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Abstract

Primitive elements and normal elements are of great importance in coding theory
and cryptography. Primitive elements play a very important role in cryptosystems
based on the multiplicative cyclic groups of non zero elements of a finite field. For
example ElGamal cryptosystem, and Diffie-Hellman key exchange protocol use this
group. Let F,» be an extension of the field F, of degree n, where ¢ = p* for some
positive integer k£ and prime p. The advantage of using normal basis representation

yields efficient exponentiation, as the g-th powers of elements are given by a cyclic

a b c
bit-shift of the corresponding coordinate vector. Let A = € Myyus(F,)

0 d e

(q = 2% for some positive integer k) be a matrix of rank 2. In this thesis, we obtain
a sufficient condition for the existence of a primitive element o € F, such that the
element (ac®+ba+c)/(da+-e) is a primitive element of F,, and using that condition,
we prove that every F, (¢ = 2¥) contains such a primitive element except for finitely
many cases. We also establish existence of a primitive normal element o of Fyn over
[, such that (aa®+ba+c)/(da+e) is a primitive element of Fyn for A € Moy3(Fyn).
Further we discuss existence of a primitive pair (o, @ + a™!') in Fn such that the
trace, Ty, /r,(0) is any prescribed element of F,. We also consider the problem
regarding the existence of a primitive pair of the form (a, (ac® + ba + ¢)/(da + €)),
such that T'rg,_, /v, (o) and Trg,, /Fq(ofl) are any prescribed elements of F,. Finally,

we prove that the number of self-dual normal bases generators of F,» over F, in
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(Trg/pm) ' (B) (n = mp', 1 > 1), for any self-dual normal basis generator § of

F,m over Fy, is independent of the choice of j3.



TR

fhceamh 3R AT & gl & NfAfT dedl R AlAe dodl #1 Sgd
Fgcaqut wue g1 NfARRT dca aRfAd fes & w7 & dfalea dct & wha
g W IRa freel @@l & Agcaqur e @erd €1 3aeeor & v
TelaHe foheelfeed 3R BWh gecdsl ol fafdag Welald $0 THg & 3TN
A & A ASE & Fyn, Fy &1 89 n &1 v vFedal §, S6l W fdr
gellcrsd quites k 3R 3w @& p & faw, q =pk &1 dda sfafafoee &
WTH?{?TWHTSTQ?%%ZIF?QM HTcleh Y&l &l §, dfeh deal @ q-th
gid Hefod dey fAdens @ b Se-fRive garr & ardr €1 A Afe
A=(3 2 9 eMus(F,) (q= 2", Freh uererm i k& T, ¥ 2 1 T
IegE &l 59 MY g9y H, A R @ Wfafed dca o € F,, Fas fav
(aa*2 +ba+c)/(da+e) & F, & NfART dea g aw, & 3ufeafa & fav
gied e @isid €, 3R 39 @9 &1 39T Rd gu gH Ig g #d § T
yo WfAd et & s, 9@ F, (¢ =2F) # W@ WfaRke o
3UTRAT &1 8H A € Myys(Fyn) & AT Fpn & F, W T 0 RfARRT Ade dea
a, foEs v (aa® +ba+c)/(da+e)  Fpn &1 WfARRT dea g aw, @
uftufd off g #xad 81 dawia g7 W@ Wiafks e\ (o,ato™!) &
sufeafa & o a1 =ad & e ¢, T n /Eq (@), Bres F, @ #ig 8
fAuTRa #eer g1l gd W& WfARRka 7A@ (o, (ad® +ba+c) /(da+e)), &
Tr[pqn/[pq(oc) 3ﬂTTr[pqn/]Fq(a_1),@I@anEHﬁéﬁﬁﬁﬁﬂﬁHW%,%Wc—d
FOva A fAaR A& | 3d 7 7 95 g FA & & Fym & F; W foar
Yeth-3ael AlAe ST8F gfafater f & fav, (Tr]Fqn/[qu)‘l(ﬁ) (n = mpl,1 > 1),
# Fpn & Fy W Aoh-3qe A 9187 giafafea 6 dear f & gaa 4 &adq
gl
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