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F(X) = max(0, X) (16)
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A LA AR B S 152 o [RIN T Re LU SR i 8L, 7RI A AN S Ao h i)
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TEMXMEZ K 9 N:
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O M Ao BT HIRELRERE P25 8 T FE R, wER AT, A
BESHHH B RIS EE R,

CADE RSB EN R > IR KEN R, o WBEESHO N

P
P

Omax

ERETS R - E AL FEA, 0 AR Al SERE R BCE . R AL E S HmA 2
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j=1
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I 1Z R AR S B BB R, B TANE 2800, I B[ (0)] o Horp
£1(0),--, fT(0) RoRLERE JF I [ 22 1, T LR BENLRRHUE . 1% H A BRI R 5 T
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KK, PrEAR] PIRHIZ AN B2 18] [ 22 T2 1R N I R e R a7y i 4214
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AR T RINREA N BIRZ B R R, W
U=a,+bl+c,1”+d,I°+e,l* (28)
RAEAXP WS N RPN,
5 SO AT B G DR R AR

ZH a, b, C, d, e,
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%
#Question 1
import pandas as pd
import torch
import matplotlib.pyplot as plt
import seaborn as sns
import numpy as np
from torch.autograd import Variable
from numpy.random import randint
from sklearn import metrics
$matplotlib inline
from matplotlib.font manager import *
sns.set _style()
myfont = FontProperties (fname='SansSerif.ttf'")

matplotlib.rcParams['axes.unicode minus']=False

L20C = pd.read excel('L-I-20C.XLSX")

#521 5 = pd.read excel('S21 5.xlsx')
L20C.columns = ['T','P','U","Ta']

#x =L20C['I'].values

#y = L20C['P'].values
plt.plot(L20C['T'].values,L20C['P"'].values)

I = torch.from numpy (L20C['I'].values)*0.001
V = torch.from numpy(L20C['U'].values)
P = torch.from numpy(L20C['P'].values)*0.001

learning rate =0.000000000002

len a =5

TO = 20

etanp = np.random.randn (1)

I thOnp = np.random.randn (1)

R _thnp = np.random.randn (1)

anp = np.random.randn(len_a)

#init

etanp = np.asarray([0.5])

I thOnp = np.asarray([0.3e-31)

R thnp = np.asarray([2.6e3])

anp = np.asarray([01.246e-3,-2.545e-5,2.908e-7,2.531e-10,1.002e-121)
eta =Variable(torch.from numpy(etanp), requires grad=True)

I thO = Variable(torch.from numpy(I thOnp), requires grad=True)
R th =Variable(torch.from numpy(R thnp), requires grad=True,)

a = Variable(torch.from numpy(anp), requires grad=True)

IVP = Variable(torch.mul(I,V) - P)
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T = TO+IVP*R_th
I off = a[0]+a[l]1*T+a[2]*T.pow(2)+a[3]1*T.pow(3)+a[4]*T.pow (4)

diff = eta*(Variable(I)-I th0 -I off) -Variable(P)
loss = diff.pow(2) .mean()
#loss = diff.abs () .mean ()

optimizer = torch.optim.Adam([eta,I thO,R th,al, lr = learning rate)
#optimizer = torch.optim.SGD([eta,I thO,R th,a], lr = learning rate)
#optimizer =torch.optim.Adagrad([eta,I th0O,R th,a], 1lr = learning rate)
losslist = []
for i in range(1000):

losslist.append(loss.data.numpy () [0])

loss.backward()

optimizer.step()

#print (loss.data.numpy () [0])

IVP = Variable(torch.mul(I,V) - P)

T = TO+IVP*R th

I off = a[0]+a[l1]*T+a[2]*T.pow(2)+a[3]1*T.pow(3)+a[4]*T.pow(4)

diff = eta*(Variable(I)-I th0 -I off) -Variable(P)
loss = diff.pow(2) .mean()
#loss = diff.abs () .mean ()

if (loss.data.numpy() [0] - losslist[-1])>0:
print 'early break'
break
#print (losslist[-1])
img =plt.figure()
plt.plot(losslist,'-s'")
plt.xlabel ('Iteration')
plt.ylabel('loss')
ax = plt.gcal()
ax.yaxis.get major formatter().set powerlimits((0,1))
img.savefig('pic/loss.pdf')
print 'eta:', eta.data.numpy() [0]
print 'T thO:', I thO.data.numpy() [0]
print 'R th:', R _th.data.numpy () [0]
print 'a:', a.data.numpy()
def myfun(T0 =20):
IVP = Variable(torch.mul(I,V) - P)
T = TO+IVP*R th
I off = a[0]+a[l]*T+a[2]*T.pow(2)+a[3]1*T.pow(3)+a[4]*T.pow(4)
predicrP = eta*(Variable(I)-I_thO -I off)
data = predicrP.data.numpy ()
data[data<0] =0
return data

#print len (predicrP.data.numpy())
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img = plt.figure()

for i in range(9):
num =i*10+10
if i ==

plt.plot (L20C['TI"'].values,myfun(num)*1000,"'-"',label =

str(num)+'°C' .decode ('ut£f8'))

else:
plt.plot(L20C['TI"'].values,myfun(num)*1000,"'-.",label =

str(num)+'°C' .decode ('utf8'))

#myfun (10)

plt.legend()

plt.xlabel('T (mA)")

plt.ylabel ('P (mW) ")

#plt.plot (L20C['I"'].values, [2]1*1401,"'-")
img.savefig('pic/Temperature.pdf")
#print len(predicrP.data.numpy())

img = plt.figure()

for i in range(9):

num =i+35
plt.plot (L20C['I'].values,myfun (num)*1000,'-."',label = str (num)+'°C

'.decode ('utfg8"))

#myfun (10)

plt.legend(loc = 2)

plt.xlabel ('T (mA)"')

plt.ylabel('P (mw) ")

plt.plot(L20C['T"'].values, [2]*1401,"'-")
img.savefig('pic/TemperaturelZmw.pdf')

img = plt.figure()
plt.plot(L20C['T'].values[::40],L20C['P"'].values[::40],"'0"',label =
"Real')

plt.plot (L20C['I"'].values[::40], (myfun(20)*1000) [::40],'-s',label =

'Predict')

plt.xlabel('IT (mA)")

plt.ylabel ('P (mW) ")

plt.legend(loc = 2)

img.savefig('pic/RealvsPredict.pdf'")
pd.DataFrame(P) .to csv('p.csv',header =None,index=None)

pd.DataFrame (myfun(20)*1000) .to _csv ('Ol 20.csv',header=None, index=Non
e)

af = []
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for i in range(9):
num =i*10+10
df.append(myfun (num) *1000)
ddf =
pd.DataFrame (np.asarray(df) .T).to csv ('Ol all.csv',header=None,index=

None)

#Qurstion 2

import pandas as pd

import torch

import matplotlib.pyplot as plt
import seaborn as sns

import numpy as np

from torch.autograd import Variable
from numpy.random import randint
from sklearn import metrics
$matplotlib inline

from matplotlib.font manager import *

myfont = FontProperties (fname='SansSerif.ttf")
matplotlib.rcParams['axes.unicode minus']=False
L20C = pd.read excel('L-I-20C.XLSX")

#521 5 = pd.read excel('S21 5.xlsx')
L20C.columns = ['T',"'P','U","'Ta'"]

I = torch.from numpy(L20C['I'].values)*0.001
V = torch.from numpy(L20C['U'].values)
P = torch.from numpy(L20C['P'].values)*0.001

learning rate =0.00000002
len a =5

TO = 20

lambd =0.0000000000

alpha = 0.00000000000

#d = 0.00001

#L=300

etanp = np.random.randn (1)
I thOnp = np.random.randn (1)
R _thnp = np.random.randn (1)
anp = np.random.randn(len_a)
#d#= -0.0003

#init

etanp = np.asarray([0.5])

I thOnp = np.asarray([0.3e-31)
R thnp = np.asarray([2.6e3])
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anp = np.asarray([01.246e-3,-2.545e-5,2.908e-7,2.531e-10,1.002e-12])#
#anp = np.asarray([01.246e-3,-2.545e-5,2.908e-7])#,#,0.0])#

dnp = np.asarray([0.0000])

eta =Variable(torch.from numpy(etanp), requires grad=True)

I thO = Variable(torch.from numpy(I thOnp), requires grad=True)

R th =Variable(torch.from numpy(R thnp), requires grad=True)

d =Variable(torch.from numpy(dnp), requires grad=True)

a = Variable(torch.from numpy(anp), requires grad=True)
#sp = torch.nn.Softplus/()

sp = torch.nn.ReLU()

IVP = torch.mul (Variable(I)+d,Variable(V)) - Variable (P)
T = TO+IVP*R th

I off = a[0]l+a[l]*T+a[2]*T.pow(2)#+a[3]*T.pow(3)+al4]*T.pow (4)
diff = sp(eta*(Variable(I)+d-I thO -I off)) -Variable(P)
#diff = torch.mul (diff,Variable (P)/Variable (P).max())
baseloss = diff.pow(2) .mean()

Llregularizer = eta.abs().mean() +

I thO.abs().mean()+R _th.abs() .mean() +a.abs() .mean()
L2regularizer = eta.pow(2) .mean() +

I thO.pow(2) .mean()+R_th.pow(2) .mean() +a.pow(2) .mean()
loss = baseloss+lambd*Llregularizer + alpha*L2regularizer

#loss = diff.abs () .mean()

optimizer = torch.optim.Adam([eta,I thO,R th,a,d], 1lr learning rate)
#optimizer = torch.optim.SGD([eta,I thO,R th,a], lr = learning rate)
#optimizer =torch.optim.Adagrad([eta,I thO,R th,a], 1lr = learning rate)
losslist = []
for i in range(5000):

losslist.append(loss.data.numpy () [0])

loss.backward()

optimizer.step()

#print (loss.data.numpy () [0])

IVP = torch.mul (Variable(I)+d,Variable(V)) - Variable (P)

T = TO+IVP*R th

I off = a[0]+a[l]l*T+a[2]1*T.pow(2)#+a[3]*T.pow(3) #+al[4]*T.pow (4)

diff = sp(eta*(Variable(I)+d-I thO -I off)) -Variable(P)

#diff = torch.mul (diff,Variable (P)/Variable (P).max())

baseloss = diff.pow(2) .mean ()

Llregularizer = eta.abs().mean() +
I thO.abs().mean()+R_th.abs() .mean() +a.abs() .mean()

L2regularizer = eta.pow(2) .mean() +
I thO.pow(2) .mean()+R_th.pow(2) .mean() +a.pow(2) .mean()

loss = baseloss+lambd*Llregularizer + alpha*L2regularizer

#loss = diff.abs () .mean()
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#pr
pri

img

plt.
plt.
plt.

ax

ax.

def

if (loss.data.numpy() [0] - losslist[-1])>0:

print 'early break’

break
int (losslist[-11)
nt 'loss min :'min(losslist)
=plt.figure()
plot(losslist,'-")

xlabel ('Iteration')
ylabel ('loss'")
= plt.gca()

yaxis.get major formatter().set powerlimits((0,1))

myfun (TO0 =20) :

IVP = torch.mul(Variable(I),Variable(V)) - Variable (P)

T = TO+IVP*R th

I off = a[0]+a[l1]*T+a[2]*T.pow(2)+a[3]1*T.pow(3)+a[4]*T.pow(4)
regularizer = a.abs().sum()

predicrP = sp(eta*(Variable(I)-I thO -I off))# +lambd*regularizer
data = predicrP.data.numpy ()

#data[data<0] =0

return data

plt.plot (L20C['TI"'].values,L20C['P"'].values,'—.",label = 'Real')
plt.plot(L20C['T'].values,myfun(20)*1000,label = 'Predict')
#Question2

import pandas as pd

import torch

import matplotlib.pyplot as plt

imp

imp

ort seaborn as sns

ort numpy as np

from torch.autograd import Variable

from numpy.random import randint

from sklearn import metrics

$ma

tplotlib inline

from matplotlib.font manager import *

myf

ont = FontProperties (fname='SansSerif.ttf')

matplotlib.rcParams['axes.unicode minus']=False

L20
#52
L20
I =

C = pd.read excel('L-I-20C.XLSX")
1 5 = pd.read excel('S21 5.xlsx")
C.columns = ['TI','"P"','U","Ta"]

torch.from numpy(L20C['I'].values)*0.001
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V = torch.from numpy(L20C['U'].values)

#P = torch.from numpy (L20C['P'].values)*0.001
setp = 25

img = plt.figure(figsize=(16,10))

plt.subplot (321)

sns.regplot (L20C['T'"].values[::setp],L20C['U"'].values][:

order=1,truncate=True,label = 'Power: 1',color='qg'")
plt.xlabel ('Input Current (A)")

plt.ylabel ('Voltage (V) ")

plt.legend(loc =2)

#fig = plt.figure ()
plt.subplot(322)

sns.regplot (L20C['T'].values[::setp],L20C['U"'].values][:

order=2,truncate=True,label = 'Power: 2',color='qg")
plt.xlabel ('Input Current (A)")

plt.ylabel ('Voltage (V) ")

plt.legend(loc =2)

#fig = plt.figure()
plt.subplot(323)

sns.regplot (L20C['TI'].values[::setp],L20C['U"'].values]|[:

order=3,truncate=True, label = 'Power: 3',color='g'")
plt.xlabel ('Input Current (A)")

plt.ylabel('Voltage (V) ")

plt.legend(loc =2)

#fig = plt.figure ()
plt.subplot(324)

sns.regplot (L20C['I"].values[::setp],L20C['U"'].values]|[:

order=4,truncate=True,label = 'Power: 4',color="'g')
plt.xlabel ('Input Current (A)")

plt.ylabel ('Voltage (V) ")

plt.legend(loc =2)

plt.subplot(325)

sns.regplot (L20C['T'].values[::setp],L20C['U"'].values][:

order=5,truncate=True,label = 'Power: 5',color='qg")
plt.xlabel ('Input Current (A)")

plt.ylabel ('Voltage (V) ")

plt.legend(loc =2)

plt.subplot(326)
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sns.regplot (L20C['I'"].values[::setp],L20C['U"'].values]|

order=6,truncate=True,label = 'Power: 6',color="'g')

plt.xlabel ('Input Current (A)")
plt.ylabel('Voltage (V) ")
plt.legend(loc =2)
img.savefig('pic/I V.pdf')

#02 plot

import pandas as pd

import torch

import matplotlib.pyplot as plt
import seaborn as sns

import numpy as np

from torch.autograd import Variable
from numpy.random import randint
from sklearn import metrics
$matplotlib inline

from matplotlib.font manager import *

myfont = FontProperties (fname='SansSerif.ttf")
matplotlib.rcParams['axes.unicode minus']=False
L20C = pd.read excel('L-I-20C.XLSX")

#521 5 = pd.read excel('S21 5.xlsx')

I = torch.from numpy (L20C['I'].values)*0.001
V = torch.from numpy(L20C['U'].values)
P = torch.from numpy(L20C['P'].values)*0.001

import pandas as pd

import torch

import matplotlib.pyplot as plt
import seaborn as sns

import numpy as np

from torch.autograd import Variable
from numpy.random import randint
from sklearn import metrics
$matplotlib inline

from matplotlib.font manager import *

myfont = FontProperties (fname='SansSerif.ttf')
matplotlib.rcParams['axes.unicode minus']=False
learning rate =0.000000002

len a = 5

TO = 20

lambd =0.00000000000001

alpha = 0.00000000000000001
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ew =0.99

lambdw =0.000001

#d = 0.00001

#L=300

etanp = np.random.randn (1)

I thOnp = np.random.randn (1)
R _thnp = np.random.randn (1)

anp = np.random.randn(len_a)
#d#= -0.0003
#init

etanp = np.asarray([0.5])

I thOnp = np.asarray([0.3e-31])

R thnp = np.asarray([2.6e3])

anp = np.asarray([01.246e-3,-2.545e-5,2.908e-7,2.531e-10,1.002e-12]1)+#
#anp = np.asarray([01.246e-3,-2.545e-5,2.908e-7]1)#,#,0.0])#

dnp = np.asarray([0.0000])

eta =Variable(torch.from numpy(etanp), requires grad=True)

I th0 = Variable(torch.from numpy (I thOnp), requires grad=True)

R th =Variable(torch.from numpy (R _thnp), requires grad=True)

d =Variable(torch.from numpy(dnp), requires grad=True)

a = Variable(torch.from numpy(anp), requires grad=True)
#sp = torch.nn.Softplus ()
sp = torch.nn.ReLU()
IVP = torch.mul (Variable(I)+d,Variable(V)) - Variable (P)
T = TO+IVP*R th
I off = a[0]+a[l]*T+a[2]*T.pow(2)#+a[3]*T.pow (3)#+al[4]*T.pow (4)
diff = sp(eta*(Variable(I)+d-I_thO -I off)) -Variable(P)
#diff = ew*torch.mul (diff,Variable (P)/Variable (P) . .max()) + lambdw
baseloss = diff.pow(2) .mean ()
Llregularizer = eta.abs().mean() +
I thO0.abs().mean()+R_th.abs() .mean() +a.abs().mean()
L2regularizer = eta.pow(2) .mean() +
I thO.pow(2) .mean()+R_th.pow(2) .mean() +a.pow(2) .mean()
loss = baseloss+lambd*Llregularizer + alpha*L2regularizer
#loss = diff.abs () .mean ()
optimizer = torch.optim.Adam([eta,I thO,R th,a,d], lr = learning rate)
#optimizer = torch.optim.SGD([eta,I thO,R th,a], lr = learning rate)
#optimizer =torch.optim.Adagrad([eta,I thO,R th,a], lr = learning rate)
losslist = []
for i in range(5000):
losslist.append(loss.data.numpy () [0])
loss.backward()

optimizer.step ()
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#print (loss.data.numpy () [0])
IVP = torch.mul (Variable(I)+d,Variable(V)) - Variable (P)
T = TO+IVP*R th
I off = a[0]+a[l]*T+a[2]*T.pow(2)#+a[3]1*T.pow(3)#+a[4]*T.pow (4)
diff = sp(eta*(Variable(I)+d-I_thO -I off)) -Variable(P)
#diff = ew*torch.mul (diff,Variable (P)/Variable (P).max()) + lambdw
baseloss = diff.pow(2) .mean ()
Llregularizer = eta.abs().mean() +
I thO.abs() .mean()+R _th.abs() .mean() +a.abs() .mean()
L2regularizer = eta.pow(2) .mean() +
I thO.pow(2) .mean()+R_th.pow(2) .mean() +a.pow(2) .mean()
loss = baseloss+lambd*Llregularizer + alpha*L2regularizer
#loss = diff.abs () .mean()
if (loss.data.numpy () [0] - losslist[-1])>0:
print 'early break'
break
#print (losslist[-11)
print 'loss min :',min(losslist)
print 'rmse:', (sp(eta*(Variable(I)+d-I_thO -I off))
-Variable(P)) .pow(2) .mean () .data.numpy ()
img = plt.figure()
plt.plot(losslist,'-")
plt.xlabel('Tteration')
plt.ylabel('loss')
ax = plt.gca()
ax.yaxis.get major formatter().set powerlimits((0,1))
img.savefig('pic/lossQ2.pdf")
print 'eta:',eta.data.numpy()
print 'T thO:',I thO.data.numpy ()
print 'R th:',R th.data.numpy ()
print 'a:',a.data.numpy()

img = plt.figure()

plt.plot(L20C['I"'].values[::40],L20C['P"].values[::40],'0o"',label =
'Real')
plt.plot(L20C['T"'].values[::40], (myfun(20)*1000) [::40],"'-s',label =
'Proposed’')
plt.plot(L20C['T"'].values[::40],pd.read csv ('Ol 20.csv',header=None) .

values[::40],'-.",label = 'Origin')

plt.xlabel ('IT (mA)")
plt.ylabel ('P (mW) ")
plt.legend(loc = 2)
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img.savefig('pic/RealvsPredictQ2.pdf')
def myfun(TO0 =20):
IVP = torch.mul (Variable(I),Variable(V)) - Variable(P)
T = TO+IVP*R th
I off = a[0]l+a[l]l*T+a[2]1*T.pow(2) #+a[3]1*T.pow(3)+al[4]*T.pow (4)
regularizer = a.abs().sum()
predicrP = sp(eta*(Variable(I)-I thO -I off))# +lambd*regularizer
data = predicrP.data.numpy ()
#datal[data<0] =0
return data
#print len (predicrP.data.numpy())
img = plt.figure()
for i in range(9):
num =i*10+10
if i ==

plt.plot (L20C['I"'].values,myfun(num)*1000,'-",label =

str(num)+'°C' .decode ('utfg8"))

else:
plt.plot(L20C['T"'].values,myfun(num)*1000,"'-.",label =

str(num)+'°C' .decode ('utf8'))

#myfun (10)

plt.legend()

plt.xlabel('IT (mA)")

plt.ylabel('P (mw)")

#plt.plot (L20C['I"].values, [2]*1401,"'-")
img.savefig('pic/TemperatureQ2.pdf')
#print len(predicrP.data.numpy())

img = plt.figure()

for i in range(9):

num =i+25
plt.plot (L20C['I'].values,myfun (num)*1000,'-."',label = str (num)+'°C

'.decode ('utfg8"))

#myfun (10)

plt.legend(loc = 2)

plt.xlabel('T (mA)")

plt.ylabel ('P (mw) ')
plt.plot(L20C['TI"'].values, [2]*1401,"'-")
img.savefig('pic/Temperature2mwQ?2.pdf")
fig = plt.figure()

1=200
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plt.plot(L20C['T'].values[:1:8],L20C['P"'].values[:1:8],'0"',label =
'Real Data')
plt.plot(L20C['T'].values[:1],predicrP.data.numpy () [:1]1*1000,label =
'Predict Data')

plt.xlabel('T (mA)")

plt.ylabel ('P (mW) ")

plt.legend()

fig.savefig('pic/zeroQuestion.eps')

foverfitting

#plt.plot (L20C['I"'].values[:1:8],L20C['P'].values[:1:8],'o',label =
'Real Data')

fig = plt.figure()

plt.subplot(221)

sns.regplot (L20C['T'].values[200:1400:100],L20C['P'].values[300:1400:
100],ci=100,0rder=1,truncate=True,label = 'Power: 1',color="g'")
plt.xlabel('IT (mA)")

plt.ylabel ('P (mW) ")

plt.legend(loc =2)

plt.subplot (222)

sns.regplot (L20C['T'].values[300:1400:100],L20C['P'].values[300:1400:
100],ci=100,0rder=2,truncate=True,label = 'Power: 2',color="'g'")

plt.legend(loc =2)

plt.xlabel('T (mA)")

plt.ylabel ('P (mW) ")

plt.subplot (223)

sns.regplot (L20C['T"'].values[300:1400:100],L20C['P"'].values[300:1400:
100],ci=100,0rder=3,truncate=True,label = 'Power: 3',color='qg'")
plt.legend(loc =2)

plt.xlabel('I (mA)")

plt.ylabel('P (mwW) ")

plt.subplot(224)

sns.regplot (L20C['TI'].values[300:1400:100],L20C['P"'].values[300:1400:
100],ci=100,0rder=4,truncate=True,label = 'Power: 4',color="'g'")

plt.legend(loc =2)

plt.xlabel('T (mA)")
plt.ylabel ('P (mW) ")
fig.savefig('pic/overfitting.pdf')

fig = plt.figure(figsize=(9,9))
df = pd.read csv ('Ol all.csv',header=None)

for i in range(6):
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plt.subplot (321+1)

num = 1*¥10+4+10

plt.plot(L20C['I'].values,myfun(num)*1000,'-',label = str(num)+'°C

Proposed'.decode('utfg8'))

plt.plot (L20C['I"'].values,df[i] .values, ' '-."',label

Origin'.decode('utf8'))

= str(num)+'°C

#sns.regplot (L20C['I"'].values[300:1400:100],L20C['P"'].values[300:1400

:100],ci=100, order=1, truncate=True, label = 'Power:

plt.xlabel ('I (mA)")
plt.ylabel ('P (mW) ")
plt.legend(loc =2)

fig.savefig('pic/temVs.pdf")

1',color="qg")

pd.DataFrame (myfun (20)*1000) .to csv('02 20.csv',header=None,index

=None)

#Question 3

import pandas as pd

import torch

import matplotlib.pyplot as plt
import seaborn as sns

import numpy as np

from torch.autograd import Variable
from numpy.random import randint
from sklearn import metrics
gmatplotlib inline

from matplotlib.font manager import *

myfont = FontProperties (fname='SansSerif.ttf")

matplotlib.rcParams|['axes.unicode minus']=False

#L20C = pd.read excel ('L-I-20C.XLSX")
S21 5 = pd.read excel('S21l 5.xlsx')
521 5.columns = ['f£','s21','I b',"'Ta'"]

#parameter init

I = Variable(torch.from numpy(np.asarray([7.5]1)))*1le-3

TO = 20
£
H
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Variable(torch.from numpy(S21 5['S21'].values))

Variable(torch.from numpy(S21 5['f'].values))*1e9



\Y Variable(torch.from numpy(np.asarray([2.464597008]1)))
q 1.6e-19

#0.225831488087848 -0.970065761537841 1.69074235247716
-0.222239791688644 1800000 597000 7.46603808781914e-12

4.12031396456752e-06

eta inp = np.random.randn(l)*.7

betanp = np.random.randn(l)*1le-5

tao nnp = np.random.randn(l)*9.6e-9

knp = np.random.randn(1l)*1.5e-8

G Onp = np.random.randn(l)*1.8e6

N Onp = np.random.randn(l)*4.97e5

tao _pnp = np.random.randn(1l)*3.8e-12
epsilonnp = np.random.randn(l)*4.7e-8

eta inp = np.asarray([0.2900878119442047)
betanp = np.asarray([-.433751523591667])
tao nnp = np.asarray([-.0122997270697670])
knp = np.asarray([-3.60187228705102])

G Onp = np.asarray([1.8e6])

N Onp = np.asarray([4.97e5])
tao pnp = np.asarray([6.99206216358124e-121)
epsilonnp = np.asarray([6.67052986037427e-06])

#

eta 1 = Variable(torch.from numpy(eta inp), requires grad=True)
beta =Variable(torch.from numpy(betanp), requires grad=True)
tao n =Variable(torch.from numpy(taoc nnp), requires grad=True,)

k = Variable(torch.from numpy(knp), requires grad=True)

G 0 = Variable(torch.from numpy (G Onp), requires grad=True)
N 0 = Variable(torch.from numpy(N Onp), requires grad=True)
tao p = Variable(torch.from numpy(tao pnp), requires grad=True)

epsilon = Variable(torch.from numpy(epsilonnp), requires grad=True)

#01 parameter

Pnp = np.asarray([1.904172485])*1e-3

etanp = np.asarray([0.499999999959])

I thOnp = np.asarray([0.000300000041534])

R thnp = np.asarray([2600.0])

#fanp = np.asarray([1.24600004e-03, -2.54499585e-05, 2.90841508e-07,
2.94589863e-10, 4.24732955e-1117)
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anp = np.asarray([1.246e-03, =-2.545e-05, 2.908e-07, =-2.531e-10,
1.022e-121)

eta =Variable(torch.from numpy(etanp))

I thO = Variable(torch.from numpy (I thOnp))
R th =Variable(torch.from numpy(R thnp))

a = Variable(torch.from numpy(anp))

P =Variable(torch.from numpy (Pnp))

#521 = torch.from numpy(S21 5['S21'].values)

IVP = torch.mul(I,V) - P

T = TO+IVP*R th

I off = a[0]+a[l]*T+a[2]*T.pow(2)+a[3]1*T.pow(3)+a[4]*T.pow (4)

N s = (P/(k*tao p) +G O*N 0*P/(k + epsilon*P))/(beta/tao n+G 0*P/(k +
epsilon*P))

S s (eta_i*(I- I th0 -I off)/gq -N_s/tao n)/G 0/(N_s-N 0)

P s k*S s

Y =1./tao p +1./tao_n +G 0*P s/(k + epsilon*P _s) - G 0*(N _s-N 0)/(1 +
epsilon*P s/k)/ (1 + epsilon*P s/k)

Z = 1./tao_p/tao n +G 0*P s/tao p/(k + epsilon*P s) -

k* (1-beta)*G_0*(N_s-N 0)/tao n/ (1l + epsilon*P s/k)/ (1l + epsilon*P s/k)
#H predl = Z/ (- (2*np.pi*f) * (2*np.pi*f) - (2*np.pi*f) *Y+7)

YY = Y.data.numpy ()

Z7 = Z.data.numpy ()

ff =f.data.numpy ()

Jj=np.asarray([1j])

H pred =Zz/((j*2*np.pi*ff)* (J*2*np.pi*ff)+(J*2*np.pi*ff) *YY+27)

y = 20*np.log(np.abs (H pred))/np.log(10)
pd.DataFrame(y) .to csv('O4all.csv',header=None,index=None)
plt.plot(s21 5['f'].values,S21 5['S21"'].values,'-.",label = 'Real')
plt.plot(S21 5['f'].values,y,label = 'Predict')

#plt.plot(s21 5(['f'].values[::100],y[::100],"")

#plt.plot(Ss21 5['f'].values,H predl.data.numpy(),label = 'Predict2')
plt.xlabel ('Amplitude (dB) ")
plt.xlabel ('freqg (GHz)')

plt.legend()

def ComputeAmplitude(TO0 =20,
I =7.5,
eta inp = np.asarray([0.29008781194420417),
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betanp = np.asarray([-.433751523591667]),

tao nnp = np.asarray([-.0122997270697670]) ,
knp = np.asarray([-3.601872287051021),

G Onp = np.asarray([1.8e6]),

N Onp = np.asarray([4.97e5]),

tao pnp = np.asarray([6.99206216358124e-12]),
epsilonnp = np.asarray([6.67052986037427e-06])
) :

fparameter init

I = Variable(torch.from numpy(np.asarray([I])))*1le-3

f = Variable(torch.from numpy(S21 5['f'].values))*1le9

H = Variable(torch.from numpy(S21 5['S21'].values))

V = Variable(torch.from numpy(np.asarray([2.4645970081)))
q= 1.6e-19

#0.225831488087848 -0.970065761537841 1.69074235247716
-0.222239791688644 1800000 597000 7.46603808781914e-12
4.12031396456752e-06

eta inp np.random.randn (1) *.7
betanp = np.random.randn(l)*le-5
tao nnp = np.random.randn(1l)*9.6e-9
knp = np.random.randn (1) *1.5e-8

G Onp = np.random.randn(1l)*1.8e6

N Onp = np.random.randn(l)*4.97e5

tao pnp = np.random.randn(l)*3.8e-12
epsilonnp = np.random.randn (1) *4.7e-8
#

eta 1 = Variable(torch.from numpy(eta inp), requires grad=True)
beta =Variable(torch.from numpy(betanp), requires grad=True)
tao n =Variable(torch.from numpy(tao nnp), requires grad=True,)
k = Variable(torch.from numpy(knp), requires grad=True)

G O
N 0

Variable(torch.from numpy(G Onp), requires grad=True)

Variable(torch.from numpy(N Onp), requires grad=True)
tao p = Variable(torch.from numpy(tao pnp), requires grad=True)

epsilon = Variable(torch.from numpy(epsilonnp), requires grad=True)

#Q01 parameter
Pnp = np.asarray([1.904172485])*1e-3
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etanp = np.asarray([0.499999999959])

I thOnp = np.asarray([0.0003000000415347)

R thnp = np.asarray([2600.01)

#anp = np.asarray([1.24600004e-03, -2.54499585e-05, 2.90841508e-07,
2.94589863e-10, 4.24732955e-1117)

anp = np.asarray([1.246e-03, -2.545e-05, 2.908e-07, =-2.531e-10,
1.022e-121])

eta =Variable(torch.from numpy (etanp))

I thO = Variable(torch.from numpy (I thOnp))
R _th =Variable(torch.from numpy(R_thnp))

a = Variable(torch.from numpy(anp))

P =Variable(torch.from numpy (Pnp))

#521 = torch.from numpy(S21 5['S21'].values)

IVP = torch.mul(I,V) - P

T = TO+IVP*R th

I off = a[0]+a[l]*T+a[2]1*T.pow(2)+a[3]*T.pow(3)+al[4]*T.pow(4)

N s = (P/(k*tao p) +G O*N O0*P/(k + epsilon*P))/(beta/tao n+G 0*P/ (k
+ epsilon*P))

S s (eta i*(I- I th0 -I off)/g -N_s/tao n)/G 0/(N_s-N_0)

P s k*S s

Y =1./tao p +1./tao n +G 0*P s/ (k + epsilon*P s) - G _0*(N_s-N 0)/ (1
+ epsilon*P s/k)/(1 + epsilon*P s/k)

Z = 1./tao p/tao n +G _0*P s/tao p/(k + epsilon*P s) -
k* (1-beta)*G_0*(N_s-N 0)/tao n/(l + epsilon*P s/k)/ (1l + epsilon*P s/k)
#H_predl = Z/ (- (2*np.pi*f) * (2*np.pi*f) - (2*np.pi*f) *Y+7)
YY = Y.data.numpy ()
727

Z.data.numpy ()
ff =f.data.numpy ()
j=np.asarray([13])
H pred =2z/((J*2*np.pi*ff)* (J*2*np.pi*ff)+(J*2*np.pi*£f) *YY+27)
y = 20*np.log(np.abs(H pred))/np.log(10)
return y
img = plt.figure()
tem = [20,40,80,100]
for num in tem:
#num = 1i*20+10
if num==20:

plt.plot(S21 5['f'].values,ComputeAmplitude(TO = num),'-"',label

=str(num)+'°C' .decode ('utf8'))
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else:
plt.plot(S21 5['f'].values,ComputeAmplitude (T0 =

num) ,'-."',label =str(num)+'°C'.decode('utfg"))

#plt.plot(S21 5['f'].values,y,label = 'Predict')
#plt.plot(s21 5['f'].values[::100],y[::100],"'")

#plt.plot(S21 5['f'].values,H predl.data.numpy(),label = 'Predict2')

plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freg (GHz) ')
plt.legend(loc =3)
img.savefig('pic/temdB4.pdf")
img = plt.figure()

#tem = [20,40,80,100]
for i in range(10):
num = 1*104+10

if num==20:

plt.plot(s21 5['f'].values,ComputeAmplitude (TO = num),'-"',label
=str(num)+'°C' .decode ('ut£8"))
else:
plt.plot(s21 5['f'].values,ComputeAmplitude (TO =
num) ,'-."',label =str(num)+'°C'.decode('utfg8'))
#plt.plot(S21 5['f'].values,y,label = 'Predict')
#plt.plot(S21 5(['f'].values[::100],y[::100],"")
#plt.plot(S21 5['f'].values,H predl.data.numpy(),label = 'Predict2')
plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freg (GHz) ')
plt.legend()
img.savefig('pic/temdBall.pdf")
img = plt.figure()
for i in range(8):
num = 1i+0.5
if i==7:
plt.plot(S21 5['f'].values,ComputeAmplitude(I = num),'-',6label
=str(num)+ ' mA'")
else:
plt.plot(S21 5['f'].values,ComputeAmplitude(I = num),'-."',label
=str(num)+ ' mA'")
#plt.plot (S21 5['f'].values,y,label = 'Predict')
#plt.plot(S21 5(['f'].values[::100],y[::100],"")
#plt.plot(S21 5(['f'].values,H predl.data.numpy(),label = 'Predict2')

plt.ylabel ('Amplitude (dB) ")
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plt.xlabel ('freqg (GHz) ')
plt.legend(loc =3)
img.savefig('pic/dianliuAll .pdf")
img = plt.figure()
tem = [1.5,7.5,3.5,15.5]
for num in tem:

#num = 1*10+10

if num==7.5:

plt.plot(S21 5['f'].values,ComputeAmplitude(I = num),'-',6label

=str(num)+ ' mA')

else:
plt.plot(S21 5['f'].values,ComputeAmplitude(I = num),'-."',label
=str(num)+' mA'")
#plt.plot(821_5['f'].values,y,label = 'Predict')
#plt.plot(s21 5['f'].values[::100],y[::100],"'")
#plt.plot(S21 5['f'].values,H predl.data.numpy(),label = 'Predict2')

plt.ylabel ('Amplitude (dB) ")

plt.xlabel ('freqg (GHz)')

plt.legend()

img.savefig('pic/dianliud.pdf")

img = plt.figure()

for i in range(10):
num = .29008781194420440.290087811944204*0.1%* (i-5)
if i>5:

plt.plot(S21 5["'f'].values,ComputeAmplitude (eta inp
np.asarray([num])),'-',label = 'eta: $.2f'%(num))

else:

plt.plot(S21 5["f'].values,ComputeAmplitude (eta inp

np.asarray([num])),'-."',label = 'eta: %.2f"'%(num))

plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freqg (GHz) ')
plt.legend(loc =3)
img.savefig('pic/eta.pdf")
img = plt.figure()
flag = -0.433751523591667
for i in range(10):

num = flag+flag*0.1*(i-5)

if i>5:

plt.plot(S21 5["f'].values,ComputeAmplitude (betanp

np.asarray([num])),'-',label = 'beta: %.2f"'%(num))

else:

plt.plot(S21 5['f'].values,ComputeAmplitude (betanp
np.asarray([num])),'-."',label = 'beta: %.2f'%(num))
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plt.ylabel('Amplitude (dB) ")
plt.xlabel ('freqg (GHz)')
plt.legend(loc =3)
img.savefig('pic/beta.pdf")
img = plt.figure()
flag = -0.0122997270697670
for i in range(10):
num = flag+flag*0.1*(i-5)
if i>5:
plt.plot(S21 5['f'].values,ComputeAmplitude (taoc_nnp
np.asarray([num])),'-',label = '"tao n: $.3f'%(num))
else:
plt.plot(s21 5['f'].values,ComputeAmplitude (taoc_nnp

np.asarray([num])),'-.",label = "tao n: %.3f'%(num))

plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freqg (GHz)')
plt.legend(loc =3)
img.savefig('pic/tao n.pdf')
img = plt.figure()
flag = -3.60187228705102
for i in range(10):
num = flag+flag*0.1*(i-5)
if i>5:

plt.plot(s21 5['f'].values,ComputeAmplitude (knp
np.asarray([num])),'-',label = '"k: 2.2f'%(num))
else:
plt.plot(s21 5['f'].values,ComputeAmplitude (knp

np.asarray([num])),'-.",label = "k: $.2f'%(num))

plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freg (GHz) ')
plt.legend(loc =3)
img.savefig('pic/knp.pdf")
img = plt.figure()
flag = 1.8e6
for i in range(10):

num = flag+flag*0.1*(i-5)

if i>5:

plt.plot(s21 5['f'].values,ComputeAmplitude (G Onp =

np.asarray([num])),'-',label = 'G 0: %1l.e'%(num))

else:
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plt.plot(S21 5['f'].values,ComputeAmplitude (G _Onp =

np.asarray([num])),'-.",label = 'G 0: %1l.e'%(num))

plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freg (GHz)")
plt.legend(loc =3)
img.savefig('pic/G 0.pdf")
img = plt.figure()
flag = 4.97e5
for i in range(10):

num = flag+flag*.1*(i-5)

if i>5:

plt.plot(S21 5['f'].values,ComputeAmplitude (N Onp

np.asarray([num])),'-',label = 'N 0: %1l.e'%(num))

else:

plt.plot(S21 5['f'].values,ComputeAmplitude (N _Onp

np.asarray([num])),'-.",label = 'N 0: %1.e'%(num))

plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freqg (GHz)')
plt.legend(loc =3)
img.savefig('pic/N 0.pdf")
img = plt.figure()
flag = 6.99206216358124e-12
for i in range(10):
num = flag+flag*.1*(i-5)
if i>5:

plt.plot(S21 5["f'].values,ComputeAmplitude (tao_pnp
np.asarray([num])),'-',label = '"tao p: %.2e'%(num))

else:

plt.plot(S21 5["f'].values,ComputeAmplitude (tao_pnp

np.asarray([num])),'-."',label = '"tao p: %.2e'%(num))

plt.ylabel('Amplitude (dB) ")
plt.xlabel ('freg (GHz)')
plt.legend(loc =3)
img.savefig('pic/tao p.pdf')
img = plt.figure()
flag = 6.67052986037427e-06
for i in range(10):

num = flag+flag*.1*(i-5)

if i>5:

plt.plot(S21 5['f'].values,ComputeAmplitude (epsilonnp =

np.asarray([num])),'-',label = 'epsilon: %.2e'$%(num))
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else:

plt.plot(S21 5["'f'].values,ComputeAmplitude (epsilonnp

np.asarray([num])),'-."',label = 'epsilon: %.e'$%(num))

plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freqg (GHz)')
plt.legend(loc =3)

img.savefig('pic/epsilon.pdf')

#Question 4

import pandas as pd

import torch

import matplotlib.pyplot as plt

import seaborn as sns

import numpy as np

from torch.autograd import Variable

from numpy.random import randint

from sklearn import metrics

$matplotlib inline

from matplotlib.font manager import *

myfont = FontProperties (fname='SansSerif.ttf')

matplotlib.rcParams['axes.unicode minus']=False

import time as t

#L20C = pd.read excel ('L-I-20C.XLSX")
521 5 = pd.read excel('S21 5.xlsx")
S21 5.columns = ['f','S21",'T b','Ta'l

now

= t.time ()

# quick Model

#parameter init

I

TO

f
H

\Y
S

Variable(torch.from numpy(np.asarray([7.5]1)))*1e-3

= 20

Variable(torch.from numpy(S21 5['f'].values))*1e9
Variable(torch.from numpy(S21 5['S21'].values))

Variable (torch.from numpy(np.asarray([2.464597008]1)))
1.6e-19

#0.225831488087848 -0.970065761537841 1.69074235247716
-0.222239791688644 1800000 597000 7.46603808781914e-12
4.12031396456752e-06

eta inp = np.random.randn (l)*.7

betanp = np.random.randn(l)*1e-5
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tao nnp = np.random.randn(l)*9.6e-9

knp = np.random.randn(l)*1.5e-8

G Onp = np.random.randn(1l)*1.8e6

N Onp = np.random.randn(1l)*4.97e5

tao _pnp = np.random.randn(l)*3.8e-12
epsilonnp = np.random.randn(l)*4.7e-8

eta inp = np.asarray([0.3360406464718661])
betanp = np.asarray([-.1061722591892961])
tao nnp = np.asarray([-15.706720480979917)
knp = np.asarray([-3.60187228705102])

G _Onp = np.asarray([1.8e6])

N Onp = np.asarray([4.97e5])
tao pnp = np.asarray([1.15947245110257e-111)
epsilonnp = np.asarray([3.28801303308812e-06])

#
eta 1 = Variable(torch.from numpy(eta inp), requires grad=True)
beta =Variable(torch.from numpy(betanp), requires grad=True)
tao n =Variable(torch.from numpy(taoc nnp), requires grad=True,)
k = Variable(torch.from numpy (knp), requires grad=True)

G O
N 0

Variable (torch.from numpy(G Onp), requires grad=True)

Variable (torch.from numpy(N Onp), requires grad=True)
tao p = Variable(torch.from numpy(tao pnp), requires grad=True)

epsilon = Variable(torch.from numpy(epsilonnp), requires grad=True)

#01 parameter

Pnp = np.asarray([1.904172485])*1e-3

etanp = np.asarray([0.4999999999591])

I thOnp = np.asarray([0.000300000041534])

R thnp = np.asarray([2600.0])

#fanp = np.asarray([1.24600004e-03, -2.54499585e-05, 2.90841508e-07,
2.94589863e-10, 4.24732955e-111)

anp = np.asarray([1.246e-03, =-2.545e-05, 2.908e-07, =-2.531e-10,
1.022e-12])

eta =Variable(torch.from numpy(etanp))

I thO = Variable(torch.from numpy (I thOnp))
R _th =Variable(torch.from numpy(R thnp))

a = Variable(torch.from numpy(anp))

P =Variable(torch.from numpy (Pnp))
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#5521 = torch.from numpy(S21 5['S21'].values)

IVP = torch.mul(I,V) - P

T = TO+IVP*R th

I off = a[0]+a[l]*T+a[2]*T.pow(2)+a[3]1*T.pow(3)+a[4]*T.pow (4)

N s = (P/(k*tao p) +G O*N 0*P/(k + epsilon*P))/(beta/tao n+G 0*P/(k +
epsilon*P))

S s (eta_i*(I- I _thO -I off)/g -N s/tao n)/G 0/(N_s-N_0)

P s = k*S_s

Y =G _0*P s/ (k + epsilon*P_s)

Z =G 0*P _s/tao _p/(k + epsilon*P s) - k*(l-beta)*G 0*(N s-N 0)/tao n/ (1
+ epsilon*P s/k)/ (1 + epsilon*P s/k)

#H predl = Z/(-(2*np.pi*f) * (2*np.pi*f) - (2*np.pi*f) *Y+Z)

YY Y.data.numpy ()

27

Z.data.numpy ()

ff =f.data.numpy ()

j=np.asarray([13])

H pred =22/ ((J*2*np.pi*£f)* (J*2*np.pi*ff)+(J*2*np.pi*ff) *YY+22)
yqucik = 20*np.log(np.abs(H pred))/np.log(10)

print t.time()-now

# gquick Model

#parameter init

now = t.time()

I = Variable(torch.from numpy(np.asarray([7.5]1)))*1le-3
TO = 20

f = Variable(torch.from numpy(S21 5['f'].values))*1e9
H = Variable(torch.from numpy(S21 5['S21'].values))

\Y%
g = 1.6e-19

#0.225831488087848 -0.970065761537841 1.69074235247716
-0.222239791688644 1800000 597000 7.46603808781914e-12
4.12031396456752e-06

Variable(torch.from numpy(np.asarray([2.464597008]1)))

eta inp = np.random.randn (1l)*.7
betanp = np.random.randn(l)*1e-5

tao nnp = np.random.randn(l)*9.6e-9
knp = np.random.randn(l)*1.5e-8

G Onp = np.random.randn(1l)*1.8e6

N Onp = np.random.randn(l)*4.97e5
tao_pnp = np.random.randn(l)*3.8e-12

epsilonnp = np.random.randn(l)*4.7e-8
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eta inp = np.asarray([0.286406089244119])
betanp = np.asarray([1.00000000000000e-0517)
tao nnp = np.asarray([-0.00135460108423014])
knp = np.asarray([.000855646516271248]7)

G _Onp = np.asarray([1.8e6])

N Onp np.asarray([4.97e5])
tao_pnp = np.asarray([3.20770652975277e-12])

epsilonnp = np.asarray([4.40841168670671e-06])

#
eta i1 = Variable(torch.from numpy(eta inp), requires grad=True)
beta =Variable(torch.from numpy(betanp), requires grad=True)
tao n =Variable(torch.from numpy(taoc nnp), requires grad=True,)
k = Variable(torch.from numpy(knp), requires grad=True)

G O

N 0 = Variable(torch.from numpy(N Onp), requires grad=True)

Variable(torch.from numpy(G Onp), requires grad=True)

tao p = Variable(torch.from numpy(tao pnp), requires grad=True)

epsilon = Variable(torch.from numpy(epsilonnp), requires grad=True)

#01 parameter

Pnp = np.asarray([1.904172485])*1e-3

etanp = np.asarray([0.4999999999591])

I thOnp = np.asarray([0.000300000041534])

R thnp = np.asarray([2600.0])

#fanp = np.asarray([1.24600004e-03, -2.54499585e-05, 2.90841508e-07,
2.94589863e-10, 4.24732955e-111)

anp = np.asarray([1.246e-03, =-2.545e-05, 2.908e-07, =-2.531e-10,
1.022e-12])

eta =Variable(torch.from numpy(etanp))

I thO = Variable(torch.from numpy (I thOnp))
R th =Variable(torch.from numpy(R thnp))

a = Variable(torch.from numpy(anp))

P =Variable(torch.from numpy (Pnp))

#521 = torch.from numpy(S21 5['S21'].values)

IVP = torch.mul(I,V) - P

T = TO+IVP*R th

I off = a[0]+a[l]*T+a[2]*T.pow(2)+a[3]1*T.pow(3)+a[4]*T.pow (4)
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IVP = torch.mul(I,V) - P

T = TO+IVP*R th

I off = a[0]l+a[l]*T+a[2]*T.pow(2)+a[3]1*T.pow(3)+a[4]1*T.pow(4)

N s = (P/(k*tao p) +G O*N 0*P/(k + epsilon*P))/(beta/tao n+G 0*P/(k +
epsilon*P))

S s = (eta i*(I- I _thO -I off)/q -N s/tao n)/G 0/(N_s-N _0)

P s = k*S_s

Y =G 0*P s/(k + epsilon*P s) - G 0*(N s-N 0)/(1 + epsilon*P s/k)/ (1 +
epsilon*P s/k)

Z= G _0*P s/tao p/(k+epsilon*P s) - k*(l-beta)*G 0* (N s-N 0)/tao n/ (1l
+ epsilon*P s/k)/(1 + epsilon*P s/k)

YY

Y.data.numpy ()

77 = Z.data.numpy ()

ff =f.data.numpy ()

j=np.asarray([1j])

H pred =Zz/((j*2*np.pi*ff)* (J*2*np.pi*ff)+(J*2*np.pi*ff) *YY+27)
yl = 20*np.log(np.abs(H pred))/np.log(10)

print t.time () -now

# quick Model

fparameter init

now = t.time()

I = Variable(torch.from numpy(np.asarray([7.5])))*1le-3

T0 = 20

f = Variable(torch.from numpy(S21 5['f'].values))*1le9

H = Variable(torch.from numpy(S21 5['S21'].values))

V = Variable(torch.from numpy(np.asarray([2.4645970081)))
g = 1l.6e-19

#0.225831488087848 -0.970065761537841 1.69074235247716
-0.222239791688644 1800000 597000 7.46603808781914e-12
4.12031396456752e-06

eta inp = np.random.randn(l)*.7

betanp = np.random.randn(l)*1le-5

tao nnp = np.random.randn(1l)*9.6e-9

knp = np.random.randn (1) *1.5e-8

G Onp = np.random.randn(l)*1.8e6

N Onp = np.random.randn(1l)*4.97e5

tao pnp = np.random.randn(l)*3.8e-12
epsilonnp = np.random.randn(l)*4.7e-8

eta inp = np.asarray([0.286406089244119])
betanp = np.asarray([1.00000000000000e-057)
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tao nnp = np.asarray([-0.001354601084230147)
knp = np.asarray([.000855646516271248])
G Onp = np.asarray([1.8e6])

N Onp = np.asarray([4.97e5])
tao pnp = np.asarray([3.20770652975277e-12])
epsilonnp = np.asarray([4.40841168670671e-06])

#
eta i = Variable(torch.from numpy(eta inp), requires grad=True)
beta =Variable(torch.from numpy(betanp), requires grad=True)
tao n =Variable(torch.from numpy(tao nnp), requires grad=True,)
k = Variable(torch.from numpy(knp), requires grad=True)

G O
N 0O

Variable (torch.from numpy(G Onp), requires grad=True)

Variable (torch.from numpy(N Onp), requires grad=True)
tao p = Variable(torch.from numpy(tao pnp), requires grad=True)

epsilon = Variable(torch.from numpy(epsilonnp), requires grad=True)

#Q1 parameter

Pnp = np.asarray([1.904172485])*1e-3

etanp = np.asarray([0.499999999959])

I thOnp = np.asarray([0.0003000000415347)

R thnp = np.asarray([2600.0])

#anp = np.asarray([1.24600004e-03, -2.54499585e-05, 2.90841508e-07,
2.94589863e-10, 4.24732955e-1117)

anp = np.asarray([1.246e-03, -2.545e-05, 2.908e-07, =-2.531e-10,
1.022e-121)

eta =Variable(torch.from numpy(etanp))

I th0 = Variable(torch.from numpy (I thOnp))
R th =Variable(torch.from numpy (R _thnp))

a = Variable(torch.from numpy(anp))

P =Variable(torch.from numpy (Pnp))

#521 = torch.from numpy(S21 5['S21'].values)

IVP = torch.mul(I,V) - P

T = TO+IVP*R th

I off = a[0]+a[l]1*T+a[2]*T.pow(2)+a[3]1*T.pow(3)+a[4]*T.pow (4)

IVP = torch.mul(I,V) - P
T = TO+IVP*R_th
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I off

N s =

= a[0]+a[l]l*T+a[2]*T.pow(2)+a[3]*T.pow(3)+a[4]*T.pow (4)
(P/ (k*tao p) +G O0*N 0*P/(k + epsilon*P))/(beta/tao n+G 0*P/(k +

epsilon*P))

S s =

P s =

Y =G

(eta i*(I- I thO0 -I off)/qg -N_s/tao n)/G 0/(N_s-N 0)
k*s s
0*P s/(k + epsilon*P s) - G O*(N_s-N 0)/(1 + epsilon*P s/k)/(1 +

epsilon*P s/k)
Z= G _0*P s/tao p/(k+epsilon*P s) - k*(l-beta)*G 0* (N _s-N 0)/tao n/ (1l

+ eps

YY
Z7
ff =f

ilon*P s/k)/ (1 + epsilon*P s/k)

Y.data.numpy ()

Z.data.numpy ()
.data.numpy ()

j=np.asarray([1j])
H pred =ZZ/((j*2*np.pi*ff)*(jJ*2*np.pi*ff)+(J*2*np.pi*£ff) *YY+ZZ)

yor =
print
# qui

20*np.log(np.abs(H pred))/np.log(10)
t.time () -now

ck Model

#parameter init

I = Variable(torch.from numpy(np.asarray([7.51)))*1le-3

TO =
£
H

\Y

q 1
#0.22
-0.22
4.120

eta 1

20

Variable(torch.from numpy(S21 5['f'].values))*1e9
Variable(torch.from numpy(S21 5['S21'].values))

Variable (torch.from numpy(np.asarray([2.464597008]1)))

.6e-19

5831488087848 -0.970065761537841 1.69074235247716
2239791688644 1800000 597000 7.46603808781914e-12
31396456752e-06

np = np.random.randn (l)*.7

betanp = np.random.randn(l)*1le-5

tao n
knp =
G _Onp
N Onp
tao p
epsil

eta 1

np = np.random.randn(l)*9.6e-9
np.random.randn(l)*1.5e-8

= np.random.randn(l)*1.8e6

= np.random.randn (1) *4.97e5

np = np.random.randn(l)*3.8e-12
onnp = np.random.randn(1l)*4.7e-8

np = np.asarray([0.2687379501995671])

betanp = np.asarray([1.00000000000000e-0517)

tao n
knp =
G_Onp

np = np.asarray([-0.00341772353672945]7)
np.asarray([.00815323238705132])
= np.asarray([1.8e6])
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N Onp = np.asarray([4.97e5])
tao pnp = np.asarray([3.29953711914025e-12])
epsilonnp = np.asarray([5.65010528859981e-06])

#

eta i = Variable(torch.from numpy(eta inp), requires grad=True)
beta =Variable(torch.from numpy(betanp), requires grad=True)
tao n =Variable(torch.from numpy(tao nnp), requires grad=True,)
k = Variable(torch.from numpy(knp), requires grad=True)

G 0 = Variable(torch.from numpy (G Onp), requires grad=True)

N 0

Variable (torch.from numpy(N Onp), requires grad=True)
tao p = Variable(torch.from numpy(tao pnp), requires grad=True)

epsilon = Variable(torch.from numpy(epsilonnp), requires grad=True)

#Q01 parameter

Pnp = np.asarray([1.904172485])*1e-3

etanp = np.asarray([0.499999999959])

I thOnp = np.asarray([0.000300000041534])

R thnp = np.asarray([2600.0])

#anp = np.asarray([1.24600004e-03, -2.54499585e-05, 2.90841508e-07,
2.94589863e-10, 4.24732955e-111)

anp = np.asarray([1.246e-03, =-2.545e-05, 2.908e-07, =-2.531e-10,
1.022e-12])

eta =Variable(torch.from numpy(etanp))

I thO = Variable(torch.from numpy (I thOnp))
R _th =Variable(torch.from numpy(R_thnp))

a = Variable(torch.from numpy(anp))

P =Variable(torch.from numpy (Pnp))

#521 = torch.from numpy(S21 5['S21'].values)

IVP = torch.mul(I,V) - P

T = TO+IVP*R th

I off = a[0]+a[l]*T+a[2]*T.pow(2)+a[3]1*T.pow(3)+a[4]*T.pow (4)

IVP = torch.mul(I,V) - P

T = TO+IVP*R th

I off = a[0]l+a[l]*T+a[2]*T.pow(2)+a[3]1*T.pow(3)+a[4]*T.pow(4)

N s = (P/(k*tao p) +G O*N 0*P/(k + epsilon*P))/(beta/tao n+G 0*P/(k +
epsilon*P))

S s = (eta_ i*(I- I _thO -I off)/q -N s/tao n)/G 0/(N_s-N _0)
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P s = k*S_s

Y =G _0*P s/(k + epsilon*P s) - G 0*(N s-N 0)/(1 + epsilon*P s/k)/ (1 +
epsilon*P s/k)

Z = G 0*%P s/tao p/(k + epsilon*P s)

YY

Y.data.numpy ()
77

Z.data.numpy ()

ff =f.data.numpy ()

j=np.asarray([1j])

H pred =Zz/((J*2*np.pi*ff)* (J*2*np.pi*ff)+(j*2*np.pi*ff) *YY+2Z)
y2 = 20*np.log(np.abs(H _pred))/np.log(10)

print t.time () -now

# quick Model

#parameter init

I = Variable(torch.from numpy(np.asarray([7.5])))*1le-3

TO = 20

f = Variable(torch.from numpy(S21 5['f'].values))*1e9

H = Variable(torch.from numpy(S21 5['S21'].values))

V = Variable(torch.from numpy(np.asarray([2.4645970081)))
q=1.6e-19

#0.225831488087848 -0.970065761537841 1.69074235247716
-0.222239791688644 1800000 597000 7.46603808781914e-12
4.12031396456752e-06

eta inp = np.random.randn(1l)*.7

betanp = np.random.randn(l)*1e-5

tao nnp = np.random.randn(l)*9.6e-9

knp = np.random.randn (1) *1.5e-8

G Onp = np.random.randn(l)*1.8e6

N Onp = np.random.randn(1l)*4.97e5

tao _pnp = np.random.randn(1l)*3.8e-12
epsilonnp = np.random.randn(l)*4.7e-8

eta inp = np.asarray([0.681930482021858])
betanp = np.asarray([1.00000000000000e-057)
tao nnp = np.asarray([-8.17801576979332e-08])
knp = np.asarray([-5.04286636253122e-081])

G Onp = np.asarray([1.8e6])

N Onp = np.asarray([4.97e5])

tao pnp = np.asarray([1.05589369120407e-11])
epsilonnp = np.asarray([1.64958146147851e-07])
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#
eta 1 = Variable(torch.from numpy(eta inp), requires grad=True)
beta =Variable(torch.from numpy(betanp), requires grad=True)
tao n =Variable(torch.from numpy(taoc nnp), requires grad=True,)
k = Variable(torch.from numpy(knp), requires grad=True)

G O
N 0O

tao p = Variable(torch.from numpy(tao pnp), requires grad=True)

Variable (torch.from numpy(G Onp), requires grad=True)

Variable (torch.from numpy(N Onp), requires grad=True)

epsilon = Variable(torch.from numpy(epsilonnp), requires grad=True)

#Q1 parameter

Pnp = np.asarray([1.904172485])*1e-3

etanp = np.asarray([0.499999999959])

I thOnp = np.asarray([0.0003000000415347)

R thnp = np.asarray([2600.0])

#anp = np.asarray([1.24600004e-03, -2.54499585e-05, 2.90841508e-07,
2.94589863e-10, 4.24732955e-1117)

anp = np.asarray([1.246e-03, -2.545e-05, 2.908e-07, =-2.531e-10,
1.022e-12])

eta =Variable(torch.from numpy(etanp))

I th0 = Variable(torch.from numpy (I thOnp))
R th =Variable(torch.from numpy (R _thnp))

a = Variable(torch.from numpy(anp))

P =Variable(torch.from numpy (Pnp))

#521 = torch.from numpy(S21 5['S21'].values)

IVP = torch.mul(I,V) - P

T = TO+IVP*R th

I off = a[0]+a[l]1*T+a[2]*T.pow(2)+a[3]1*T.pow(3)+a[4]*T.pow (4)

IVP = torch.mul(I,V) - P

T = TO+IVP*R th

I off = a[0]+a[l]*T+a[2]*T.pow(2)+a[3]1*T.pow(3)+a[4]*T.pow (4)

N s = (P/(k*tao p) +G O*N 0*P/(k + epsilon*P))/(beta/tao n+G 0*P/(k +
epsilon*P))

S s = (eta i*(I- I thO -I off)/qg -N_s/tao n)/G 0/(N_s-N _0)

P s = k*S_s

Y =G _0*P_s/(k + epsilon*P s)

Z = G 0*%P s/tao p/(k + epsilon*P s)

YY = Y.data.numpy ()
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77 Z.data.numpy ()

ff =f.data.numpy ()

j=np.asarray([17])

H pred =Zz/((J*2*np.pi*ff)* (J*2*np.pi*ff)+(j*2*np.pi*ff) *YY+2Z)

y3 = 20*np.log(np.abs(H _pred))/np.log(10)

print t.time () -now

img = plt.figure()

#plt.plot(S21 5['f'].values,S21 5['S21'].values,'-."',label = 'Real')
plt.plot(S21 5['f'].values,y,label = 'Faster Model-tao¥')
#plt.plot(S21 5(['f'].values[::100],y[::100],"")

plt.plot(S21 5['f'].values,pd.read csv('O4all.csv', header=None) .value

s,'-.",label = 'Oringin Model')
plt.plot(S21 5['f'].values,yl,label = 'Faster Model-tao')
plt.plot(s21 5['f'].values,y2,label = 'Faster Model-taoZ')

plt.plot(S21 5['f'].values,y3,label 'Faster Model-taoYz')

#plt.plot(S21 5['f'].values,H predl.data.numpy(),label = 'Predict2')
plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freg (GHz) ')

plt.legend()

img.savefig('pic/faster.pdf’")

now = t.time ()

Y =1./tao p +1./tao n +G 0*P s/(k + epsilon*P s) - G 0*(N s-N 0)/(1 +
epsilon*P s/k)/ (1l + epsilon*P s/k)

z = 1./tao_p/tao_ n +G 0*P s/taoc p/(k + epsilon*P s) -

k* (1-beta)*G 0*(N_s-N 0)/tao n/(l + epsilon*P s/k)/ (1l + epsilon*P s/k)
print t.time () -now

now = t.time ()

Y =G 0*P _s/(k + epsilon*P _s) - G 0*(N s-N 0)/(l + epsilon*P s/k)/(1 +
epsilon*P s/k)

Z= G _0*P s/tao p/(k+epsilon*P s) - k*(l-beta)*G 0*(N_s-N 0)/tao n/(1
+ epsilon*P s/k)/ (1 + epsilon*P s/k)

print t.time () -now

now = t.time ()

Y = G 0*P s/ (k + epsilon*P_s)

Z= G _0*P s/tao p/(k+epsilon*P s) - k*(l-beta)*G 0* (N s-N 0)/tao n/ (1l
+ epsilon*P s/k)/(1 + epsilon*P s/k)

print t.time()-now

now = t.time ()

Y =G 0*P_s/(k + epsilon*P s) - G 0*(N_s-N 0)/(1 + epsilon*P s/k)/(1 +
epsilon*P s/k)

Z = G 0*%P s/tao p/(k + epsilon*P s)

print t.time () -now
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now = t.time ()
Y = G 0%P_s/(k + epsilon*P_s)
Z = G 0*%P s/tao p/(k + epsilon*P s)

print t.time()-now

#Q4 plot

import pandas as pd

import torch

import matplotlib.pyplot as plt
import seaborn as sns

import numpy as np

from torch.autograd import Variable
from numpy.random import randint
from sklearn import metrics
gmatplotlib inline

from matplotlib.font manager import *

myfont = FontProperties (fname='SansSerif.ttf")
matplotlib.rcParams|['axes.unicode minus']=False
import time as t
#L20C = pd.read excel ('L-I-20C.XLSX")
S21 5 = pd.read excel('S21l 5.xlsx')
S21 5.columns = ['f£',"'521","'I b','Ta']
def ComputeAmplitude (TO =20,
I = 7.5):# quick Model

fparameter init

I = Variable(torch.from numpy(np.asarray([I])))*1le-3

f = Variable(torch.from numpy(S21 5['f'].values))*1le9

H = Variable(torch.from numpy(S21 5['S21'].values))

V = Variable(torch.from numpy(np.asarray([2.464597008]1)))
q=1.6e-19

#0.225831488087848 -0.970065761537841 1.69074235247716
-0.222239791688644 1800000 597000 7.46603808781914e-12
4.12031396456752e-06

eta inp = np.random.randn(1l)*.7
betanp = np.random.randn(l)*le-5
tao nnp = np.random.randn(1l)*9.6e-9

knp = np.random.randn(l)*1.5e-8

G _Onp np.random.randn (1) *1.8e6

N Onp np.random.randn (1) *4.97e5

tao pnp = np.random.randn(1l)*3.8e-12
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epsilonnp = np.random.randn(l)*4.7e-8
eta inp = np.asarray([0.3360406464718661])
betanp = np.asarray([-.1061722591892961])
tao nnp = np.asarray([-15.70672048097991)
knp = np.asarray([-3.6018722870510217)

G Onp = np.asarray([1.8e6])

N Onp
tao pnp = np.asarray([1.15947245110257e-111)
epsilonnp = np.asarray([3.28801303308812e-061])

np.asarray([4.97e5])

#
eta i1 = Variable(torch.from numpy(eta inp), requires grad=True)
beta =Variable(torch.from numpy(betanp), requires grad=True)
tao n =Variable(torch.from numpy(taoc nnp), requires grad=True,)
k = Variable(torch.from numpy (knp), requires grad=True)

G O
N 0O

Variable(torch.from numpy(G Onp), requires grad=True)

Variable(torch.from numpy(N Onp), requires grad=True)
tao p = Variable(torch.from numpy(tao pnp), requires grad=True)

epsilon = Variable (torch.from numpy(epsilonnp), requires grad=True)

#Q1 parameter

Pnp = np.asarray([1.904172485])*1e-3

etanp = np.asarray([0.4999999999591])

I thOnp = np.asarray([0.0003000000415347)

R thnp = np.asarray([2600.0])

#anp = np.asarray([1.24600004e-03, -2.54499585e-05, 2.90841508e-07,
2.94589863e-10, 4.24732955e-111)

anp = np.asarray([1.246e-03, -2.545e-05, 2.908e-07, =-2.531le-10,
1.022e-121)

eta =Variable(torch.from numpy (etanp))
I th0 = Variable(torch.from numpy (I thOnp))
R th =Variable(torch.from numpy (R _thnp))

a = Variable(torch.from numpy (anp))

P =Variable(torch.from numpy (Pnp))

#521 = torch.from numpy (S21 5['S21'].values)

IVP = torch.mul(I,V) - P

T = TO+IVP*R th

I off = a[0]+a[l1]*T+a[2]*T.pow(2)+a[3]1*T.pow(3)+a[4]*T.pow(4)
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N s = (P/(k*tao p) +G O*N O0*P/(k + epsilon*P))/(beta/tao_n+G 0*P/(k
+ epsilon*P))
S s = (eta i*(I- I thO -I off)/qg -N s/tao n)/G 0/ (N _s-N 0)
P s = k*S_s
Y =G 0*P s/(k + epsilon*P_ s)
Z = G 0*P_s/tao p/(k + epsilon*P s) -
k* (1-beta)*G_0*(N_s-N 0)/tao n/ (1l + epsilon*P s/k)/ (1l + epsilon*P s/k)
#H predl = Z/ (- (2*np.pi*f)* (2*np.pi*f) - (2*np.pi*f) *Y+7)
YY = Y.data.numpy ()
Z2Z = Z.data.numpy ()
ff =f.data.numpy ()
j=np.asarray([17])
H pred =2Z/((3*2*np.pi*ff)* (J*2*np.pi*ff)+(J*2*np.pi*£ff)*YY+22)
yqucik = 20*np.log(np.abs(H pred))/np.log(10)
return yqucik
img = plt.figure()
#tem = [20,40,80,100]
for i in range(10):
num = 1*10+10
if num==20:

plt.plot(S21 5['f'].values,ComputeAmplitude(TO = num),'-"',label
=str(num)+'°C' .decode ('utf8'))

else:

plt.plot(s21 5['f'].values,ComputeAmplitude (TO =

num) ,'-."',label =str(num)+'°C'.decode('utfg8'))

#plt.plot(s21 5(['f'].values,y,label = 'Predict')

#plt.plot(s21 5['f'].values[::100],y[::100],"'")

#plt.plot(S21 5['f'].values,H predl.data.numpy(),label = 'Predict2')

plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freg (GHz) ')
plt.legend()
img.savefig('pic/fasterTemAll . pdf")
img = plt.figure()
tem = [20,40,80,100]
for num in tem:

#num = 1*10+10

if num==20:

plt.plot(s21 5['f'].values,ComputeAmplitude(TO0 = num),'-"',label

=str(num)+'°C' .decode ('utf8'))

else:
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plt.plot(S21 5['f'].values,ComputeAmplitude (T0 =

num),'-."',label =str(num)+'°C'.decode('utfg8'))

#plt.plot(S21 5['f'].values,y,label = 'Predict')
#plt.plot(S21 5['f'].values[::100],y[::100],"")

#plt.plot(S21 5['f'].values,H predl.data.numpy(),label = 'Predict2')

plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freg (GHz) ')
plt.legend()
img.savefig('pic/fasterTemd . .pdf')
img = plt.figure()

for i in range(8):

num = 1i+0.5
if i==7:
plt.plot(S21 5['f'].values,ComputeAmplitude(I = num),'-',6label
=str(num)+ ' mA')
else:
plt.plot(S21 5['f'].values,ComputeAmplitude(I = num),'-."',label
=str(num)+ ' mA'")
#plt.plot(S21 5['f'].values,y,label = 'Predict')
#plt.plot(S21 5(['f'].values[::100],y[::100],"")
#plt.plot(S21 5['f'].values,H predl.data.numpy(),label = 'Predict2')
plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freg (GHz) ")
plt.legend(loc =3)
img.savefig('pic/fasterDianliuAll . pdf")
img = plt.figure()
tem = [1.5,7.5,3.5,15.5]
for num in tem:
#num = 1*10+10
if num==7.5:
plt.plot(s21 5['f'].values,ComputeAmplitude(I = num),'-',label
=str(num)+ ' mA')
else:
plt.plot(S21 5['f'].values,ComputeAmplitude(I = num),'-."',label
=str(num)+' mA')
#plt.plot(S21 5['f'].values,y,label = 'Predict')
#plt.plot(S21 5(['f'].values[::100],y[::100],"")
#plt.plot(S21 5(['f'].values,H predl.data.numpy(),label = 'Predict2')

plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freg (GHz) ')

plt.legend()
img.savefig('pic/fasterDianliud.pdf')
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g3df =pd.read csv('g3Tem.csv',header =None)
fig = plt.figure(figsize=(16,16))

df = pd.read csv('QOl all.csv',header=None)
for i in range(8):

plt.subplot (421+41)

num = 1i*10+10
plt.plot(s21 5['f'].values,ComputeAmplitude(T0 = num),'-',label =

str(num)+'°C faster Model'.decode('utfg8'))

plt.plot(sS21 5['f'].values,g3df[i].values,'-.',label = str (num)+'"C

Origin'.decode('utf8'))

#sns.regplot (L20C['I'].values[300:1400:100],L20C['P"'].values[300:1400
:100],ci=100,0rder=1, truncate=True, label = 'Power: 1',color='qg')
plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freqg (GHz) ")
plt.legend(loc =3)

fig.savefig('pic/fasterTemVs.pdf')

fig = plt.figure(figsize=(16,16))

df = pd.read csv('0Ol all.csv',header=None)
for i in range(8):

plt.subplot (421+1)

num = i + 3.5

plt.plot(s21 5['f'].values,ComputeAmplitude(I = num),'-',label =
str(num)+'ma faster Model'.decode('utfg8'"))

plt.plot(S21 5['f'].values,qg3df[i].values,'-."',label=str(num)+'mA
Origin'.decode('utfg8"))

#sns.regplot (L20C['I'].values[300:1400:100],L20C['P"'].values[300:1400
:100],ci=100,o0rder=1, truncate=True, label = 'Power: 1',color='g")
plt.ylabel ('Amplitude (dB) ")
plt.xlabel ('freqg (GHz) ")
plt.legend(loc =3)

fig.savefig('pic/fasterIVs.pdf')
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