
IEEE TRANSACTIONS ON INFORMATION THEORY, VOL. 61, NO. 5, MAY 2015 2351

The Bose and Minimum Distance of a
Class of BCH Codes

Cunsheng Ding, Senior Member, IEEE, Xiaoni Du, and Zhengchun Zhou

Abstract— Cyclic codes are an interesting class of linear
codes due to their efficient encoding and decoding algorithms.
Bose-Ray-Chaudhuri-Hocquenghem (BCH) codes form a sub-
class of cyclic codes and are very important in both theory
and practice as they have good error-correcting capability and
are widely used in communication systems, storage devices, and
consumer electronics. However, the dimension and minimum
distance of BCH codes are not known in general. The objective
of this paper is to determine the Bose and minimum distances
of a class of narrow-sense primitive BCH codes.

Index Terms— BCH codes, cyclic codes, linear codes.

I. INTRODUCTION

THROUGHOUT this paper, let p be a prime and let
q be a power of p. An [n, k, d] code C over GF(q) is a

k-dimensional subspace of GF(q)n with minimum (Hamming)
distance d .

A linear [n, k] code C over GF(q) is called cyclic if
(c0, c1, · · · , cn−1) ∈ C implies (cn−1, c0, c1, · · · , cn−2) ∈ C.
By identifying any vector (c0, c1, · · · , cn−1) ∈ GF(q)n with

c0 + c1x + c2x2 + · · · + cn−1xn−1 ∈ GF(q)[x]/(xn − 1),

any code C of length n over GF(q) corresponds to a subset of
the quotient ring GF(q)[x]/(xn −1). A linear code C is cyclic
if and only if the corresponding subset in GF(q)[x]/(xn − 1)
is an ideal of the ring GF(q)[x]/(xn − 1).

Note that every ideal of GF(q)[x]/(xn − 1) is principal.
Let C = 〈g(x)〉 be a cyclic code, where g(x) is monic and
has the smallest degree among all the generators of C. Then
g(x) is unique and called the generator polynomial, and
h(x) = (xn − 1)/g(x) is referred to as the parity-check
polynomial of C.

Let m ≥ 1 be a positive integer and let n = qm − 1. Let
α be a generator of GF(qm)∗. For any i with 1 ≤ i ≤ qm − 2,
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let mi (x) denote the minimal polynomial of αi over GF(q).
For any 2 ≤ δ < n = qm − 1, define

g(q, m, δ)(x) = lcm(m1(x), m2(x), · · · , mδ−1(x)),

where lcm denotes the least common multiple of these
minimal polynomials. Let C(q, m, δ) denote the cyclic code
of length n with generator polynomial g(q, m, δ)(x). This
code C(q, m, δ) is called the narrow-sense primitive Bose-Ray-
Chaudhuri-Hocquenghem (BCH) code with design distance δ.
It is well known that the codes C(q, m, δ) and C(q, m, δ′) may be
equal for two different δ and δ′. The largest design distance
of a BCH code is called the Bose distance of the code and is
denoted by dB .

The codes C(q, m, δ) are treated in every book on coding
theory. However, the following questions about the codes
C(q, m, δ) are still open in general.

1) What is the dimension of C(q, m, δ)?
2) What is the Bose distance (i.e., the maximum design

distance) of C(q, m, δ)?
3) What is the minimum distance d (i.e., the minimum

weight) of C(q, m, δ)?

The dimension of C(q, m, δ) is known when δ is small, and
is open in general. There are lower bounds on the dimension
of C(q, m, δ), which are very bad in many cases. The minimum
distance d of C(q, m, δ) is known only in a few cases. Only
when δ is very small or when C(q, m, δ) is the Reed-Solomon
code, both the dimension and minimum distance of C(q, m, δ)

are known. Hence, we have very limited knowledge of the
narrow-sense primitive BCH codes, not to mention BCH codes
in general. Thus we conclude that BCH codes are neither
well-understood nor well-studied.

In the 1990’s, there were a few papers on narrow-sense
primitive BCH codes [1], [2], [5], [12]. However, in the last
eighteen years, little progress on the study of these codes has
been made. As pointed out by Charpin in [6], it is a well-
known hard problem to determine the minimum distance of
narrow-sense BCH codes.

The objective of this paper is to determine the Bose distance
and the minimum distance of the codes C(q, m, δ) with design
distance δ = qt + h, where 1 ≤ t ≤ m − 2 and 0 ≤ h ≤
	(qt − 1)/qm−t
 + 1.

II. KNOWN RESULTS ABOUT THE CODES C(q, m, δ)

To give a well-rounded treatment of the codes C(q, m, δ),
we summarize known results on the dimension and minimum
distance of the codes in this section.

0018-9448 © 2015 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
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A. Known Results on the Dimension of C(q, m, δ)

In general, for the dimension k of the code C(q, m, δ) we have
the following lower bounds [7, p. 170]:

1) k ≥ qm − 1 − m(δ − 1), and
2) k ≥ qm − 1 − m(δ − 1)/2 if q = 2 and δ is odd.

When δ is getting large, these two bounds are very bad as they
become very small or even negative.

When m = 1, the code C(q, m, δ) is a Reed-Solomon code
and its dimension is equal to q − δ.

When δ is small enough, the dimension k of the
code C(q, m, δ) is given in the following theorem [12].

Theorem 1: Let δq and δ0 be the unique integers such that
δ − 1 = δqq + δ0, where 0 ≤ δ0 < q.

If δ − 1 < q�m/2� + 1, then the dimension k of the code
C(q, m, δ) is given by

k = qm − 1 − m(δq(q − 1) + δ0).

Let T = 2qm/2 − 1. If m is even and qm/2 + 1 ≤ δ <
T + m/2, then the dimension k of the code C(q, m, δ) is
given by

k = qm − 1 − m(δq(q − 1) + δ0) + m

2
.

When t ≥ m/2 and δ = qt , we have the following theorem
due to Mann [10].

Theorem 2: Let δ = qt , where m/2 ≤ t ≤ m − 2, and
let r = m − t . Then the dimension k of the code C(q, m, δ) is
given by

k = ϕ(m) − (q − 1)2
r−2∑

i=0

(r − i − 1)ϕ(m − r − i − 2),

where ϕ(m) is determined by the following linear recurrence

ϕ(m) = qϕ(m − 1) − (q − 1)ϕ(m − r − 1), m > r

with the initial conditions

ϕ(i) = qi for 0 ≤ i < r, and ϕ(r) = qr − 1.

Theorem 2 can be employed to compute the dimension of
the code recursively in the case that t ≥ m/2 and δ = qt .
Further recurrence formulas may be found in [3].

Also, when δ = qt , Mann derived the following result [10].
Theorem 3: The dimension k of the code C(q, m, qt) is

equal to

qm − 1 −
	 m

(r+1) 
∑

i=1

(−1)i−1 m(q − 1)i

i

(
m − ir − 1

i − 1

)
qm−i(r+1)

(1)

where r = m − t .

B. Known Results on the Minimum Distance of C(q, m, δ)

According to the BCH bound, the minimum distance d of
the code C(q, m, δ) satisfies

d ≥ dB ≥ δ,

where dB denotes the Bose distance of the code C(q, m, δ).
In some cases the difference d − δ is very small or zero.

As will be seen later, in many cases the difference d − δ
is very large and in such cases the design distance does not
give much information on the minimum distance d , but the
Bose distance dB may be very close to the minimum distance.
In fact, it was conjectured that d ≤ dB + 4 for the narrow-
sense primitive BCH codes [6]. In view of this conjecture,
it is very useful to determine the Bose distance for the
narrow-sense primitive BCH codes.

Given a design distance δ, it is a difficult problem to
determine the Bose distance dB , not to mention the minimum
distance d . However, in some special cases the minimum
distance d is known. Below we summarize known results
regarding the minimum distance of BCH codes.

The first result on the minimum distance is the
following [9, p. 260].

Theorem 4: For any h with 1 ≤ h ≤ m − 1, a primitive
BCH code of length n = qm − 1 and design distance
δ = qh − 1 has minimum distance d = qh − 1.

The following result is due to Kasami and Lin [8].
Theorem 5: For binary primitive BCH codes of length

n = 2m − 1 and Bose distance dB = 2m−1−s − 2m−1−s−i − 1
with 1 ≤ i ≤ m − s −2 and 0 ≤ s ≤ m −2i , we have d = dB.

The following result was developed by Peterson [11].
Theorem 6: Suppose a narrow-sense primitive BCH code

over GF(q) with Bose distance δ has d = δ, and δ + 1 is
divisible by p, the characteristic of GF(q). Then the narrow-
sense primitive BCH code over GF(q) with Bose distance
dB = (δ + 1)qm−h − 1, where h ≥ δ, has minimum
distance dB.

A proof of the following theorem can be found
in [4, p. 247].

Theorem 7: Let C be a narrow-sense BCH code of length
n with design distance δ over GF(q). If δ divides n, then the
minimum distance d = δ.

The following result is sometimes useful in determining the
minimum distance of the codes C(q, m, δ) [9, p. 259].

Theorem 8: The narrow-sense primitive binary BCH code
C(2, m, δ) with design distance δ = 2t+1 has minimum distance
d = δ, provided that

•
∑t+1

i=0

(
2m−1

i

)
> 2mt or

• m > 1 + log2((t + 1)!).

C. Cases When Both Parameters of C(q, m, δ) Are Known

The dimension and minimum distance of the Reed-Solomon
code C(q, 1, δ) are q −δ and δ, respectively. In addition we have
the following cases.

• When (δ, q) = (3, 2), C(q, m, δ) is the binary Hamming
code with parameters [2m−1, 2m−1−m, 3] and generator
polynomial m1(x), where m ≥ 3.

• When (δ, q) = (5, 2), C(q, m, δ) has parameters
[2m − 1, 2m − 1 − 2m, 5] and generator polynomial

g(2, m, 5)(x) = lcm(m1(x), m2(x), m3(x), m4(x))

= m1(x)m3(x),

where m ≥ 4.
• When (δ, q) = (7, 2), C(q, m, δ) has parameters

[2m − 1, 2m − 1 − 3m, 7] and generator polynomial
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m1(x)m3(x)m5(x) due to a similar reduction,
where m ≥ 5.

• When (δ, q) = (9, 2), the code C(q, m, δ) has parame-
ters [2m − 1, 2m − 1 − 4m, 9] and generator polyno-
mial m1(x)m3(x)m5(x)m7(x) due to a similar reduction,
where m ≥ 7.

• When (δ, q) = (3, 3), the code C(q, m, δ) has parameters
[3m − 1, 3m − 1 − 2m, 4] and generator polynomial
m1(x)m2(x), where m ≥ 3.

In all these cases, the conclusion on the dimension of C(q, m, δ)

follows from Theorem 1 and that on the minimum distance
comes from the BCH bound and Theorem 8. When 1 ≤ δ < 9
and q is odd, it is possible to find out both the dimension and
minimum distance of the code C(q, m, δ). However, it looks hard
to determine both the dimension and minimum distance of the
code when δ ≥ 11.

III. NEW RESULTS ON THIS CLASS OF

BCH CODES WITH δ = qt + 1

The q-cyclotomic coset modulo n containing i is defined by

Ci = {iq j mod n : 0 ≤ j < �i },
where �i is the smallest positive integer such that q�i i ≡ i
(mod n), and is called the size of Ci . The smallest integer in
Ci is called the coset leader of Ci . Let � j = ⋃ j−1

i=1 Ci for
any j ≥ 2.

A. The Dimensions of the Codes C(q, m, qm−2+1)

The dimension of the code C(q, m, qm−2+1) is given in (1),
which looks complex. The following theorem gives an alter-
native formula for the dimension of the code C(q, m, qm−2+1).

Theorem 9: Let m ≥ 4. Then the dimension k of the BCH
code C(q, m, qm−2+1) is equal to

(
q − 1 − √

q2 + 2q − 3

2

)m

+
(

q − 1 + √
q2 + 2q − 3

2

)m

.

Proof: For the design distance δ = qm−2 + 1, δ̃ = qm−2

is also a design distance of this code C(q, m, δ). According to
Theorem 2, the dimension k is given by

k = ϕ(m) − (q − 1)2ϕ(m − 4), (2)

where

ϕ(m) = qϕ(m − 1) − (q − 1)ϕ(m − 3) (3)

with the initial conditions

ϕ(0) = 1, ϕ(1) = q, ϕ(2) = q2 − 1.

To prove the explicit formula for the dimension of this code,
we need to solve the linear recurrence relation of (3). To this
end, we solve the following equation

x3 − qx2 + q − 1 = 0,

over the field of complex numbers, which has the following
three distinct roots

x1 = 1, x2 = q − 1 − √
q2 + 2q − 3

2
,

x3 = q − 1 + √
q2 + 2q − 3

2
.

Thus, we can assume that ϕ(m) = � + uxm
2 + vxm

3 for some
constants �, u and v in the field of complex numbers. Solving
the following system of equations

⎧
⎨

⎩

ϕ(0) = � + u + v = 1,
ϕ(1) = � + ux2 + vx3 = q,

ϕ(2) = � + ux2
2 + vx2

3 = q2 − 1,
(4)

we obtain {
u(x2 − 1) + v(x3 − 1) = q − 1,

u(x2
2 − 1) + v(x2

3 − 1) = q2 − 2,

which is the same as⎧
⎨

⎩
u q−3−

√
q2+2q−3
2 + v q−3+

√
q2+2q−3
2 = q − 1,

u q2−3−(q−1)
√

q2+2q−3
2 + v q2−3+(q−1)

√
q2+2q−3

2 = q2 − 2.

(5)

Solving then (5), we obtain that

u = q2 + 2q − 3 − (q + 1)
√

q2 + 2q − 3

2(q2 + 2q − 3)

and

v = q2 + 2q − 3 + (q + 1)
√

q2 + 2q − 3

2(q2 + 2q − 3)
.

It then follows from the first equation in (4) that � = 0. Hence

ϕ(m) = uxm
2 + vxm

3 .

From (2), we then obtain

k = ϕ(m) − (q − 1)2ϕ(m − 4)

= uxm−4
2 (x4

2 − (q − 1)2) + vxm−4
3 (x4

3 − (q − 1)2)

=
(

q − 1 − √
q2 + 2q − 3

2

)m

+
(

q − 1 + √
q2 + 2q − 3

2

)m

.

This completes the proof of the conclusion on the dimension
of this code. �

As a corollary of Theorem 9, we have the following two
results.

Corollary 10: When q = 2, the dimension of the BCH code
C(q, m, qm−2+1) is given by

k =
(

1 + √
5

2

)m

+
(

1 − √
5

2

)m

for any m ≥ 4.
Corollary 11: When q = 3, the dimension of the BCH code

C(q, m, qm−2+1) is given by

k =
(

1 − √
3
)m +

(
1 + √

3
)m

for any m ≥ 4.
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B. The Bose and Minimum Distance of the Class of Codes
C(q, m, qt+h) With 0 ≤ h ≤ 	(qt − 1)/qm−t
 + 1

Given the design distance δ, determining the Bose distance
of the code C(q, m, δ) is a difficult problem in general. However,
this problem may be solvable for special types of δ. The next
lemma demonstrates this.

Lemma 12: Let δ = qt + 1. The Bose distance dB of the
code C(q, m, δ) is given by

dB =
⌊

n − 1

qm−t − 1

⌋
+ 1.

Proof: We divide the proof of the conclusion into
two cases: Case A in which t ≤ m/2 and Case B in which
t > m/2. As before, we define

�δ =
δ−1⋃

i=1

Ci .

In Case A, we have t ≤ m/2 and then

δB :=
⌊

n − 1

qm−t − 1

⌋
+ 1 = qt +

⌊
qt − 2

qm−t − 1

⌋
+ 1 = qt + 1.

Hence, in this case we only need to prove that δ �∈ �δ.
For any i with 0 ≤ i ≤ m − 1, define Ji = δqi mod n.

When t + i < m, we have

Ji = qt+i + qi ≥ qt + 1 = δ.

When t + i ≥ m, we have i ≥ m − t ≥ m/2. On the other
hand, t + i ≤ m + m/2. Consequently,

Ji = q(t+i) mod m + qi ≥ qm/2 + 1 ≥ δ.

Hence Ji �∈ �δ for all i with 0 ≤ i ≤ m − 1. It then follows
that dB = δB = δ in Case A.

In Case B, by definition t > m/2. We have then t > m − t .
Thus, there are two unique integers u and v such that

t = u(m − t) + v,

where u ≥ 1 and 0 ≤ v < m − t . It then follows that

δB :=
⌊

n − 1

qm−t − 1

⌋
+ 1

= qt + qv

(
q(m−t)u − 1

qm−t − 1

)
+

⌊
qv − 2

qm−t − 1

⌋
+ 1

=
⎧
⎨

⎩
qt + qv

(
q(m−t)u−1

qm−t−1

)
+ 1 if 1 ≤ v < m − t,

qt + q(m−t)u−1
qm−t−1 if v = 0.

Case B is further divided into two subcases. In the first
subcase (called Subcase B.1 later), we assume that v = 0.
Since t > m/2, we have u ≥ 2 and t = (m − t)u. In this
subcase,

δB = q(m−t)u + q(m−t)(u−1) + . . . + qm−t + 1.

We now prove that dB = δB in Subcase B.1. To this end, we
first prove that every integer i with δ ≤ i ≤ δB − 1 belongs
to �δ.

Note that δ = qt + 1 = q(m−t)u + 1 and

δqm−t mod n = 1 + qm−t < δ.

It then follows that δ ∈ �δ. This means that

�δ+1 = �δ. (6)

We now prove that

�q(m−t)u+q(m−t)(u−1)+1 = �δ. (7)

Let j = q(m−t)u + j0 with 1 ≤ j0 ≤ q(m−t)(u−1). We have
then

jqm−t mod n = 1 + j0qm−t ≤ δ.

The desired conclusion then follows from (6).
If u = 2, the proof of the desired conclusion in

Subcase B.1 is completed. If u ≥ 3, we then prove that

�q(m−t)u+q(m−t)(u−1)+q(m−t)(u−2)+1 = �δ.

Let

j = q(m−t)u + q(m−t)(u−1) + j0,

where 1 ≤ j0 ≤ q(m−t)(u−2). We have then

jq2(m−t) mod n = 1 + qm−t + j0q2(m−t)

< q(m−t)u + q(m−t)(u−1) + 1.

The desired conclusion then follows from (7).
If u = 3, the proof of the desired conclusion is completed.

If u ≥ 4, we continue this process until we prove that
{δ, δ + 1, . . . , δB − 1} ⊂ �δ.

To finish the proof of the desired conclusion in
Subcase B.1, we need to prove that δB �∈ �δ. This is indeed
true as the q-cyclotomic coset modulo n containing δB is
given by

CδB = {q jδB : 0 ≤ j ≤ m − t − 1}.
Hence δB must be the coset leader of CδB . To summarize,
we have dB = δB in Subcase B.1.

In the second subcase (called Subcase B.2 later), we assume
that 1 ≤ v < m − t and have

δB = q(m−t)u+v + q(m−t)(u−1)+v + . . . + q(m−t)+v + qv + 1.

The proof of the conclusion that dB = δB in Subcase B.2 is
similar and is omitted here. �

The proof of Lemma 12 showed that the Bose distance dB

is equal to the design distance δ = qt + 1 when t ≤ m/2.
The main result of this paper is the following.
Theorem 13: When m ≥ 4, the code C(q, m, qt+1) has

parameters [qm − 1, k, d], where

d ≥ dB =
⌊

n − 1

qm−t − 1

⌋
+ 1

and the dimension k is given in

• Theorem 1 when t ≤ �m/2�;
• Theorem 3 when t > �m/2�; and
• also Theorem 9 when t = m − 2.

If t ≡ 0 (mod m − t), the minimum distance d of the code
C(q, m, qt+1) is given by

d = dB = qm − 1

qm−t − 1
.
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If m ≡ 0 (mod 2t), then

d = dB = δ = qt + 1.

Proof: The lower bound on d follows from Lemma 12 and
the BCH bound.

When m ≡ 0 (mod m − t), it was shown in the proof of
Lemma 12 that the Bose distance dB is given by

dB = qm − 1

qm−t − 1
,

which divides the length n of this code. It then follows from
Theorem 7 that d = dB .

When m ≡ 0 (mod 2t), we have t ≤ m/2. The proof
of Lemma 12 shows that dB = δ. It follows from m ≡ 0
(mod 2t) that δ divides n. It then follows from Theorem 7
that d = δ. �

As a corollary of Theorem 13, we have the following.
Corollary 14: When m ≥ 4, q = 2 and δ = 2m−2 + 1, the

code C(2, m, 2m−2+1) has parameters [2m − 1, k, d], where the
dimension k is given in Corollary 10 and

d ≥ 2m + 1

3

if m is odd; and

d = 2m − 1

3

if m is even.
We have the following conjecture on the code C(2, m, 2m−2+1).
Conjecture 1: Let m be odd. Then the minimum distance d

of the binary cyclic code C(2, m, 2m−2+1) is given by

d = 2m + 1

3
.

To prove this conjecture, we may find a codeword of
C(2, m, 2m−2+1) with weight (2m + 1)/3. Experimental data
indicates that the generating idempotent of C(2, m, 2m−2+1) has
weight

dB = 2m + 1

3
.

But we were not able to prove this. The reader is cordially
invited to attack this open problem.

In fact, we have the following more general conjecture on
the code C(q, m, qt+1).

Conjecture 2: The minimum distance d of the cyclic code
C(q, m, qt+1) is always equal to its Bose distance dB, which is
given in Lemma 12.

When m − t divides t , this conjecture is true. However, the
problem is still open in other cases. It would be nice if this
conjecture can be proved or disproved. Reference [2] may be
useful in attacking this conjecture.

It is easily seen that �qt+1 = �qt+h for any h with 0 ≤ h ≤
	(qt −1)/qm−t
+1. Hence we have C(q, m, qt+1) = C(q, m, qt+h)

for any h with 0 ≤ h ≤ 	(qt − 1)/qm−t
 + 1. Thus, all the
conclusions about C(q, m, qt+1) stated in this paper are true for
C(q, m, qt+h) for any h with 0 ≤ h ≤ 	(qt − 1)/qm−t
 + 1.

TABLE I

EXAMPLES OF BINARY BCH CODES C(q, m, qt +1)

TABLE II

EXAMPLES OF NONBINARY BCH CODES C(q, m, qt +1)

IV. SUMMARY AND CONCLUDING REMARKS

The main contribution of this paper is the Bose distance of
the codes C(q, m, qt+h) given in Theorem 13, where 0 ≤ h ≤
	(qt −1)/qm−t
+1. In the case that m ≡ 0 (mod m− t), both
the Bose and minimum distance of the codes are determined
in this paper.

Although BCH codes are asymptotically bad, narrow-sense
primitive binary BCH codes of length up to 257 are either
optimal or the best known linear codes. Table I contains
examples of the binary code C(q, m, δ). Table II consists of
examples of nonbinary narrow-sense primitive BCH codes,
which are optimal, or almost optimal, or the best known linear
codes.

Lemma 12 shows that the Bose distance is sometimes much
more than the design distance δ = qt + 1. This might explain
why the codes C(q, m, δ) are either optimal or the best linear
codes known.

In general, the dual of a BCH code may not be a BCH code.
The dual codes C⊥

(q, m, qt+1) are also optimal or the best linear
codes known for certain lengths, as demonstrated in Table III.
The dimension of the code C⊥

(q, m, qt+1)
is n − k, where k is

given in Theorem 9. But we still do not know the minimum
distance d⊥ of this code. For the special case that t = m − 2,
we have the following conjecture.
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TABLE III

EXAMPLES OF THE DUAL CODES C⊥
(q, m, qt +1)

Conjecture 3: The minimum distance d⊥ of the binary code
C⊥

(2, m, 2m−2+1)
is equal to 2(m − 2).

ACKNOWLEDGMENT

The authors are grateful to the reviewers and the
Associate Editor, Dr. Jyrki Lahtonen, for their comments and
suggestions that improved the presentation and quality of this
paper, and to Dr. Pascale Charpin for proving information on
known results on narrow-sense primitive BCH codes.

REFERENCES

[1] D. Augot, P. Charpin, and N. Sendrier, “Studying the locator polynomials
of minimum weight codewords of BCH codes,” IEEE Trans. Inf. Theory,
vol. 38, no. 3, pp. 960–973, May 1992.

[2] D. Augot and N. Sendrier, “Idempotents and the BCH bound,” IEEE
Trans. Inf. Theory, vol. 40, no. 1, pp. 204–207, Jan. 1994.

[3] E. R. Berlekamp, “The enumeration of information symbols in
BCH codes,” Bell Syst. Tech. J., vol. 46, no. 8, pp. 1861–1880, Oct. 1867.

[4] A. Betten, M. Braun, H. Fripertinger, A. Kerber, A. Kohnert, and
A. Wassermann, Error-Correcting Linear Codes. Berlin, Germany:
Springer-Verlag, 2006.

[5] P. Charpin, “On a class of primitive BCH-codes,” IEEE Trans. Inf.
Theory, vol. 36, no. 1, pp. 222–228, Jan. 1990.

[6] P. Charpin, “Open problems on cyclic codes,” in Handbook of Coding
Theory, vol. 1, V. S. Pless and W. C. Huffman, Eds. Amsterdam,
The Netherlands: Elsevier, 1998, pp. 963–1063.

[7] W. C. Huffman and V. Pless, Fundamentals of Error-Correcting Codes.
Cambridge, U.K.: Cambridge Univ. Press, 2003.

[8] T. Kasami and S. Lin, “Some results on the minimum weight of
primitive BCH codes (Corresp.),” IEEE Trans. Inf. Theory, vol. 18, no. 6,
pp. 824–825, Nov. 1972.

[9] F. J. MacWilliams and N. J. A. Sloane, The Theory of
Error-correcting Codes (North-Holland Mathematical Library).
Amsterdam, The Netherlands: North-Holland, 1977.

[10] H. B. Mann, “On the number of information symbols in Bose–Chaudhuri
codes,” Inf. Control, vol. 5, no. 2, pp. 153–162, Jun. 1962.

[11] W. W. Peterson, “Some new results on finite fields with applica-
tions to BCH codes,” in Combinatorial Mathematics and Its Applica-
tions, R. C. Bose and T. A. Dowling, Eds. Chapel Hill, NC, USA:
Univ. North Carolina Press, 1969.

[12] Y. Dianwu and H. Zhengming, “On the dimension and minimum
distance of BCH codes over GF(q),” J. Electron., vol. 13, no. 3,
pp. 216–221, Jul. 1996.

Cunsheng Ding (M’98–SM’05) was born in 1962 in Shaanxi, China.
He received the M.Sc. degree in 1988 from the Northwestern Telecommu-
nications Engineering Institute, Xian, China; and the Ph.D. in 1997 from the
University of Turku, Turku, Finland.

From 1988 to 1992 he was a Lecturer of Mathematics at Xidian University,
China. Before joining the Hong Kong University of Science and Technology
in 2000, where he is currently a Professor of Computer Science and
Engineering, he was an Assistant Professor of Computer Science at the
National University of Singapore.

His research fields are cryptography and coding theory. He has coauthored
four research monographs, and served as a guest editor or editor for ten
journals. Dr. Ding co-received the State Natural Science Award of China
in 1989.

Xiaoni Du was born in Gansu in 1972. She received the M.S. degree
from Lanzhou University in 2000 and the Ph.D. in Cryptography from
Xidian University in 2008. She is currently a professor at Northwest Normal
University. Her research interests include coding theory, cryptography and
information security.

Zhengchun Zhou received the B.S. and M.S. degrees in mathematics and
the Ph.D. degree in information security from Southwest Jiaotong University,
Chengdu, China, in 2001, 2004, and 2010, respectively. From 2012 to 2013,
he was a postdoctoral member in the Department of Computer Science
and Engineering, the Hong Kong University of Science and Technology.
From 2013 to 2014, he was a research associate in the Department of
Computer Science and Engineering, the Hong Kong University of Science
and Technology. Since 2001, he has been in the Department of Mathematics,
Southwest Jiaotong University, where he is currently a professor. His research
interests include sequence design and coding theory.

Dr. Zhou was the recipient of the National excellent Doctoral Dissertation
award of China in 2013.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


