
Appendix A

Python program for integer (CTlB)b codes

import itertools

#parameters

b=8

l=3

q=2**b-1

ebl_u = []

C = range(0,q)

R = []

# Generating the set epsilonbl

# Function for e_blˆi

def ebl(i):

t = 1

A = [0,1]

A_copy_l = []

coeff = []

# List of l-1 number of A’s

while t<l:

A_copy_l.append(A)

t = t+1

# Cartesian product of l-1 number of A’s

for element in itertools.product(*A_copy_l):
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coeff.append(element)

# Calculate and store ebl(i)’s

ebli = []

# Iteration over the list of coefficients

c = 0

while c<len(coeff):

s = 2**(i-1)

# Iteration over the coefficients in an element of coeff

↪→ list

p = 0

while p<(l-1):

s = s + coeff[c][p] * 2**(i+p)

p = p + 1

ebli.append(s%q)

c = c + 1

return(ebli)

# Function for e{bar}_blˆi i.e. Ebl(i)

def Ebl(i):

t = 1

A = [0,1]

A_copy = []

coeff = []

# List of b-i number of A’s

while t<b-i+1:

A_copy.append(A)

t = t+1

# Cartesian product of b-i number of A’s

for element in itertools.product(*A_copy):

coeff.append(element)
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# Calculate and store ebl(i)’s

Ebli = []

# Iteration over the list of coefficients

c = 0

while c<len(coeff):

s = 2**(i-1)

# Iteration over the coefficients in an element of coeff list

p = 0

while p<(b-i):

s = s + coeff[c][p] * 2**(i+p)

p = p + 1

Ebli.append(s%q)

c = c + 1

return(Ebli)

# Unions

ebl_u = []

for i in range(1,b-l+2):

ebl_u = list(set(ebl_u).union(set(ebl(i))))

Ebl_u = []

for i in range(b-l+2,b+1):

Ebl_u = list(set(Ebl_u).union(set(Ebl(i))))

ebl_u = list(set(ebl_u).union(set(Ebl_u)))

#print(len(sorted(ebl_u)))

# Function to calculate CiEb

def mult(i, ebl_u):

return [(-C[i]*j)%q for j in ebl_u]

# Trying to find Ci’s

def CE_append(i):

flag = 0

E = mult(i, ebl_u)
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if (len(E)!=len(set(E))):

flag = 1

for S in CE:

F = list(set(S) & set(E))

if (F!=[]):

flag = 1

if flag == 0:

CE.append(E)

R.append(i)

# Main work

CE = [ebl_u]

#range may be restricted as per the required code rate

for i in range(2,q):

CE_append(i)

#print(CE)

#ready coefficients

print (R)
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Appendix B

Python program for integer LACTB(d/l,b)C

codes

import itertools

#parameters

b=8

l=6

d=3

q=2**b-1

ebld_u = []

C = range(0,q)

R = []

# Generating the set epsilonbld

def ebld(i):

t = 1

A = [0,1]

A_copy_l = []

coeff = []

# List of l-1 number of A’s

while t<l:

A_copy_l.append(A)

t = t+1

# Cartesian product of l-1 number of A’s
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for element in itertools.product(*A_copy_l):

coeff.append(element)

# Restricting coeff

reject = []

for c in coeff:

s = 0

for p in c:

s = s + p

if s>d-1:

reject.append(c)

for r in reject:

coeff.remove(r)

# Calculate and store ebl(i)’s

ebli = []

# Iteration over the list of coefficients

c = 0

while c<len(coeff):

s = 2**(i-1)

# Iteration over the coefficients in an element of coeff list

p = 0

while p<(l-1):

s = s + coeff[c][p] * 2**(i+p)

p = p + 1

ebli.append(s%q)

c = c + 1

return(ebli)

#print(sorted(ebld(1)))

# Union
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ebld_u = []

for i in range(1,b-l+2):

ebld_u = list(set(ebld_u).union(set(ebld(i))))

print(sorted(ebld_u))

# Function to calculate CiEb

def mult(i, ebld_u):

return [(-C[i]*j)%q for j in ebld_u]

# Trying to find Ci’s

def CE_append(i):

flag = 0

E = mult(i, ebld_u)

if (len(E)!=len(set(E))):

flag = 1

for S in CE:

F = list(set(S) & set(E))

if (F!=[]):

flag = 1

if flag == 0:

CE.append(E)

R.append(i)

# Main work

CE = [ebld_u]

#range may be restricted as per the required code rate

for i in range(2,q):

CE_append(i)

#print(CE)

#ready coefficients

print (R)
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Appendix C

Python program for integer HACTB(h/l,b)C

codes

import itertools

#parameters

b=8

l=4

h=2

q = 2**b-1

epblh = []

C = range(0,q)

R = []

# Generating the set epsilon blh

def eblh(i):

t = 1

A = [0,1]

A_copy_l = []

coeff = []

# List of l-1 number of A’s

while t<l:

A_copy_l.append(A)

t = t+1

# Cartesian product of l-1 number of A’s

138



for element in itertools.product(*A_copy_l):

coeff.append(element)

# Restricting coeff

reject = []

for c in coeff:

s = 0

for p in c:

s = s + p

if s<h-1:

reject.append(c)

for r in reject:

coeff.remove(r)

# Calculate and store ebl(i)’s

ebli = []

# Iteration over the list of coefficients

c = 0

while c<len(coeff):

s = 2**(i-1)

# Iteration over the coefficients in an element of coeff list

p = 0

while p<(l-1):

s = s + coeff[c][p] * 2**(i+p)

p = p + 1

ebli.append(s%q)

c = c + 1

return(ebli)

# Unions

eblh_u = []

for i in range(1,b-l+2):

eblh_u = list(set(eblh_u).union(set(eblh(i))))

print(sorted(eblh_u))
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# Function to calculate CiEb

def mult(i, eblh_u):

return [(-C[i]*j)%q for j in eblh_u]

# Trying to find Ci’s

def CE_append(i):

flag = 0

E = mult(i, eblh_u)

if (len(E)!=len(set(E))):

flag = 1

for S in CE:

F = list(set(S) & set(E))

if (F!=[]):

flag = 1

if flag == 0:

CE.append(E)

R.append(i)

# Main work

CE = [eblh_u]

# the range may be managed as per the required code rate

for i in range(2,q):

CE_append(i)

#print(CE)

print (R)
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Appendix D

Python program for integer (UlSB)b codes

import itertools

b=8

q=2**b-1

l=3

C = range(0,q)

R = []

L1=[]

L=[]

for t in range(1,l+1):

for i in range(0,b-t+1):

L1.append((2**i)*(2**t-1)%q)

L1.append(-(2**i)*(2**t-1)%q)

#print(L1)

for i in L1:

if i not in L:

L.append(i)

#print (str(L))

# Function to calculate CiEb

def mult(i, L):

return [(-C[i]*j)%q for j in L]

# Trying to find Ci’s
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# CE-set of sets, i-index for CE, j-how long have we come towards q

def CE_append(i):

flag = 0

E = mult(i, L)

if (len(E)!=len(set(E))):

flag = 1

for S in CE:

F = list(set(S) & set(E))

if (F!=[]):

flag = 1

if flag == 0:

CE.append(E)

R.append(i)

# Main work

CE = [L]

for i in range(2,255):

CE_append(i)

#print(sorted(CE))

print (R)

142



Appendix E

Python program for integer (AlSB)b codes

import numpy as np

from itertools import product

# Define error sets

def e(b, l, q):

e_b_l_power = np.power(2, np.arange(0,b+1-l))%q

e_b_l = (e_b_l_power*(2**l-1))%q

return np.unique(e_b_l)

def E(b,l, q):

E_b_l = np.array([], dtype=np.int64)

for i in range(0, l+1):

E_b_l = np.append(E_b_l, e(b, i, q))

return np.delete(np.unique(E_b_l), [0])

def U(r, b, q):

u_element = np.array([-1])

if r > 0:
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#Generating possible values of U_r matrix

u_set = np.array(list(product(u_element, repeat=r-1)))

power_vector = np.power(2, np.arange(b-r+1, b))

U_results = u_set.dot(power_vector) - np.power(2, b-r)

return (U_results%q).item()

else:

raise ValueError("r␣must␣be␣greater␣than␣0")

def V(s, b, q):

v_element = np.array([-1])

if s > 0:

#Generating possible values of V_s matrix

v_set = np.array(list(product(v_element, repeat=s-1)))

power_vector = np.power(2, np.arange(s-1))

V_results = v_set.dot(power_vector) - np.power(2, s-1)

return (V_results%q).item()

else:

raise ValueError("s␣must␣be␣greater␣than␣0")

def C_i_C_j_generate (C, b, l, q):

epsilon = (E(b,l, q))%q

C_epsilon = np.empty((0,epsilon.size), np.int64)

C_allowed = np.array([], np.int64)
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C_epsilon = np.append(C_epsilon, np.array([epsilon]), axis=0)

C_allowed = np.append(C_allowed, -1)

for i in C:

C_epsilon_i = (-epsilon*i)%q

non_unique_set = [np.intersect1d(C_i_epsilon, C_epsilon_i).

↪→ size != 0 \

for C_i_epsilon in C_epsilon]

is_set = (C_epsilon_i.size == np.unique(C_epsilon_i).size)

is_unique = sum(non_unique_set) == 0

if is_set & is_unique:

C_epsilon = np.append(C_epsilon, np.array([C_epsilon_i]),

↪→ axis=0)

C_allowed = np.append(C_allowed, i)

if C_allowed.size >1:

C_epsilon = np.append(C_epsilon[1:], np.array([C_epsilon[0]]),

↪→ axis=0)

C_allowed = np.append(C_allowed[1:], C_allowed[0])

return C_allowed, C_epsilon

def U_V_C_i_C_i1(C_i, C_i1, epsilon_bl, l, b, q):

C_iP_C_i1Q = np.array([], np.int64)

C_i_epsilon = (-C_i*epsilon_bl)%q

C_i1_epsilon = (-C_i1*epsilon_bl)%q

for r in np.arange(1, l):

for s in np.arange(1, l+1-r):

C_i_U_rs = C_i*U(r,b,q)

C_j_V_ss = C_i1*V(s, b, q)
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C_i_C_j_add = (C_i_U_rs + C_j_V_ss)%q

if (C_i_C_j_add in C_i_epsilon) or C_i_C_j_add in C_i1_epsilon:

return False, C_iP_C_i1Q

else:

C_iP_C_i1Q = np.append(C_iP_C_i1Q, C_i_C_j_add)

return True, C_iP_C_i1Q

def C_i_generate (C, b, l, q):

U_V_C_i_union_set = np.array([], np.int64)

epsilon_bl = E(b,l, q)%q

Cij_probable, Cij_epsilon = C_i_C_j_generate(C, b, l, q)

C_test_array = epsilon_bl.copy()

Ci_not_allowed = np.array([], np.int64)

C_i_index, C_j_index = Cij_probable.size - 2, Cij_probable.size - 1

while C_i_index >= 0:

C_i = Cij_probable[C_i_index]

C_j = Cij_probable[C_j_index]

U_V_C_i_test, U_V_C_i_array = U_V_C_i_C_i1(C_i, C_j, epsilon_bl,

↪→ l, b, q)

if (not U_V_C_i_test) or (np.intersect1d(C_test_array,

↪→ U_V_C_i_array).size != 0):

Ci_not_allowed = np.append(Ci_not_allowed, C_i)

C_i_index = C_i_index - 1
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elif (np.intersect1d(C_test_array, Cij_epsilon[C_i_index]).size

↪→ != 0):

Ci_not_allowed = np.append(Ci_not_allowed, C_i)

C_i_index = C_i_index - 1

else:

#print("\n", C_i, C_test_array, U_V_C_i_array, np.sort(

↪→ Cij_epsilon[C_i_index]), "\n")

C_test_array = np.union1d(C_test_array, U_V_C_i_array)

C_test_array = np.union1d(C_test_array, Cij_epsilon[C_i_index])

#print("\n", C_i, C_test_array, U_V_C_i_array, np.sort(

↪→ Cij_epsilon[C_i_index]), "\n")

C_j_index = C_i_index

C_i_index = C_i_index - 1

Cij_probable = np.setdiff1d(Cij_probable, Ci_not_allowed)

print(Cij_probable)

return Cij_probable

return Ci_not_allowed

b = 9

l = 3

q = 2**b-1

C = range(2,q)

C_i_generate (C, b, l, q)
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Appendix F

Python program for integer (BlAEC)b codes

import numpy as np

from itertools import product

# Define error sets

def e(b, l, q):

e_b_l_power = np.power(2, np.arange(0,b+1-l))%q

e_b_l = np.array([], dtype=np.int64)

for i in np.arange(1, 2**l, 2):

e_b_l = np.append(e_b_l, ((e_b_l_power*i)%q))

return np.unique(e_b_l)

def E(b,l, q):

E_b_l = np.array([], dtype=np.int64)

for i in range(0, l+1):

#print(e(b, i, q))

E_b_l = np.append(E_b_l, e(b, i, q))

return np.unique(E_b_l)

#print(E(8,2,255))

def P(r, b, q):
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p_element = np.array([-1, 0])

if r > 0:

#Generating possible values of U_r matrix

p_set = np.array(list(product(p_element, repeat=r-1)))

#Generating Vector for 2ˆ0 to 2ˆ{r-2}

power_vector = np.power(2, np.arange(r-1))

P_results = p_set.dot(power_vector) - np.power(2, r-1)

return np.array(np.unique(P_results%q),int)

else:

raise ValueError("r␣must␣be␣greater␣than␣0")

#print(P(1,8,255))

def Q(s, b, q):

q_element = np.array([-1, 0])

if s > 0:

#Generating possible values of V_r matrix

q_set = np.array(list(product(q_element, repeat=s-1)))

#Generating Vector for 2ˆ(b-s+1) to 2ˆ{b}

power_vector = np.power(2, np.arange(b-s+1, b))

Q_results = q_set.dot(power_vector) - np.power(2, b-s)

return np.array(np.unique(Q_results%q), int)

else:

raise ValueError("s␣must␣be␣greater␣than␣0")

#print(Q(1,8,255))
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def C_i_C_j_generate (C, b, l, q):

epsilon = (E(b,l, q))%q

C_epsilon = np.empty((0,epsilon.size), np.int64)

C_allowed = np.array([], np.int64)

C_epsilon = np.append(C_epsilon, np.array([epsilon]), axis=0)

C_allowed = np.append(C_allowed, -1)

for i in C:

C_epsilon_i = (-epsilon*i)%q

non_unique_set = [np.intersect1d(C_i_epsilon, C_epsilon_i).

↪→ size != 0 \

for C_i_epsilon in C_epsilon]

is_set = (C_epsilon_i.size == np.unique(C_epsilon_i).size)

is_unique = sum(non_unique_set) == 0

if is_set & is_unique:

C_epsilon = np.append(C_epsilon, np.array([C_epsilon_i]),

↪→ axis=0)

C_allowed = np.append(C_allowed, i)

if C_allowed.size >1:

C_epsilon = np.append(C_epsilon[1:], np.array([C_epsilon[0]]),

↪→ axis=0)

C_allowed = np.append(C_allowed[1:], C_allowed[0])

return C_allowed, C_epsilon

def all_out_combo_addition(C_i, C_i1, P, Q):

C_i_P = C_i*P

C_j_Q = C_i1*Q
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cartesian = np.array(np.meshgrid(C_i_P, C_j_Q)).T.reshape(-1, 2)

collapse = []

for l in cartesian:

collapse.append(l[0]+l[1])

return np.array(collapse)

def P_Q_C_i_C_i1(C_i, C_i1, epsilon_bl, l, b, q):

C_iP_C_i1Q = np.array([], np.int64)

C_i_epsilon = (-C_i*epsilon_bl)%q

C_i1_epsilon = (-C_i1*epsilon_bl)%q

for r in np.arange(1, l):

for s in np.arange(1, l+1-r):

C_i_C_j_add = (all_out_combo_addition(C_i, C_i1, P(r,b,q), Q(s,

↪→ b,q)))%q

if (C_i_C_j_add in C_i_epsilon) or (C_i_C_j_add in C_i1_epsilon

↪→ ):

return False, C_iP_C_i1Q

else:

C_iP_C_i1Q = np.append(C_iP_C_i1Q, C_i_C_j_add)

return True, C_iP_C_i1Q

def C_i_generate (C, b, l, q):

P_Q_C_i_union_set = np.array([], np.int64)

epsilon_bl = E(b,l, q)%q

Cij_probable, Cij_epsilon = C_i_C_j_generate(C, b, l, q)

C_test_array = epsilon_bl.copy()
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Ci_not_allowed = np.array([], np.int64)

C_i_index, C_j_index = Cij_probable.size - 2, Cij_probable.size - 1

while C_i_index >= 0:

C_i = Cij_probable[C_i_index]

C_j = Cij_probable[C_j_index]

P_Q_C_i_test, P_Q_C_i_array = P_Q_C_i_C_i1(C_i, C_j, epsilon_bl,

↪→ l, b, q)

if (not P_Q_C_i_test) or (np.intersect1d(C_test_array,

↪→ P_Q_C_i_array).size != 0):

Ci_not_allowed = np.append(Ci_not_allowed, C_i)

C_i_index = C_i_index - 1

elif (np.intersect1d(C_test_array, Cij_epsilon[C_i_index]).size

↪→ != 0):

Ci_not_allowed = np.append(Ci_not_allowed, C_i)

C_i_index = C_i_index - 1

else:

#print("\n", C_i, C_test_array, U_V_C_i_array, np.sort(

↪→ Cij_epsilon[C_i_index]), "\n")

C_test_array = np.union1d(C_test_array, P_Q_C_i_array)

C_test_array = np.union1d(C_test_array, Cij_epsilon[C_i_index])

#print("\n", C_i, C_test_array, U_V_C_i_array, np.sort(

↪→ Cij_epsilon[C_i_index]), "\n")

C_j_index = C_i_index

C_i_index = C_i_index - 1
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Cij_probable = np.setdiff1d(Cij_probable, Ci_not_allowed)

print(Cij_probable)

return Cij_probable

return Ci_not_allowed

b = 8

l = 2

q = 2**b-1

C = range(2,q)

C_i_generate (C, b, l, q)
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