A 4 A P L
. Cowm Jech mEPtT T i P
—> vitevh/ A*(C/‘x?r.fhw\ - = S

TeTThak SHEeK  Algor TH MW

Tr. A'I‘C/:Lb_{‘aL'c C«?}olic Block Codes [%:'Gm‘?f’/“‘:
A. Rowrers of OLgelrc,
G %&_5_453_4{ oo Aa a_/b]cln. el
am operalion , o, fLen e,

(1) a €8 bel =2 a- b€ B (cigere)
() fasorialine Saur a, b c €A
6. (bc) = (qibh)ec
(3]  joxtik M e ¢ 4
g e = e-a < a for atl a €
(4] npernee : Bon earh o & A foe imionee o'

- -1 -
aQ e g = & 4 = e,

gg MQ&M ncmm_w

‘—Lf’e}—fful»’;mvf

o asduX L o/__& AN - M/L?@—w’o_pfﬂ__————

o e loments Of_,l__%_mﬁwv‘/& Tb_c__




EX S Covarclan (M K) code oA+t GIF(?)
7 vV
e = veelor addiliom | uatd Yoo o allilion

i |©Ll




of 4t of 4 N . T
Mox. Lhelbbood becoding for BS <

Ex: B_Mﬂ/\da C“,K) Codleq,

x. oK X ¢ X it X e X
4 Y Q9T ) i1 17 77 AN TN

W(;;'r;cj): V(f;)fw(i‘.)—zwj)‘gxil-)

WMM_L_._MM M >m , forum /Wc.eg.kt____
o A M&we&’/é vt o L Neon L ond

v




~—L 05 -

o8
- 3
o -
A 7
_M,__M_M , A‘O—o-e. A __and ) e A ~ L 4
A _ 5,_ 4 Ik
a = a - a* Q

H 1) Z ™ A4 % 2om 4+ v w4, ot r LM




mem,ﬁgw?aﬁu\,w@







—“LO7 a -
(I[uzj GQ,U&‘H:Q}& LoThe o aned b, Thie 4
Are Lomelid aa gcd Ca,b) .

je”""f“«a:
e fne prewp . Thew Mo otdnn of

£

BT n Sgedn k).

freet !

L s AV N (o

SR T T SRS SN 3 I
7 o, A ) Ad = rn A - rz ./,
(il A7 ¢ gek (A n) ad mz e, gedlr on)
AT Al e bR priee | Tl

£ = r 2 - 7 <

£ °

S N I SV, V) ey @/w/ FoneasX

Lt o ol of € Ao wale _the gt Lol
pE ,,Wb’;/a,,/ Te cmalledd  atope wulos of
(o Jua,/idf Y Y A—LJLL ccevra wdom T, e

b= o = v F5cd (n 4) GE£. D



i Aptap T = A& ” AMurtage ~ @
1 4.0 = 0 a4 * g ¥ a ¢ F

= a-0 =0
——— mory ey  2lermondo Lo wnmdie
3 "'(0.-6): (—q).b:at(-—b) #Rb

(Fe): (-46) = a- b

0= (a1 (b +p) = (-a): (-4)+ Ca):ph

= Ca): (-6) = taeb)

T o a*b = asp’ =2b 56" for a &£

= a-b - ap’ = c. [p-4') = h=4"

S H /&OMJ ield in gtk ol g by munala
v{._ﬁﬁelw

— R o o st of spiown for fanids  furlde
| () QMA&_W—M—M
—> (%] ”"‘MMPM«KM—&—WM ot st g iRt

randd as b #p fr_a adh # o




6.9 Historical digression

It is standard practice to denote a field of order ¢ by GF(y). The initials GF
stand for Galois field. after the French mathematician Evariste Galois
»‘vh.o di‘ed in a duel in 1832 at the age of 20, having invented the theorv of
finite fields and having made at least two further major contributions to
mathematics.

Gualois™ biography is a cautionary tale for teachers. He was unquestionably
one of the great mathematical geniuses. but he failed the exams to enter the
Ecolg Polytechnique because he refused to write his answers in the form
'requxred by the examiners. He did. however, get into the Ecole Preparatoire
in 1829. In July 1830 a revolution broke out against the reactionary regime
and Galois became an ardent republican. After the suppression of the revolt
he wrote an article violently attacking the director of the Ecole Préparatoire
for which he was expelled.

. He devoted much of his time to republican activities but still continued
hls research. In July 1831 he was arrested during a demonstration and placed
in detention for illegally wearing a uniform and carrying weapons. In March
1832 he was transferred to a nursing home because of the outbreak of a
cholera epidemic. Here he had an unhappy love affair. At the end of Mav
after the break-up of the affair he was provoked to a duel by an unknown
ad\fersary. believed by some to have been an agent provocatetir. On 29 May
bghcvmg he would be killed. he wrote desperate letters to his republica—n.
friends and a summary of his major results, which he asked his friends to
show to Gauss and Jacobi in the event of his death. Nothing seems to have
come of this, but the letter was published in the Revue Engvciopédique in
September 1832, though it aroused little interest. On 30 May 1832 Galois
was admitted to hospital. mortally wounded. He died there 01:1 31 May. His
funer_al. on 2 June. was the occasion for a republican demonstration heralding
the riots in Paris in the following days. i

104 Error-correcting codes and finite fields

Galois had submitted work to learned journals and the academy from
1829 onwards. His first published major treatise, *Sur la theorie des nombres’
was published in Férussac's Bulletin des Sciences Mathémariques in 1830. It
defines the so-called *Galois imaginaries’, which are elements of finite fields.
and provides the fundamental results on finite fields. A memoir on the
solution of equations had earlier been sent to the Academy. Cauchy reviewed
it favourably, but advised Galois to rewrite it in the light of the results of the
young Danish mathematician Niels Henrik Abel who had just died. The
revised memoir was lost on the death of Fourier, who had been assigned to
review it, giving rise to the legend that Cauchy had just put Galos™ paper
in a drawer. In 1331 Galois submitted a new version of his memoir. Cauchy
had left France in 1830 and Poisson was assigned to review it. He rejected
it, saving that some of the results could be found in Abel’s work and the rest
were not fully proved. Galois, embittered by this injustice after his earlier
misfortune, wrote *On jugéra’ (posterity will judge) in the margin of his copy.

Eventually Liouville became interested in Galois® work. In 1843, 11 years
after Galois' death, he introduced the results to the Academy of Sciences.
He announced the publication of the memoir rejected by Poisson for the
end of that vear (it was actually published in 1846). This memoir can be
regarded as the foundation of modern algebra and became the basis for
major research efforts over the next 100 years.
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