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clear;

% I RS

Sites = zeros(11, 2);
Sites(1, :) = [0.2, 0.7];
Sites(2, :) = [0.5, 0.3];
Sites(3, :) = [0.8, 0.7];
Sites(4, :) = [1, 1];
Sites(5, :) = [0.5, 1];
Sites(6, :) = [0, 1];
Sites(7, :) = [0, 0.5];
Sites(8, :) = [0, 0];
Sites(9, :) = [0.5, 0];
Sites(10, :) = [1, 0];
Sites(11, :) = [1, 0.5];

% =g
Tri = zeros(12, 3);
Tri(l) :) = [1) 2, 3]3

Tri(2, :) = [2, 11, 3];
Tri(3, :) = [3, 11, 4];
Tri(4, :) = [3, 4, 5];
Tri(5, :) = [1, 3, 5];
Tri(6, :) = [1, 5, 6];
Tri(7, :) = [1, 6, 7];
Tri(8, :) = [1, 7, 2];
Tri(9, :) = [2, 7, 8];
Tri(le, :) = [2, 8, 9];
Tri(11, :) = [2, 9, 10];
Tri(12, :) = [2, 10, 11];

% 14 5HA
Phie = [1; @; 1; 1; 1; 0; 1; 1];

% K iR

K = zeros(1l);

for i =1 : 12
% WHE 1 N =AM AR
T =Tri(i, :);

% L % IO R AR A



sitel = Sites(T(1), :);
site2 = Sites(T(2), :);
site3 = Sites(T(3), :);

bl = site2(2) - site3(2);
b2 = site3(2) - sitel(2);
b3 = sitel(2) - site2(2);

dl = site3(1) - site2(1);
d2 = sitel(1l) - site3(1);
d3 = site2(1) - sitel(1);

% — ML
S =1/2 * (bl * d2 - b2 * d1);

(b172 + d172)/(4*S);
(b272 + d272)/(4*S);
(b372 + d372)/(4*S);
(bl * b2 + d1 * d2)/(4*S);

K(T(1), T(1)) = K(T(1), T(1))
K(T(2), T(2)) = K(T(2), T(2))
K(T(3), T(3)) = K(T(3), T(3))
K(T(1), T(2)) = K(T(1), T(2))

+ + o+ 4+ o+ + o+ 4+

K(T(1), T(3)) = K(T(1), T(3)) (b1 * b3 + d1 * d3)/(4*S);
K(T(2), T(3)) = K(T(2), T(3)) (b2 * b3 + d2 * d3)/(4*S);
K(T(2), T(1)) = K(T(2), T(1)) (b2 * bl + d2 * d1)/(4%*S);
K(T(3), T(1)) = K(T(3), T(1)) (b3 * bl + d3 * d1)/(4%*S);
K(T(3), T(2)) = K(T(3), T(2)) (b3 * b2 + d3 * d2)/(4*S);

end

% AbFIH G

K11 = K(1:3, 1:3);

K12 = K(1:3, 4:11);

Phil = K11 \ (- K12 * Phie);
disp(Phil)

Python X4 :
import numpy as np

Dot = np.array([[@.2, ©.7], [0.5, ©.3], [0.8, ©.7], [0, 1], [0, @.5],
[e, @], [0.5, o], [1, @], [1, ©.5], [1, 1], [@.5, 1]])

# A=A

TN = np.array([[1, 4, 51, [5, 6, 2], [6, 7, 21, [2, 7, 81, [2, 8, 9],
[3, 9, 10], [3, 10, 11], [4, 1, 11], [1, 5, 2], [1, 2, 31, [3, 2, 9],
[1, 3, 11]])

# AR 8/ Ry R



Phae = np.array([1, 1, 1, 0, 1, 1, 1, 0])

# HME 1,2,3 X9 =A

TN1 = np.array([[1, 1, 4, 5], [9, 1, 5, 2], [1e, 1, 2, 3], [12, 1, 3,
11], [8, 1, 11, 4]]) # H—AHFHETL, FiA =AW

TN2 = np.array([[9, 2, 1, 5], [2, 2, 5, 6], [3, 2, 6, 7], [4, 2, 7, 8],
[5, 2, 8, 9], [11, 2, 9, 3], [10, 2, 3, 1]])

TN3 = np.array([[10, 3, 1, 2], [11, 3, 2, 9], [6, 3, 9, 10], [7, 3, 10,
11], [12, 3, 11, 1]])

# KAEHEANTE M % @R
def Sfunc(N):
n = len(N)
S =[]
for i in range(n):
dotl = N[i, @] - 1
dot2 = N[i, 1] - 1
dot3 = N[i, 2] - 1
L = np.ones((3,3))

L[@, 1] = Dot[dotl, @]
L[@, 2] = Dot[dotl, 1]
L[1, 1] = Dot[dot2, @]

L[1, 2] = Dot[dot2, 1]
L[2, 1] = Dot[dot3, @]
L[2, 2] Dot[dot3, 1]
det = np.linalg.det(L)
S.append(2*det)
return S # X5 4 1&®@AR
SN = np.array(Sfunc(TN))

def K11_fun(N):
len(N)
np.zeros(n)

Q O© S
1 1 1

np.zeros(n)
K =20
for i in range(n):
Ti = N[i, 0] - 1
dotl = N[i, 2] - 1
dot2 = N[i, 3] - 1
b[i] Dot[dotl, 1] - Dot[dot2, 1]
d[i] Dot[dot2, @] - Dot[dotl, 9]
K += (b[1i]**2 + d[i]**2)/ SN[Ti]
return K



def BD_TN(N):
n = len(N)
B = np.zeros((n,3))
D = np.zeros((n,3))
for i in range(n):

dotl = N[i, @] - 1
dot2 = N[i, 1] - 1
dot3 = N[i, 2] - 1
# iHHE Bl

bl = Dot[dot2, 1] - Dot[dot3, 1]
b2 = Dot[dot3, 1] - Dot[dotl, 1]
b3 = Dot[dotl, 1] - Dot[dot2, 1]

B[i, 0] = bl
B[i, 1] = b2
B[i, 2] = b3
# 5 D1

d1 = Dot[dot3, @] - Dot[dot2, 0]
d2 = Dot[dotl, @] - Dot[dot3, 0]
d3 = Dot[dot2, @] - Dot[dotl, O]

D[i, 0] = d1
D[i, 1] = d2
D[i, 2] = d3

return B, D
B_TN, D TN = BD_TN(TN)

def Klm_fun(l, m):
indices = [index for index, row in enumerate(TN) if 1 in row and m

in row]
N T = np.array(indices)
n = len(N_T)
sum = @

for i in range(n):
Ti = N_T[i]
for j in range(3):
if TN[Ti, j] == 1:
bl = B_TN[Ti, j]
dl = D_TN[Ti, j]
for k in range(3):
if TN[Ti, k] == m:
bm = B_TN[Ti, k]
dm = D_TN[Ti, k]



sum += (bl*bm + dl*dm) / SN[Ti]
return sum

#print(Klm_fun(1,2))

K = np.zeros((3, 11))
K[@, 0] = K11_fun(TN1)
K[1, 1] = K11_fun(TN2)
K[2, 2] = K11_fun(TN3)
for i in range(3):

for j in range(11):
if j I= 1i:
K[i, j] = KIm_fun(i + 1, j + 1)

print(K)

K11 = K[:, :3] # A7 3 7|
K12 = K[:, 3:] # & 8 7|

P = np.dot(K12, Pha@)
Pha = np.linalg.solve(K11, -P)
print(Pha)



