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[0, 0, 0, 0, 1, 1, 0, 1, 45]

[1, 0, 0, 0, 1, 1, 0, 1, 37]

[0, 1, 0, 0, 1, 1, 0, 1, 45]

[1, 1, 0, 0, 1, 1, 0, 1, 37]

[0, 0, 1, 0, 1, 1, 0, 1, 45]

[1, 0, 1, 0, 1, 1, 0, 1, 45]

[0, 1, 1, 0, 1, 1, 0, 1, 37]

[1, 1, 1, 0, 1, 1, 0, 1, 45]

[0, 0, 0, 1, 1, 1, 0, 1, 37]

[1, 0, 0, 1, 1, 1, 0, 1, 37]

[0, 1, 0, 1, 1, 1, 0, 1, 45]

[1, 1, 0, 1, 1, 1, 0, 1, 37]

[0, 0, 1, 1, 1, 1, 0, 1, 45]

[1, 0, 1, 1, 1, 1, 0, 1, 37]

[0, 1, 1, 1, 1, 1, 0, 1, 45]

[1, 1, 1, 1, 1, 1, 0, 1, 45]

[0, 0, 0, 0, 0, 0, 1, 1, 45]

[1, 0, 0, 0, 0, 0, 1, 1, 45]

[0, 1, 0, 0, 0, 0, 1, 1, 45]

[1, 1, 0, 0, 0, 0, 1, 1, 37]

[0, 0, 1, 0, 0, 0, 1, 1, 37]

[1, 0, 1, 0, 0, 0, 1, 1, 37]

[0, 1, 1, 0, 0, 0, 1, 1, 45]

[1, 1, 1, 0, 0, 0, 1, 1, 45]

[0, 0, 0, 1, 0, 0, 1, 1, 45]

[1, 0, 0, 1, 0, 0, 1, 1, 45]

[0, 1, 0, 1, 0, 0, 1, 1, 45]
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[1, 1, 0, 1, 0, 0, 1, 1, 45]

[0, 0, 1, 1, 0, 0, 1, 1, 45]

[1, 0, 1, 1, 0, 0, 1, 1, 45]

[0, 1, 1, 1, 0, 0, 1, 1, 37]

[1, 1, 1, 1, 0, 0, 1, 1, 37]

[0, 0, 0, 0, 1, 0, 1, 1, 37]

[1, 0, 0, 0, 1, 0, 1, 1, 45]

[0, 1, 0, 0, 1, 0, 1, 1, 45]

[1, 1, 0, 0, 1, 0, 1, 1, 45]

[0, 0, 1, 0, 1, 0, 1, 1, 45]

[1, 0, 1, 0, 1, 0, 1, 1, 45]

[0, 1, 1, 0, 1, 0, 1, 1, 45]

[1, 1, 1, 0, 1, 0, 1, 1, 37]

[0, 0, 0, 1, 1, 0, 1, 1, 37]

[1, 0, 0, 1, 1, 0, 1, 1, 37]

[0, 1, 0, 1, 1, 0, 1, 1, 45]

[1, 1, 0, 1, 1, 0, 1, 1, 37]

[0, 0, 1, 1, 1, 0, 1, 1, 37]

[1, 0, 1, 1, 1, 0, 1, 1, 45]

[0, 1, 1, 1, 1, 0, 1, 1, 37]

[1, 1, 1, 1, 1, 0, 1, 1, 45]

[0, 0, 0, 0, 0, 1, 1, 1, 45]

[1, 0, 0, 0, 0, 1, 1, 1, 37]

[0, 1, 0, 0, 0, 1, 1, 1, 37]

[1, 1, 0, 0, 0, 1, 1, 1, 45]

[0, 0, 1, 0, 0, 1, 1, 1, 45]

[1, 0, 1, 0, 0, 1, 1, 1, 45]
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[0, 1, 1, 0, 0, 1, 1, 1, 45]

[1, 1, 1, 0, 0, 1, 1, 1, 37]

[0, 0, 0, 1, 0, 1, 1, 1, 37]

[1, 0, 0, 1, 0, 1, 1, 1, 45]

[0, 1, 0, 1, 0, 1, 1, 1, 45]

[1, 1, 0, 1, 0, 1, 1, 1, 37]

[0, 0, 1, 1, 0, 1, 1, 1, 37]

[1, 0, 1, 1, 0, 1, 1, 1, 37]

[0, 1, 1, 1, 0, 1, 1, 1, 37]

[1, 1, 1, 1, 0, 1, 1, 1, 37]

[0, 0, 0, 0, 1, 1, 1, 1, 37]

[1, 0, 0, 0, 1, 1, 1, 1, 45]

[0, 1, 0, 0, 1, 1, 1, 1, 45]

[1, 1, 0, 0, 1, 1, 1, 1, 45]

[0, 0, 1, 0, 1, 1, 1, 1, 37]

[1, 0, 1, 0, 1, 1, 1, 1, 45]

[0, 1, 1, 0, 1, 1, 1, 1, 37]

[1, 1, 1, 0, 1, 1, 1, 1, 37]

[0, 0, 0, 1, 1, 1, 1, 1, 37]

[1, 0, 0, 1, 1, 1, 1, 1, 45]

[0, 1, 0, 1, 1, 1, 1, 1, 45]

[1, 1, 0, 1, 1, 1, 1, 1, 37]

[0, 0, 1, 1, 1, 1, 1, 1, 45]

[1, 0, 1, 1, 1, 1, 1, 1, 37]

[0, 1, 1, 1, 1, 1, 1, 1, 45]

[1, 1, 1, 1, 1, 1, 1, 1, 45]
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APPENDIX VIII

MAPLE codes to determine the number of zeros based on the monic irreducible

polynomial P8 of degree 8 and order 85 in chapter 3, for every possible initial

sequence.

for k from 257 to 511 do

for n from 1 to 8 do

s[n] :=convert(k,base,2)[n];od:

for m from 9 to 85 do

s[m] :=s[m-1]+s[m-2]+s[m-3]+s[m-4]+s[m-5]+s[m-8] mod 2;

t :={};od:

for m from 1 to 85 do

if s[m]=0 then t :=t union {m} fi;od:

[s[1],s[2],s[3],s[4],s[5],s[6],s[7],s[8],nops(t)];od;

[1, 0, 0, 0, 0, 0, 0, 0, 45]

[0, 1, 0, 0, 0, 0, 0, 0, 45]

[1, 1, 0, 0, 0, 0, 0, 0, 45]

[0, 0, 1, 0, 0, 0, 0, 0, 45]

[1, 0, 1, 0, 0, 0, 0, 0, 37]

[0, 1, 1, 0, 0, 0, 0, 0, 45]

[1, 1, 1, 0, 0, 0, 0, 0, 45]

[0, 0, 0, 1, 0, 0, 0, 0, 37]

[1, 0, 0, 1, 0, 0, 0, 0, 45]

[0, 1, 0, 1, 0, 0, 0, 0, 37]

[1, 1, 0, 1, 0, 0, 0, 0, 37]

[0, 0, 1, 1, 0, 0, 0, 0, 45]

[1, 0, 1, 1, 0, 0, 0, 0, 45]
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[0, 1, 1, 1, 0, 0, 0, 0, 45]

[1, 1, 1, 1, 0, 0, 0, 0, 45]

[0, 0, 0, 0, 1, 0, 0, 0, 45]

[1, 0, 0, 0, 1, 0, 0, 0, 37]

[0, 1, 0, 0, 1, 0, 0, 0, 45]

[1, 1, 0, 0, 1, 0, 0, 0, 45]

[0, 0, 1, 0, 1, 0, 0, 0, 45]

[1, 0, 1, 0, 1, 0, 0, 0, 37]

[0, 1, 1, 0, 1, 0, 0, 0, 37]

[1, 1, 1, 0, 1, 0, 0, 0, 37]

[0, 0, 0, 1, 1, 0, 0, 0, 45]

[1, 0, 0, 1, 1, 0, 0, 0, 45]

[0, 1, 0, 1, 1, 0, 0, 0, 45]

[1, 1, 0, 1, 1, 0, 0, 0, 45]

[0, 0, 1, 1, 1, 0, 0, 0, 45]

[1, 0, 1, 1, 1, 0, 0, 0, 37]

[0, 1, 1, 1, 1, 0, 0, 0, 45]

[1, 1, 1, 1, 1, 0, 0, 0, 45]

[0, 0, 0, 0, 0, 1, 0, 0, 45]

[1, 0, 0, 0, 0, 1, 0, 0, 45]

[0, 1, 0, 0, 0, 1, 0, 0, 45]

[1, 1, 0, 0, 0, 1, 0, 0, 37]

[0, 0, 1, 0, 0, 1, 0, 0, 45]

[1, 0, 1, 0, 0, 1, 0, 0, 45]

[0, 1, 1, 0, 0, 1, 0, 0, 45]

[1, 1, 1, 0, 0, 1, 0, 0, 45]

[0, 0, 0, 1, 0, 1, 0, 0, 45]
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[1, 0, 0, 1, 0, 1, 0, 0, 45]

[0, 1, 0, 1, 0, 1, 0, 0, 37]

[1, 1, 0, 1, 0, 1, 0, 0, 45]

[0, 0, 1, 1, 0, 1, 0, 0, 37]

[1, 0, 1, 1, 0, 1, 0, 0, 45]

[0, 1, 1, 1, 0, 1, 0, 0, 37]

[1, 1, 1, 1, 0, 1, 0, 0, 37]

[0, 0, 0, 0, 1, 1, 0, 0, 45]

[1, 0, 0, 0, 1, 1, 0, 0, 45]

[0, 1, 0, 0, 1, 1, 0, 0, 45]

[1, 1, 0, 0, 1, 1, 0, 0, 45]

[0, 0, 1, 0, 1, 1, 0, 0, 45]

[1, 0, 1, 0, 1, 1, 0, 0, 45]

[0, 1, 1, 0, 1, 1, 0, 0, 45]

[1, 1, 1, 0, 1, 1, 0, 0, 37]

[0, 0, 0, 1, 1, 1, 0, 0, 45]

[1, 0, 0, 1, 1, 1, 0, 0, 45]

[0, 1, 0, 1, 1, 1, 0, 0, 45]

[1, 1, 0, 1, 1, 1, 0, 0, 37]

[0, 0, 1, 1, 1, 1, 0, 0, 37]

[1, 0, 1, 1, 1, 1, 0, 0, 45]

[0, 1, 1, 1, 1, 1, 0, 0, 45]

[1, 1, 1, 1, 1, 1, 0, 0, 45]

[0, 0, 0, 0, 0, 0, 1, 0, 45]

[1, 0, 0, 0, 0, 0, 1, 0, 45]

[0, 1, 0, 0, 0, 0, 1, 0, 37]

[1, 1, 0, 0, 0, 0, 1, 0, 45]
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[0, 0, 1, 0, 0, 0, 1, 0, 45]

[1, 0, 1, 0, 0, 0, 1, 0, 45]

[0, 1, 1, 0, 0, 0, 1, 0, 45]

[1, 1, 1, 0, 0, 0, 1, 0, 37]

[0, 0, 0, 1, 0, 0, 1, 0, 45]

[1, 0, 0, 1, 0, 0, 1, 0, 45]

[0, 1, 0, 1, 0, 0, 1, 0, 45]

[1, 1, 0, 1, 0, 0, 1, 0, 45]

[0, 0, 1, 1, 0, 0, 1, 0, 45]

[1, 0, 1, 1, 0, 0, 1, 0, 37]

[0, 1, 1, 1, 0, 0, 1, 0, 45]

[1, 1, 1, 1, 0, 0, 1, 0, 45]

[0, 0, 0, 0, 1, 0, 1, 0, 45]

[1, 0, 0, 0, 1, 0, 1, 0, 45]

[0, 1, 0, 0, 1, 0, 1, 0, 45]

[1, 1, 0, 0, 1, 0, 1, 0, 37]

[0, 0, 1, 0, 1, 0, 1, 0, 37]

[1, 0, 1, 0, 1, 0, 1, 0, 45]

[0, 1, 1, 0, 1, 0, 1, 0, 45]

[1, 1, 1, 0, 1, 0, 1, 0, 45]

[0, 0, 0, 1, 1, 0, 1, 0, 45]

[1, 0, 0, 1, 1, 0, 1, 0, 37]

[0, 1, 0, 1, 1, 0, 1, 0, 45]

[1, 1, 0, 1, 1, 0, 1, 0, 45]

[0, 0, 1, 1, 1, 0, 1, 0, 45]

[1, 0, 1, 1, 1, 0, 1, 0, 37]

[0, 1, 1, 1, 1, 0, 1, 0, 45]
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[1, 1, 1, 1, 1, 0, 1, 0, 37]

[0, 0, 0, 0, 0, 1, 1, 0, 45]

[1, 0, 0, 0, 0, 1, 1, 0, 37]

[0, 1, 0, 0, 0, 1, 1, 0, 45]

[1, 1, 0, 0, 0, 1, 1, 0, 45]

[0, 0, 1, 0, 0, 1, 1, 0, 45]

[1, 0, 1, 0, 0, 1, 1, 0, 37]

[0, 1, 1, 0, 0, 1, 1, 0, 45]

[1, 1, 1, 0, 0, 1, 1, 0, 37]

[0, 0, 0, 1, 0, 1, 1, 0, 45]

[1, 0, 0, 1, 0, 1, 1, 0, 45]

[0, 1, 0, 1, 0, 1, 1, 0, 45]

[1, 1, 0, 1, 0, 1, 1, 0, 45]

[0, 0, 1, 1, 0, 1, 1, 0, 37]

[1, 0, 1, 1, 0, 1, 1, 0, 45]

[0, 1, 1, 1, 0, 1, 1, 0, 45]

[1, 1, 1, 1, 0, 1, 1, 0, 37]

[0, 0, 0, 0, 1, 1, 1, 0, 45]

[1, 0, 0, 0, 1, 1, 1, 0, 45]

[0, 1, 0, 0, 1, 1, 1, 0, 45]

[1, 1, 0, 0, 1, 1, 1, 0, 45]

[0, 0, 1, 0, 1, 1, 1, 0, 37]

[1, 0, 1, 0, 1, 1, 1, 0, 45]

[0, 1, 1, 0, 1, 1, 1, 0, 37]

[1, 1, 1, 0, 1, 1, 1, 0, 37]

[0, 0, 0, 1, 1, 1, 1, 0, 37]

[1, 0, 0, 1, 1, 1, 1, 0, 45]
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[0, 1, 0, 1, 1, 1, 1, 0, 45]

[1, 1, 0, 1, 1, 1, 1, 0, 37]

[0, 0, 1, 1, 1, 1, 1, 0, 45]

[1, 0, 1, 1, 1, 1, 1, 0, 37]

[0, 1, 1, 1, 1, 1, 1, 0, 45]

[1, 1, 1, 1, 1, 1, 1, 0, 37]

[0, 0, 0, 0, 0, 0, 0, 1, 45]

[1, 0, 0, 0, 0, 0, 0, 1, 45]

[0, 1, 0, 0, 0, 0, 0, 1, 37]

[1, 1, 0, 0, 0, 0, 0, 1, 45]

[0, 0, 1, 0, 0, 0, 0, 1, 37]

[1, 0, 1, 0, 0, 0, 0, 1, 37]

[0, 1, 1, 0, 0, 0, 0, 1, 45]

[1, 1, 1, 0, 0, 0, 0, 1, 45]

[0, 0, 0, 1, 0, 0, 0, 1, 45]

[1, 0, 0, 1, 0, 0, 0, 1, 45]

[0, 1, 0, 1, 0, 0, 0, 1, 45]

[1, 1, 0, 1, 0, 0, 0, 1, 37]

[0, 0, 1, 1, 0, 0, 0, 1, 45]

[1, 0, 1, 1, 0, 0, 0, 1, 45]

[0, 1, 1, 1, 0, 0, 0, 1, 37]

[1, 1, 1, 1, 0, 0, 0, 1, 45]

[0, 0, 0, 0, 1, 0, 0, 1, 45]

[1, 0, 0, 0, 1, 0, 0, 1, 45]

[0, 1, 0, 0, 1, 0, 0, 1, 45]

[1, 1, 0, 0, 1, 0, 0, 1, 45]

[0, 0, 1, 0, 1, 0, 0, 1, 45]

116



[1, 0, 1, 0, 1, 0, 0, 1, 45]

[0, 1, 1, 0, 1, 0, 0, 1, 45]

[1, 1, 1, 0, 1, 0, 0, 1, 37]

[0, 0, 0, 1, 1, 0, 0, 1, 45]

[1, 0, 0, 1, 1, 0, 0, 1, 45]

[0, 1, 0, 1, 1, 0, 0, 1, 45]

[1, 1, 0, 1, 1, 0, 0, 1, 37]

[0, 0, 1, 1, 1, 0, 0, 1, 45]

[1, 0, 1, 1, 1, 0, 0, 1, 45]

[0, 1, 1, 1, 1, 0, 0, 1, 37]

[1, 1, 1, 1, 1, 0, 0, 1, 45]

[0, 0, 0, 0, 0, 1, 0, 1, 45]

[1, 0, 0, 0, 0, 1, 0, 1, 37]

[0, 1, 0, 0, 0, 1, 0, 1, 45]

[1, 1, 0, 0, 0, 1, 0, 1, 45]

[0, 0, 1, 0, 0, 1, 0, 1, 45]

[1, 0, 1, 0, 0, 1, 0, 1, 45]

[0, 1, 1, 0, 0, 1, 0, 1, 37]

[1, 1, 1, 0, 0, 1, 0, 1, 45]

[0, 0, 0, 1, 0, 1, 0, 1, 45]

[1, 0, 0, 1, 0, 1, 0, 1, 37]

[0, 1, 0, 1, 0, 1, 0, 1, 45]

[1, 1, 0, 1, 0, 1, 0, 1, 45]

[0, 0, 1, 1, 0, 1, 0, 1, 45]

[1, 0, 1, 1, 0, 1, 0, 1, 45]

[0, 1, 1, 1, 0, 1, 0, 1, 45]

[1, 1, 1, 1, 0, 1, 0, 1, 45]
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[0, 0, 0, 0, 1, 1, 0, 1, 37]

[1, 0, 0, 0, 1, 1, 0, 1, 45]

[0, 1, 0, 0, 1, 1, 0, 1, 37]

[1, 1, 0, 0, 1, 1, 0, 1, 37]

[0, 0, 1, 0, 1, 1, 0, 1, 45]

[1, 0, 1, 0, 1, 1, 0, 1, 45]

[0, 1, 1, 0, 1, 1, 0, 1, 37]

[1, 1, 1, 0, 1, 1, 0, 1, 45]

[0, 0, 0, 1, 1, 1, 0, 1, 45]

[1, 0, 0, 1, 1, 1, 0, 1, 45]

[0, 1, 0, 1, 1, 1, 0, 1, 37]

[1, 1, 0, 1, 1, 1, 0, 1, 37]

[0, 0, 1, 1, 1, 1, 0, 1, 45]

[1, 0, 1, 1, 1, 1, 0, 1, 37]

[0, 1, 1, 1, 1, 1, 0, 1, 37]

[1, 1, 1, 1, 1, 1, 0, 1, 37]

[0, 0, 0, 0, 0, 0, 1, 1, 45]

[1, 0, 0, 0, 0, 0, 1, 1, 37]

[0, 1, 0, 0, 0, 0, 1, 1, 37]

[1, 1, 0, 0, 0, 0, 1, 1, 45]

[0, 0, 1, 0, 0, 0, 1, 1, 45]

[1, 0, 1, 0, 0, 0, 1, 1, 37]

[0, 1, 1, 0, 0, 0, 1, 1, 45]

[1, 1, 1, 0, 0, 0, 1, 1, 45]

[0, 0, 0, 1, 0, 0, 1, 1, 45]

[1, 0, 0, 1, 0, 0, 1, 1, 45]

[0, 1, 0, 1, 0, 0, 1, 1, 45]
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[1, 1, 0, 1, 0, 0, 1, 1, 37]

[0, 0, 1, 1, 0, 0, 1, 1, 45]

[1, 0, 1, 1, 0, 0, 1, 1, 45]

[0, 1, 1, 1, 0, 0, 1, 1, 45]

[1, 1, 1, 1, 0, 0, 1, 1, 37]

[0, 0, 0, 0, 1, 0, 1, 1, 37]

[1, 0, 0, 0, 1, 0, 1, 1, 45]

[0, 1, 0, 0, 1, 0, 1, 1, 45]

[1, 1, 0, 0, 1, 0, 1, 1, 45]

[0, 0, 1, 0, 1, 0, 1, 1, 45]

[1, 0, 1, 0, 1, 0, 1, 1, 45]

[0, 1, 1, 0, 1, 0, 1, 1, 45]

[1, 1, 1, 0, 1, 0, 1, 1, 45]

[0, 0, 0, 1, 1, 0, 1, 1, 37]

[1, 0, 0, 1, 1, 0, 1, 1, 37]

[0, 1, 0, 1, 1, 0, 1, 1, 45]

[1, 1, 0, 1, 1, 0, 1, 1, 37]

[0, 0, 1, 1, 1, 0, 1, 1, 45]

[1, 0, 1, 1, 1, 0, 1, 1, 37]

[0, 1, 1, 1, 1, 0, 1, 1, 37]

[1, 1, 1, 1, 1, 0, 1, 1, 37]

[0, 0, 0, 0, 0, 1, 1, 1, 37]

[1, 0, 0, 0, 0, 1, 1, 1, 45]

[0, 1, 0, 0, 0, 1, 1, 1, 37]

[1, 1, 0, 0, 0, 1, 1, 1, 45]

[0, 0, 1, 0, 0, 1, 1, 1, 45]

[1, 0, 1, 0, 0, 1, 1, 1, 45]
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[0, 1, 1, 0, 0, 1, 1, 1, 45]

[1, 1, 1, 0, 0, 1, 1, 1, 45]

[0, 0, 0, 1, 0, 1, 1, 1, 37]

[1, 0, 0, 1, 0, 1, 1, 1, 45]

[0, 1, 0, 1, 0, 1, 1, 1, 45]

[1, 1, 0, 1, 0, 1, 1, 1, 45]

[0, 0, 1, 1, 0, 1, 1, 1, 37]

[1, 0, 1, 1, 0, 1, 1, 1, 37]

[0, 1, 1, 1, 0, 1, 1, 1, 37]

[1, 1, 1, 1, 0, 1, 1, 1, 37]

[0, 0, 0, 0, 1, 1, 1, 1, 37]

[1, 0, 0, 0, 1, 1, 1, 1, 37]

[0, 1, 0, 0, 1, 1, 1, 1, 45]

[1, 1, 0, 0, 1, 1, 1, 1, 45]

[0, 0, 1, 0, 1, 1, 1, 1, 45]

[1, 0, 1, 0, 1, 1, 1, 1, 45]

[0, 1, 1, 0, 1, 1, 1, 1, 37]

[1, 1, 1, 0, 1, 1, 1, 1, 37]

[0, 0, 0, 1, 1, 1, 1, 1, 37]

[1, 0, 0, 1, 1, 1, 1, 1, 45]

[0, 1, 0, 1, 1, 1, 1, 1, 45]

[1, 1, 0, 1, 1, 1, 1, 1, 37]

[0, 0, 1, 1, 1, 1, 1, 1, 37]

[1, 0, 1, 1, 1, 1, 1, 1, 45]

[0, 1, 1, 1, 1, 1, 1, 1, 37]

[1, 1, 1, 1, 1, 1, 1, 1, 37]
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APPENDIX IX

MAPLE codes to determine the number of zeros of the sequence of irreducible

polynomials of degree 9 and order 73.

exp1:=x9 + x+ 1 :

exp2:=x9 + x4 + x2 + x+ 1 :

exp3:=x9 + x6 + x3 + x+ 1 :

exp4:=x9 + x6 + x5 + x2 + 1 :

exp5:=x9 + x7 + x4 + x3 + 1 :

exp6:=x9 + x8 + 1 :

exp7:=x9 + x8 + x6 + x3 + x2 + x+ 1 :

exp8:=x9 + x8 + x7 + x5 + 1 :

a1:=[exp1, exp2, exp3, exp4, exp5, exp6, exp7, exp8]:

s[0]:=1: s[1]:=1: s[2]:=1: s[3]:=0: s[4]:=0: s[5]:=0: s[6]:=0: s[7]:=0: s[8]:=0:

i:=8;

i := 8

a1[i];

x9 + x8 + x7 + x5 + 1

for n from 0 to 63 do

s[n+9]:=coeff(a1[i],x,8)*s[n+8]+coeff(a1[i],x,7)*s[n+7]+coeff(a1[i],x,6)*s[n+6] +co-

eff(a1[i],x,5)*s[n+5]+coeff(a1[i],x,4)*s[n+4]+coeff(a1[i],x,3)*s[n+3]

+coeff(a1[i],x,2)*s[n+2]+coeff(a1[i],x,1)*s[n+1]+s[n] mod 2;od:

t :={};

t := {}

for n from 0 to 72 do

if s[n]=0 then t :=t union n fi;od;

t;
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{3, 4, 5, 6, 7, 8, 10, 11, 12, 15, 17, 21, 27, 32, 35, 38, 39, 40,

42, 43, 44, 45, 48, 52, 53, 57, 60, 62, 64, 67, 68, 71, 72}

nops(t);

33
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APPENDIX X

MAPLE codes to determine the number of zeros of the sequence of irreducible

polynomials of degree 10 and order 93.

exp1:=x10 + x5 + x4 + x2 + 1 :

exp2:=x10 + x8 + x3 + x+ 1 :

exp3:=x10 + x8 + x6 + x5 + 1 :

exp4:=x10 + x9 + x7 + x2 + 1 :

exp5:=x10 + x9 + x7 + x5 + x2 + x+ 1 :

exp6:=x10 + x9 + x8 + x5 + x3 + x+ 1 :

a1:=[exp1, exp2, exp3, exp4, exp5, exp6]:

s[0]:=1: s[1]:=1: s[2]:=0: s[3]:=1: s[4]:=0: s[5]:=0: s[6]:=0: s[7]:=0: s[8]:=0:

s[9]:=1:

i:=6;

i := 6

a1[i];

x10 + x9 + x8 + x5 + x3 + x+ 1

for n from 0 to 82 do

s[n+10] :=coeff(a1[i],x,9)*s[n+9]+coeff(a1[i],x,8)*s[n+8]+coeff(a1[i],x,7)*s[n+7]

+coeff(a1[i],x,6)*s[n+6]+coeff(a1[i],x,5)*s[n+5]+coeff(a1[i],x,4)*s[n+4] +co-

eff(a1[i],x,3)*s[n+3]+coeff(a1[i],x,2)*s[n+2]+coeff(a1[i],x,1)*s[n+1] +s[n] mod 2;od:

t :={};

t := {}

for n from 0 to 92 do

if s[n]=0 then t :=t union n fi;od;
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t;

{2, 4, 5, 6, 7, 8, 10, 11, 13, 14, 15, 17, 18, 19, 20, 21, 23, 25,

26, 29, 32, 35, 37, 38, 39, 41, 42, 44, 46, 47, 49, 50, 51,

52, 53, 56, 57, 59, 60, 62, 65, 66, 68, 69, 70, 71, 72, 73,

74, 75, 77, 80, 81, 82, 83, 86, 87, 88, 89, 91, 92}

nops(t);

61
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