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#1. Berlekamp’s Algorithm of factoring polynomials

#2. Classification of cyclic projective equivalence of solutions to linear recursive

equation over GF(q)

#3. Existence/Construction of (v, k, A) cyclic difference sets

#4. finite projective planes and cyclic difference sets

#5. Proof that the cycle-and—add property implies m—sequence.

#6. Calculation of cross—correlations of pair of m-sequences

#7. Search project for balanced binary sequences of length 31 [programming]



#1. Factor the following polynomials using Berlekamp’s algorithm:
a xZ M xT %41 over GF(2) = {0, 1}

b, x4+ 4+ + 4"+ 2% +1 over GF4) = {0,1,0,0°} with o’=w+1

c. x—x—x'—x*—x*—x—1 over GF(3) = {0, 1, -1 }

#2. Given that the following polynomials are irreducible over the given fields, find

n, N, d, e, N;, and the set of N, sequences of length 4 which represent all possible

solutions to the recursion with characteristic polynomial f(x) over GF(g) up to
cyclic projective equivalence.

a. fx)=x"+x*+x+2, ¢=3

b. f(x) = x°+2° + 22 +2x+2, ¢=3

c. flx)=4x"+3x+1, ¢=T

d Fflx)=2+x"+2x"+5°+1, ¢=2
#3. For each of the following parameters of (v, k, 1), either (a) find a cyclic
difference set with these parameters, and verify that it represents every non-zero

residue mode v as differences exactly A times, or (b) prove that such a cyclic

difference set does not exist. In each case, assume that every prime divisor of k£—A

1s a multiplier.

a. (15,7, 3) b. (21, 5, 1) ¢ (27,13, 6) d. (13,4, 1)

e. (37,9, 2) £.(29,8 2) g (43,7, 1) h (199 4



#4. Answer the following:

a. A finite projective plane of order n< d2]3t3 Z+7Ze] parameterel o 3
A gts] A siAl Q.

b. Fix »=3, and list the 13 lines and points of the finite projective plane
of order 3.

c. Explain the relation with the plane in part b and the cyclic difference set

with parameter ( v=13, k=4, A=1) [that you found in part d of #3.]

#5. Prove the following statement:

We are given a binary sequence {s(#)} of period 31. For any

t# 0 (mod 31), the sequence satisfies the condition that there exists a

unique constant o(7) that depends on ¢ such that
s(t)+s(t+7)=s(t+o(7)) for all t.

Then {s(#)} must be an m-sequence of period 31.

[Hint: try to find (or argue that there exists) a linear recursive relation

among terms of {s(¢)}.]

#6. Answer the series of questions regarding the cross-—correlation of pair of

m-sequences of period 31. [ You may use your computer to solve the problem. ]

a. Use x°+x%+1 as a characteristic polynomial to draw a 5-stage LFSR, and find

an output sequence of period 31 with initial condition 00001.
b. Denote the above as s(¢) for ¢#=0,1,2,...,30. Write down all possible
decimations of s(¢). That is, define s,;(¢) = s(dt) for each d from 2 to 30,

and write them down term-by-term. Note that s(#)=s,(¢).

c. Determine those sequences from part c that are distinct with each others up to

cyclic shifts. For this, let A be the set of those d's such that if d,#+d, and

both belong to A then the sequences s,(f) and s,(#) are not the same



sequence up to cyclic equivalence. Determine the set A.

d. For every pair of integers (d;,d,) with d; < dy and both belong to A,

calculate the periodic unnormalized cross—correlation ¢ 4 4 (7) of s,(¢) and

sq(t) for all 7z=0,1,...,30, and make a table of the following type:

number of distinct

pair values of ¢, 4 (7) distribution
_l(**) 7(***) ......... (****)
(dy,dy) 5(x) (#xx) (#sx) (k)
P (#)

(*) - this is the number of distinct values that ¢, 4 () takes on for 0 < r< 30.

(#%) and (¥#%) and (##*#%) — These are the values in the increasing order in absolute value.

(#) - You put the number of times that the value, for example -1 in (%), occurred in
b a.a,(t) for 0<7<30.

(##) and (+#%*) - use any more rows or columns as necessary.

For example, if ¢, 3(z) has values

-1, -1, -1, 7,5, 5, 5, -3, -3, -1,

then the table looks like the following:

5 1,1, 1, 1, (period 15, for example)

number of distinct

pair values of ¢ 4 4, (7) distribution

-1 1 -3 5 7
1,3 5

4 4 2 4 1

Note that, for example,

N—-1
() + s3(i+ )
T) = -1°
13(r) = 2 (=1

where N is the period, and s(7) = {0,1}.




#7. [Programming]

Let U be the set of all the balanced binary sequences of period 31. That is, in each
sequence, the number of 0's is 16 and the number of 1's is 15. The size of U is
31_choose_15 which is 300540195.

Define various subsets of U as follows:
R=those that have the same run-distribution property as m-sequences;
S=those that have the same span—n property as m-sequences;
H=those that have the same autocorrelation property as m-sequences;
M=those that have the property that s(#) = s(2¢) for all ¢; and finally,

P=those that are m-sequences.

a. Write a program to search for those belong to the subset A = R\ M — P. The
output must list up all the sequences belonging to the subset A up to cyclic
equivalence. That is, the output must list up all the cyclically distinct sequences
that belong to A.

b. Repeat part a with the subset RN H — P.

c. Repeat part a with the subset S M — P.

d. Repeat part a with the subset S H — P.

¥ Submit a diskette containing all your source programs in C (or C++) and

executable files with comments (4 programs). Submit a printed list containing the

result for parts a, b, ¢, and d. Some subset could be empty and in this case your

program should write it so.

Have a GREAT Summer Vacation |



