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oMNovy 6

numpy. ) Sage N»1901 NItYa Python naw »1 Sy y¥12 vPMI9N SV VI

DMV NYIVN NN 6.1

1 X 1 M2 DY PRVN DY NPNIY NNIOVN XY Y TP

[8] : | import numpy as np
def genenerate neighbord matrix m n(m,n) -> np.array:

mat = np.zeros((m*n, m*n), dtype= np.int8)
# the general case
for j in range(0, m*n):

if j-n > -1

mat[j-n,jl = 1

if j %n =0 :
mat [j-1,j] = 1

mat[j,j] = 1

if (j+1) % n != 0 :

mat[j+1,j] = 1
if j+n < m*n :
mat[j+n,j] = 1

return mat
def genenerate_neighbord matrix(n) -> np.array:

return genenerate_neighbord matrix m n(n,n)
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print('Adj matrix for 3,2 board:')

print (genenerate_neighbord_matrix_m _n(3,2))

Adj matrix for 3,2 board:
[[1 1100 0]
[1 1010 0]
[101110]
[01110 1]
00101 1]
00011 1]]

[ N

NMIDYN NYIVN DY DOINY DMINNONR 6.2

MY NOPY NIN DAPHND PINST .NPNOY NXIVNN HY DDIANY DIINON 299 PIND XM NY TP
NN DOTY NP2 0PN MXNY NIDNN NVIYW Y MNIVN DY DXOPTAN DN NVP) DY DOPTINY

10992 YapNNY 3 X 3 MY M2y PNINN
(1,0,1,0,1,0,1,0,1)

£ T2 NXYIVN NITYA IR PNIND INN NN
1 01

010
1 01

[7]: |from sage.all import *

n=3

A = Matrix(Integers(2),genenerate neighbord matrix(n)) # A = adjacency,
=matric

Y = vector([1 for x in range(n**2)]) # Y = ( 1, 1, ..., 1)

X = A.solve_right(Y)

print('Solution for 3x3 board:')
print (X)
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[3]:

Solution for 3x3 board:

(1, 0, 1, 0, 1, 0, 1, 0, 1)

MY DY *apY M9 HY 91N DMININ 6.3
:NPSPND VDY POINND TIPN .NMY DY 2Py N1 DY DDINY DNPINDN 29D NIND XX 13 TP
gaussian__elimination_spanish_ alg:

MIMNN D512 NP 3D 291010 128N MY NVPN PHYNN DY NPNIY NXIVN : VOPI NYAPN ISP
OV ATON NNV MY TO DAN MNY DY NPIVININ MWL WY NYY) D7D DNININL .NMIPOYT
MNAVN S DMIOY) >T> DY MNIWN MDY DI IR XVIAD NN NOY NIVNN .DIN) DY NPT OV I1TON
MSN 281 , 089NN DNINWN DY NPNIY NXIVN NN DIXPNANND NYAPNNN IRIND .INYNIN NNV DY

Y DY MW INNY Y9N
mul mat sol based on res:

MM HY MY INRD 910N NP 28N ,DO8INN DNNWH DY NPNOY NXIVN : VYD NDIAPN MNP
1Y M¥IVND DY NININAN NX NNPIY T PPN .M MIYRIN NNV MIXIVN N1AY PPN PIND
ND NYAPNNN NIRIND XD IN IND 1IN 12810 NN MDA NXIWNT IRYD IR MO DY NNYNRIN

.MSN DY MNAVNN D35 ONMNN PNININ NRINNN VIPI NODPY OPONN NININY
generate mat_spanish alg:

NN PINNY T MNTIPN NVIPNO OWA WHNYN 1T 7PISPND .NPNIY NXIVN VORI NYAPN MXPNN

.6.2 2 MINONV 9D NNV NVPID AXIN PNINSN IAPY NN NVOW NNV PHVNRN HW PNINSN

def gaussian_elimination_spanish_alg(mat : np.array, sol_vec : np.array):
n = int(sqrt(mat.shapel[0]))
#all rows but the last one
for i in range(0, n**2-n):
# the lamp that <s affected
affected _lamp = i + n
row_i = mat[i] [:affected_lamp+1]
# check rows below

# for 7 in range(i+1, n**2):
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for j in [i-1 + n, i+n, i+n+1, i+ 2#n]:

if j> -1 and j < n**2 and mat[j] [affected_lamp] ==

row_j = mat[j][:affected_lamp+1]
row_j = row_j + row_i
row_j = row_j % 2

mat[j] [:affected_lamp+1] = row_j

sol_vec[j] = ( sol_vec[j] + sol_vecl[i] ) % 2

# get result to [n, n**2-1] from solution [0, n-1]
def mul mat_sol_based_on_res(mat : np.array, end_state : list, res :
~list):
n = int(sqrt(mat.shapel[0]))
for i in range(0,n**2-n):
res_i_plus_n = int(end_state[i])
for j in range(0,i+n):
res_i plus n = (res_i_plus n + mat[i][j] * res[jl) 7 2

res.append(res_i_plus_n)

# facade for the intire spanish method

def generate mat_spanish alg(mat : np.array):
n = int(sqrt(mat.shape[0]))
end_state = np.ones(n**2) # end_state = (1, 1, ... , 1)
gaussian_elimination_spanish_alg(mat, end_state)
# the matriz we need to solve for parmeter [0, n-1]
new_mat = np.array(mat[n**2-n:n**2, 0:n], copy=True)
# the solution vector after row operation

new_sol = np.array(end_state[n*+*2-n:n**2], copy=True)

# find solution for m variables

A

Matrix(Integers(2) ,new_mat)

Y = vector(Integers(2),new_sol)
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X = A.solve_right(Y)
res = [x for x in X] # solution for parmeter [0, n-1]
mul mat sol based on res(mat, end state, res)

return res

mat = genenerate_neighbord matrix(4)
A = Matrix(Integers(2) ,mat)

res = generate mat_spanish_alg(mat)
print('solution for board n=4:')

print(res)

print('check solution by multiply matrix with soultion vector:')

X = vector(Integers(2),res)

Y = AxX
print (Y)

solution for board n=4:
(o, o, 0, 0, 1, 1, 1,1, 1,0, 0,1, 1,1, 1, 1]
check solution by multiply matrix with soultion vector:

(1, 1,1, 1,1, 1,1, 1,1, 1,1,1,1, 1,1, 1)
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DMINININD SNV P2 VN 6.4

NN 20T NYAV VYA PINNI DINTPININN MY HY NN MNT ONT N NP

[4]: | import datetime

import numpy as np

def matrix_solve(mat):
A
Y
Z
X

Matrix(Integers(2) ,mat)

vector([1 for x in range(n**2)])

vector ([0 for x in range(n**2)])

A .solve_right(Y)

return X

val = []

# run on range(10 ,61,5)

for i,n in enumerate(range(10 ,15)):
# print (i)

mat = genenerate_neighbord matrix(n)

a0 = datetime.datetime.now()

matrix_solve(mat)

b0 = datetime.datetime.now()
cO = b0 - a0
t0 = c0.total_seconds()

# print (t0)

al = datetime.datetime.now()

generate_mat_spanish_alg(mat)

bl = datetime.datetime.now()
cl = bl - ail
tl1 = cl.total seconds()
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[5]:

# print (t1)

val.append((n, tO, t1))

res = np.array(val)
# np.savetxzt ("benchmark.csv", res, delimiter = ',')
print('board size, adj method, row by row method')

print(res)

board size, adj method, row by row method

[[10. 0.029358 0.319221]
[11. 0.042352 0.406416]
[12. 0.051597 0.548713]
[13. 0.064825 0.781002]
[14. 0.101306 1.072234]]

YINDVIIN PIND NNOYN 6.5

oY MNXNYN NN PNIND NNONND DY YR DY NDDIN PININ NXOSND  IOMOVNN PIND XXM N NP

.DMNHY

from sage.all import *

n=3

m= 2

a = genenerate_neighbord matrix_m n(m,n)
A = Matrix(ZZ,a)

Y = vector([1 for x in range(m*n)])

Z = vector([0 for x in range(m*n)])

X = A.solve_right(Y)

print ('Optimal solution:')

print (X)
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[6]:

Optimal solution:

(0, 0, 1, 1, 0, 0)

MI DY MNINDN 9991 6.6

MMNVNY N30 XN DAPNNY VYN .M, 1 < 9 IWRD m X 1 NMMY DY WY NININN 190N 2WNN N3 TP

MNINN T901 3 X 5 MYHY MINSIND NYAVH NINID IWON DPNTY MDD YTHMD NN NMINND MTIIYN

def

res

for

.5 NTINYY 3 Nwa AaNINNY 299 8 NN

num_solution_board(m,n):

a = genenerate_neighbord _matrix_m n(m, n)

A

Matrix(Integers(2),a)
num_solutions = 2%*A.kernel().dimension()

return num_solutions

np.zeros((m, n), dtype= np.int32)
i in range(1l,m+1):
for j in range(l,n+1):

res[i-1]1[j-1] = num_solution_board(i, j)

print ('Number solution based on m x n board size:')

print(res)

Number solution based on m x n board size:
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Ty1ry2)1)1 2 1]1]2 1
2121114112 |1]4 |1 2
3{114(1} 18] 1]1]4 1
4041711161 1| 1]1]|16
oll212(8] 1 4] 1]16| 2 2
6(1(1(1} 11 ]1]1]64| 1
7114711116114 1
8211412 |64|4]1 2
9112116 2| 1|1/ 225

5 MY May MNINonN Y 6.7

99 TWNI MNIND YW NYIWI NIN YAPNNY NINON .11 X 7 9TNI MY NAY MNINN Y2 NN AWNN M TP
Y079 PN NN SV NWNIN 5Y NINBNDHD MNINN 92 NRONM 6.2 2 NPRNY 293 INY NOPY XIN NIND

.DANN 2NN DMNVPIN DD DY

[81]: def get_all sol(m,n):
helper function to recursivly sum all combinations for sol_vector +,
snull_vector
def get_all sol rec(cur_sol,index_in null base):
if len(null base) == index_in null base:
all sol.append(cur_sol)
return
get_all sol rec(cur_sol + null base[index_in null basel],
—~index_in null base+1)

get_all sol _rec(cur_sol, index_in null_base+1)

# generates all structer that the helper function needs

a = genenerate_neighbord _matrix_m n(m,n)
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res

A = Matrix(Integers(2),a)
Y = vector([1 for x in range(m*n)]) # Y = ( 1, 1, ..., 1)
X = A.solve_right(Y)

null base = A.right_kernel matrix().rows()
all sol = []
get_all _sol_rec(X,0)

return all_sol

2
3
= get_all sol(m,n)

print('All solution(each solution is row vector) based on m x n board,

~size: ")

print (*xres, sep = '\n')

print (f 'number of soultion generated: {len(res)}')

All
1,
(1,
(0,
(0,

solution(each solution is row vector) based on m x n board size:

1, 0, 1, 1, 0)
0, 0, 0, 0, 1)
1, 1, 0, 1, 1)
0, 1, 1, 0, 0)

number of soultion generated: 4
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