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Motives

e Most of FH sequences so far have been designed so that

— their maximum periodic Hamming correlation is minimized

— with the number of hopping slots (frequencies) that is a power of a prime.

e Usually, the correlation window is shorter than the period of the FH sequence.
= A sequence having good partial Hamming autocorrelation ?
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Tx & Rx structure of a FH system
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e Correlation window length

— usually shorter than the period of the FH sequence due to the limited synchro-

nization time or hardware complexity
— may vary depending on the channel condition
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FH sequences with optimal partial autocorrelation properties

¢ Optimal criteria on partial Hamming autocorrelation

e Partial Hamming correlation function for a period N and a correlation window length
L starting at ¢,

t+L—1
Hyy(m:t| L) = Zh yG+71)], 0<T <N (1)

where hlx,y| = 1 if x = y and h[x,y] =0ifx #y.
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e The maximum of the partial Hamming autocorrelation function (p-HAF)

H(X|L)= max {Hyx(r:t|L)}. )

0<7<N, 0<t<N

¢ Optimal criteria

e Let () be the set of all sequences of length N over a given alphabet A. We can state

that a sequence X (€ () is strictly-optimal if
H(X|L)< H(X'| L) 3

forall L < N and all X’ € (.

e What is the lower bound of H(X | L)?
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e Lemma 1 (Lempel’74) For every sequence X = {z(j)} of period N over an alphabet
A of size |A| = m,

H(X) > H(X)

1 N-1
=512 ) @)

(N =0)(N+b—m)
m(N — 1)

WherEb(O§b< N) =N (mod q) and HXx(T) ZHXX(T;O ‘ N)

>

e Corollary 1

()

Yonsei University Electrical and Electronic Eng.




Coding and Information Theory L ab. 7

¢ Generalized m- and GMW sequences

e A polynomial residue class ring: R = GF(p)[¢]/(w(€)")
where w(¢) = an irreducible polynomial of degree m over GF(p), m > 1.

e In this paper, we only consider m = 1 particularly, R = GF(p)[£]/(£F).

e Any element b € R, ideal basis representation:
b=by+ b &+ +bp &
where b, € GF(p). Thus, R can be written as

R=GF(p)+£GF(p) +---+ E'GF(p).
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e The Galois extension ring of R: GR(R,r) = R|z]/(f(x))
where f(x) is a basic monic irreducible polynomial of degree r over R.
- choose f(x) among monic irreducible polynomials over GF(p).

e any element 3(e GR(R,r)) and GR(R,r) can be expressed as
B =60+ K&+ + Bl
GR(R,r) =GF(p") + EGF(p") +--- + EIGF(p)
where 3, € GF(p").

o If s|r, Tri(-): GR(R,r) — GR(R,s)

k—1

Tri(B) =Y tri(3)¢ (6)

J=0

where ¢ (v) = S9! yr" s the field trace function from GF(p") to GF(p).
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e o = aroot of a primitive basic irreducible polynomial f(z) over R = GF(p)[£]/ (")

e A GM sequence over R [Udaya’98].
s'(i) = Tri(va'), v € GR(R,r).

e Fora = Zf;ol a;¢' € GR(R, s), define a permutation monomial:

k-1
d . dei
Ut :am— g a; €
i=0

where ged(d, p® — 1) = 1.

e GGMW sequence over R [Udaya’'98].
s'(i) = Tri(VTr"(va)]), v € GR(R,r)

where s|r.
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e For any p*-ary sequences, say X, of period p* — 1,

(7)

)2 [

e Theorem 1 Let f(z) be a degree 2k primitive polynomial over GF(p), f(a) = 0 and
ged(d, pF — 1) = 1. A GGMW sequence {s"(i)},

s"(i) = Tk (\I/d[Tr,%k(Vo/)]), v=a"+al€ + a2 + -+ a1¢ € GR(R, 2k)

is strictly-optimal if and only if a9, a9, o2, ..., a%*-1? are linearly independent over

GF(p) and
ei=e; (modp"+1), Vi, j, 0<4,j<k—1.
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e Corollary 2 Let f(x) be a degree 2k primitive polynomial over GF(p) and f(«a) =0. A
GM sequence {s"(7)},
s'(1) = Tri¥(va'), v=a®+a" ¢+ a2 + -+ a1 € GR(R, 2k)
is strictly-optimal if and only if a®, o, a®, ..., a%-1 are linearly independent over

GF(p) and
ei=e; (modp"+1), Vi, j, 0<i,j<k-—1

e For such p*-ary strictly-optimal sequences of period p** — 1,

H(S"|L) = [pkil] (8)

o Example 1 Three GM sequences over R = GF(3)[£]/£2 where
s'(i) = Tri(va'), v=a"+a¢ + a2 € GR(R,6)

and « is a root of a primitive polynomial 2% + z + 2 over GF(3).
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(eo, €1, €2) GM Sequences (Frequency Hopping Patterns)

(0,1,2) 0009 31001815510 9121341186 2 9 310217 2015232526---
(0,17,100)| 210915181921 18 3 2427 3 2415254 4159 2021 0256 19 8 21141917---
(0,28,56) | 243615242221 6 1818512415 0 25413 9151421184 3 4203 261 2---
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Summary & Further Work

e FH sequences having optimal partial Hamming autocorrelation properties

— Optimal criteria on partial Hamming autocorrelation

— Classification of Strictly-optimal p*-ary generalized m-sequences and generalized
GMW sequences of period p?* — 1

— Useful for synchronizing process

e We have only considered the case in which R = GF(p)[£]/(£F)
= general description for deg(w(£))> 1
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