Reed-Solomon Encoding and Decoding

Set the parameters here.

nfi= M=8; n=14; p=17; e=Floor [(n-m) /2]

out[1]= 3

Construct the code matrix for RS (m n, p).

in[2:= (code = Tabl e[Power Mod[j, i, p], {i, O, m=1}, {j, O, n-13}1) // Matri xForm
Out[2]//MatrixForm=
111 1 1 1 1 1 1 1 1 1 1 1
012 3 4 5 6 7 8 9 10 11 12 13
014 9 16 8 2 15 13 13 15 2 8 16
018 10 13 6 12 3 2 15 14 5 11 4
0116 13 1 13 4 4 16 16 4 4 13 1
01155 4 14 7 11 9 8 6 10 3 13
01131516 2 8 9 4 4 9 8 2 16
019 11 13 10 14 12 15 2 5 3 7 4

Select arandom message vector.

in[3;= Mess = Random nteger [{0, p-1}, m]
OUt[3]: {11 12) O! 9! 161 51 5! 15}

Encode the message.



in[4]:= enc = Mod [nmess. code, p]
ous= {1, 12, 16, 5, 1, 9, 3, 14, 15, 12, 2, 3, 4, 6}

Put errorsinat most e = (n - m) /2 random places.

in[5]:= recv = Mod [enc + Sum[Uni t Vect or [n, Random nteger [{1, n}]] * Random nteger [{O, p-1}1, {e}],
oufs= {1, 12, 16, 5, 1, 9, 3, 9, 15, 12, 6, 3, 4, 6}

inel:= Mod [recv -enc, p]

oue= {0, 0, 0, 0, 0, O, O, 12, 0, O, 4, 0, O, O}
Error locator polynomial E (x) of degree e with undetermined coefficients

in[7:= eund = x*e +Sumfu[i ] x"*i, {i, 0, e-1}]
ou7l= X3 +Uu[0] +XxUu[l] +x2u[2]
Key polynomial Q (x) of degreelessthan m+ e with undetermined coefficients
in[gl:= qund = Sum[vI[i 1 x™i, {i, 0, m+e-1}]
outgl= V[0] +XV[1] +Xx2Vv[2] +x3Vv[3] +x*Vv[4] +x°v[5] +xOVv[6] +x v (7] +xBVv[8] +x°v[9] +x1Ov[10]

Tableof values r [i 1 E (i ) - Q (i ). Wewill solve for these to be zero.
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in]:= (eqns = Tabl e[Expand[recv[[i +1]] (eund /. X »i) - (qund /. x » i), Mdulus -»p], {i, 0, n-1}
Tabl eForm

Out[9]//TableForm=
u[0] + 16 v [0]
12 +12u[0] +12u[l] +12u[2] +16Vv[0] +16Vv[1l] +16Vv[2] +16Vv[3] +16Vv (4] +16V[5] +16V[6] +
9+16U[0] +15u[1] +13U[2] +16V[0] +15V[1] +13V([2] +9V[3] +V[4] +2V[5] +4V[6] +8V[7]
16 +5u[0] +15u[l] +11u[2] +16vVv([0] +14v[1l] +8Vv[2] +7Vv[3] +4v[4] +12Vv[5]+2Vv[6] +6V[7
13+u[0] +4ufl] +16u[2] +16Vv[0] +13Vv][l] +Vv([2] +4Vv[3] +16Vv[4] +13Vv[5]+Vv[6] +4Vv[T7] +1¢€

3+9u[0] +11u[l] +4uf2] +16Vv[0] +12Vv[1] +9Vv[2] +11Vv[3] +4Vv[4] +3V[5] +15Vv[6] +7V[7]
2+3u[0] +u[l]+6Uu[2] +16Vv[0] +11Vv[1l] +15Vv[2] +5Vv[3] +13Vv[4] +10Vv[5] +9V[6] +3VI[7] +
10+9u[0] +12ufl] +16u[2] +16Vv[0] +10Vv[1l] +2Vv[2] +14vVv[3] +13Vv[4] +6V[5] +8Vv[6] +5V]
13 +15u[0] +u[l] +8u[2] +16Vv[0] +9Vv[1l] +4Vv[2] +15Vv[3] +Vv[4] +8V[5] +13V[6] +2V[7] + 1
10+12u[0] +6u[l] +3u[2] +16Vv([0] +8Vv[l] +4vVv([2] +2Vv[3] +Vv[4] +9Vv[5] +13Vv[6] +15Vv[7] +
16 +6u[0] +9u[l] +5u[2] +16Vv[0] +7Vv[1] +2Vv[2] +3Vv[3] +13Vv[4] +11Vv[5] +8Vv[6] +12V[T7]
15+3u[0] +16u[l] +6u[2] +16Vv[0] +6Vv([1l] +15Vv[2] +12Vv[3] +13Vv[4] +7V[5] +9Vv[6] +14V]
10+4uf0] +14u[l] +15u[2] +16Vv[0] +5Vv[1l] +9Vv[2] +6Vv[3] +4Vv[4] +14vVv[5] +15Vv[6] +10V]
7+6u[0] +10u[l] +11u[2] +16Vv[0] +4VvI[l] +Vv[2] +13Vv[3] +16Vv[4] +4Vv[5] +Vv[6] +13V[7] +.

Extract matrix of coefficients of the equations we need to solve

in[10}:= vars =Join[Table[u[i], {i, O, e - 1}], Table[v[i], {i, Ob m+ e - 1}1]
Out[10]= {U[O], U[l], U[ZJ, V[0]1 V[l]’ V[2]1 V[3]! V[4]! V[S]! V[6]1 V[7]1 V[8]! V[9]1 V[].O]}



in[11:= (mat = Tabl e[Coefficient [eqns[[i 1], vars[[j 111, {i, 1, n}, {J, 1, m+2e}]) // Matri xForm

Out[11]//MatrixForm=

1 0 0 16 0 0 O O O O O O O O
12 12 12 16 16 16 16 16 16 16 16 16 16 16
16 15 13 16 15 13 9 1 2 4 8 16 15 13
5 15 11 16 14 8 7 4 12 2 6 1 3 9
1 4 16 16 13 1 4 16 13 1 4 16 13 1
9 11 4 16 12 9 11 4 3 157 1 5 8
3 1 6 16 11 155 13 109 3 1 6 2
9 12 16 16 10 2 14 13 6 8 5 1 7 15
151 8 16 9 4 151 8 13 2 16 9 4
126 3 16 8 4 2 1 9 13 15 16 8 4
6 9 5 167 2 3 13 11 8 12 1 10 15
3 16 6 16 6 15 12 13 7 9 14 1 11 2
4 14 1516 5 9 6 4 14 15 101 12 8
6 10 11 16 4 1 13 16 4 1 13 16 4 1

Constant terms of the equations we need to solve

in[i2}= b =Mod[-eqns /. {u[_] =0, v[_] =0}, p]
oui2)= {0, 5, 8, 1, 4, 14, 15, 7, 4, 7, 1, 2, 7, 10}

Solve for the coefficients u[i ] and v [i ].

In[13:= UV = Li near Sol ve[mat, b, Modul us - p]

oufi3= {5, 2, 11, 5, 11, 1, 8, 8, 3, 16, 3, 5, 0, 15}

Plug them back in to find the polynomialsE (x), Q (X).
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in[14]= €x =eund /. uli _1=>uv[[i +1]]

ouff1a]= 5+ 2 x + 11 x2 + x3

nfisl:= gXx =qund /. V[i _1=>uv[[i +1+e]]

oufis= 5+11x +x2 +8x%+8x%+3x%>+16x%+3x7 +5x8 +15x10
Divide Q (x) / E (x) with coefficientsmod p.

in[16]:= Toget her [gx / ex, Modul us -» p]

ouil= 1 +12x +9x3 +16x* +5x% +5x8 + 15 x’

Compare with the original message.

In[17]:= MESS

ou17= {1, 12, 0, 9, 16, 5, 5, 15}



