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A New Recursive Construction for Optical Orthogonal
Codes

Wensong Chu, Member, IEEE,and Solomon W. Golomb, Fellow, IEEE

Abstract—In this correspondence, we present a new recursive construc-
tion for ( ) optical orthogonal codes. For the case of =

= , this recursive construction will enlarge the original family with
unchanged, and produce a new family of asymptotically optimal codes,

if the original family is. We call a code asymptotically optimal, following
the definition in [7], if, as , the length of code goes to infinity, the ratio of
the number of codewords to the corresponding Johnson bound approaches
unity.

Index Terms—Fiber-optic code-division multiple access, optical orthog-
onal codes, -simple matrices.

I. INTRODUCTION

Definition 1: An (n; !; �a; �c) optical orthogonal code (OOC)C
is a family of(0; 1) sequences of lengthn and weight! which satisfy
the following two properties.

1) TheAutocorrelation Property:
n�1

t=0

xtxt�� � �a

for anyx = fxtg
n�1

t=0
2 C and every integer� , � 6� 0(mod n).

Here� denotes additionmod n.

2) TheCross-Correlation Property:
n�1

t=0

xtyt�� � �c

for anyx = fxtg
n�1

t=0
2 C, y = fytg

n�1

t=0
2 C with x 6= y and

every integer� . Here� denotes additionmod n.

If �a = �c = �, the shorthand notation(n; !; �) will be used.
We may also view optical orthogonal codes from a set-theoretical

perspective. The following alternative reformulation will be used
throughout the rest of this correspondence.

Proposition 1 ([4]): An (n; !; �a; �c) optical orthogonal codeC
is also a family of!-subsets ofZn which satisfy the following two
properties.

1) TheAutocorrelation Property:

j(X + a) \ (X + b)j � �a

for anyX 2 C and everya 6� b(mod n).

2) TheCross-Correlation Property:

j(X + a) \ (Y + b)j � �c

for anyX 2 C andY 2 C with X 6= Y and everya; b 2 Zn,
whereX+a = fx�ajx 2 Xg, and� denotes additionmod n.

From Proposition 1, we can derive the following interpretation of the
correlation properties as follows.
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Theorem 1 ([4]): Let C be a family of!-subsets ofZn. C is an
(n; !; �a; �b) optical orthogonal code if and only if the following two
conditions hold:

1) for eachX 2 C, any nonzeroc 2 Zn can be represented as a
differencex � x0, with x; x0 2 X in at most�a ways;

2) for each pair ofX 2 C andY 2 C withX 6= Y , anyc 2 Zn can
be represented as the differencex � y with x 2 X andy 2 Y ,
in at most�c ways.

It is desired to have a large OOC. For a given set of values ofn,
!, �a, and�c, the largest possible size of an(n; !; �a; �c) OOC is
denoted by�(n; !; �a; �c).

Definition 2: An (n; !; �a; �c) code C is called optimal if the
number of codewordsjCj = �(n; !; �a; �c).

Since it is difficult to determine the exact value of�(n; !; �a; �c)
in general, upper bounds for�(n; !; �a; �c) are of interest. Optical or-
thogonal codes may also be viewed as constant-weight error-correcting
codes in which any two codewords are cyclically distinct. The most
general upper bound for�(n; !; �) in [4] is therefore derived from the
Johnson bound for constant-weight codes, which is as follows.

Theorem 2 ([6])(Johnson Bound):

�(n; !; �) �
1

!

n� 1

! � 1

n� 2

! � 2
� � �

n� �

! � �
� � � :

Since [4] was published, optical orthogonal codes have attracted a lot
of attention in both the information theory area and the combinatorial
design field. Coding theory, finite projective geometry, finite fields and
combinatorial design theory play major roles in the studies of OOCs.
There are many infinite families of OOCs which have been constructed.
Among these families, the most interesting ones are optimal OOCs and
asymptotically optimal ones. The concept ofasymptotically optimal
was introduced in [7] as follows.

Definition 3: Let F be an infinite family of OOCs with�a = �c.
For any(n; !; �) OOCC 2 F containing at least one codeword, the
number of codewords inC is denoted byM(n;!;�) and the Johnson
bound for(n; !; �)OOCs is denoted byJ(n; !; �).F is calledasymp-
totically optimal with respect to the Johnson bound(in this correspon-
dence, asymptotically optimal is always with respect to the Johnson
bound), if the following limit exists and approaches1:

lim
n!1

M(n;!;�)

J(n; !; �)
= 1:

The close relationships between OOCs and cyclict-designs have
been investigated in [4], [5], [3], [9]. The so-calledcyclic difference
packingor difference familiesis the main method used in the construc-
tion of (n; !; 1) OOCs and fruitful results have been obtained from
it. In this correspondence, we will give a new recursive construction
which can be applied to any(n; !; �a; �c) OOCs and the asymptotic
optimum property is preserved.

II. RECURSIVECONSTRUCTIONS

A. The Basic Construction

In this section, we present some new recursive constructions for op-
tical orthogonal codes. Several recursive constructions have been pre-
sented for(n; !; 1)OOCs, for example, [5], [9]. But very few recursive
constructions are available for OOCs with� > 1. In [4], the following
constructions were presented.
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Theorem 3 ( [4]) :

1) Given an(n; !; �a; �c) codeC, thenC is also an(n; !; �0

a; �
0

c)
code for�0

a � �a and�0

c � �c.

2) Given an(n; !; �a; �c) codeC with m codewords, there exists

an (n; 2! � 2�c; 2�a + 2�c; ! + 3�c) codeC0 with
m

2
codewords.

3) Given an(n; !; �a; �c) codeC and a positive integert, there ex-
ists a(tn; t!; t�a; t�c) codeC0 with the same number of code-
words.

Remark 1: All the constructions of Theorem 3 enlarge the values
of �a and�c. Given an(n; !; �a; �c) codeC, we hope that recursive
constructions will have the following properties.

1) The codes resulting from recursive constructions have the values
of �a and�c as small as possible. In particular, the recursive
constructions should keep these two values unchanged.

2) If C is optimal, the new code resulting from recursive construc-
tions should be optimal too, or at least “close” to optimal.

In this section, making use of so-calledr-simplematrices, we present
several new recursive constructions which will keep the values of�a
and�c unchanged, and give new codes “close” to optimal if an original
code is optimal with�a = �c. In this correspondence, “close” means
asymptotically optimum.

Definition 4: LetG be an Abelian group of sizen. Let r be a pos-
itive integer. Ans � t matrixA = (aij) overG is calledr-simple, if
the difference of any two column vectors ofA contains any element in
G at mostr � 1 times.

In this correspondence, we only make use ofr-simple matrices over
a cyclic groupG. In most cases, we takeG = Zg .

Theorem 4:(The Basic Construction): Let C be an(n; !; �a; �c)
OOC. If there exists an!�N r-simple matrix overZg , then there exists
an (ng; !; �a;maxf�a; �c; r � 1g) OOC C0 with jC0j = N jCj,
wherejC0j and jCj denote the number of codewords in the new and
original codes, respectively.

Proof: Let C = fCij1 � i � jCjg be the family of codewords
with the parameters(n; !; �a; �c), whereCi = fbi1; bi2; . . . ; bi!g
with bij 2 Zn and1� i�jCj, 1� j�!. Here we use set-theoretical
notation.

Let D = (dij) with 1 � i � ! and1 � j � N be ther-simple
matrix overZg .

Let Ci = fbi1; bi2; . . . ; bi!g be a codeword fromC. Construct the
following N new codewords as follows:

Fil = fbij + ndjlj1 � j � !g

where1 � l � N and the addition is taken inZng .
Let C0 = fFilj1 � i � jCj; 1 � l � Ng. ThenC0 is the desired

(ng; !; �a;maxf�a; �c; r�1g) OCC. To prove the claim, we need to
check the autocorrelation and cross-correlation properties.

For any codewordCi 2 C, any integerc 6= 0 in Zn can be repre-
sented asx � x0 with x; x0 2 Ci in at most�a ways. Now, for any
codewordFil in C0, any differencebij + ndj l � bij � ndj l can
occur at most�a times, as this difference is congruent tobij � bij
modulon, which occurs at most�a times.

To check the cross-correlation property, we need to verify two cases.

Case 1) First we check the cross-correlation betweenFi l and
Fi l with i1 6= i2. This means that these two codewords
are constructed based on different codewords inC.

Suppose we have these two codewords as follows:

Fi l =fbi j + ndjl j1 � j � !g

Fi l =fbi j + ndjl j1 � j � !g:

Notice that any difference

(bi j + ndj l )� (bi j + ndj l )

= bi j � bi j (mod n):

Thus, it can occur at most�c times inZng , as it cannot
occur more than�c times inZn.

Case 2) The cross-correlation value betweenFil andFil possibly
becomes larger than�c, when these are constructed based
on a same codeword inC.

Suppose these two codewords are as follows:

Fil =fbij + ndjl j1 � j � !g

Fil =fbij + ndjl j1 � j � !g:

Consider any difference(bij + ndj l )� (bij + ndj l ) between
them. If j1 6= j2, then the same argument indicates that such a differ-
ence cannot occur more than�a times. Ifj1 = j2, then the difference

(bij + ndj l )� (bij + ndj l ) = n(dj l � dj l ):

With the help of the assumption that the difference matrixD is
r-simple, we know that such a difference cannot occur more than
r�1 times. Combining all the cases, the value of the cross-correlation
betweenFil andFil is no more thanmaxf�a; �c; r � 1g.

Thus, we have proved the Basic Construction according to The-
orem 1.

In fact, we can do a little bit better than the Basic Construction by
adding more codewords into the new code under some circumstances.

Corollary 1: In addition to the conditions in the Basic Construction,
if furthermore there exists a(g; !; �a; �c)OOC witht codewords, then
there exists an(ng; !; �a;maxf�a; �c; r�1g)OOC withtmore code-
words than in the Basic Construction.

Proof: LetH = fH1; H2; . . . ; Htg be the(g; !; �a; �c) OOC.
For anyHi = fhi1; hi2; . . . ; hi!g, construct a new codeword as

nHi = fnhi1; nhi2; . . . ; nhi!g (mod ng):

Adding theset new codewords intoC0, we get a code withtmore code-
words.

To verify that this is the desired code, we only need to check the
cross-correlation betweennHi and any codewordFjl constructed by
the Basic Construction. LetnHi = fnh1; nh2; . . . ; nh!g andFjl =
fb1; b2; . . . ; b!g. Suppose that two differences betweennHi andFjl

are equal, saynhi � bj = nhi � bj . It implies thatj1 = j2 and
i1 = i2. So any difference betweennHi andFjl cannot occur more
than once.

B. r-Simple Matrices

To make use of the Basic Construction, we need to construct some
r-simple matrices. Here, we present a construction based on finite
fields.

Lemma 1: Let p be a prime andf(x) be a polynomial in GF(p)[x].
Define ap�p arrayD = (dij) with dij = ij+f(i),0 � i; j � p�1.
ThenD is a2-simple matrix overZp .
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Proof: Suppose0 � j1 6= j2 � p� 1. We need to show that the
multisetfdij �dij j0 � i � p�1g contains every element in GF(p)
no more than once, i.e., exactly once in this case

dij � dij = ij1 + f(i)� ij2 � f(i) = (j1 � j2)i:

Notice thatj1 6= j2 implies thatf(j1 � j2)ij0 � i � p� 1g contains
each element ofZp exactly once.

Now we are ready to give a construction of ap � pr�1 r-simple
matrix overZp for any primep, with r � 3. We start fromr = 3, as
r = 2 can be obtained from Lemma 1.

Theorem 5: Let 3 � r � p be an integer, andp be an odd prime.
Let

F = f(x) =

r�1

i=2

aix
ijai 2 GF(p); 2 � i � r � 1

be a family ofpr�2 polynomials over GF(p). DefineDf(x) = (d
f(x)
ij )

with d
f(x)
ij = ij + f(i), (1 � i; j � p), for anyf(x) 2 F . Then

D = Df(x)jf(x) 2 F

is anr-simple matrix overZp, whereD is ap� pr�1 array consisting
of all Df(x) ’s with f(x) 2 F .

Proof: Notice thatjFj = pr�2. SoD is ap � pr�1 matrix. To
prove the conclusion, we only need to show it isr-simple.

Based on the above lemma,Df(x) is 2-simple, so we only need to
look at any pair of columns fromDf(x) andDg(x) with f(x)�g(x) 6=
0 over GF(p)[x]. Take thej1th column fromDf(x) and thej2th from
Dg(x) and consider the difference between theirith elements

d
f
ij � d

g
ij =ij1 + f(i)� ij2 � g(i)

=i(j1 � j2) + f(i)� g(i):

Note that2 � deg(f(x)� g(x)) � r � 1. So for allc 2 GF(p), the
equation

c = d
f
ij � d

g
ij = i(j1 � j2) + f(i)� g(i)

has no more thanr � 1 solutions.

Combining Theorem 5 and Lemma 1, we have the following result.

Corollary 2: For any primep and integerr with 2 � r � p, there
exists ap � pr�1 r-simple matrix overZp.

Example 1: Let p = 3 andr = 3. There exists a3-simple matrix
overZ3 as follows:

2 0 1 0 1 2 1 2 0

0 2 1 1 0 2 2 1 0

0 0 0 0 0 0 0 0 0

:

To getr-simple matrices with other dimensions, we need the fol-
lowing product constructions.

Theorem 6 (Product Construction):Let A = (aij) be anm � n

r-simple matrix overZs andB=(bij) be anm � k r-simple matrix
overZt. Then there exists anm� nk r-simple matrix overZst.

Proof: For any column ofA, say the ith column �i =
(a1i; a2i; . . . ; ami)

T , construct the followingm� k matrix:

Hi =

a1i + sb11 a1i + sb12 � � � a1i + sb1k

a2i + sb21 a2i + sb22 � � � a2i + sb2k

� � � � � �

ami + sbm1 ami + sbm2 � � � ami + sbmk

:

We claim that

H = (H1;H2; . . . ; Hn)

is the desiredr-simple matrix.
To prove the claim, we notice the following two facts.

1) 8i, Hi is anr-simple matrix overZst, as it is noticed that the
difference of any two columns ofHi is s times the difference of
corresponding two columns of matrixB and ther-simplicity of
B guarantees ther-simplicity of Hi.

2) Now we take two columns fromHi andHj with i 6= j, respec-
tively. The difference vector of these two columns after modulo
s operations is equal to the difference of theith column andjth
column . Thenr-simplicity ofA guarantees that there are at most
r � 1 repeated values in the difference vector.

Combining these two facts, we have proved our claim.

Ther-simple matrices can be viewed as a generalization of another
well-studied type of combinatorial matrices, so-calleddifference ma-
trices. We have found thatr-simple matrices have other applications in
sequence designs for communications. For a detailed treatment of basic
properties, bounds, relationships with difference matrices and orthog-
onal arrays, constructions and applications, refer to [2].

C. Asymptotically Optimal Recursive Constructions

Now we present a new recursive construction based on the Basic
Construction and the product construction forr-simple matrices, for
all the OOCs with�a = �c = �.

Theorem 7:(Construction A) : Suppose there exists an(n; !; �)
OOC withT codewords. Letp be a prime not less than!. Then there
exists an(np; !; �) OOC withTp� codewords.

Proof: By Theorem 5 and its corollary, there exists ap�p� (�+
1)-simple matrixD overZp. Take the first! rows ofD. Then we have
an!�p� (�+1)-simple matrix overZp. Thus, the conclusion follows
from the Basic Construction.

Corollary 3: Suppose there exists an(n; !; �) OOC withT code-
words. Letm = p

r
1 p

r
2 � � � prt be a positive integer, where thepi ’s

with 1 � i � t are primes not less than!. Then there exists an
(mn;!; �) OOC withTm� codewords.

Proof: Apply Construction A to the(n; !; �) OOC several times
with appropriate(�+1)-simple matrices. Or we can first construct an
!�m� (�+1)-simple matrix overZm via the product construction for
r-simple matrices, then apply the Basic Construction to get the desired
OOC.

Example 2: The following code is a(63; 9; 2) optimal OOC from
[3]:

f1 5 8 18 28 31 35 40 59g

f2 7 10 16 17 36 55 56 62g

f3 11 24 25 27 29 30 43 51g

f4 9 14 20 32 34 47 49 61g

f6 22 23 39 48 50 54 58 60g

f12 15 33 37 44 45 46 53 57g

:

By Construction A, we can construct a(63 � 11; 9; 2) OOC with
6� 121 = 726 codewords, if we take a9� 121 3-simple matrix over
Z11. The Johnson bound for�(63� 11; 9; 2) is 948.

This recursive construction satisfies the first requirement in Re-
mark 1. Unfortunately, in general it does not give any new optimal
OOCs, even if the original one is. It is possible to get optimal OOCs
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under some circumstances with� = 1. We will discuss this in a later
section. However, it does preserve the asymptotic optimum property.

Theorem 8: Let F be an infinite family of asymptotically optimal
OOCs with respect to the Johnson bound. Then there exists an infinite
family F� of asymptotically optimal OOCs with the property that for
any (n; !; �) OOC C 2 F with T codewords, and for any positive
integerm of which all prime factors are not less than!, there exists an
(mn;!; �) OOCC� 2 F� with Tm� codewords.

Proof: The existence of the familyF� follows from Corollary 3.
We only need to showF� is asymptotically optimal with respect to the
Johnson bound. Notice that

lim
n!1

Tm�

J(mn;!; �)
= lim

n!1

m�TJ(n; !; �)

J(mn;!; �)J(n; !; �)

= lim
n!1

m�J(n; !; �)

J(mn;!; �)
lim
n!1

T

J(n; !; �)
=1:

Thus, the conclusion follows from the definition of asymptotically op-
timal OOCs.

III. SOME FAMILIES OF ASYMPTOTICALLY OPTIMAL OPTICAL

ORTHOGONAL CODES

In this section, we will apply Construction A to some known families
of asymptotically optimal OOCs. In the first subsection, the case of
� = 1 is treated; the second subsection is devoted to the case of� >
1; the last subsection contains some further discussions on the Basic
Construction and Construction A.

A. OOCs With� = 1

The (n; !; 1) OOCs have been most extensively studied in recent
decades. Many infinite families of optimal OOCs have been con-
structed, in particular for small values of!. Here, we only want to
show one example of them, due to Singer [8], under the name ofcyclic
difference sets.

Theorem 9 ([8]): For any prime powerq, there exists an optimal
(q2 + q + 1; q + 1; 1) OOC.

Remark 2: Strictly speaking, for any prime powerq, the(q2 + q+
1; q+1; 1) OOC is a(q2+ q+1; q+1; 1; 0) OOC, as it has only one
codeword.

Applying Construction A, the following corollary follows.

Theorem 10: For any prime powerq, there exists an(m(q2+q+
1); q+1; 1) OOC, wherem is a positive integer whose prime divisors
are greater thanq. This family is asymptotically optimal asq !1.

In fact, for some special values ofm, we can obtain optimal OOCs
which were first presented in [1].

Corollary 4 ([1]):

�(m(q2 + q + 1); q + 1; 1) = m; if q < m < q2 + q + 1

wherem is a positive integer with prime divisors greater thanq.
Furthermore, if we apply the corollary of the Basic Construction

(Corollary 1), we can get another optimal family of OOCs under cer-
tain circumstances.

Corollary 5: Let q be any prime power. If all prime divisors of
q2 + q + 1 are bigger thanq, then there exists an optimal((q2 + q +
1)t; q + 1; 1) OOC for every positive integert.

Proof: We will prove this by induction. It is true fort = 1. Sup-
pose there exists an optimal((q2+q+1)t; q+1; 1) OOCC. Counting
the codewords ofC, we have the following:

jCj =
(q2 + q + 1)t � 1

q(q + 1)
=

t�1

i=0

(q2 + q + 1)i:

According to the factorization ofq2+q+1, we can apply Construction
A to C several times, with the appropriate2-simple matrices, and get a
new OOC,C0. Noticing that there exists an optimal(q2 + q + 1; q +
1; 1) OOC, we can further make use of Corollary 1 and add one more
codeword toC0. Finally

jC0j = jCj(q2 + q + 1) + 1 =
(q2 + q + 1)t+1 � 1

q(q + 1)
:

It is easy to see thatjC0j is equal to the Johnson bound for((q2 + q +
1)t+1; q + 1; 1) OOCs, so it is an optimal OOC.

B. Optical Orthogonal Codes With� > 1

In this subsection, we will review some known families of asymp-
totically optimal(n; !; �) optical orthogonal codes with� > 1 and
extend them by Construction A.

The first infinite family of optimal OOCs with� = 2 came from an
elegant construction in [3].

Theorem 11 ([3]): Let p be a prime, andm an integer� 1. Then
there exists an optimal(p2m � 1; pm + 1; 2) OOC withpm � 2 code-
words.

Corollary 6: Let p be a prime,m be an integer� 1, andt be any
integer all of whose prime divisors exceedpm. Then there exists a
(t(p2m�1); pm+1; 2)OOC witht2(pm�2) codewords. This family
is asymptotically optimal asp ! 1.

In [7], three families of asymptotically optimal OOCs were pre-
sented.

Theorem 12 ([7]) :

1) Let p be any prime number,m any divisor ofp � 1, andt any
integer,1 � T �M . Then there exists a(pm;m; t) OOC with

1

pm
dj(p�1)

�(d)(pd(t+1)=de � 1)

codewords. This family is asymptotically optimal asm!1.

2) Let p be any prime number and�; t be natural numbers,� �
2, 1 � t < p � t. Then there exists a(p(p� � 1); p � t; t)
OOC withp��1(pt��1 � 1)=(p� � 1) codewords. This family
is asymptotically optimal asp ! 1 andt is fixed.

3) Let q = ps wheres � 1 andp is any prime number. Letm and
q+1 be relatively prime, andt be any integer with1 � t � m=2.
Then there exists a((q + 1)m;m; 2t) OOC withM=m(q + 1)
codewords, whereM is defined as follows:

M =
q2t+1 � q; t = 1; 2; 3; 4; 5; 6

� q2t+1 � 1
7
q2t�6; t � 7:

Furthermore, this family is asymptotically optimal asm ! 1
andt is fixed.

Based on Construction A, we can construct three new families of
asymptotically optimal OOCs. The three new families are much larger
than the original ones and are asymptotically optimal with respect to
the Johnson bound. We omit the details here.
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C. Discussion

With the Basic Construction and Construction A, it is no longer dif-
ficult to get some families of OOCs. The following is an example.

Theorem 13: Let q be any prime power,n any positive integer, and
m any positive integer whose prime divisors are not less thanq �1

q�1
.

Then there exists an

m
qn+1 � 1

q � 1
;
qn � 1

q � 1
;
qn�1 � 1

q � 1
:

OOC withm(q �1)=(q�1) codewords.
Proof: For any prime powerq, there exists a

qn+1 � 1

q � 1
;
qn � 1

q � 1
;
qn�1 � 1

q � 1

OOC with one codeword ([8]). The conclusion then follows from Con-
struction A.

If we apply the Basic Construction directly, we can get some families
of OOCs with�a 6= �c. Here is another example.

Example 3: Let q be any prime power, and letm be any positive
integer whose prime divisors are bigger thanq. Then there exists an
(m(q2 + q + 1); q + 1; 1; 2)) OOC withm2 codewords.

Proof: For any prime powerq, there exists a(q2 + q + 1;
q+1; 1; 0) OOC with one codeword. According to the factorization of
m, apply corresponding3-simple matrices. By the Basic Construction,
the desired code is obtained.

The above examples show that it is easy to get some families of
OOCs. However, none of the above examples is optimal or asymptoti-
cally optimal.

IV. CONCLUSION

In this correspondence, we presented a new recursive construction
(The Basic Construction) for OOCs. From the Basic Construction, we
obtained Construction A for(n; !; �) OOCs. With Construction A, we
extended some known families of asymptotically optimal OOCs, and
the resulting new families are much larger than the original ones and
are still asymptotically optimal.

A major question about the Basic Construction is how far it is from
obtaining new optimal OOCs if the original families are. In fact, it is
really possible to get some optimal families if we modify the Basic
Construction under certain circumstances. We are currently preparing
another paper to deal with this issue.

Furthermore, with the Basic Construction in hand, we need to find
additional direct constructions of optimal or asymptotically optimal
OOCs. This is a subject for future work.
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Capacity and Decoding Rules for the Poisson Arbitrarily
Varying Channel
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Abstract—The single-user and two-user (multiple-access) Poisson ar-
bitrarily varying channel (AVC) with input and state (peak and average-
power) constraints, but unlimited in bandwidth, are considered. For both
cases, the deterministic and random code capacity with the average prob-
ability of error criterion is obtained. In the single-user case, Wyner’s [21]
decoder attains the deterministic-code capacity whereas for the two-user
case, a “nearest neighbor” decoder that belongs to the class of-decoders
introduced in [8] is shown to attain the deterministic-code capacity region
as claimed.

Index Terms—Arbitrarily varying channel (AVC), deterministic-code ca-
pacity, Poisson channels.

I. INTRODUCTION

The discrete memoryless arbitrarily varying channel (AVC) models
a communication scenario in which a channel parameter may vary with
time without memory in an arbitrary and unknown manner during the
transmission of a codeword. In this correspondence, it is assumed that
the sequence of channel states is selected arbitrarily subject to a con-
straint—the state average-power constraint, and possibly depending on
the codebook (as the state generator is assumed to be cognizant of the
code) but independently of the codeword actually sent.

AVC’s capacity depends on whether or not random codes are per-
mitted, and whether the average or the maximum probability of error
criterion is used. The random coding capacity admits a simple charac-
terization as a min-max of mutual information, unfortunately random
codes are not always implementable.

Unless stated otherwise, the term capacity will hereafter always refer
to the capacity fordeterministic codesand theaverage probability
of error criterion (random-code capacity is the same under both cri-
teria only in the single-user case). In the absence of state constraints,
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