fit %
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FOBRBEZATZ) DAY A=

import numpy as np

import pandas as pd

import sys

from numpy import zeros

from platypus import NSGAII,Problem,Real,nondominated
from matplotlib import pyplot as plt

#import time

#import tqdm

#for 1 in tqdm.tqdm(range (int(1e7))):
#  np.pi*np.pi

#EM O L R, O E AT
A = pd.read_excel("l-3-3pydata.xlsx", sheet_name=0)
NNODE = A.iat[0,0]
NMEMB = A.iat[0,1]
COLUMN = A.iat[0,2]
BEAM = A.iat[0,3]
#WTHEITE, fEE, WATEWTE(REL 28EE— 2 v T O R
def mat(H,B,t1,t2,r):
memb = t1*(H-2%t2)+2*B*t2+0.858*r**2
w = 0.00785*memb
Zx = B*t2*(H-t2) + (((H-2*:2)**2)*t1) /4 + 0.4292*(r**2)*(H-2*t2 - 0.4467*r)
tpm = 235*Zx

return memb,w,Zx, tpm

HHAEERT T OB
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def ALM(NNODE, NMEMB, COLUMN, BEAM, H _co, B co, tl_co, t2 co, r_co, H_be,
B be,tl be,t2 be,r be,H col,B col,tl col,t2 col,r col,H bel, B bel,tl bel, t2 bel,
r bel, H co2, B co2, t1 co2, t2 co2, r co2, H be2, B be2,tl be2, t2 be2, r be2):

np.set_printoptions(precision=3,suppress=True)

NCOL = 5*NMEMB

NROW = 3*NNODE + 2*NMEMB

#EIRM O 2T — 2 v}

tpm_column = mat(H_co,B co,tl co,t2 co,r co)[3]

tpm_beam = mat(H_be,B_be,tl_be,t2_be,r_be) [3]

tpm_columnl = mat(H _col,B _col,tl col,t2 col,r col)[3]

tpm_beam1 = mat(H_bel,B_bel,t1_bel,t2 bel,r bel)[3]

tpm_column2 = mat (H co2,B co2,tl co2,t2 co2,r co2)[3]

tpm_beam2 = mat(H_be2,B_be2,t1_be2,t2 be2,r be2)[3]

I = NROW

] =NCOL

H = zeros((I,]))

P = zeros((I))
I=NCOL

R = zeros((I))
IHING = zeros((I))

IM = NMEMB
AMO = zeros((IM,2))
I=4

W = zeros((IM,]))

AF =]
AS — [IlIllIIFIXIIINPINN,NROLN]

B = pd.read_excel("l-3-3pydata.xlsx", sheet_name=1)

J=B[""]
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#print(])

#print(][?)])

ISUP = B["ISUP"]
XNODE = B["XNODE"]
YNODE = B["YNODE"]

foriin range(NNODE):
ISUP1 = ISUP[i]
AF.append(AS [ISUP1])

C = pd.read_excel("l-3-3pydata.xlsx", sheet_name=2)
AL = pd.read_excel("l-3-3pydata.xlsx", sheet_ name=3)
FYY = pd.read_excel("l-3-3pydata.xlsx", sheet_name=4)

#print (FY)

M = C["M"]
N1 = C["N1"]
N2 = C["N2"]

#print(AL.iat[Z,Z])
AL2 = AL["AL2"]
AL3 = AL["AL3"]
AL4 = AL["AL4"]
AL5 = AL["AL5"]

FY = zeros((NMEMB,10))
foriin range(NMEMB):
for jin range(Z):
FY[i,j] = FYY.iat[i,j]
for jin range(Z,lO):
for iin range(COLUMN):
FY[i,j] = tpm_column
for i in range(COLUMN,COLUMN+BEAM):
FY[i,j] = tpm_beam
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for iin range(COLUMN):
FY[i,j] = tpm_columnl

for i in range(COLUMN,COLUMN+BEAM):
FY[i,j] = tpm_beam1

for i in range(COLUMN):
FY[i,j] = tpm_column2

for i in range(COLUMN,COLUMN+BEAM):
FY[i,j] = tpm_beam2

# Q = pd.read_excel("l-3-3pydata.xlsx", sheet_name=7,nrows=4)
# Q=mat(H_co,B_co,tl_co,t2_co,r co) #tpm_column
# Ql= pd.read_excel("l-3-3pydata.xlsx", sheet_name=7,skiprows=[1,2,3,4],nr0ws=4)
# Ql= mat(H_col,B_col,tl_col,t2 col,r_col)
# Q2 = pd.read_excel("l-3-3pydata.xlsx",
sheet_name=7 skiprows= [1,2,3,4,5,6,7,8] nrows=4)
# Q2= mat(H co2,B co2,tl co2,t2 co2,r co2)
# Q3 = pd.read_excel("l-3-3pydata.xlsx",
sheet_name=7 skiprows= [1,2,3,4,5,6,7,8,9,10,11,12],nrows=3)
# Q3=mat(H_be,B_be,t1_be,t2_be,r_be) #tpm_beam
# Q4 = pd.read_excel("l-3-3pydata.xlsx",
sheet_name=7 skiprows= [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15] ,nrows=3)
# Q4=mat(H bel,B bel,tl bel,t2 bel,r bel)
# Q5 = pd.read_excel("]-3-3pydata.xlsx",
sheet_name=7 skiprows= [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18] ,nrows=3)
# Q5=mat(H_be2,B be2,tl_be2,t2 be2,r be2)
Q = pd.read_excel("l-3-3pydata.xlsx",
sheet_name=2 skiprows= [0,2,3,5,6,8,9,11,12,13,14,15,16,17,18,19,20,21])
Q=mat(H_co,B_co,tl_co,t2_co,r_co) #tpm_column
Q1 = pd.read_excel("]-3-3pydata.xlsx",
sheet_name=2 skiprows= [0,1,3,4,6,7,9,10,12,13,14,15,16,17,18,19,20,21])
QIl=mat(H col,B col,tl col,t2 col,r col)
Q2 = pd.read_excel("l-3-3pydata.xlsx",
sheet_name=2 skiprows= [0,1,2,45,7,8,10,11,13,14,15,16,17,18,19,20,21])
Q2=mat(H_co2,B _co2,tl co2,t2 co2,r co2)
Q3 = pd.read_excel("l-3-3pydata.xlsx",
sheet_name=2 skiprows= [0,1,2,3,4,5,6,7,8,9,10,11,12,16,17,18,19,20,21])
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Q3=mat(H_be,B_be,tl_be,t2_be,r be) #tpm_beam

Q4 = pd.read_excel("l-3-3pydata.xlsx",
sheet_name=2 skiprows= [0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,19,20,21])

Q4=mat(H_bel,B_bel,tl_bel,t2 bel,r_bel)

Q5 = pd.read_excel("l-3-3pydata.xlsx",
sheet_name=2 skiprows= [0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18])

Q5=mat(H_be2,B be2,tl be2,t2 be2,r be2)

AL =]
Cs =[]
SN =[]

for i in range(NMEMB):
NL = N1[i]
NR = N2[i]
DELX = XNODE[NR] - XNODE[NL]
DELY = YNODE[NR] - YNODE[NL]

ALl = np.sqrt(DELX**2 + DELY**2)
CS1 = DELX/AL1
SN1 = DELY/AL1

AL = np.insert(AL.O.ALl,aXis =0)
CS.append(CSl)
SN.append(SN1)

#print(AL,CS,SN)

D = pd.read_excel("l-3-3pydata.xlsx",sheet_name = 5)
IN = D["IN"]
X1 = D["X1"]
X2 =D["X2"]
X3 = D["X3"]
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for I in IN:
IT=T1*3
P[II] = X1[I]
P[I1+1] = X2[1]
P[I1+2] = X3[1]

E = pd.read_excel("]-3-3pydata.xlsx",sheet_name = 6)

IM = E["IM"]
X1 = E["X1"
X2 = E["X2"
X3 = E["X3"
X4 = E["X4"

e e e

IM = len(IM)

W = zeros((IM,4))
#print(W)

for I in range(IM):
WIL0] = X1[I
WIL1] =X2[1
WIL2] = X3[I
WIL3] = X4[I

]
]
]
]

def eq():
for L in range(2):
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NL = L*3
for j in range(4):
X = zeros((3))
foriin range(3):
A=0
for k in range(3):
A = A+T[ik]*AM[k+NL,j]
X[i]=A
foriin range(3):
AM[i+NL,j] = X[i]

for x in range (8):
I1=N1[im]*3+x
ifx >=3 and x < 6:
IT = (N2[im]-1)*3+x
if x >= 6:
II = NNODE*3+(im-3)*2+x
for y in range(4):
ify==3:
P[II] = P[II]+AM[x,y]
break
J] = im*3+y
H[IL]]] = AM[x,y]

for im in range(NMEMB ):

T = zeros((3,3))
T[0,0] = CS[im]
T[1,0] = SN[im]
T[0,1] = -SN[im]
T[1,1] = CS[im]
T[2.2] =1

#print(T)

AM = zeros((8,4))
A=1/(AL[im] - AL2[im] - AL3[im])
#print(A)
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Bl = AL2[im]*A
B2 = AL3[im]*A

AM[0,0] = -1
AM[1,1]=A
AM[1,2] =-A
AM[2,1] = 1+B1
AM[2,2] =-B1
AM[3,0] =1
AM[4,1] =-A
AM[4,2] = A
AM[5,1] = B2
AM[5,2] =-(1+B2)
#prmt(AM)

AA = AL4[im] + AL5[im]
if AA ==
eq()

continue

Cl1 = AL[im] - AL3[im] - AL4[im]
C21 = AL4[im] - AL2[im]

C12 = AL[im] - AL3[im] - AL5[im]
C22 = AL5[im] - AL2[im]
#print(C11)

=-A*Cl1
= -A*C21
=-A*Cl2
= -A*C22

AM]J6,1
AM][6,2
AMI[7,1
AM[7,2

N Y T S [ W—

WX1 = W[im,0]
WY1 = W[im,1]
WX2 = W[im,2]
WY2 = W[im,3]

AM][0,3] = ((C11+B2/A)*WX1+(C12+B2/A)*WX2)/AL[im]
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AA = CII"WY1+C12*WY2

AM[1,3] = A*AA
AM[2,3] = B1*AA

AM][3,3] = ((C21+B1/A)*WX1 + (C22+B1/A)*WX2)/AL[im]
AA = C21"WY1 + C22*WY2
AM[4,3] = A*AA
AM[5,3] = -B2*AA
AM[6,3] = C21*AM[1,3]
AM[7,3] = C22*AM[1,3]
AA = AL5[im] - AL4[im]
if AA <0:
AM[6,3] = AM[6,3] + AA*WY2
if AA > 0:
AM[7,3] = AM[7,3] - AA*WY1
AMO[im,0] = AM[6,3]
AMO[im,1] = AM[7,3]
eq#2 D HEWITERDIERK
N = NMEMB*2
for v in range(N):
II = NNODE*3+v
J] = NMEMB*3+v
HIIILTH = 1
ALM=0
#lanx v
def jordan(I,]C):
PIV = HJ[L,JC]
if PIV==10:
print(L,JC,"------- STOP AT JORDAN------- ")
sys.exit()
for J in range(NCOL):
H[L]] = H[L]]/PIV
P[I] = P[I]/PIV
for iin range(NROW):
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if i ==1¢
continue
else:
PIV = H[i,]C]
for ] in range(NCOL):
H[iJ] = H[iJ] - H[L,J*PIV
Pli] = P[i] - P[I]*PIV

#a[Eld T 5L 2 A %ERIL
def gj_5100):
PIV = abs(H[I,0])
#print(PIV)
JCOL[I] =0
#JCOL | H BEfR I{TOHFF 2R T720, 0L EDICT S
for J in range( 1,NCOL):
AA = abs(H[L]])
if AA > PIV:
PIV = AA
JCOLII] =]
continue
else:
continue
JC = JCOLII]
#print(JC)
JC = int(JC)

return JC

JCOL = np.ones((NROW))
JCOL = -1*JCOL
#print(type(H))

for I in range(NROW):
#JCOL[I] =0
if I > 3*NNODE-1:
IM = int((I-3*NNODE) /2)
] = int((I-3*NNODE-2*IM)*2)
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A=0
for jj in range(2):
A=A+ abs(W[IM,J+j;])
ifA==0:
continue
else:
JC =gj_5100)
jordan(L,JC)
#JCOLII] = JCOLII] + 1
continue
else:
IN-=1{3
IN = int(IN)
ISUP1 = ISUP[IN] + 1
#ISUP WO I NZiMES TH Y, ISUP HkIZSCRHRE
#Fortran ICEWTH 0, 1, 2, 3TEKINLZDTIDETFE Tlhrin
#F 7z, ISUP1 Bl T, RIITHIVNHZIETRT27-00E DT, JHXL
LR R BMRIT IR

if ISUP1 == 1:
JC = gj_5100)
jordan (I,]C)
#JCOLII] = JCOL[I]+1
continue
elif ISUP1 == 2:
continue
elif ISUP1 == 3:
aa=1-3*IN
if aa ==
JC = gj_510()
jordan( I,]C)
#JCOLII] = JCOLI[I] + 1
continue
else:

continue

elif ISUP1 == 4:
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bb =1-3*IN +1
if bb == 0:
continue
else:
JC = gj_5100)
jordan(I,]C)
#JCOLII] = JCOLI[I] + 1

continue

ST, JC A ML LTIk 3 BAR+ 1 Shkik, BE0HA JCOL Dfizn £ic
45
NC=0
while NC <= NROW:
# if NC >= NROW:
# print("MECHANISM WAS NOT REACHED WITHIN NROW
CYCLES, TWO PROCEDURE INTERRUPTED")
# print("STOP")
# break

DLMK = 10000 #1000 ~ 100000
NC=NC +1
forIin range(NROW):
JC = int(JCOL[I]+1)
if JC == 0:
continue
elif JC > 3*NMEMB:
IM = int((JC-3*NMEMB-1)/2 + 1)
J] = int(JC-3*NMEMB-2*(IM-1)+3)
else:
IM = int((JC-1)/3 + 1)
J] = int(JC-3*(IM-1))
PP = P[I]
if PP > 0:
DLM = ((FY[IM-1,2*]]-2])-R[JC-1])/P[I]
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elif PP == 0:
continue
elif PP < 0:
DLM = ((-FY[IM-1,2*]]-1])-R[JC-1])/P[I]
if DLM >= DLMK:
continue
DLMK = DLM
K=1I

JC = int(JCOL[K]+1)
[HINGJ[JC-1] =1
if P[K] < 0:
IHING[JC-1] =-1
ALM = ALM + DLMK
for I in range(NROW):
JC = int(JCOLI[I]+1)
if JC == 0:
continue
R[JC-1] = R[JC-1]+DLMK*P|[I]

continue

ZMAX = -10000 #-1000 ~ -100000
for ] in range(NCOL):
forlin range(NROW):
JC =JCOL[I]+1
if J==]C:
break
if ] ==JC-1:
continue
else:
Z = H[K,J]*P[K]/abs(P[K])
if R[J] ==0:
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Z = abs(Z)
elif R[]] > 0:

Z=-Z
if Z > ZMAX:
ZMAX =Z
L=]
L = int(L)
else:
continue
if ZMAX <= 0:
return ALM
if NC == NROW:
return ALM
else:
#print(H)
IHING[L] = 0

JC = int(JC-1)
jordan (K,L)

continue

#EGEAL O e ff & AT AR, HE & ROWTHRE
def objective (vars):
H co = vars[0]
B co = vars[1]
tl_co = vars[2]
t2_co = vars[3]
r_co = vars[4]
H col = vars[5]
B col = vars[6]
tl_col= vars[7]
t2_col = vars[8]
r_col = vars[9]
H co2 = vars[10]
B co2 = vars[11]
tl co2 = vars[12]
t2_co2 = vars[13]
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r_co2 = vars[14]
H be =vars[15]
B be = vars[16]
tl_be = vars[17]
t2_be = vars[18]
r_be = vars[19]

H bel = vars[20]
B bel = vars[21]
tl_bel = vars[22]
t2_bel = vars[23]
r_bel = vars[24]
H be2 = vars[25]
B be2 = vars[26]
tl_be2 = vars[27]
t2_be2 = vars[28]
r_be2 = vars[29]

f1 = 1/ALM(NNODE, NMEMB, COLUMN, BEAM, H co, B co, tl_co, t2 co, r_co,
H _be, B be, t1 _be, t2 be,r be, H col, B col, tl _col, t2 col, r col, H bel, B bel, t1 bel,
t2 bel,r bel, H co2, B c02,tl c02,t2 co2,r co2, H be2, B be2, t1 be2, t2 be2, r be2)

f2 = mat(H co,B_co,tl _co,t2 co,r co)[0]

f3 = mat(H _col,B_col,tl _col,t2 col,r col)[0]

f4 = mat(H co2,B _co2,tl_co2,t2 co2,r co2)[0]

f5 = mat(H be,B be,tl be,t2 be,r be)[0]

f6 = mat(H _bel,B bel,tl _bel,t2 bel,r bel)[0]

f7 = mat(H be2,B _be2,tl _be2,t2 be2,r be2)[0]

# v1=-f3+f5
#v2=-15+17

#v3=-13+1{7

return[fl 12,3,f4 {516 {7]#,[v1,v2,v3]

def optimization(n_var,n_obj,vars,n_run):
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#EXaT AR & BHIBEE D i & 50E
problem = Problem(n_var,n_obj)
#hoE R8I B IME 2 3UE
problem.directions[:] = Problem MINIMIZE
# problem.constraints[:] ="<=0"
#aXat 2R L B IBE E BOE
problem.types[:] = vars
problem.function = objective
#HRE(L T A=) XL RFE L CEET 2
algorithm = NSGAH(problem,population_size=3)

algorithm.run(n_run)

return algorithm

FRBZERET D

vars]l = Real(100.,1000.)
vars2 = Real(50.,500.)
vars3 = Real(5.,50.)
vars4 = Real(5.,80.)

vars5 = Real(5.,25.)

vars6 = Real(100.,1000.)
vars7 = Real(50.,500)
vars8 = Real(5.,50.)

vars9 = Real(5.,80.)
vars10 = Real(5.,25.)
vars11 = Real(100.,1000.)
vars12 = Real(50.,500.)
vars13 = Real(5.,50.)
vars14 = Real(5.,80.)
varsl5 = Real(5.,25.)
vars16 = Real(100.,1000.)
vars17 = Real(50.,500.)
vars18 = Real(5.,50.)
vars19 = Real(5.,80.)
vars20 = Real(5.,25.)
vars21 = Real(100.,1000.)
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vars22 = Real(50.,500.)

vars23 = Real(5.,50.)

vars24 = Real(5.,80.)

vars25 = Real(5.,25.)

vars26 = Real(100.,1000.)

vars27 = Real(50.,500.)

vars28 = Real(5.,50.)

vars29 = Real(5.,80.)

vars30 = Real(5.,25.)

vars =
[varsl,vars2,vars3,vars4,vars5,vars6,vars7,vars8,vars9,vars10,vars11,vars12,vars13,vars14,va
rs15,vars16,vars17,vars18,vars19,vars20,vars21,vars22,vars23,vars24,vars25,vars26,vars27,v
ars28,vars29,vars30]

#oBfLEtR 2T 2

algorithm = optimization(n_var=len(vars),n_obj=7,vars=vars,n_run=2000)

#2777 DEFE

plt.rcParams['fcnt.size'] =14

plt.rcParams ['font.family'] = '"Times New Roman'
fig = plt.figure(figsize=(6, 6))

ax1 = fig.add_subplot(111,projection="3d")

#EHD 7 _RALEEET 5,
axl.set_xlabel('load")

axl.set_ylabel('column')

axl.set zlabel('beam')

#E D I
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for solution in algorithm.result:
objl.append (soluti on.objectives [o])
obj2.append(solution.objectives [1D
obj3.append(solution.objectives [2])
obj4.append (soluti on.objectives [3])
obj5.append(solution.objectives [4])
obj6.append(solution.objectives [5])
obj7.append(solution.objectives [6])

axl.scatter(objl, obj2, obj5, color='gray', edgecolor="gray', label="Trial', alpha=0.5)
axl.scatter(objl,0bj3,0bj6, color='gray', edgecolor='gray', label='Trial', alpha=0.5)
axl.scatter('obj1,0bj4,0bj7, color='gray', edgecolor='gray’, label="Trial', alpha=0.5)

# oL — }‘%727‘11: b }'-ﬁ-éo
n_dominated = nondominated(algorithm.result) # IERBEMNT 3
objl = [1

for solution in n_dominated:
objl.append (Solution.objectives[OD
obj2.append (Solution.objectives[l])
obj3.append (Solution.objectives[z

e T

obj4.append(solution.objectives [3

)
obj6.append(solution.objectives [5])

]
]
obj5.append(solution.objectives [4]
]
obj7.append(solution.objectives[6])

axl.scatter('objl, obj2, obj5, color='yellow', edgecolor='black’, label="Pareto front')
axl.scatter(objl,0bj3,0bj6, color="red', edgecolor="black, label="Pareto front')
axl.scatter(objl,obj4,0bj7, color="blue', edgecolor='black’, label="Pareto front')

ax1 .legend()

# U7 7%FRT b,
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plt.show()
plt.close 0O

#EMEIR 7 0 77 L
n_d = len(n_dominated)
result_array = np.zeros((n_d,37))
foriin range(len(n_dominated)):
for j in range(30):
result_array [1;] = n_dominated|i].variables [J]
for jin range(30,37):

resu lt_array[i,j ] = n_dominated]i] .objectives [j -30]

result column = result_array[:,O:S]
result columnl = result_array[:,S:lO]
result column2= result_array[:, 10:15]
result_ beam = result_array|[:,15:20]
result_ beaml = result_array [:,20:25]
result beam2 = result_array[:,25:30]
result_purpus = result_array[:,30:37:|
mat_data = pd.read_excel("mat_data_mm.xlsx")
mat_data = mat_data.to_numpy()

r_c = pd.DataFrame(result_column)
r_b = pd.DataFrame(result_beam)
r_cl = pd.DataFrame(result_columnl)
r_bl = pd.DataFrame(result beaml)
r_c2 = pd.DataFrame(result_column2)
r_b2 = pd.DataFrame(result _beam2)
#print("result column")

#print(r_c)

#print(r_cl)

#print(r_c2)

#print("result beam")

#print(r_b)

54



#print(r_b1l)
#print(r_b2)

HRZE RGN T BT HIERR

err_ mat_c = zeros((len(mat_data),5))
err_ mat_b = zeros((len(mat_data),5))
err_mat_cl = zeros((len(mat_data),5))
err_mat_bl = zeros((len(mat_data),5))
err mat_c2 = zeros((len(mat_data),5))

err_ mat_b2 = zeros((len(mat_data),5))

#EOE M D BB Z I 5 175

fin_c =[]
fin_ b= []
fin_cl1 =[]
fin_ bl =[]
fin_c2 =[]
fin_ b2 =[]

FANL— FROWMOHL V2327578
for m in range(n_d):
for i in range(len(mat_data)):
forjin range(S):
err_mat_c[i,j] = (mat_data[i,j]/result_column[m,j])-l

err_mat_bli, ]] = (mat data[i,j]fresult beam[mj])-l

err_mat_cl [1] = (mat data[lj]/result columnl[m]]) -1

err_mat_bl[j, ] (mat_data [1,]] /result_beam1 [m,]] )-1

err_mat_c2[i,] (mat_datali,]

]
il =
1 ]
err_mat_b2[i, ]] = (mat data[l,j]/result_beamZ[m,j])-1
# print("column's err")

# print(err_mat_c)

# print("beam's err")

# print(err_mat_b)

HBEB OB RGN T 2175
err tot_c= []

err tot b= []
err tot_cl =[]

err_tot_bl =[]
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err tot_c2 =[]

err_tot_b2 =[]

HERFEDRZIRTINICELD S

for iin range(len (mat_data)):
err_tot_c.append(sum(abs(err_mat_c[i])))
err_tot_b.append(sum(abs(err_mat_b [iD)
err_tot_cl.append(sum/(abs (err_ mat_clli])))
err_tot_bl.append(sum(abs(err_mat_b1[i])))
err_tot_c2.append (sum(abs(err_mat_c2[i])))
err_tot_b2.append(sum(abs(err_mat_b2[i])))

#ERZE DA FHED R D /N X b O ZER M OER

t_c = err_tot_c.index(min(err tot c))

t b = err_tot_b.index(min(err_tot b))

t ¢l = err_tot_cl.index(min(err tot c1))

t bl = err_tot bl.index(min(err_tot bl))

t_c2 = err_tot_c2.index(min(err_tot c2))

t b2 = err_tot_b2.index(min(err_tot_b2))

fin_c.append (mat_data[t_c])

fin_b.append(mat_data[t_b])

fin_c1l.append(mat_data[t_c1])

fin_b1l.append(mat_data[t_b1])

fin_c2.append(mat_data[t_c2])

fin_b2.append (mat_data[t_b2])

#RERMZ RS LTS
fin_c = pd.DataFrame(fin_c)
fin_b = pd.DataFrame(fin_b)
fin_cl = pd.DataFrame(fin_c1)
fin_bl = pd.DataFrame(fin_b1)
fin_c2 = pd.DataFrame(fin_c2)
fin_b2 = pd.DataFrame(fin_b2)

print("Column's optimal solutio n")
print(fin_c)
print(fin_c1)
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print(fin_c2)

print("Beam's optimal solution")
print(fin_b)

print(fin_b1)

print(fin_b2)

#df = pd.DataFrame ([[fin_cl,[fin_c1],[fin_c2]],

# index=["1F",'2F','3F'], columns=['H',B",'t1",'t2','r'])
#dfl =pd.DataFrame( [[fin_b],[fin_b1],[fin b2]],
# index=["1F",'2F','3F'], columns=["H',B",'t1",'t2","r'])

#with pd.ExcelWriter('spyder-python/l-3-3-cpm-size3-runlOOO.xlsx', mode='a") as writer:
# df.to_excel(writer, sheet name="'sheet1')

#  dfl.to_excel(writer, sheet name='sheet2')

sys.exit()

fin_result.append(["-----","---==", " e ce " Menee M Moo 1)
fin_result.append(["pareto",j,"-----","-=-=-","-----"])
fin_result.append(["purpus","---","---","---","---"])
fin_result.append (result_purpus[j])
fin_result.append(["col","---","---","---""---"])

fin resulzappend{res eol)
fin_result.append(res col err)

fin_result.append (["beam", ||___u,n___rl,u___rl'rl___ﬂ])

fin_result.append (res_beam)

O W W W W W W W R

fin_result.append (res_beam_err)

# #IEPGE R O HIl

# print("closest value")

# print("pareto=",n_d,"¥n")

# column name = ["H","B","t1","t2","r"]

# fin_result = pd.DataFrame(fin_result,columns = column_name)

# print(fin_result)
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5@3 =2y

FORBETA T DAV A=

import numpy as np

import pandas as pd

import sys

from numpy import zeros

from platypus import NSGAII,Problem,Real,nondominated

from matplotlib import pyplot as plt

#HM O L R, O E AT
A = pd.read_excel("l-3-5pydata_400mm.xlsx", sheet_name=0)
NNODE = A.iat[0,0]
NMEMB = A.iat[0,1]
COLUMN = A.iat[0,2]
BEAM = A.iat[0,3]
#WTHEITE, f7EE, YAVEWTE (REL 28IEE— 2 v T O R
def mat(H,B,t1,t2,r):
memb = t1*(H-2*2)+2*B*t2+0.858*r**2
w = 0.00785*memb
Zx = B*t2*(H-t2) + (((H-2%t2)**2)*t1)/4 + 0.4292*(+**2)*(H-2*%t2 - 0.4467%r)
tpm = 235*Zx

return memb,w,Zx, tpm

#HAEERT E TR ORE L
def ALM(NNODE, NMEMB, COLUMN, BEAM, ¥
H co, B co, tl co, t2 co, r co, H be, B be, tl_be, t2 be, r_be ¥
H col, B _col, tl col,t2 col,r col, H bel, B bel, t1 _bel, t2 bel, r bel ¥
H co2,B co2, tl co2,t2 co2,r co2, H be2, B be2, t1 be2, t2 be2, r be2 ¥
H co3,B_co3, t]l co3,t2 co3,r co3, H be3, B be3, t1 be3, t2 be3, r be3,¥
H co4, B co4, tl cod,t2 cod,r cod, H bed, B bed, t1 bed, t2 bed, r bed):
np.set_printoptions(precision=3,suppress=True)
NCOL = 5*NMEMB
NROW = 3*NNODE + 2*NMEMB
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# R O 2T — 2 v}

tpm_column = mat(H_co,B_co,t]l co,t2 co,r co)[3]
tpm_beam = mat(H_be,B_be,t1_be,t2_be,r_be) [3]
tpm_columnl = mat(H _col,B col,tl col,t2 col,r col)[3]
tpm_beam1 = mat(H_bel,B_bel,t1_bel,t2 bel,r bel)[3]
tpm_column2 = mat (H _co2,B co2,tl co2,t2 co2,r co2)[3]
tpm_beam?2 = mat(H_be2,B be2,t1 be2,t2 be2,r be2)[3]
tpm_column3 = mat(H_co3,B co03,t1 co03,t2 co3,r co3)[3]
tpm_beam3 = mat(H_be3,B_be3,t1_be3,t2_be3,r_be3)[3]
tpm_column4 = mat (H_co4,B co4,tl co4,t2 cod,r cod)[3]
tpm_beam4 = mat(H_be4,B_be4,t1_be4,t2_bed,r bed)[3]

I = NROW

] =NCOL

H = zeros((1,]))

P = zeros((I))

I =NCOL

R = zeros((I))
THING = zeros((I))

IM = NMEMB
AMO = zeros((IM,2))
[=4

W = zeros((IM,I))

AF =]
AS — ["”."FIX","PIN","ROL"]

B = pd.read_excel("l-3-5pydata_400mm xlsx", sheet_name=1)

J=B[""]
#print(])
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#print(] [3])

ISUP = B["ISUP"]
XNODE = B["XNODE"]
YNODE = B["YNODE"]

foriin range(NNODE):
ISUP1 = ISUP[i]
AF.append(AS [ISUP1])

C = pd.read_excel("l-3-5pydata_400mm.xlsx", sheet_name=2)
AL = pd.read_excel("l-3-5pydata_400mm.xlsx", sheet_ name=3)
FYY = pd.read_excel("l-3-5pydata_400mm.x|sx", sheet_name=4)

#print (FY)

M = C["M"]
N1 =C['N1"]
N2 = C["N2"]

#print(AL.iat [2,2])
AL2 = AL["AL2"]
AL3 = AL["AL3"]
AL4 = AL["AL4"]
AL5 = AL["AL5"]

FY = zeros((NMEMB, 10))
foriin range(NMEMB):
forjin range(Z):
FY[i,j] = FYY.iat[i,]]
for jin range(Z,lO):
for i in range(COLUMN):
FY[i,j] = tpm_column
for i in range(COLUMN,COLUMN+BEAM):
FY[i,j] = tpm_beam
foriin range(COLUMN):
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FY[i,j] = tpm_columnl

for i in range(COLUMN,COLUMN+BEAM):
FY[i,j] = tpm_beaml

for iin range(COLUMN):
FY[i,j] = tpm_column2

for i in range(COLUMN,COLUMN+BEAM):
FY[i,j] = tpm_beam2

for iin range(COLUMN):
FY[i,j] = tpm_column3

for i in range(COLUMN,COLUMN+BEAM):
FY[i,j] = tpm_beam3

foriin range(COLUMN):
FY[i,j] = tpm_column4

for i in range(COLUMN,COLUMN+BEAM):
FY[i,j] = tpm_beam4

Q= pd.read_excel("]-3-3pydata.xlsx",
sheet_name=2,skiprows=[0,2,3,4,5,7,8,9,10,12,13,14,15,17,18,19,20,21,22,23,24,25,26,27,2
8,29,30,31,32,33,34,35])

Q=mat(H_co,B co,t]_co,t2 co,r co) #tpm_column

Ql= pd.read_excel("l-3-3pydata.xlsx",
sheet_name=2,skiprows=[0,1,3,4,5,6,8,9,10,11,13,14,15,16,18,19,20,21,22,23,24,25,26,27,2
8,29,30,31,32,33,34,35])

Q1= mat(H _col,B col,tl col,t2 col,r col)

Q2= pd.read_excel("l-3-3pydata.xlsx",
sheet_name=2,skiprows=[0,1,2,4,5,6,7,9,10,11,12,14,15,16,17,19,20,21,22,23,24,25,26,27,2
8,29,30,31,32,33,34,35])

Q2= mat(H_co2,B_co2,t1_co2,t2_co2,r co2)

Q3=pd.read_excel("l-3-3pydata.xlsx",
sheet_name=2,skiprows=[0,1,2,3,5,6,7,8,10,11,12,13,15,16,17,18,20,21,22,23,24,25,26,27,2
8,29,30,31,32,33,34,35])

Q3=mat(H_co3,B_co3,tl_co3,t2 co3,r_co3)

Q4=pd.read_excel("l-3-3pydata.xlsx",
sheet_name=2,skiprows=[0,1,2,3,4,6,7,8,9,11,12,13,14,16,17,18,19,21,22,23,24,25,26,27,28
,29,30,31,32,33,34,35])

Q4=mat(H_co4,B_co4,tl_co4,t2_cod,r cod)
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Q5= pd.read_excel("l-3-3pydata.xlsx",
sheet_name=2,skiprows=[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,22,23,24,25,
27,28,29,30,32,33,34,35])

Q5=mat(H_be,B_be,t1_be,t2_be,r_be) #tpm_beam

Q6 = pd.read_excel("l-3-3pydata.xlsx",
sheet_name=2,skiprows=[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,23,24,25,
26,28,29,30,31,33,34,35])

Q6=mat(H_bel,B_bel,tl bel,t2 bel,r_bel)

Q7 = pd.read_excel("l-3-3pydata.xlsx",
sheet_name=2,skiprows=[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,24,25,
26,27,29,30,31,32,34,35])

Q7=mat(H be2,B be2,tl be2,t2 be2,r be2)

Q8=pd.read_excel("l-3-3pydata.xlsx",
sheet_name=2,skiprows=[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,25,
26,27.28.30,31,32,33.35])

Q8=mat(H_be3,B_be3,tl_be3,t2 be3,r be3)

Q9=pd.read_excel("l-3-3pydata.xlsx",
sheet_name=2,skiprows=[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,
26,27,28,29,31,32,33,34])

Q9=mat(H_be4,B_bed,tl bed,t2 bed,r bed)

“ O >
Z w -
oo

for i in range(NMEMB):
NL = N1[i]
NR = N2[i]
DELX = XNODE[NR] - XNODE[NL]
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DELY = YNODE[NR] - YNODE[NL]

AL1 = np.sqrt(DELX**2 + DELY**2)
CS1 = DELX/ALI
SN1 = DELY/AL1

AL = np.insert(AL.O,ALl,axis =0)
CS.append (CS1)
SN.append(SNl)

#print(AL,CS,SN)

D = pd.read_excel("l-3-5pydata_400mm.xlsx",sheet_name = 5)
IN = D["IN"]

X1 = D["X1"]
X2=D["%2"]
X3 = D["X3"]

for I in IN:
IT=T1*3
P[II] = X1[I]
P[I1+1] = X2[1]
P[I1+2] = X3[1]

E = pd.read_excel("]-3-5pydata_400mm.xlsx",sheet_name = 6)

IM = E["IM"]
X1 = E["X1"
X2 = E["X2"
X3 = E["X3"
X4 = E["X4"

e e e
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IM = len(IM)

W = zeros((IM,4))
#print(W)

forIin range(IM):

WIL0] = X1[1]

WIL1] = X2[1]

WIL2] = X3[I1]

WIL,3] = X4[I1]
#ommmnee the equiliblium equation for the member in the-------
#emmmm - member coordinate system (H matrix,P matrix)-------
R TRANSGORMATION OF THE COORDINATE SYSTEM-------
ommmme- ASSEMBLING OF THE TOTAL H MATRIX AND FORCE VECTOR-------
def eq():

for L in range(Z):

NL = L*3

for j in range(4):

X = zeros((3))

for iin range(3):
A=0
for k in range(3):

A = A+T[ik]*AM[k+NL,j]

X[i]=A

foriin range(3):

AM[i+NL,j] = X[i]

for x in range (8):
I1=N1[im]*3+x
ifx >=3 and x < 6:
IT = (N2[im]-1)*3+x
if x >= 6:

II = NNODE*3+(im-3)*2+x
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for y in range(4):
ify==3:
P[II] = P[II]+AM[x,y]
break
J) = im*34y
HI[IL]]] = AM[x,y]

for im in range(NMEMB)):

T = zeros((3,3))
T[0,0] = CS[im]
T[1,0] = SN[im]
T[0,1] =-SN[im]
T[1,1] = CS[im]
T[22] =1

#print(T)

AM = zeros((8,4))

A=1/(AL[im] - AL2[im] - AL3[im])
#print(A)

Bl = AL2[im]*A

B2 = AL3[im]*A

AM[0,0] = -1
AM[1,1]=A
AM[1,2] =-A
AM[2,1] = 1+B1
AM[2,2] =-B1
AM[3,0] =
AM[4,1] =-A
AM[4,2] = A
AM[5,1] =B2
AM[5,2] =-(1+B2)
#print(AM)

AA = AL4[im] + AL5[im]
if AA==0:
eq()
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continue

Cl11 = AL[im] - AL3[im] - AL4[im]
C21 = AL4[im] - AL2[im]

Cl12 = AL[im] - AL3[im] - AL5[im]
C22 = AL5[im] - AL2[im]
#print(C1 1)

WX1 = W[im,0]

WY1 = W[im,1]

WX2 = W[im,2]

WY2 = W[im,3]

AM][0,3] = ((C114+B2/A)*WX1+(C12+B2/A)*WX2)/AL[im]
AA = C11*WY1+CI12*WY2

AM[1,3] = A*AA
AM[2,3] = B1*AA

AM][3,3] = ((C21+B1/A)*WXI1 + (C22+B1/A)*WX2)/AL[im]
AA = C21*WY1 + C22*WY2
AM[4,3] = A*AA
AM[5,3] = -B2*AA
AM[6,3] = C21*AM[1,3]
AM][7,3] = C22*AM[1,3]
AA = AL5[im] - AL4[im]
if AA < 0:

AM[6,3] = AM[6,3] + AA*WY2
if AA > 0:

AM[7,3] = AM[7,3] - AA*WY1
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AMO[im,0] = AM[6,3]
AMO[im,1] = AM[7,3]
eqO#2 W HWABEROIER
N = NMEMB*2
for v in range(N):
II = NNODE*3+v
J] = NMEMB*3+v
H[IL]]] =1
ALM=0
#lang v
def jordan(L,JC):
PIV = HJ[L,JC]
if PIV == 0:
print(L,JC,"------- STOP AT JORDAN------- ")
sys.exit()
for J in range(NCOL):
H[L]J] = H[L]]/PIV
P[I] = P[1]/PIV
for i in range(NROW):
if i ==1¢
continue
else:
PIV = H[i,]C]
for ] in range(NCOL):
H[iJ] = H[5J] - H[L,J]*PIV
Pli] = P[i] - P[1]*PIV

#[Eld T 5 & 2 A REHIL
def gj_5100):
PIV = abs(H[I,0])
#print(PIV)
JCOL[I] =0
#JCOL | H BB R IfTOHEF 2R T720, 0L EDICT S
for ] in range(1,NCOL):
AA = abs(H[L]])
if AA > PIV:
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PIV = AA
JCOLII] =]
continue
else:
continue
JC =JCOLII]
#print(]C)
JC = int(JC)

return JC

JCOL = np.ones((NROW))
JCOL = -1*JCOL
#print(type(_H))

for I in range(NROW):
#JCOL[I] =0
if I > 3*NNODE-1:
IM = int((I-3*NNODE)/2)
] = int((I-3*NNODE-2*IM)*2)
A=0
for jj in range(2):
A=A+ abs(W[IM,J+j;])
ifA==0:
continue
else:
JC = gj_5100)
jordan(L,JC)
#JCOLII] = JCOLII] + 1
continue
else:
IN=1#3
IN = int(IN)
ISUP1 = ISUP[IN] + 1
#ISUP NOZH I NZiMES TH Y, ISUP HkIZSRHRE
#Fortran ICEWTH 0, 1, 2, 3TEKINLZDTIDETFE Tlrin
#F 7z, ISUP1 Bl T, RIITHIVNHZIETRT27-00E DT, JHXL

68



CEZDHEITRW

if ISUP1 == 1:
JC =gj_510()
jordan(I,]C)
#JCOLII] = JCOL[I]+1
continue
elif ISUP1 == 2:
continue
elif ISUP1 == 3:
aa=1-3*IN
if aa ==
JC = gj_5100
jordan(LJC)
#JCOLII] = JCOLI[I] + 1
continue
else:
continue
elif ISUP1 == 4:
bb =1-3*IN +1
if bb == 0:
continue
else:
JC = gj_5100)
jordan(I,]C)
#JCOLI[I] = JCOLI[I] + 1

continue

LT, JC28fEE LTI BAIZ+ 1 Ih-RkE HE50HA JCOL DfEizDE Fic
75
NC=0
while NC <= NROW:
#if NC >= NROW:
# print("MECHANISM WAS NOT REACHED WITHIN NROW

69



CYCLES, TWO PROCEDURE INTERRUPTED")
# print( "STOP")
# break

DLMK = 10000 #1000 ~ -100000
NC=NC+1
forlin range(NROW):
JC = int(JCOLI[I]+1)
if JC == 0:
continue
elif JC > 3*NMEMB:
IM = int((JC-3*NMEMB-1)/2 + 1)
J] = int(JC-3*NMEMB-2*(IM-1)+3)
else:
IM=int((JC-1)/3 + 1)
J] = int(JC-3*(IM-1))
PP="P[I]
if PP > 0:
DLM = ((FY[IM-1,2*]J-2])-R[JC-1])/P[]]
elif PP == 0:
continue
elif PP < 0:
DLM = ((-FY[IM-1,2*]]-1])-R[JC-1])/P[I]
if DLM >= DLMK:
continue
DLMK = DLM
K=1I

JC = int(JCOL[K]+1)

[HINGJ[JC-1] =1

if P[K] < 0:
IHING[JC-1] =-1

ALM = ALM + DLMK

for I in range(NROW):
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JC = int(JCOLI[I]+1)
if JC == 0:
continue
R[JC-1] = R[JC-1]+DLMK*P|[I]

continue

ZMAX = -10000 #-1000 ~ -100000
for ] in range(NCOL):
for I in range(NROW):
JC =JCOL[I]+1
if ] ==]C:
break
if ] ==JC-1:
continue
else:
Z = H[K,J]*P[K]/abs(P[K])
if R[J] ==0:
Z = abs(Z)
elif R[]] > 0:
Z=-Z
if Z > ZMAX:
ZMAX =7
L-]
L = int(L)
else:
continue
if ZMAX <= 0:
return ALM
if NC == NROW:
return ALM
else:
#print(H)
THING[L] =0
JC = int(JC-1)

il



jordan(K,L)

continue

#ieE (L O W fi & AT ARG, HE & RO MR

def objective(vars):
H co = vars[0]
B co = vars[1]
tl_co = vars[2]
t2_co = vars[3]
r_co = vars|4]
H col = vars[5]
B col = vars[6]
tl col = vars[7]
t2_col = vars[8]
r_col = vars[9]
H co2 = vars[10]
B co2 = vars[11]
tl co2 = vars[12]
t2_co2 = vars[13]
r_co2 = vars[14]
H co3 =vars[15]
B co3 = vars[16]
tl co3 = vars[17]
t2 co3 = vars[18]
r _co3 = vars[19]
H co4 = vars[20]
B co4 = vars[21]
tl_cod = vars[22]
t2_cod = vars[23]
r_cod = vars[24]
H be = vars[25]
B be = vars[26]
tl_be = vars[27]
t2_be = vars[28]
r_be = vars[29]
H bel = vars[30]
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B bel = vars[31]
tl_bel = vars[32]
t2_bel = vars[33]
r_bel = vars[34]

H be2 = vars[35]
B be2 = vars[36]
tl_be2 = vars[37]
t2_be2 = vars[38]
r_be2 = vars[39]

H be3 = vars[40]
B be3 = vars[41]
tl be3 = vars[42]
t2_be3 = vars[43]
r_be3 = vars[44]

H bed = vars[45]
B be4 = vars[46]
tl_bed = vars[47]
t2_bed = vars[48]
r_bed = vars[49]

f1 = 1/ALM(NNODE, NMEMB, COLUMN, BEAM ¥
H co, B co,tl co, t2 co, r co, H be, B be, t1 be, t2 be, r be ¥
H col, B col, tl col, t2 col, r col, H bel, B bel, tl _bel, t2 bel,

r bel ¥

H co2, B co2, tl co2, t2 co2, r co2, H be2, B be2, tl be2, 2 be2,
r be2,¥

H co3, B co3, tl co3, t2 co3, r co3, H be3, B be3, tl be3, 2 be3,
r be3¥

H co4, B co4,tl co4, t2 cod,r cod, H bed, B bed, t1_bed, t2_bed, r bed)
f2 = mat(H co,B_co,tl_co,t2 co,r co)[0]
f3 = mat(H _col,B col,tl _col,t2 col,r col)[0]
f4 = mat(H co2,B_co2,t1 co2,t2 co2,r co2)[0]
f5 = mat(H _co3,B_co3,t1_c03,t2 co3,r co3)[0]
f6 = mat(H _co4,B_co4,tl_co4,t2 co4,r co4)[0]
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f7 = mat(H_be B _be,tl be,t2 be,r be)[0]

f8 = mat(H bel,B bel,tl bel,t2 bel,r bel)[0]
f9 = mat(H be2,B be2,tl be2,t2 be2,r be2)[0]
f10 = mat(H_be3,B_be3,tl be3,t2 be3,r be3)[0]
f11 = mat(H be4,B be4,tl bed,t2 bed,r be4)[0]

#vl=-mat(H co,B co,tl co,t2 co,r co)[0]+mat(H col,B col,tl col,t2 col,r col)[0]
#vi=-
mat(H_col,B _col,tl col,t2 col,r col)[0]+mat(H co2,B co2,tl co2,t2 co2,r co2)[0]
#v3=-
mat(H _co2,B_co2,t]l co02,t2 co2,r co2)[0]+mat(H co3,B co3,tl co3,t2 co3,r co3)[0]
#vid=-
mat(H _co3,B_co3,t] co3,t2 co3,r_co3)[0]+mat(H co4,B co4,tl cod,t2 cod,r cod)[0]

return|[fl {2,£3,f4 {5,167 {8,f9,f10,f11] #,[vl,v2,v3,v4]

def optimization(n_var,n_obj,vars,n_run):

#axat 225 & HIBRE D fiE % 5E
problem = Problem(n_var,n_obj)
#hoE R I B IME 2 3UE
problem.directions[:] = Problem MINIMIZE
#problem.constraints[:] = Mez="

#aXat 2 L B IBE E BOE
problem.types[:] = vars
problem.function = objective
HROBELT AT ) XL 2FEL CRHET 3
algorithm = NSGAH(problem,population_size=3)

algorithm.run(n_run)

return algorithm

B R ROET
varsl = Real(lOO.,400.) #100-350
vars2 = Real(50.,350.) #50-350
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vars3 = Real(5.,50.)

vars4d = Real(5.,80.)

vars5 = Real(5.,25.)

vars6 = Real(100.,400.)

vars7 = Real(50.,350)

vars8 = Real(5.,50.)

vars9 = Real(5.,80.)

vars10 = Real(5.,25.)

varsl1 = Real(100.,400.)

vars12 = Real(50.,350.)

vars13 = Real(5.,50.)

vars14 = Real(5.,80.)

vars1l5 = Real(5.,25.)

varsl6 = Real(100.,400.)

vars17 = Real(50.,350.)

vars18 = Real(5.,50.)

vars19 = Real(5.,80.)

vars20 = Real(5.,25.)

vars21 = Real(100.,400.)

vars22 = Real(50.,350.)

vars23 = Real(5.,50.)

vars24 = Real(5.,80.)

vars25 = Real(5.,25.)

vars26 = Real(100.,400.) #100-400
vars27 = Real(50.,300.) #50-300
vars28 = Real(5.,50.)

vars29 = Real(5.,80.)

vars30 = Real(5.,25.)

vars31 = Real(100.,400.) #100-400
vars32 = Real(50.,300.)

vars33 = Real(5.,50.)

vars34 = Real(5.,80.)

vars35 = Real(5.,25.)

vars36 = Real(100.,400.) #100-400
vars37 = Real(50.,300)

vars38 = Real(5.,50.)
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vars39 = Real(5.,80.)

vars40 = Real(5.,25.)

vars41 = Real(100.,400.) #100-400
vars42 = Real(50.,300.)

vars43 = Real(5.,50.)

vars44 = Real(5.,80.)

vars45 = Real(5.,25.)

vars46 = Real(100.,400.) #100-400
vars47 = Real(50.,300.)

vars48 = Real(5.,50.)

vars49 = Real(5.,80.)

vars50 = Real(5.,25.)

vars = [varsl,vars2,vars3,varsd,vars5,vars6,vars7,vars8,vars9,vars10,¥
varsll,vars12,vars13,varsl4,vars15,vars16,vars17,vars18,vars19,vars20,¥
vars21,vars22,vars23,vars24,vars25,vars26,vars27,vars28,vars29,vars30,¥
vars31,vars32,vars33,vars34,vars35,vars36,vars37,vars38,vars39,vars40 ¥

varsd1,vars42 vars43,varsd4,vars45,vars46,vars47 vars4d8,vars49,vars50]

#RELEH R 2 ET T 5

algorithm = optimization(n_var=len (vars),n_obj =11,vars=vars,n_run=3000)

#7277 DFTE

plt.rcParams['font.size'] =14

plt.rcParams ['font.family'] = "Times New Roman'
fig = plt.figure(figsize=(6, 6))

axl = fig.add_subplot(111,projection="3d")

#FHDI_NVEZERET B,
axl.set_xlabel('load")
axl.set_ylabel('column')

axl.set zlabel('beam')

#R Dl
objl = []
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for solution in algorithm.result:
objl.append (Solution.objectives[OD
obj2.append (Solution.objectives[1])
obj3.append (Solution.objectives[z )
obj4.append(Solution.objectives[3 )
obj5.append(Solution.objectives[él )

]
]
]
obj6.append(solution.objectives[5])
obj7.append (soluti on.objectives [6])
obj8.append(solution.objectives [7D
obj9.append(solution.objectives [8])
obj10.append(solution.objectives [9])

objl1.append(solution.objectives [10])

axl.scatter(objl, obj2, obj7, color='gray', edgecolor="gray', label="Trial', alpha=0.5)
axl.scatter(objl, obj3, obj8, color='gray', edgecolor="gray', label="Trial', alpha=0.5)
axl.scatter('objl, obj4, obj9, color='gray', edgecolor="gray', label='Trial', alpha=0.5)
axl.scatter(objl, obj5, obj10, color='gray', edgecolor='gray’, label='Trial', alpha=0.5)
axl.scatter(objl, obj6, obj11, color="gray', edgecolor='gray', label='Trial', alpha=0.5)
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#FNL—ETOY FT5S,
n_dominated = nondominated (algorithm.result) # JEL Rt T 5
objl = ]

for solution in n_dominated:
objl.append (Solution.objectives[0])
obj2.append (Solution.objectives[l])
obj3.append(solution.objectives [2])
obj4.append(solution.objectives 3D
obj5.append(Solution.objectives 4])
5])
]
]
]

6])

[
[
obj6.append(solution.objectives [
obj7.append(solution.objectives [
obj8.append (soluti on.objectives [7D
[

obj9.append(solution.objectives[8])

91)
10])

obj10.append(solution.objectives [
[

objl1.append(solution.objectives

axl.scatter(objl, obj2, obj7, color="yellow', edgecolor="black’, label='Pareto front')
axl.scatter('objl, obj3, obj8, color="red', edgecolor="black’, label="Pareto front')
axl.scatter(objl, obj4, obj9, color="blue', edgecolor="black', label="Pareto front")
axl.scatter(objl, obj5, obj10, color="green', edgecolor="black', label="Pareto front'")
axl.scatter(objl. obj6, objl1, color="orange', edgecolor="black’, label="Pareto front')

ax] .legend()
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# U3 7% KR~TB,
plt.show()
plt.close()

#EMEIR 7 0 75 L
n_d =len(n_dominated)
result_array = np.zeros( (n d,61))
for i in range(len (n_dominated)):
for j in range(50):
result_array [i,j] = n_dominated[i].variables [J]
for jin range(SO,61):

result_array [1; ] = n_dominated|i] .objectives [3 -50]

result_column = result_array[:,O:S]
result_columnl = result_array|[:,5:10]
result column2= result_array[:, 10:15]
result_column3 = result_array/[:,15:20]
result_column4 = result_array/[:,20:25]
result_ beam = result_array|:,25:30]
result beaml = result_array[:,30:35]

result beam2 = result_array[:,35:40]

result beam3 = result_array[:,40:45]

result beam4 = result_array [:,45:50]
result_purpus = result_array[:,SO:él]

mat_data = pd.read_excel("mat_data_mm.xlsx")
mat_data = mat_data.to_numpy()

r_c = pd.DataFrame(result_column)

r_b = pd.DataFrame(result beam)

r_cl = pd.DataFrame(result_column1)

r_bl = pd.DataFrame(result_beaml)

r_c2 = pd.DataFrame(result_column2)

r_b2 = pd.DataFrame(result_beam?2)

r_c3 = pd.DataFrame(result_column3)
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r_b3 = pd.DataFrame(result_beam3)

r_c4 = pd.DataFrame(result_column4)
r_b4 = pd.DataFrame(result_beam4)

#print("result column")
#print (r_c)
#print(r_cl)

#print (r c2)
#print("result beam")
#print(r_b)

#print(r_b 1)
#print(r_bZ)

HRRZE RN T BT HIERR

err_ mat_c = zeros((len(mat_data),5))
err_mat_b = zeros((len(mat_data),5))
err_mat_cl = zeros((len(mat_data),5))
err mat_bl = zeros((len(mat_data),5))
err_mat_c2 = zeros((len(mat_data),5))
err_mat_b2 = zeros((len(mat_data),5))
err mat_c3 = zeros((len(mat_data),5))
err_ mat_b3 = zeros((len(mat_data),5))
err_mat_c4 = zeros((len(mat_data),5))

err_mat_b4 = zeros((len(mat_data),5))

#EoB A D BFEEZ BN T 5175
fin_c=[]

fin_ b= []
[

fin_cl1 =[]
fin_ bl =[]
fin 2 =[]
fin_ b2 =[]
fin 3 =[]
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fin_ b3 =[]
fin_c4 =[]
fin_b4 =[]

gL — ROV HEL VE2F2(T 270

for m in range(n_d):

for i in range(len(mat_data)):

for j in range (5):

err_mat_c[i,j] = (mat_data[i,j] /result_column[m,j]) -1
:| =

err_mat_bl[i,

err_mat_cl [i,j] = (mat_data[i,j] /result_columnl [m,j -1

err_mat_b1[i,]

err_mat_c2 [1]

err_mat_b2[i,]

err_mat_c3[i,j

]
]
]
]
]
]

err_mat_b3[i,]

err_mat_c4/[i, ]

err_mat_bfil[i,j] s mat_data[i,j fresult_beamél[m,j])-l

# print("column's err")
# print(err_mat_c)
# print("beam's err")

# print(err_mat_b)

FRB DIBEGE 2N 2175

err_tot_c= []
err tot b= [

err tot cl =

err_tot_c2 =

]
[
err tot bl = [
[
[

err tot b2 =

[
err_tot_c4 =[]

mat_data[i,j

mat_datali, ]

]
]
]
]
]
]

(mat_datali }] /result_beam[m.j D-1
(mat_data [i,j] /result_beam1 [m,j] )-1

(mat_datali,j]/result_column2[m,j])-1
(mat_data [i,j /result_beam?2 [m.j] )-1
(

(
(mat_data[i,j /result_column4[m,j -1
(
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err_tot_b4 =[]

FREORE I Z(TINCE LD S

for i in range(len(mat_data)):
err_tot_c.append(sum(abs(err_mat_c[i])))
err_tot_b.append(sum(abs(err_mat_b D)
err_tot_cl.append(sum(abs(err_mat_c1[i])))
err_tot_bl.append(sum(abs(err_mat_b1[i])))
err_tot_c2.append(sum/(abs (err_mat_c2[i])))
err_tot_b2.append(sum(abs(err_mat_b2[i])))
err_tot_c3.append (sum(abs(err_mat_c3[i])))
err_tot_b3.append(sum(abs(err_mat_b3[i])))
err_tot_c4.append(sum(abs(err_mat_c4 i)

err_tot_b4.append(sum(abs(err_mat_b4[i])))

#RZEDATHED R D /N X b O EER EM OER
t ¢ = err_tot_c.index(min(err tot c))

t b = err_tot_b.index(min(err_tot b))

t cl = err_tot_cl.index(min(err_tot c1))

t bl = err_tot bl.index(min(err_tot b1))

t c2 = err_tot_c2.index(min(err_tot c2))

t b2 = err_tot_b2.index(min(err_tot_b2))

t ¢3 = err_tot_c3.index(min(err_tot c3))

t b3 = err_tot b3.index(min(err_tot b3))

t_c4 = err_tot_c4.index(min(err_tot _c4))

t b4 = err_tot_b4.index(min(err_tot_b4))

fin_c.append (mat_data[t_c])
fin_b.append(mat_data[t_b])
fin_c1l.append(mat_data[t_c1])
fin_bl.append (mat_data[t_b1])
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fin_c2.append(mat_data[t_c2])
fin_b2.append(mat_data[t_b2])
fin_c3.append(mat_data[t_c3])
fin_b3.append (mat_data[t_b3])
fin_c4.append(mat_data[t_c4])
fin_b4.append (mat_data[t_b4])

ARERME RS LTS
fin_c = pd.DataFrame(fin_c)
fin_b = pd.DataFrame(fin_b)
fin_cl = pd.DataFrame(fin_c1)
fin_bl = pd.DataFrame(fin_b1)
fin_c2 = pd.DataFrame(fin_c2)
fin_b2 = pd.DataFrame(fin_b2)
fin_c3 = pd.DataFrame(fin_c3)
fin_b3 = pd.DataFrame(fin_b3)
fin_c4 = pd.DataFrame(fin_c4)
fin_b4 = pd.DataFrame(fin_b4)

print("Column's optimal solution")
print(fin_c)

print(fin_c1)

print(fin_c2)

print(fin_c3)

print(fin_c4)

print("Beam's optimal solution")
print(fin_b)

print(fin_b1)

print(fin_b2)

print(fin_b3)
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print(fin_b4)

#df = pd .DataFrame([ [fin_c],[fin_c1],[fin_c2],[fin_c3],[fin_c4],[fin_c5]],

# index=["1F','2F','3F'",'4F",'5F",'6F'], columns=['H','B",'t1",'t2",'r'])
#dfl =pd.DataFrame( [[fin_b],[fin_bl],[fin_b2],[fin_b3],[fin_b4],[fin b5]],
# index=["1F','2F','3F'",'4F','5F",'6F'], columns=['H','B','t1",'t2",'r'])

#with pd.ExcelWriter('spyder-pythonfl-3-6-cpm-size-run.xlsx',1 mode="a') as writer:
# df.to_excel(writer, sheet name='sheet1')

#  dfl.to_excel(writer, sheet name='sheet2')

sys.exit()

fin_result.append( [ — R "M R s "M "1
fin_result.append(["pareto",j," ----- e e "1
fin_result.append(["purpus","---", Mo 80 ML oW T
fin_result.append(result_purpus [j D

fin_result.append ([ Mol Fuaitl it il g MR T
fin_result.append (res_col)
fin_result.append(res_col_err)

ﬂn_result.append([nbea[nrllﬂ___tllrl___rljn___nlrl___n])

fin_result.append (res_beam)

BB W W W W W W W W

fin_result.append(res_beam_err)

# HEIIE RO HIR

# print("closest value")

# print("pareto=",n_d,"¥n")

# column _name = ["H","B","t1","t2","r"]

# fin_result = pd.DataFrame(fin_result,columns = column_name)

# print(fin_result)
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