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Theorem 0.1. An [n, k]4 RS code can be corrected from e errors (or s erasures) aslong ase <
iXl(or s<n—k+ 1) inpolytime.

Theorem 0.2. An [n,K]q RS code can be corrected from e errors and s erasures in poly time as
longas2e+s< (n—k+1).

Proof. Giveny € (Fj U {?})" with erasures and errors, Igt be the sub-vector with no erasures.
This impliesy’ € Fy~° and we are dealing witif-s, k] RS code. Now lets run the B-W algorithm
ony’. It can correcly’ as long as

<(n—s)—k+1

2
=2e+s<(n—-k+1) (2)

e

So,we proved one can correxgrrors under the stated condition. Now we have to prove Heavie
can correct thes erasures under the stated condition in the thedrein 0.2CLé the output after
correctinge errors. Now we exten@’ to z € (F U {?})" with erasures. Run the erasure decoding
algorithm onz’. This works al long as < (n— k + 1), which in turn is true by{|1) O

1 Generalized Minimum Distance Decoding

Cou[N, K, D] code such that it can be decoded frerarrors ands errors ands erasures in poly
time such that@+ s < D. Cj,[n, k, d] code withk = O(logN)

1.1 GMD algorithm (Version 1)

InpUt y = (yl? e ,YN) € [qn]N'
Stepl:

: d
(b) Wi = min(A. %), 5)
(c) With probabllltyT,setyi — {?
Step2: Run errors and erasure algorithm @y, ony’.
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Theorem 1.1. If exist ¢ € Cyy o Cj, such that A(c,y) < Dd then the GMD algorithm outputs ¢
(version 3)

Lemmal2. Ify has€ errorsand s’ erasures after step 1, then

E[2¢ + S] < g

Remark 1.3. Notethat if whp 2¢’ + s’ < %. Implies get a high probability algorithm.

Proof. of lemmalLP
e 2 A(y,c),1<i<N.

Dd
:>.Q37 (2)

|
X = 1iff y; =?;x¢ = 1iff y # y;andy, #? Done if we can show

E[2X¢ + X7] < 2—e'for everyl<i <N (3)

€ = lee S = le By linearity of expectation using (B[2€ + S] < Za <D
|
Casel C=y

E[X] = Pr[x’ = 1] = —
E[X] =Pr[x=1]=0
Implies [3) is true as

W, = min(AY. ). 3)

<A, Y)
=A(c,y) = ¢
Case2:Ci Y,
]E[X?]:%
E[X?] = Pr[X® = 1] = 1—%
= B[2X¢ + X7] = 2—%_20?

(4)



Claim L:Ify; # ¢, thenci +w; >d
Casel: wi = A(Y,, Vi), & = A(Y;, Gi)
= by triangle inequality

& +W = A(Y;, G) + A(Y., Vi)
> A(Ci, )
> d(y/ isinCip) (5)

Case2:w = § < A(Y.V)
Asy is obtained from MLD.

A(Y, Y1) < Aci, %)

d
=6 = AC, Y) > AL W) 2 5
=g +Ww >d (6)
mi
Step 1c: With probability <5, y; «?
(Version 2) Step {c) Pick# € [0, 1], at random.
(d) If 6 < 2, sety 2
Prly/isanerasure] = % (7
_ Wiy 2N
=Pro (0. D) =

Implying even for version 2 of GMIE[2€ + §'] < D Possible probleni]7) is correlated fofidirent
i. Can pické from a fixed number of possible values. Can derandomize byggthirough all
possible values of.
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