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—HERRDOIT)LE

2T
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R
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MICROCHIP ft MCP3208 Data Sheet &£ V)

ExEBOFEFETCLALLNDS
A/D AV N—Z—DORNEENEE R 5.

COAVN—R—DADIT
CHO ~ CH7 D 8 F ¥ > % JL

ANESEDAC EDLLEA1TS Z & IC
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S ZREEBRA D A/D TV /R— &R —
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e Spurious Free Dynamic Range (SFDR)
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1. [XL &I

e ZDAVTUYDEMIE DITIR—RDHAEIRETH

5 Jupyter Notebook (CD VT I R—IFHAE-TLVSE
D)xFALT, 73 ')Z.A(Pythond) AEE1E), z:ﬂﬁﬁ
5T & (Numpy, PyTorch), BAS BN IE(IERRFIH), 75
i 5|3 E 1—T 424 (GPU)IZEET A E AR BY% 3'21’[1"&5'
J§95H5¢ETY.

. EICKEIRE, HRANBROFROLBETERTE

BEINZ, TOZHIGARIZDOWTIEE AN, [
ZBDEDNHBHITEZFHIRELT, T—2HAITUADY)
FERITICHEMZEIERLTILVET.




2. Python D EARBITERATGIE

2-1. Python &l

« Python I&, BIEEMRIR, BT —2FFICET IR EFICHNT
ES, EiRIToCWAEE>TBETIELWIRTISIVJERET
9. CNEEBITHIETSER, TRV THMLBLTIEALE
B2 =E L KRET—2DBITMNTESLIIZHYET.

* Python [ CEEE LD Fortran ENDIGHNEGT OISV T EEE
LR TCEBIZRESAIENTESETAYSIVTEETYT. 3DT K
ASHBHLIEETHY, {SADTA4T 3 (##HBIY—IL) BREFEL
TWADT, BREZENTEEYT. SHTEDESHZZZT, D7l
CLELIHYFERA.




2. Python D EARBITERATGIE

2-2. Python ME{THE

o« HLUTDEILTOTSLEZENT, TNEETITHEI—ZFIL
D4R DZF ([T Helloworld JELVORTRMNAEB HSNFET.

def main():

print("Hello world")
if name__ =="_ main__™:
main()



2. Python D EARBITERATGIE

2-3. Python MDEARFR4E
2-3-1. MAIFHE

def main():
print(3 + 15) # addition
if _name__ ==" main__ "

main()



2. Python D EARBITERATGIE

2-3. Python MERIEE
2-3-1. MAIFE

def main():
print(10 - 2) # subtraction
print(90 / 3) # division
print(51 * 4) # multiplication
if _name_=="_main__":
main()



2. Python D EARBITERATGIE

2-3. Python MEKRIRE
2-3-2. TH
def main():

a = 3 # assign a value '3' to a variable 'a°
b=15
print(a + b) # addition
print(a - b) # subtraction
print(b / a) # division
print(a * b) # multiplication
if name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-3. Python D E R4
2-3-2. T

def main():
greeting = "Hello world"
print(greeting)

if _name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-3. Python M EAR{EE
2-3-3.YRARET A3 T

def main():
list a =110, 4, "aaa"]
print(list_a[0]) # access first element of list_a
print(list_a[1]) # access second element of list_a

print(list_a[2]) # access third element of list_a

if name_ =="_ main__ ™

main()



2. Python D EARBITERATGIE

2-3. Python D EARIZ/E
2-3-3.YRARET A3 T

def main():
dict_a ={'January':'1’, 'February': '2'}
print(dict_a['January'])
print(dict_a['February'])

if _name__==' main__"
main()



2. Python D EARBITERATGIE

2-3. Python D E R4
2-3-3. JRRET 4O 3FY)

def main():
list a=1[10, 4, "aaa"]
for win list_a:
print(w)
if _name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-3. Python D EARIZ/E
2-3-3.YRARET A3 T

def main():
dict_a={January':'1l', 'February': '2'}
for k in dict_a.keys():
print(k, dict_a[k])
if _name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-4. 7)) X Ls
2-4-1. f&U) = LALIE

def main():
foriin range(5):
print(i)
if _name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-4. 7)) X Ls
2-4-1. f&U) = LALIE

def main():
i=0
while i 1= 10:
print(i)
i=i+1
if _name__=='_ main__ "

main()



2. Python D EARBITERATGIE

2-4. 7)) X Ls
2-4-2. EH I

def main():
dict_a={'January':'1l', 'February': '2', 'May': '5'}
for k in dict_a.keys():
if k =="January":
print(dict_alk])
elif dict_a[k] =="2":
print(k,"corresponds to",dict_al[k],"in dict_a.")
else:
print(k,"is not January or February.")
if _name__ =="_ main__ "
main()



2. Python D EARBITERATGIE

2-4. 7L X Ls

2-4-3. BE#K

def main():
str 1 ="Python"
func_1(str_1);

def func_1(arg_1):
print("Hello", arg_1)

if _name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-4, 7I)ILOAYRX L
2-4-3. %K
def main():
numbers =[2, 4, 5, -2, 3]
result_1 = summation(numbers)
print(result_1)
def summation(arg_1):
sumvalue =0
for numberinarg_1:
sumvalue = sumvalue + number
return sumvalue
if _name__ =="  main__":
main()
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2. Python D EARBITERATGIE

2-5. BAAS ENIE
2-5-1. IFFRKXIH

o JOYUSIVTEEIITIEFRRIA (regular expression) |EFEIEN B
FHNI—V R ERZFHFLET.

o JOYUIIVT TXFIAHEETH=-ODIEEIZE NG Y—ILTY .
e Python TEHRKRBEFEHAITIEEIE. rel TATSVZEFIALET .




2. Python D EARBITERATGIE

2-5. B S RGN
2-5-2. THXALDIE re.findall
import re

1Tl

def main():

teXt = "The Volatility Index Japan (VXJ) provides a measure of how volatile the Japanese stock market would be over the next month and it is based on Nik

kei225 index options. The VXJ index is presented herein, not so much as a tradable class of assets, but as a guide for firms in the dynamic hedging of exposures to equity risk, and for fi

nancial regulators in the supervision of banks’ compliance with capital requirements through Value-at-
Risk modelling. This volatility index can be also useful in the examination of the reaction of volatility expectations to macroeconomic information. Empirical studies suggest that implie

d volatility indices provide reliable forecasts of short-
term volatility, and the “fear gauge” appellation is widely accepted in light of the negative dynamic relationship with market returns."

liresult = re.findall("¥d+", text)

print(liresult)

if  _name__ =="_ main__

main()



2. Python D EARBITERATGIE

2-5. B S RGN
2-5-2. THXALDIE re.findall
import re

1Tl

def main():

teXt — "The Volatility Index Japan (VXJ) provides a measure of how volatile the Japanese stock market would be over the next month and it is based on Ni

kkei225 index options. The VXJ index is presented herein, not so much as a tradable class of assets, but as a guide for firms in the dynamic hedging of exposures to equity risk, and for

financial regulators in the supervision of banks’ compliance with capital requirements through Value-at-
Risk modelling. This volatility index can be also useful in the examination of the reaction of volatility expectations to macroeconomic information. Empirical studies suggest that implie

d volatility indices provide reliable forecasts of short-
term volatility, and the “fear gauge” appellation is widely accepted in light of the negative dynamic relationship with market returns."

liresult = re.findall("[A-Z][a-z]+", text)
print(liresult)

if _name__ =="_ main__":
main()



2. Python MERMIEER AL

2-5. BARE BLE
2-5-3. TEXAFDHIE re.search()

import re

1Tl

def main():

teXt = "The Volatility Index Japan (VXJ) provides a measure of how volatile the Japanese stock market would be over the next month and it is based on Nikke

i225 index options. The VXJ index is presented herein, not so much as a tradable class of assets, but as a guide for firms in the dynamic hedging of exposures to equity risk, and for fina

ncial regulators in the supervision of banks’ compliance with capital requirements through Value-at-
Risk modelling. This volatility index can be also useful in the examination of the reaction of volatility expectations to macroeconomic information. Empirical studies suggest that implie

d volatility indices provide reliable forecasts of short-
term volatility, and the “fear gauge” appellation is widely accepted in light of the negative dynamic relationship with market returns."

if re.search("2¥d", text):
print("Yes")
else:
print("No")

if _name__ =="  main__":
main()



2. Python D EARBITERATGIE

2-5. HAS B EE
2-5-4, TEX AFDEH re.sub

import re
def main():

1Tl

teXt = "The Volatility Index Japan (VXJ) provides a measure of how volatile the Japanese stock market would be over the next month and it is based on Nik

kei225 index options. The VXJ index is presented herein, not so much as a tradable class of assets, but as a guide for firms in the dynamic hedging of exposures to equity risk, and for fi

nancial regulators in the supervision of banks’ compliance with capital requirements through Value-at-
Risk modelling. This volatility index can be also useful in the examination of the reaction of volatility expectations to macroeconomic information. Empirical studies suggest that implie

d volatility indices provide reliable forecasts of short-
term volatility, and the fear gauge appellation is widely accepted in light of the negative dynamic relationship with market returns."

replaced_text = re.sub("¥(¥w+¥)¥s", "", text)
print(replaced text)

if name_ =="_ main__™:
main()



2. Python D EARBITERATGIE

2-5. B S RGN
2-5-5. TEXF XD 7 E re.split
import re

1Tl

def main():

teXt — "The Volatility Index Japan (VXJ) provides a measure of how volatile the Japanese stock market would be over the next month and it is based on Ni

kkei225 index options. The VXJ index is presented herein, not so much as a tradable class of assets, but as a guide for firms in the dynamic hedging of exposures to equity risk, and for

financial regulators in the supervision of banks’ compliance with capital requirements through Value-at-
Risk modelling. This volatility index can be also useful in the examination of the reaction of volatility expectations to macroeconomic information. Empirical studies suggest that implie

d volatility indices provide reliable forecasts of short-
term volatility, and the fear gauge appellation is widely accepted in light of the negative dynamic relationship with market returns."

liresult = re.split("¥s+", text)
print(liresult)

if _name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-6. 24T )DAR—bk

import statistics

def main():
pass
if _name__ =="_ main__":

main()



2. Python D EARBITERATGIE

2-6. AT DA R—k
import statistics
def main():
pass
if _name__ =="  main__":
main()

import statistics

import sys

def main():
pass

if _name__ =="  main__":
main()



2. Python D EARBITERATGIE

2-6. 2473 DA iR—bk
2-6-1. #(EtES 21— )L statistics

import statistics

def main():
linumber=[1, 2, 3, 4,5, 6, 7, 8]
print("mean:", statistics.mean(linumber))
print("sd:", statistics.stdev(linumber))

if name_ =="_ main__ ™
main()



2. Python D EARBITERATGIE

2-6. AT DA R—k
2-6-2. BFEY 21— )L math
import math
def main():
x=10
print("log_10:", math.log10(x))
print("log_2:", math.log2(x))
print("log_e:", math.log(x))
x=math.radians(180)
print(math.sin(x))
print(math.cos(x))
print(math.tan(x))
if _name__ =="  main__":
main()



2. Python D EARBITERATGIE

2-6. A7) DA R—bk
2-6-3. A EFED 2 —IL

e NERDEDA—IIIFA R —=ILLETFNIEHRYEREA. FD-5HIZ
[Za< 2RS4 ETlpip3lElVSav RERALVET.

| pip3 install numpy

o IRTE(E-STULVAS Python [T/ RM—ILENTWNBSAT S EHER
BIZIFLLTOLSICITBEET.

| pip3 list



2. Python D EARBITERATGIE

2-7. NumPy DE KR ERGE

2-7-1. NumPy D A > R—k

e NumPy &3 Python THIFARIBELGBIEESTE NS4 T3 TY. 3FX
FHAEZOATUR—HTIOITENTEZET. NumPy [FULTD LS
[CLTAUR—RLETS. 5HAHIAATE NumPy [ZIE np ELVSERFRIEZ B
ZHENERTY.

import numpy as np

def main():
pass
if name_ =="_ main__ ™

main()



2. Python D EARBITERATGIE

2-7. NumPy D EKWLZERAE
2-7-2. RONILDEARMTETE

import numpy as np
def main():
print(np.array([1, 2, 3]))
if _name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-7. NumPy D EKWLZERAE
2-7-2. RONILDEARMTETE

import numpy as np

def main():
na = np.array([1, 2, 3])
print(na[0])

if _name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-7. NumPy D EKWLZERAE
2-7-2. RONILDEARMTETE

import numpy as np

def main():
na = np.array([1, 2, 3])
nb = np.array([5, 7, 9])
print(na + nb)
print(na - nb)
print(na * nb)
print(nb / na)

if name__ =="_ main__™:
main()



2. Python D EARBITERATGIE

2-7. NumPy D EKWLZERAE
2-7-2. RONILDEARMTETE

import numpy as np

def main():
na = np.array([1, 1])
nb = na.copy()
print(na, nb)
na[0] =2
nb[0] =3
print(na, nb)

if name__ =="_ main__™:
main()



2. Python D EARBITERATGIE

2-7. NumPy D EKWLZERAE
2-7-2. RONILDEARMTETE

import numpy as np

def main():
na = np.array([1, 1])
nb =na
print(na, nb)
na[0] =2
nb[0] =3
print(na, nb)
if name__ =="_ main__™:
main()



2. Python D EARBITERATGIE

2-7.NumPy O E KWL ERAE
2-7-3. TR DEARNLGETE

import numpy as np
def main():
na = np.array([[1, 2], [3, 4]])
print(na)
print(na.shape)
if name_ =="_ main__ ™
main()



2. Python D EARBITERATGIE

2-7.NumPy O E KWL ERAE
2-7-3. TR DEARNLGETE

import numpy as np
def main():
na = np.array([[1, 2], [3, 4]])
print(na[0,:]) # all elements of row 1
print(nal[:,1]) # all elements of column 2
if name_ =="_ main__ ™
main()



2. Python D EARBITERATGIE

2-7.NumPy O E KWL ERAE
2-7-3. TR DEARNLGETE

import numpy as np

def main():
na = np.array([[1, 2], [3, 4]])
print(na.max())
print(na.min())
print(na.sum())
print(na.mean())
print(na.var())
print(na.std())

if _name__ =="  main__":
main()



2. Python D EARBITERATGIE

2-7.NumPy O E KWL ERAE
2-7-3. TR DEARNLGETE

import numpy as np

def main():
print(np.zeros((3,3)))
print(np.ones((4,4)))

if _name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-7.NumPy O E KWL ERAE
2-7-3. TR DEARNLGETE

import numpy as np

def main():
na = np.array([[1, 2], [3, 4]])
nb = np.array([[5, 6], [7, 8]])
print(na + nb)
print(nb - na)
print(na * nb)
print(nb / na)
if name__ =="_ main__™:
main()



2. Python D EARBITERATGIE

2-7.NumPy O E KWL ERAE
2-7-3. TR DEARNLGETE

import numpy as np
def main():
na = np.array([[1, 2], [3, 4]])
nb = np.array([[5, 6], [7, 8]])
print(np.dot(na, nb))

if name_ =="_ main__ ™
main()



2. Python D EARBITERATGIE

2-7.NumPy O E KWL ERAE
2-7-3. TR DEARNLGETE

import numpy as np
np.random.seed(0)
def main():
print(np.random.rand(3, 3))
if _name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-7.NumPy O E KWL ERAE
2-7-3. TR DEARNLGETE

import numpy as np

def main():
na = np.array([[4, 15, 4], [-11, 5, 6], [2, 4, 8]])
print(np.linalg.det(na))

print(np.linalg.inv(na))
if name_ =="_ main__™:

main()



2. Python D EARBITERATGIE

2-7.NumPy O E KWL ERAE
2-7-3. TR DEARNLGETE

import numpy as np

def main():
na =np.array([[3, 4, 1,4],[1,2,1,1],[1,1, 2,1],[1, 1, 1, 2]])
eigenvalue, eigenvector = np.linalg.eig(na)
print("eigenvalue”,eigenvalue)
print("eigenvector"”,eigenvector)

if name__=="_ main__™:
main()



2. Python D EARBITERATGIE

2-7.NumPy O E KWL ERAE
2-7-3. TR DEARNLGETE

import numpy as np

def main():
na =np.array([[3, 4, 1,4],[1,2,1,1],[1,1, 2,1],[1, 1, 1, 2]])
print(na ** 2)

if _name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-7.NumPy O E KWL ERAE
2-7-3. TR DEARNLGETE

import numpy as np

def main():
na =np.array([[3, 4, 1,4],[1,2,1,1],[1,1, 2,1],[1, 1, 1, 2]])
print(np.linalg.matrix_power(na, 2))

if _name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-7.NumPy O E KWL ERAE
2-7-3. TR DEARNLGETE

import numpy as np

def main():
na =np.array([[3, 4, 1,4],[1,2,1,1],[1,1, 2,1],[1, 1, 1, 2]])
print(na + 2)

if _name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-7. NumPy DEXRKTERAE
2-7-4. ¥ERRTTIRE

import numpy as np

def main():
na = np.array([1, 2, 3,4, 5, 6, 7])
print(na[::-1])

if _name__ =="_ main__":

main()



2. Python D EARBITERATGIE

2-7. NumPy DEXRKTERAE
2-7-4. ¥ERRTTIRE

import numpy as np

def main():
na = np.array([1, 2, 3,4, 5, 6, 7])
print(na > 3)

if _name__ =="_ main__":
main()



2. Python D EARBITERATGIE

2-7. NumPy DEXRKTERAE
2-7-4. ¥ERRTTIRE

import numpy as np

def main():
na = np.array([1, 2, 3,4, 5, 6, 7])
print(na[na > 3])

if _name__ =="_ main__":
main()
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T—IPAI>ARAI—-RX GBI ?-@

BY : ES (KIRAXFMMDSEERFI—Y b - HHUR)
AE : ZIOVUX LA, #iEEtE, BRSELE, 26 - NIV E1—-FT0 >0

+1 (FUsIC

> 1. COOATIYTERNE

CDIAFTIOVOENIE, DI R—ADFEIRIETH S Jupyter Notebook (CDITIR—S%HR
EoTVWBED) ZFIALT, ZILIYXL(Python DEFIZIE), EUESTE (Numpy, PyTorch), B
SHEAH(IERERR), D8 - WO E1—F+ 2P (GPU)ICHAT IEANRILMEB/ISDET
9. ZBE (ECKERE, HEAN) PEHLOARPEHBE TEATEILSIC, TIZHIRBABICD
WTEHfINY, [EXBLSICRD] CEZEFIRELVT, T—IYAM I ADNEERET(CHH%E
ERLUTWVWET.

EDBERITOVS =2 )FLEENDAIE, EEKRICKIEAFEMMDSHREL TLWEZGPUT OIS
S2UBBEDURLEZECET V. KXIRAXFEYAIN—AF 1 P> I—DPFABEIBGPUIS RS —
OCTOPUSZEFRA L TERB/ZITVLELE.

X2 web site : https://koikezlemma.github.io/gpu/

OCTOPUS web site: http://www.hpc.cmc.osaka-u.ac.jp/octopus/

v 1-2. COIRBICDLT

v 1-2-1. Jupyter Notebook

Jupyter Notebook (& Python Z =173 D/zHDIRIZETT. AEZEDIEHS Python D1— RZEEITI
BDTENTEET. CODRIENE, Python TOT S ALANETESNDIERDREE(FADUERRDIDTY
7Y, Python 7O SANEDLS(CEBKNEWVWDS CEZGHEICHER URBNSFEBZITDENTEE
9. CEBEOMTELLAIBEOEE THESIHEIC(E, anacondaZz - > X b—)L L TJupyter NotebookZ &
D TLKJZEL). Google Colab(EH K £TEHEZRADEM E U THEMLUTULET. £/, Google Colb(&
FIRREE(S > 51 L)ICHIRNHD D, GPUNMEZRDINS EE 0> TIRARZEEFHZVE LT DIFREFH
DA « EFF(C@EENTVRLDELNELRA. H<ET, BFEBONRECEER7IUT—23
> EVWSEEENAELLDE UNEEA.

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 1/45
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anaconda web site: https:/www.anaconda.com/

v 1-2-2. GPU OFIR7AE

CDIRIE (Google Colab) T GPU ZFAHI BICIILEDAZD—D S5 L] BB [S25A4 LD
DA T=EE| EEEH, [I\—ROTT77oOSL—5] @ [GPUl &#&EIRUET. £fZL, CBBD
F&t&%ﬁ%&“5%ku:NmeNﬂ'&55475Uammm%@dﬁbt%ﬁ?%ﬁ%ﬁ@b

9. FHCDLWTIE, GPUT O S I JEEBR(ICTEMLIZEV. FIZ, GPUDT —F5FIF v (C
ﬁiééﬂcvmt@TE%éﬁbt<tém.

https://koikezlemma.github.io/gpu/GPU01.pdf

1-3. FIRRIICITD 2 & (BE)

- 1-4. FERGE

v 1-4-1. &

ENSIEE(CHEHESHE . Python D1— RAENMN TWBISESEETNRI>ZE T )W IULTETL
F9. - RADEERZEXZD, BEPOCEHDEEEZZD UTEEBZHENOTHTLIZEL. ZDLE
T, T—9PA IR TROESNDTILITUXLYEESE, E21—ILD1 > R—b, GPUZALE
THETEECDVWTEBUEY. T, £ CERET D EFARTAETTDTHR~FIRLN)LZIBTE
UDD, BEBEEICAIAIREANFEE UGS DRIBEFRRFTECDVWTHARUTIEITNEERWET.
B~ BRI ZFRLRESNDAECPUT OIS JEBEDURLZCE T =L\,

v 1-4-2. J— L

d—R)L&lE, Python DO— REEBZFAHFEITIDCHDTILTY. FITIDILEHICEUATDOLDS
RIREBORYDIRXTY. ZZ(CO—RZESFT. FT(E, O— FIILOEICKRSND [EITRY
21 mOVUyIIDH, O— R LEERUTZIARET Crl + Enter Z# L EX . RIB(ICK D THTES
NRRSNTNDREBNFTIDOTEREL TS EEN.

print (“"MMDS aims to develop a cross—disciplinary educational program to enable new innovation using matheme

MMDS aims to develop a cross—disciplinary educational program to enable new innovation using mathema
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~ 2. Python OEARBIMERSE

v 2-1. Python & (&

Python (&, BIZRAMFIR, (T —IRIZ(CREATIDTFICBVTHES, REMITOTCVWDIEEO>TH
STEHFRWTOJSZ2PJEETY. INZ2BR/IDIETSE, JOJSZIIFRMBRLTER/LE
RO IERDRARET —FDFRIMNTEBLDICIRANDET. Python (& CE5E &N Fortran EHDIGHEEY
RIOJVSZIERBELNRTHE(CENCENTERTOTISZIIEETY. BOITLKAGND
BDEETHD, IE<TADTATSY (Y —IL) MFIELTVWBDT, BLARCENTETET. 5t

BORETEEZEIT, PR EBELEHDERA. ST, Python D/\—=3>3 (Python3)

DEWNAZEZEVEYT. CBEDPCTPythonZELZULNBE(C(E, anacondax-1 > XA h—J)LT D &EIC
RDZET.

anaconda web site: https:/www.anaconda.com/

v 2-2. Python OEITHE

BUMTDELSIRTIOTISLAZENT, TNEEITIDESI—ZFIL T+ > RIZE(C [Hello world ]
EWSERMEDEINET. UTFOTOTSAICBNT, 1~3&E5~71T(d Python (CED TEICHE(C
IRBERELTY. THUE, WHRDBESICERMDBAIENTHLERVWTULD. RDT, UTFoZ7O
DS IADARK(ERE, 4T7BREFTY. TN, [Helloworld] EWSXEEEICEKRRULASTWLEND
MR TY. print) EVWDREDRICFET DZERIE, F—7R—R®D Tab ZH T EANTEDIZEEXF
TY. PythonTIECDKIICEANFZETEAEANDIRENSHDET . def main(): UATFICEUE,
SITDABIDREL N TOTSLEUTRMINET.

#!/usr/bin/env python3

def main():
print (“"Hel lo wor|d™)

if _name__ == "__main__":
main ()
Hello world

v 2-3. Python OEAIE/E

REITDICIAFTILOU YOI BN Enter F—FIBLTLSIZEWN

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 3/45
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PR, ERCTOTSLAEENTENSZEITUTHET.

v 2-3-1. [WEETE

UTOEDCEKERBUENTEEY. JOJSLAHRD [#] (FOAS MOEEDEHDIEST, <N
NENWTHIEOHSEMITOTSAE UTR#BINEEA.

#!/usr/bin/env python3

def main():
print(3 + 15) # addition

if _name__ == "__main__":
main ()

18
TOMDOILAETEIUATOLSICEZHT.

#!/usr/bin/env python3

def main():
print(10 — 2) # subtraction
print (90 / 3) # division
print(51 % 4) # multiplication

if __name__ == "_main_":
main ()

8
30.0
204

v 2-3-2. T

+TE, EBOBMEZ AL LTTOTSLAZESTELRE. UML, CNTEIZEZDOESETY. UTDL
SCTDE, BHZTEERIDCENTEFET. HIXE, 447BT lal EWDEHZLERL, NI
3] EVWSEEERALTWVWET. CCTEREURINERSRWC &K, TOJSZJEEICH
WT =] (& TZ0BAIEAAINELL] EWDEKTERLS, ElZEAIICRATD] EVLWDSEK
THWSNZRTY. CORSICEHEVNDSEDZEFES CETITOTSAFEBLIRNEEZ—HMET D
ENTEET.

#!/usr/bin/env python3
https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 4/45
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def main():
a =23 # assign a value '3 to a variable 'a’
b=15
print(a + b) # addition
print(a - b) # subtraction
print(b / a) # division
print(a * b) # multiplication
if __name__ == "__main__":
main ()
18
-12
5.0
45

BHELTESTENTEDEBDETILIZARY h—XFEIFTEHDFEFEA. UTFTDXSCXFI%ZE
AT ENTEFT.

#!/usr/bin/env python3

def main():
aaa = 5
print (aaa)

if _name__ == "__main__":
main ()

5

EHEUVTERTEBRXFIEIUATOEDZEHET.
e VILITF7NRY bk
o HF
UNUMTFDRDIRC E(FZEIESEIATT.
o BHDRIDIFNEFTHD L.
e FHIFEEEEFHLLNFS. BIX(E, [print] EVWDSEBRZFESSELTHFEXIEFRA. CNE
Python % lprint] EWDBEZEZX TL\BIEHTT.
ZEUC(IEMEZ T TR, XFIVOXFERATICENTEFET. UTDLDICTDE,
[greeting] EWSZEEM lprint()] EWSEEICMIEBESNTEREICEK RSNEIH, [greeting] (C1K
ASNTZE(E THello world] 7&DT, EMHICEKRRENDIXFH(EE U K [Helloworld] &7RDFET.

#!/usr/bin/env python3

def main():
greeting = “Hello world”

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 5/45
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print(greeting)

if _name__ == "__main__":
main ()
Hello world

v 233 URNET4O2a3FV

BEEOBEZRATRICENTEDIEENGDFET. CNDZEZTZZDOEET(EIRL, Python Tl&
UX b (list) EFUFET. UTFDELDICERKRUIEEE list_al DBR(ICTZITZRITDICE
[ist_a[0]] DELDIRRECTURARERICARFZMTTEZEI. CDIDTET llist_al (CHEINEN
TWBRVIDIETHSD [10] (CF7OTCATEEXYT. Z<OTOTJSZIIEETERUIMD—EBRY
BERIADTYVIRE 0] T (ITEHDERFA. ) . TOIVWSIXFLADZEEFEOAUS > &
MFRUET.

#!/usr/bin/env python3

def main():
list_a = [10, 4, "aaa”] # declaration of a variable, list_a, this list variable contains three values
print(list_a[0]) # access first element of list_a
print(list_a[1]) # access second element of list_a
print(list_a[2]) # access third element of |ist_a

if _name__ == "__main_":
main ()

10
4
aaa

Python DUX R TIELEDKD(CEBEENXF (Bl) ZHRCIUAMIANDZENTEET. BEHFEDD
ABREES T ENTRERZ K DOTOT S I EEBCTIECOISIRIREFTTERVEENZNTT.

Fz, UTOXSREFRIRENEFELEI. CNZEFT >3+ (dictionary) EFUET. o
223> VEHICIE, F— (key) EZNICHIGT DME (value) Z—HHICUTHRALET. 2D, +
—DEZFED TUTDORSICUTT A O3+ VERICTIOTLRTDIET, TDOF—(CHIET DiE%R
BIS93CENTEET.

#!/usr/bin/env python3

def main():
dict_a = {'January’ : '1', 'February’ : '2'} # declaration of dictionary, dict_a. this dictionary conte
print(dict_a[’ January’ ]) # access a value corresponding to a key ’January’
print(dict_a[ February' 1) # access a value corresponding to a key 'January’

if _name__ == '__main__":

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 6/45
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main ()

1
2

BUFDOEISICECEVRMNMIBMENTNDT—FIETICOEDI DI ITRITBRICENTEET. &
D [for] EWVWDSDIFHEDRUILIBZ T BIEHDI AT ATY. TOTSATIEZD [forl ZERLZIRXB
HCHATAZEICKDTABTETERVWLSRBECCEDEDIRU/EEZERIRUET. CDIEDIR
LB E E R ICHDIEEDEDSZE (i) SZAVVUIEDLISRTIOTISATERIRI B EN
TEEY. BOIRUBENEODOZERODITHSIE, 127> bEBUOV I N> M B3DZSINRNK
SFELFELLD.

#!/usr/bin/env python3

def main():
list_a = [10, 4, “aaa”] # declaration of variable list_a
for w in list_a: # repetitive access of list_a. w represents an element.
print(w) # when you start a 'function’ you have to insert [tab] (and when you finish the function

if _name__ == "__main__":
main ()

10
4
aaa

TA023FVUEHIDHROBULDVZICAEUTDOLSICUET.

#!/usr/bin/env python3

def main():
dict_a={ January’ : "1, 'February : '2'}
for k in dict_a. keys(): # dict_a.keys() is a list containing only keys of "dict_a’ . or you can write si
print (k, dict_alk]) # k is a key and dict_a[k] is a value corresponding to the key.

if _name__ == "__main__":
main ()
January 1
February 2

v 2-3-4. CSVI 71 ILOALN

CSVI7AILDAEACDNTIEFERDOYA hESIBLUTLSZSL\.

https://note.nkmk.me/python-csv-reader-writer/
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v 2-4. 7))LV XN

v 2-4-1. $EDR UL

BEC ETHTEE UM, Python T DR LAIEZE T B (C(E [for] ZEWNET. UTDRSICEL
&, range(5) (TSN TS [0, 1, 2, 3, 4] EWDEN—TZ E(CRRSNZET.

#!/usr/bin/env python3
def main() :
for i in range(b):

print (i)

if _name__ == "__main__":
main ()

BN — O

RDRUVIIEZR 9 B5EICIEEDMIC, [whilel B DFET. UTFDLSICLTENET. [while]
DAERICEWZEHNEZEIN3HEDH, TNUUATORIBZEDIRT EVWSEDTY. ZDHE, |
EWVWDSEHEMOLDNETNESTNIBNEDRESNET. 20T, D [i] DfEF Twhile] MM1EIEST
SNBIZRCTIT DA OUA RENTWEY. Z2DFREH, Ti=i+1] TI. g, Til (CTi
(C1ZRBUME] ZRAULBEWVWSEIKRTY. DT, COREDREID I (CLENRT, REDEDI (11
(FAREUMETT.

#!/usr/bin/env python3

def main():
i =0
while i < 10: # If the condition "i < 10" is satisfied
print (i)
i =i+ 1# these two lines are processed.
if _name__ == "__main__":
main ()
0
1
2
3
4
5
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© 00 N>

F7z, while FATDEISICLTARHWSZEETEFT. 2D (=] (& TCoESOERAIEARIOEL
FULW] EVWDSTEZEBKRUET.

#!/usr/bin/env python3

def main():
i=0
while i 1= 10:
print (i)
=0+ 1

if _name__ =="_ main__:
main ()

© oo~ oI~ WN—= O

v 2-4-2. FFIK

TOUSEJERBICEODTEERBERELUT Tif] B"HDFET. CNEREDBEDIZHDI AT AT
9. LTFDOXDCELLE, BEUF—N [Januvaryl ThHho7EFE, 1] iAFRRESNFET. ENLUST
BU, [Ta40>3FUERDIEN2] THoIcHE, February corresponds to 2 in dict_a. &EFRREN
9. ENSLUSDETDIHEBUTIZE, key is not January or February. EFRRENEI. T, ==
EWDSESIE IEEESDEAIEERIDERNELUL] EWDSZEZBKRUET. WEHRFD =] LEAET
9.

#!/usr/bin/env python3

def main():
dict_a={ January’ : "1, 'February' : "2, 'May : '5'}
for k in dict_a. keys():
if k =="January’ : # a condition means if variable 'k’ is same as 'January’
print(dict_alk]) # If the above condition is satisfied, this line is executed. do not forget ar
elif dict_alk] == "2": # If 'k’ is not 'January and 'dict_a[k] is same as '2’
print (k, “corresponds to”,dict_al[k], “in dict_a.”) # this line is executed.

alea # In all <citnatinn averant ahnua twn randitinn

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 9/45
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VIUUT T 211 U1 U LUULIVII UAUUNL UNUVYU LTIV UUIIUIT L1 VIL,

print (k, “is not January or February.”) # this line is executed.

if _name__ == "__main__":
main ()

1
February corresponds to 2 in dict_a.
May is not January or February.

v 2-4-3. %K

JOU0S=20%9BICHIED, BREVWDSEDEFETEREREZTY. BREHITORD—E
TBEREDHDEHDIATATY. EVWVCTOCRZEE#IETDIZET, V—XO— ROAEGEMN EHAD
F9. Fe, WRISHNAMZEZDCENTEDILDCRADET. BIVUIEEZHROMBEEIT&2ZEZ THE
EHTWzWMEEERCABEZAIEEES LD, LU T, HERES(CEOREHBZIFCET, &0
DIEPDAEMRNTI. BEE, def LLWDSEDZRES> TERULET. CNFTICEWTCELTOY
SAICHE def main() EWVWVDFREMNDDELRE. CNUE, main() EVWSEMEERITDIEDTY. N
FTIE, COBRBO—EBELTTOTISLZENTWVZDTY. £LT, €D main() EWLWDSEEEY

—XJ—RDO—&T, if name =="main" TN LU TEO>TLEEWDZETT. D main() M
B, TOUSN—(ZBHICESEEREITDCENTEET. UTDLSIC func_1() EWSEEEZEED

T, TNZ main() DR TEITI D ENTEET.

#!/usr/bin/env python3

def main() :
func_1(); # The function 'func_1()" is executed in a function "'main()

’

def func_1() : # Declaration of a novel function 'func_1()
print ("Hello”) # substance of 'func_1()’

if _name__ == "__main__":
main() # The function 'main()’ is executed (and 'main()’ execute 'func_1(’" and 'func_1()' execute 'pri

Hello

B EERR T DERIC ) MIB L TWLWEIHNY, CNIZ, 51E (OET D, /{SA—-F) OZIFELICE
STEHDEDTY. UTDXISICELL E, Python EWVWVDXXFFIMHEN S NIZELEL str_1 Z 82K func_1()
DINSA—=FEUTEENEITEINET. D&, func_1() NTIE, /NS A—4 str_1 == Python Z
func_1() DF TOHEESND/I\SA—FZETH D arg_1 TZITED TNZFA U THIT/RINLIENZE
ITENEY.

#!/usr/bin/env python3
def main() :

str_1 = “Python”
https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 10/45



2021/2/3 202006225 —A P T REAI—X @ IGAID-®.ipynb - Colaboratory
func_1(str_1); # pass the variable "str_1" to the function 'func_1’

def func_1(arg_1): # To get argument from external call, you need to set a variable to receive the argument
print ("Hello”, arg_1) # print “Hello” and arg_1 (= str_1 in main() = "Python”).

if _name__ == "__main__":
main ()
Hello Python

Frz, BEEZOREBANTUIE S NIZERDEZ BEEOIFOE Ut(SR T (U Ut TED
CENTEDRLDICNEZIET) CEMNTEFT. HIRIEE, UTDEL &, summation() DIFUH Ul
XL, summation() TETEUHER (VX MARDEYEDF]) HHMEDTEET. TDI/O TCEEEZE
£ result_1 (CA&ML CTEDBRDWIR(CFIAI D ENTEFHT.

#!/usr/bin/env python3

def main():
numbers = [2, 4, 5, -2, 3] # a list to be calculated
result_1 = summation (numbers) # execution of summation(). Numbers is passed to the function. And the re
print(result_1)

def summation(arg_1): # arg_1 is a variable to contain the argument (numbers in main()).
sumvalue = 0 # A variable to contain a result of summation.
for number in arg_1:
sumvalue = sumvalue + number # this means "sum is renewed by the value of sum + number’
return sumvalue # return the result of above calculation to the function caller by the word ’'return

if _name__ == "_main__":
main ()

12

v 2-5. BASFENIE

CCTlE, BASEWIETROSNDIUNERIEROTOIS = JM#E U TCERRIRZE(CFBUE
9. TNIC [2-3-3. UZRRET 433 F U] ¥ [3-3.MLP] REHI D ET, MFZBICHITDE
REEBWIBNTIREC RN ET. AHAC, IO — X 125-27%18849 3 LG4 (FEAS ENIEHEFT
T9.

v 2-5-1. IEFRKRIR

TOUS=>2JE5E(F [ERFKIR (regular expression) | EMEENDIXFY)I\Y— >R\ EEFHS
F9. TOUSZ I TYFINERIRET DIZHDIERE (@AY —ILTY. Python TIEMFIRZFH
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9255 [rel SATSUERFBUEY. CCTE, UTOLSRXZRAWTERRIRZFUVE
9.

v 2-5-2. 7F X b re.findall

The Volatility Index Japan (VXJ) provides a measure of how volatile the Japanese stock market would
be over the next month and it is based on Nikkei225 index options. The VXJ index is presented herein,
not so much as a tradable class of assets, but as a guide for firms in the dynamic hedging of exposures
to equity risk, and for financial regulators in the supervision of banks’ compliance with capital
requirements through Value-at-Risk modelling. This volatility index can be also useful in the examination
of the reaction of volatility expectations to macroeconomic information. Empirical studies suggest that
implied volatility indices provide reliable forecasts of short-term volatility, and the “fear gauge”
appellation is widely accepted in light of the negative dynamic relationship with market returns.

COXICHFET DV SETVHFZIRSHUIZWESE, UTOLSIRTOTSLZESTET.

#!/usr/bin/env python3
import re

def main():
text = “The Volatility Index Japan (VXJ) provides a measure of how volatile the Japanese stock market v
liresult = re.findal | ("¥d+", text)
print(liresult)

if _name__ == "__main__":
main ()

['225']

ZDI—RIESVWTHATED \d+ NERFRIRTT. \d B [7SETEFOEEDINF] ZRLU, TD
BD+ ([ THIDRIRDIBIU LDEDIRT & ] ZERUTCVEXT. 372105, \d+ (& [TDUEDTS
EF7HBFERUIEXFE ] ZBRUET. B re.findall() (FRFIDSIICIEE=NTZ/F—> (IE

MR Z2EBDTEESNIEXFILIDRRL T I Do DEElaRIZUET.

RIC, ATFOTOTSLEEITUET. CNICKI>TESNBIIURXBNIE, [KXENSIBEDXF
Bl WEENFET. FHIDERKIBCHNT, [AZ] FAXF, [az] (FIN\XFZBKRUET.
#!/usr/bin/env python3

import re

def main() :

+avt — “"Tha Ualatilitu Twndav lanan MUV I rnvaunidan A manaiiva Af hauw valatrila +ha lananana atanls mavliat o

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 12/45
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LCAL — 111G vuildLl Ly IlIIUGA vdadpadll \VAU) MIUVIUGDO ad HIHgaduic vl 1lUw vuidlLl 1T LIIG vapdlicdT dSLUuuLn 1lidi ngu v

liresult = re.findall ("[A-Z][a-z]+", text)
print(liresult)

if _name__ == "__main__":
main ()

["he’, "olatility’, 'ndex, "apan', 'provides', 'a, 'measure’, 'of , "how, 'volatile, 'the , ’apal

v 2-5-3. 7F X hDHITE re.search()

UFDLSIC, BEiresearch() ZHD &, XD&A] (1) (CFSEFHEEFNEEZNDINESHEHTE
TEETY.

#!/usr/bin/env python3
import re

def main():
text = “The Volatility Index Japan (VXJ) provides a measure of how volatile the Japanese stock market v
if re.search(""¥d”, text):
print(“Yes”)
else:
print (“No”)

if _name__ == "__main_":
main ()

Yes

v 2-5-4. F X PDEHE re.sub

UFDXSICELE, [(h51EFED, AISHDOXFAMMENU &L, ) TRT IDXFH] 2= THI
B ((AIERVWEDICER) FTEMNTEET. B re.sub() (FEIZIHDXFIINS, FE151EDX
FHIZREL, TNEZHE2BNIHMDETERIT DLHDEDTY. TOHE, (BXU) ZENTN(HX
V) DESERELTVETIHN, N (BXT) HMERKRIRDIZHDEES & U TRHNSNDEDTSH
Blcsh, ERRFAELTENSZHAULWGE(CIE, TDEHDRERIRRE & UIRTNIER SR
HTY. COBEIE, [TXT—-TID] EWSKDCKRRULET. Fig, \w(E [AISHDOXF] ,
\s (& [ZEXZF (AR—XF) | Z2Z8KULFT.

#!/usr/bin/env python3

import re

def main():
https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 13/45
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text = “The Volatility Index Japan (VXJ) provides a measure of how volatile the Japanese stock market v
replaced_text = re.sub ("¥ (¥w+¥)¥s”, ", text)
print (replaced_text)

if _name__ == "__main__":
main ()

The Volatility Index Japan provides a measure of how volatile the Japanese stock market would be ove

T DREE re.split() ZFIHT 2 & [XFHeZAXFNOEDULERUZXFS (\st+) | ZXYID
XFEUTHEITDTENTEFRT. TNEXFILEZ T DIHECLI<AVDEERTT.

v 2-5-5. 7F X bD73E re.split

#!/usr/bin/env python3

import re

def main():
text = “The Volatility Index Japan (VXJ) provides a measure of how volatile the Japanese stock market wot
liresult = re.split("¥s+”, text)

print(liresult)

if _name__ == "__main_":
main ()

['The', "Volatility', "Index', 'Japan’, ' (VXJ)', 'provides', "a’, 'measure’, 'of , "how, ’volatile

v 2-5-6. Python MIERFRIR

Python DIEARFRIRZX EHTZD T T YA MIEUTOLSBREDNHDET.

e https://www.debuggex.com/cheatsheet/regex/python
* https://docs.python.org/3/howto/regex.html

v 2-5-7. J7AILOALS

PythonTTF XA NI 7 AMILDAE I ZF DT A M TFRICHDFT.

https://note.nkmk.me/python-file-io-open-with/

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 14/45
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v 2-6. A JSUDA>R— b
FTEBEEE> IO 0= @ERICLE LN, HRICIIRAMEFLREEE T DS T
SUREFEEUEYT. INEFED EFRLIMERIRC EH2 I FEQERTEIRDIGETYT. 5L\
HOEXEDESATSVUEEVNEITH, CCTIEENBSSAITSUDEWNWAEFUVET. SA4TTUE
LFDLSIC, import EVWDRE(CEIDTOTS AR THESCEAEESUEIT FIHITIDEFICHY
HUTEEREL) . BIFTI(E, [statistics] EWDEDA—ILEESCEZBERLUTCTVWET. DUTFIEE
TLTBEABLRWL (SATSURA>R—NIDTERITAETD) JOUSATY.

#!/usr/bin/env python3

import statistics

def main() :
pass

if _name__ == "__main_"
main ()

BHEDOES 1 —I)ILZFWAD ES(EUTDOLIICEL ZENTEFT.

#!/usr/bin/env python3

import statistics
import sys

def main() :
pass

if _name__ == "__main__":
main ()

v 2-6-1. #isTE> 1 —)L statistics

BIZ (X, EZa2—)L [statistics] ZRAWNUE ETIT/RD IR EREDETE(S14TTRIEETY. £
TA1—J)LICADTWVWBEEZES EE(E B2 21—/ B0 EVWSERTEEZZET.
#!/usr/bin/env python3

import statistics

def main() :
[inumber=[1, 2, 3, 4, 5, 6, 7, 8]

print (“mean:”, statistics.mean (linumber))
print (“sd:”, statistics. stdev(linumber))
https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 15/45
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if _name__ == "__main__":
main ()

mean: 4.5
sd: 2.449489742783178

I TEEOY A hESRU TS,

https://docs.python.org/ja/3/library/statistics.html

v 2-6-2. BZFEZ 1 —)lmath

Fiz, 22 —JL [math] ZRUVWUIEFETHUVSNDERA IREER ($F (CH 1T DY) ZfFE (C5Ci
IDCENTEFTY.

#!/usr/bin/env python3
import math

def main():
x=10
print(“log_10:", math. log10(x))
print (“log_2:”, math. log2(x))
print (“log_e:”, math. log(x))

x=math. radians (180) #This is radian of an angle of 90 degrees
print (math. sin(x))
print (math. cos (x))
print (math. tan(x))

if _name__ =="_ main_":
main ()
log 10: 1.0

log_2: 3.321928094887362
log_e: 2.302585092994046
1. 2246467991473532e-16
-1.0
-1.2246467991473532e-16

I TEEOY A hESRU TS,

https://docs.python.org/ja/3/library/math.html

v 2-6-3. M8 EZ 1 —)L

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 16/45
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CNETIE Python (CT T A FTHAAENTWDES 1 —I/ILOIHZFE > TETE LN, IMBTHE
SNTVWBRED1-IVEFESCEBARETY. MEIDES 1 —ILIEA > X h=)LURITNIERD £
. TDEEHICIEORRSAET lpip3] WSOV REAWVWEY. AIXE, ETEZITOE
SHDEZ21—)L INumPy] (FUATDELSICTBCETARAN—ILITBRCENTEET. IREFOT
L\ Python (IEFE(C(E Python3) & pip3 HYRAFTWLNTEH D, pip3 THEMNS A A M=ILUTESATS
(& Python3 ST ENTEDIDTY.

I pip3 install numpy
IRFEED TULVD Python ([C1 > A M—=)LENTWDSA T SUZERIER T DICIEFATDLDICHTEET.

I pip3 list
v 2-7. NumPy OEXRNIMEAGE

v 2-7-1. NumPy O >7R— b

NumPy & (& Python THIBTIREREUESTE DS A TS UTY. SEIHFAETEEZIV R—FKTITD
CENTEFET. NumPy (FUATDLSICUTAZR—=MUET. 5AHAATZ NumPy (C(E np EUVDEE
IE5X23CENEETTY.

#!/usr/bin/env python3

import numpy as np

def main() :
pass

if _name__ == "__main__":
main ()

v 2-7-2. X2 N)LDOEKRWINETE

NI BNVEATDOLD(CEMUET .

#!/usr/bin/env python3
import numpy as np

def main():
https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 17145
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prinfknp.array([1, 2, 31))

if _name__ == "__main__":
main ()

BERDOSR(IEBED Python BL7| EEILKDICTEFRY. EEIATOAUS>TT.

#!/usr/bin/env python3
import numpy as np

def main() :
na = np.array([1, 2, 3])
print(na[2])

if _name__ == "__main__":
main ()

RO NLOMBETEIITDOLS(CUET. NumPy (FEANICERT &(C (element-wise) EZETE
UET.

#!/usr/bin/env python3
import numpy as np

def main():
na = np.array([1, 2, 3])
nb = np.array([5, 7, 9])
print(na + nb
print(na - nb
print(na * nb

)
)
)
print(nb / na)

if _name__ == "__main__":
main ()

AE—Z T DRE[EEDRITNERSIBVRNSDET. HINT MNUNSHIDONRT NVZES &S
B, DFD, AE—TRIMLZERUIZHE, TDERULART NLETORT NLERIDEDE L
TIRWZWESFUATOXIS (CULRITNERDFEA. UTFTE, 997EEL10TETRRONRT MLED
E—TERSNIRT MNLOEZZEZNTNRIDETEE L TVEITH, ZNENHIDMECTERNE
WESNTVWB T ENDNDFT.

#!/usr/bin/env python3

import numpy as np

def main():
https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 18/45
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na = np.array([1, 11)
nb = na. copy ()
print(na, nb)
nal0] = 2
nb[0] =3
print(na, nb)

if _name__ == "__main_":
main ()

—hAT, UFOLSIC=%F>TIOAE—%2FTDEERNTEARY MUITDORT NLDOSIB LIRS T
UEL, (COBED) BEXIUTWDIREEIEIRSNERA. LOEHFHECOEEJIEIEL TLVRLE
EEEIRT Y.

#!/usr/bin/env python3
import numpy as np

def main():
na = np.array([1, 11)
nb = na
print(na, nb)
nal0] = 2
nb[0] =5
print(na, nb)

if _name__ == "__main_":
main ()

ZDOMDNRT MLETEFUATZSRU TR0

https://stats.biopapyrus.jp/python/vector.html

v 2-7-3. T DERNILETE

1T ZERR T BT=(CH, nparray() ZFBUET. =5I(C, THDHY 1 XS shape (CKD> THERT D
CENTEFET.

#!/usr/bin/env python3
import numpy as np

def main():
na = np.array ([[1, 2], [3, 41])
print (na)
print (na. shape)

£ ’ ;
; nama — I

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 19/45
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11 Haiig - maiiti .

main ()

NumPy {THIEA T DK ST ICRDIGFTENGDFT. T EFLEFINTEDT7IERTT. InE
ZRAULZET.

#!/usr/bin/env python3
import numpy as np

def main():
na = np.array([[1, 2], [3, 41])
print (nal0, :]1) # all elements of row 1
print(nal:,1]) # all elements of column 2

if _name_ =" main_":
main ()

UTFDXSICTDEITICET DIRLIMEHEZS D LN TEFT.

#!/usr/bin/env python3
import numpy as np

def main():
na = np.array ([[1, 2], [3, 411
print (na. max ()
print (na.min()
print (na. sum()
print (na. mean (
print (na. var ()
print (na. std ()

)
)
)
))
)
)

if _name__ == "__main__":
main ()

BUF®D np.zeros() 2 np.ones() ZRAWD EBIBTEE LUIZDA XD, 2BHZMNOKX(F1DTAZERT
BDCENTEFET.

#!/usr/bin/env python3
import numpy as np

def main():
print (np. zeros ((3,3)))
print (np.ones ((4,4)))

if _name__ == "__main__":
main ()
https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 20/45
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MAETEIUTDOLSICUET. CNEWWED, element-wise 7IRETETT.

#!/usr/bin/env python3
import numpy as np

def main():
na = np.array ([[1, 2], [3, 4]11)
nb = np.array ([[5, 6], [7, 81])
print(na + nb)
print (nb - na)
print(na * nb)
print(nb / na)

if _name__ == "__main__":
main ()

ITHDENTREUTOLSICULET.

#!/usr/bin/env python3
import numpy as np

def main():
na = np.array ([[1, 2], [3, 41])
nb = np.array([[5, 6], [7, 81])
print (np. dot (nha, nb))

if __name__ == "_main__":
main ()

LUTFDRDICTDEEDMICHEDEAEERTDCENTEET. UTORIE—HEDHDEDTT
7Y, NumPy (C(E—H D MBIMNCEE K SADDMBAESNTUVET. 518 TEEIT DDIFTIDY
4 XTY. Python > NumPy (CPRS I 5TEMEERZ I DR ICRZMITRITNERSRNC &(C [ELER
DIXRZRBET D] EWLWDTENBDDFT. STEHEROBIREZEITHICE TEEERDOTHEI(C
THURVWKDICITARETTY. BBDIRIFAMTETITOTCVERYT. CITEHOZHELTVET,

#!/usr/bin/env python3

import numpy as np
np. random. seed (0)

def main():
print (np. random. rand (3, 3))

if _name__ == "__main__":
ot )
https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 21/45
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maitiir\)

np.random.rand(3, 3)(&3x3MITFIEZR(COM L1KRBDEEZ S X DIEHD IR RERDTUVET.
ZTOMDELREKRIN > RICDNWTIFFEZSRU TS0,

https://note.nkmk.me/python-numpy-random/

UTFDLSICTBDETINREFITIZABEI D ENTEFT.

#!/usr/bin/env python3
import numpy as np

def main():
na = np.array([[4, 15, 41, [-11, 5 6], [2, 4, 81])
print(np. linalg. det(na)) # determinant of matrix
print(np. linalg. inv(na)) # inverse matrix

if _name__ == "__main__":
main ()

S, WITHERDDRIC(IATIRNIIE THIVENHDFT. £E23T, BRBRYZTUZTHN
AR E12DHE, AMEMTIEAEY —([CIRINT D2ENHD. €I T, BRTLZET Z LN RIEE

IRERE TN ETER T2 EN MDD KRS THS.
https://techacademy.jp/magazine/33550

17 LN E U EREBRDITIICE T SERIEDFREIUTDXISICLET.

#!/usr/bin/env python3
import numpy as np

def main():
na = np.array([[3, 4, 1, 4], [1, 2, 1, 11, [1, 1, 2,11, [1, 1,1, 21D
eigenvalue, eigenvector = np. linalg.eig(na)
print (“eigenvalue”, eigenvalue)
print (“eigenvector”, eigenvector)

if _name__ == "__main__":
main ()

E#(C, BEEEETEGARNDEENEUFEB THDIEMDDITORERNZEEABT7ILTIUXATT.

FZIZU, BEITIERODIEDLD(C, [TEIDERBNERRDIHE, BREDHENIBELRD,
HETFERDYA hESRUTIES.

https://ohke.hateblo.jp/entry/2017/12/14/230500

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true
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UFDLI(CTDE MTTHDERDOER] Z5tETEFT.

#!/usr/bin/env python3
import numpy as np

def main() :
na = np.array ([[3, 4, 1, 41, [1, 2, 1, 11, [1, 1, 2, 11, [1, 1, 1, 21D
print(na *x 2)

if _name__ == "__main__":
main ()

—5C, MTDER] FUTOXLSTEHELFT.

#!/usr/bin/env python3
import numpy as np

def main():
na = np.array([[3, 4, 1, 41, [1, 2, 1, 11, [1, 1, 2,11, [1, 1, 1, 21])
print(np. linalg. matrix_power (na, 2))

if _name__ == "__main__":
main ()

NumPy (& THTPIICR DS ZRT ] , TOLIREFDETEZ U TERRZRLTINET. LUTD6
ITETE, SHCERULHTITNDITIERC YA XD, £BRM2H5/DIT5ZBETERL, T
DITH ERADATAFIDOITH DI ZEABE LU TVNET. CDOKDR, [WRERDITIOTA X (CER

T, AASHSTEEMRTDCEZ [TO—RFrAR] EEVWET. COHAREFIFE(CEF THRA
REETERIDIIENDDET.

#!/usr/bin/env python3
import numpy as np
def main():
na = np.array([[3, 4, 1, 4], [1, 2, 1, 11, [1, 1, 2, 11, [1, 1, 1, 21D)

print(na + 2)

if _name__ == "__main__":
main ()

v 2-7-4. ¥FRI0IRE

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true
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UTFDXSICTBEEINDIEEZFEE(CLTHAWDIENTEFT. BECIN.

#!/usr/bin/env python3

import numpy as np

def main() :
na = np.array([1, 2, 3, 4, 5, 6, 7])
print(nal::-1])

if _name__ == "__main__":
main ()

UTFDKSICT D EIETE UTZERMAF(CITT D bool BLHIZEDZENTEFT.

#!/usr/bin/env python3
import numpy as np

def main():
na = np.array([1, 2, 3, 4, 5, 6, 7])
print(na > 3)

if _name__ == "__main__":
main ()

NEFRAITBDEERHICEDSERODHGEIRNICT7IOTCRITBRICENTEET. UTTEELGICEDE
FEHECHEDUTWBEIFTIN, BRI, EFICEDIEDOHZOCEZTIRIDEN, TDIDMIRE
NTEFET.

#!/usr/bin/env python3
import numpy as np
def main():
na = np.array([1, 2, 3, 4, 5, 6, 7])

print(nalna > 3])

if _name__ == "__main__":
main ()

ZTOAMDITHEER>I T ZSR L TS,

https://note.nkmk.me/python-numpy-matrix/
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~ 3. PyTorch (C&D MLP D3
v 3-1. PyTorch OEARNIRERT5E

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true

TV

PyTorch Tl >Vl EFEENS NumPy OZ R TESI (CEMLIET —o@ExAEY. 317
T PyTorch &1 > /R— b U, #4TBTEHEBDYRZ0CEELTVWET. 7ITEBDFT > VILZERT D
12D > Ri& torch.empty() T, BIEDEMRESNDTVILDRTTHZIEELEFS. £, — D
MICWEDSTOVIL, EEERNODT > VILITZENZN torch.rand() 3 KU torch.zeros() (CTEMUE
ER

#!/usr/bin/env python3

import torch
torch. manual_seed (1)

def main():
tx = torch. empty (3, 3)
print (tx)

if _name__ == "__main_":

main ()

Python BEl KD BT B EETEET. UTDKSICUET. BUTFTIE dtype = torch.float Z38TE U
TWEITH, CNEST—4%2328Y NTIRDIZHDIBETT.

#!/usr/bin/env python3

import torch
torch. manual _seed (0)

def main():
tx = torch. tensor ([2, 4], dtype=torch. float)
print (tx)

if _name__ == "__main__":
main ()

EBZB T OVILOBNTEZIEK SAITVWET. 7DD, ToVILOUA X ZHERLUIEWESEHS
BETTIN, ZBNUILTDISICONDET. NumPy DIFE(E shape EWDSEMEBWTWELE
N, TOVILTEAVY R size() ZFWET.

#1/usr /hin/env nvthan?
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import torch
torch. manual_seed (0)

def main():
tx = torch. tensor ([[2, 4]
print (tx.size())

if _name__ == "__main_":
main ()

v 3-1-2. MAIEtE&
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[6, 8]], dtype=torch. float)

FTVILDOMUBETEEIUITDL S (TITWLET. NumPy ERIUKSICI2(ED element-wise IR5TETY.

#!/usr/bin/env python3

import torch
torch. manual_seed (0)

def main():
tx = torch. tensor ([[2, 4]
ty = torch. tensor ([[1, 2]
print (tx + ty)
print (tx - ty)
print (tx * ty)
print (tx / ty)

if _name__ == "__main__":
main ()

[6, 811, dtype=torch.float)
[3, 411, dtype=torch. float)

1THNDREILAT DK S torch.matmul() ZFIH T DDOMNETT.

#!/usr/bin/env python3

import torch
torch. manual_seed (0)

def main():
tx = torch. tensor ([[2, 4]
ty = torch. tensor ([[1, 2]

print (torch. matmul (tx, ty))

if _name__ == "__main_":
main ()

v 3-1-3. KFIRTMIEME

[6, 811, dtype=torch.float)
[3, 411, dtype=torch. float)

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true
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UTFTDXDIBRRASTAADELRS NumPy EEIUTT.

#!/usr/bin/env python3

import torch
torch. manual_seed (0)

def main():
tx = torch. tensor ([[2, 4], [6, 8]], dtype=torch. float)
print (tx[0, :]1)

if _name__ == "__main__":
main ()

FIVILDY A XDEE(C(E view() ZFIFBUET.

#!/usr/bin/env python3

import torch
torch. manual_seed (0)

def main():
tx = torch.rand (4, 5)
print (tx)
print (tx. view(20))
print (tx.view (-1, 4))

if _name__ == "__main__":
main ()

B EDTO0S ADTITETIFAMTIHNDTHNERSNTVET. CN%E, 117205DIT5([CEHRT D
DOMNTEDEIR T . F/z, 10/iT7BDEIRTIESTAFDITIINERKRESNET. 2T, view() DE
HFOBIEC 1 PMBESNTVETH, TNDOLDSICEL EEFTZDENHERESNET. CDFEE, 5
THDEHEHENTWNET.

v 3-1-4. ZEOZEHA

PyTorch TI& NumPy &col] , T>V)L] , [GPU LDF>VYIL] , CDIDDEHDIAT=H
HICEHRIDTENTEET. NumPy EEFINSERE GPU LDFT 2 VILNADZEHR(FTEEFEAN.

#!/usr/bin/env python3

import torch
torch. manual_seed (0)

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 27145



2021/2/3 202006225 — 4P+ T RISAI—X : iSAI@-®.ipynb - Colaboratory
import numpy as np

def main():
na = np. ones (5)
print (“"NumPy:”, na)
ta = torch. tensor (na, dtype=torch. float)
print (“"Torch:”, ta)
na = ta. numpy ()
print ("NumPy:”, na)
device = torch. device (“cuda”)
ca = ta.to(device)
print (“CUDA:”, ca)
ta = ca. to(“cpu”, dtype=torch. float)
print “Torch:”, ta)

if _name__ =="_ main_":
main ()

U EDT7OT0SACHNT, 81THIE NumPy EcHZERM UET. 101T7H(EZD NumPy Bcd &> Y
JUCEHUERT. E5(C, NumPy BESIICRER I 2T F12TBD K S (C .numpy() ZFAAULET. 1417
BT CUDA DT /I\A RZEELUTCVET. CORIBTGPUZFIATBCE LEDOAZI—D [F245
ALl IS [SOAALDIATZEE]| EEH, [I\—RIT 77O —5] @ [GPU] &i#ER
UEY. EEULET/)\ARICEHZIERD(CE o) ZFIALET.

v 3-1-5. A)EcDETE

EEFBICEAIDI - 1—SILRY NDO—IO05 4 =TS -0 02 7)LT) X AICDWTIFTFE
DY+ hESRBUTEZDD, [FHI—X11518TEBRBEHEFECTY. ZZTld, PythonzALEEE
(CERZYTTHEEZEDTT.

https://koikezlemma.github.io/gpu/neural-network.pdf

FREFZEDRCEANIEBRERIFITIHOBRITE EMD TY. PyTorch (FCNZITDSATISUTT.
BHEMDHEETIREUET. WD Z UICWEHBDERKIIUATDRSIITVWET. 72 VIILBDOES =4
B9 BBR(C, requires_grad=True &EIT BT TT.

#!/usr/bin/env python3

import torch

def main():
tx = torch. tensor (5, dtype=torch. float, requires_grad=True)
print (tx)

if _name__ == "__main__":
main ()

tensor (5., requires_grad=True)
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ZZT, UAFOR=ZERFT.

y=x? + 2
NICHUTUTOREDZEERDZENTEFT.
Oy _
Oz
Ko Tz =5DEESDRBPIDDEIFUATOXIDICEHETEET.
oy

0T | s
CN% PyTroch TERITDEUTDLSICIANDET. W I8ITEDKSI(C backward() (CKD TITULE
9.

2

=10

#!/usr/bin/env python3

import torch

def main():
tx = torch. tensor (5, dtype=torch. float, requires_grad=True)
ty = txkx2 + 2

ty. backward ()
print (tx. grad)

if _name__ == "__main__":
main ()

tensor (10.)

FORREOWMDTEECDOEBMAEEISFEBHIBONEULNIEAN, UTOXISETEELD
&, TTECBHLSIEDOTEFXT. KUTFTIE, (1,2) DITHIE (2,2) DITAI tt & (2,2) DITH tu & (2,
1) DT ZIECHENTD CET, ®EHIC (1,1) DITIDE, ADS—EZBEFIN, TNZ t HXU
tu TR LIZBEZETE L CTWET.

#!/usr/bin/env python3
import torch
def main():

# Definition
ts = torch. tensor ([[1, 1]], dtype=torch. float)

tt = torch. tensor ([[2, 4], [6, 811, dtype=torch.float, requires_grad=True)
tu = torch. tensor ([[1, 2], [3, 411, dtype=torch. float, requires_grad=True)
tv = torch. tensor ([[1], [1]], dtype=torch. float)

# Calculation
ta = torch.matmul (ts, tt)
tb = torch.matmul (ta, tu)
https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 29/45
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tc = torch.matmul (tb, tu)
ty = torch.matmul (tc, tv)
ty. backward ()
print (tt. grad)
print (tu. grad)

if _name__ == "__main__":
main ()

tensor ([[17., 37.1,
[17., 37.1D

tensor ([[ 68., 100.1,
[100., 148.1D)

BEWMDERDIEVNEND &, BERBETET/ISA—FZ2T7YvIT—hULWNSTY. HFTEE
b FEZREUTCHERT. DEE TEEHRRORELETY. HIEHTH L TIVIMEZETE T B/
HDEDTY. UTDLSRFIETHENMEATT .

1. EA\SA—=5 (0)) =25 LCERUET.

2. BUINSA=5 (0;) NEEEXZ(E, RBEOEVRSHEZYWHFET. 2T, tIEFUATD
BORUICHITD t BEEHD/I\SGA-STT.

3INSA=—FZYUTDORICLDTEHFHFL, D, tDIEZ 1 ZIHE®XLET. CCT, o [FEBX
EMHEINDBIFORETESZADDIET, g ([Tt DESOENDEEDAERTT
Oi1 = 0; — ag;

4. AW T2E37EDIRUVET.

CCTIFATORSRZERFT.
y=(z+1)>+2

FEIINS A= Z LT DLD(TRDFT.
xg = 1.6

C ORSOMEZ B DI EV\D TS, TN ISR DEE TEMET, EIDHRN0CS
B, $D5zH —1DEE, WIMEY =2 TY.

NEETETHR<S E, UTORDOISICRADEYT. LB TEASAERTIICAE C ENEE UL \RRER IEf7
DABND LT DRIEMNICEN L T AETTY.

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 30/45



2021/2/3 202006225 —FH+ T> ZAGAI— R : SAID-®.ipynb - Colaboratory

HfckE Tk

T1 =T — Qgo 2T
=16-0.1-5.2
=1.08

T2 = T1 — Qg1
=1.08-0.1-4.16
= 0.664 6+

T30 = T29 — (G29
= —0.99598 — 0.1 - 0.008047
= —0.99678

CN%& PyTorch ZFWTEEITDIEUTDLSICRRDET. HAOH, Objective (FEHIEEEDIE,
Solution (FETDIFRTDRTY. RIENIC = —-0.9968 ~ —1 DEE, FRifEy =2 NEHEINT
AESE

#!/usr/bin/env python3
import torch

def main():
tx = torch. tensor (1.6, dtype=torch. float, requires_grad=True)
epoch, update_value, Ir =1, 5 0.1
while abs(update_value) > 0.001:
ty = (tx + 1)*%2 + 2
ty. backward ()
with torch.no_grad():
update_value = Ir * tx. grad
tx = tx - update_value
print ("Epoch {:4d} :¥tObjective = {:5. 3f}¥tSolution = {:7.4f}”. format (epoch, ty, tx.numpy()))
tx.requires_grad = True
epoch = epoch + 1

if _name__ == "__main__":
main ()

ITE TRIID/\SA—FZFRETHTVEY. BREGEICIO>TIDEZROEIH, CZTIEE
DOR(CEDETI6EUET. RD7TETIE, BRYIDIRYD, BEE, FEXREFHELEFI. IT/RY
DEF (SCTTER) INSGA—HFDEFHEMDE EZSVNET. STEIFETEHTYT. UEDLSAN
RZUC BV TITABDMENOICIR D RN AREDRIBE T (FH D EITH, STEMNICII/I\SA—FZEH
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IDENKRAROCIR DI ECATHEZITBUINET. CDiFE, [XRMEA0] Z [0.001] EUFRULE.
ofTE(ZBMDEEEL, 10/iTBTHHZ LU TWLET. 11478 (C with torch.no_grad(): EW\SEEiRAH D E
I, COEIRDTDA 27> hRDFEIRTIFAEETBEDIZHDETEDEFENENELA. I TEHE
IRBEICDODNTOHEZAE T DINENRNZHTT. 1 TEDAETxZ 7YV IT—MUET. 2
N ERDAECRF FEDXTY. 1MITEIETOEHREZTE ITDICHDEDTY. Fic, EOEHIC
&K DT requires_grad=True AEX TULE D=8 (PyTorch Dft#k) , 1447TEBTHEBINMUETY.

v 3-2. /ST —HFDIEN

v 3-2-1. MNIST (CDUL\YT

CCTlE, MmFERBTREERART —FTY b THS MNIST (Mixed National Institute of
Standards and Technology database) ZfEATXISRICALVET. MNIST (FHiftE28E o)L, AE1784E
DCILKDRBEUFT —FTY. BIRICIEFEZDO—MOHF (01'59) iAEFNTVET. AR
T4 hTIEK, Z87—5vY heRAETR =517y MAE, £ET7REDEGRNS/RDT
—Sty MEETRHESNTOET.

RETBICIFYTILIUYIFTBH Enter F—HBULTLIE SN
v 3-2-2. 979> 00— REIFRRIE

ANRYA hEKDHFI>O-RUTETERVLDTIN, PyTorch M I>0O0— R DehDI—F+ U
T4 ZEFLTINTWDBIZSD, ENZRAVET. LUTOD torchvision.datasets.MNIST() ZHW\D Z &
THREERDFERT.

#!/usr/bin/env python3

import torch
import torchvision

def main():
learn_dataset = torchvision. datasets. MNIST (root="dataset”, train=True, download=True, transform=torchvi
test_dataset = torchvision. datasets. MNIST (root="dataset”, train=False, download=True, transform=torchvi

if _name__ == "__main_":
main ()

UtEoTdO0S LhzmERITIDZETMNISTZS I O—RIDBITENTEELURE. UTFOLSICTS
EAIO— R4 L2 MNIUTHD dataset NEKSNTWVWBC EXRERIDCENTEET. Nl

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 32/45
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U ED7TITEELUSITETEELEST A LI KUTT.

dataset mnist_mlp.pt sample_data

JTATEBKUSITEDA TS 3> TH B train (FFBFT—HFtv hEIRDSIEHDIETY. F/=, download
=True ERRDTVWEIN, LOTOISLAZBEERITURLEUVTEEICT —INFEEL TLIR5H
BnSo>0— REETENFELA.

BEDATS 3> transform (&, A TEDC EL, T—IDEREITDZODEDTY. ZZ T,
torchvision.transforms.Compose([torchvision.transforms.ToTensor(),
torchvision.transforms.Normalize((0.1307,), (0.3081))]) ZIEEELTLET. D
torchvision.transforms.Compose() (& ZD5IECIETE S NICEHI B DE I Z EF (CIETE I DT 1T DEE
IRXBAETY. T TEE U T — 5 DRYIDESR T D torchvision.transforms.ToTensor() (7
—&% PyTroch D>V IVBUCZEHAT DI2$bDEDTI. FJZ, torchvision.transforms.Normalize() (&
T—ADIEHEETDIZHDEDNDTT. 7tD MNIST DIEKREZRDIFIIEF0.1307T, BERE
0.3081CY. COEZRAWTIEE(LEITOTWVWET. FTILTIEBESNTWVEITH, CNIFEHTF v
FILICHIELTWDZ$HTT (MNIST ([FT1Fv=IL) .

v 3-2-3. 7=~ DEIHAL

AR EFH D, MNIST (Hfit28tE28E T )L S RBERT —F TI. TDOSIEDVEDETHRILLT
HEI. UTFToTOTSATRRILTEET.

#!/usr/bin/env python3

import torch

torch. manual_seed (0)

import torchvision

import matplotlib. pyplot as plt
%Ymatplotlib inline

def main():
MINIBATCHSIZE=200
learn_dataset = torchvision. datasets. MNIST (root="dataset”, train=True, download=True, transform=torchvi
test_dataset = torchvision. datasets. MNIST (root="dataset”, train=False, download=True, transform=torchvi
learnloader = torch. utils. data. DatalLoader (learn_dataset, batch_size=MINIBATCHSIZE, shuffle=True)
testloader = torch.utils. data. DatalLoader (test_dataset, shuffle=False)
lix, it = iter(learnloader).next()
npimg = |ix[100]. numpy ()
npimg = npimg. reshape ((28, 28))
plt. imshow (npimg, cmap="gray r”)
plt.text(1, 2.5, int(lit[100]), fontsize=20, color="blue”)

if name ==" main
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10

15 A

20

25 A

70035 AT, 100i7BE11TEEST —5%45F > 0— RUT PyTorch FICEHE, ER{ET B2
DEDTOEDHIOTOT S AERUEIRTT.

12iTEE131TB TR, [7—F0—-45F—] ZEEHELTCVET. 12TBMNEZ7 -5ty hdF7—40
— 45 —T13MTENTRA NS =Pty hDOF—FO-F—-TY. FEFETIE (ZLOEBFEZT

B) , BNICSIALTEMRULEEEDORSRVWFRZSRICHUT, 5AoNET—52AEBME R
DIRLUFEEIEDICETEDOFHRZRESE, BHEOFAURZERUEY. 7—F0O0-45F—&EF5
ABNET—FZFUOH L, FRIZRIRRID&EEEITDHEDTY. 7—~FO—-5F—(&
torch.utils.data.DatalLoader() TAEKTEEY. ULDTOTSATIFI0TEH LU114TE T MNIST %=
A>O—RUTENE PyTorch BDF VLT —HICEBUTWETH, BUBRTT—FZAR
UlEBaICBEZENERUFIBETCTT 257 2VIILT—FICEBRUT, T—F0—-45F—=2RHWTEZ %
HFET. 12{7ETIII0ITETEKR UIEFEBFT —F W b learn_dataset ZERAID5IENTIETE U TULE
9. 3BEHDSIRIT—HFES vV IILTBINESH, DFED, MUBITESHEDHIEIBET DI
HDATS3>TY. CCTEHEBZFEDED, BLBOIRZI/ELURINERDERA. TNZEITD
TWLBDM3ITEDELH torch.manual_seed(0) TY. CDIFE, EEDIRZOHKELTWVWET. 2F
ED51£1(C(E MINIBATCHSIZE EWDS9TEH TER UIEBEODMENMEESN TLEITH, cniEF==/\
WFZBEDBDIZ)\WFOHA XERET D)\ A)N—)\SA—4 (HFEEDBIE(C LD TEHRE
SNBSS A=FZE(T)\SA—F, ZERICHERENRDIRTINIRSIBRNEZ (RS IRV A —
BEI\AIN=INSGA=FEFVET) TY. #MFEBZIIRCEHHEDRULEZSNIET—FZHH
yCEEEMUELRER, /N FEBFEDSEDVOEDDTI_YITY. FRIZRICHET DT
— A ZEREEDHEZRREBIEENASSADEBESVET. (L, —EC2BDT—FZFHE
®, \SA—HSEEHIDIHEE—FBEEEN/NNYVFEZELEEVNET. ZLOHREORRL, &
IREITEIBFARCHRDY™ TV, —EEINEESRERCEIEL(CSL, EVWDEEEANHDEIN, 7D
hf%Z &> THIREN G SN UORDIZT —FHA X DDFT—F% S5 24 LBV ENZ FRIZR (C5RE
B3 EZTRIDONZT/INYFEZETY. CDBs, ==/ \vFH1X(F200/2DT, T—4%200
IOBEIRL, TNICEDVWTTFREZERDINSA—FZFTFHI DI EERDET,

14TERT YO0 D50 EFREFTDDT—HZME T DHDELRTT. ZDIHFE, OEFRE
FDF=ZZNYFOHYAXTT. iter() (FAFTL—FDIzHDFEEIRTT. 1L —F&E(F NROEZ(C
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BOBRBUFZOTRITD] CEZEIRITDIAAHA—TTARADIETY. next() [CLKDTRDVDEFRE
EODFT—HICTIOTCRITBCENTEET. 15T7BEFHMEUIET —FDRVIDEBERTIRSH I D
DR TY. SEDHEE, ZZ/\vwFDH1X(F200TH DI, OEFEEXD(TIF200EDT—FH
SFENTNET. KT, lix[199] £FBE200EB DT —FICTFITRATETET. lix[200] £F2ET
S—MNHBEITTY. 161THIET —FZHit281E28MEHRICEMR T DlzsHDECR, 17&18{T7HIE >R
— MUTES TS matplotlib THiE 9 B /zsbDCk TY .

TJOUSAREITIDTETERRSNZELDIZ, MNIST TFRRIFTDIDIETDFEZTDOHEENONSID
EDDVSRAICEBIDON=FHITBZETT.

v 3-3. MLP D33

CDEHTIE, Google ColabEFHWTETEULEIH, GPUTOT S =2 JBEEETEIEMRICOCTOPUS
ZRAWTMLPEITWEUE. CEKOBDHIECPUTOI S JEBESURLETELEEL).

v 3-3-1. T ERDFERICDNT

EDF—5twv bDODFE (0~9DTSXAN%E) ZITDIEHDFRIZEE MLP (CTHEBERUET. ©DE
SHOTOTSLAWNUTTY. 2997EHD USECUDA EWLWDZEHT GPU Z#FIHIT INE DN EEIRUET
N, INZEBRESTELTVWDIDSIAALDIATICENDETEITLUTHTIIEE0N.

#!/usr/bin/env python3

import torch

torch. manual_seed (0)

import torch.nn as nn

import torch.nn. functional as F
import torch.optim as optim
import torchvision

import time

def main():

# Hyperparameter setting
MINIBATCHSIZE = 1000
TOTALEPOCH = 10

USECUDA = True

# Dataset preparation
learn_dataset = torchvision. datasets. MNIST (root="dataset”, train=True, download=True, transform=torchvi
test_dataset = torchvision. datasets. MNIST (root="dataset”, train=False, download=True, transform=torchvi

# Making training and validation dataset from the learning dataset
train_dataset, valid_dataset = torch.utils.data. random_split(learn_dataset, [int(len(learn_dataset) * (

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 35/45
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# Usage of CPU or GPU
device = torch.device (“cuda” if USECUDA else “cpu”)
kwargs = { num_workers’: 1, 'pin_memory’ : True} if USECUDA else {}

# Definition of data loader
trainloader = torch.utils. data. DatalLoader (train_dataset, batch_size=MINIBATCHSIZE, shuffle=True, s*xkwar

validloader = torch.utils. data. DatalLoader (valid_dataset, batch_size=len(valid_dataset), shuffle=False
testloader = torch.utils. data. DatalLoader (test_dataset, batch_size=len(test_dataset), shuffle=False, sk

# Generating a model
model = Network (). to(device)
optimizer = optim. Adam(model. parameters())

# Learning process
for epoch in range(1, TOTALEPOCH + 1):
# Training
model. train() # training mode
traincostsum, minibatchnumber = 0, 0
for input, target in trainloader:
input, target = input. to(device), target.to(device)
optimizer. zero_grad()
output = model (input)
traincost = F.nll_loss(output, target)
traincost. backward ()
optimizer. step ()
traincostsum += traincost. item()
minibatchnumber += 1
traincostavg = traincostsum / minibatchnumber
# Validation
model. eval () # evaluation mode to stop dropout
validcost, correct =0, 0
with torch.no_grad():
for input, target in validloader:
input, target = input.to(device), target.to(device)
output = model (input)
validcost = F.nll_loss (output, target). item()
prediction = output. argmax (dim=1, keepdim=True)
correct = prediction. eq(target. view as(prediction)).sum(). item()
print ("Epoch {:5d}: Training cost= {:.4f}, Validation cost= {:.4f}, Validation ACC= {:.4f}”. format!

# Test process (It should not be included in the program of learning)
model.eval () # evaluation mode to stop dropout
testcost, correct =0, 0
with torch. no_grad():
for input, target in testloader:
input, target = input.to(device), target.to(device)
output = model (input)
testcost = F.nll_loss (output, target). item()
prediction = output. argmax (dim=1, keepdim=True)
correct = prediction. eq(target. view_as(prediction)).sum(). item()

testcost /= len(testloader. dataset)
print ("Test cost= {:.4f}, Test ACC: {:.4f}”. format (testcost, correct / len(testloader.dataset)))

# Saving parameter
https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 36/45
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torch. save (model. state dict(), “mnist_mlp. pt”)

class Network (nn. Module) :

if

def __init_ (self):

super (Network, self).__init_ ()
self. fe1 = nn.Linear (28 * 28, 128)
self. fc2 = nn.Linear (128, 10)
self.dropout = nn.Dropout2d (0. 5)

def forward(self, x):

torch. flatten(x, 1)

self. fel(x)

F.relu(x)

self. dropout (x)

self. fc2(x)

output = F. log_softmax (x, dim=1)
return output

X X X X X
I

_name__ =="_main__
main ()

Downloading http://yann. lecun. com/exdb/mnist/train—images—idx3-ubyte. gz to dataset/MNIST/raw/train-ii
9920512/? [00:20<00:00, 21699082.46it/s]

Extracting dataset/MNIST/raw/train-images—idx3-ubyte. gz to dataset/MNIST/raw
Downloading http://yann. lecun. com/exdb/mnist/train—labels—idx1-ubyte. gz to dataset/MNIST/raw/train-I:

32768/? [00:00<00:00, 387538.43it/s]

Extracting dataset/MNIST/raw/train-labels-idx1-ubyte. gz to dataset/MNIST/raw
Downloading http://yann. lecun. com/exdb/mnist/t10k-images—idx3-ubyte. gz to dataset/MNIST/raw/t10k-ima

1654784/? [00:19<00:00, 139873.02it/s]

Extracting dataset/MNIST/raw/t10k-images—idx3-ubyte. gz to dataset/MNIST/raw
Downloading http://yann. lecun. com/exdb/mnist/t10k-1abels—idx1-ubyte. gz to dataset/MNIST/raw/t10k-1ab

0/? [00:00<?, ?it/s]

Extracting dataset/MNIST/raw/t10k-1abels-idx1-ubyte. gz to dataset/MNIST/raw

Processing. .

Done!

/usr/local/lib/python3. 6/dist-packages/torchvision/datasets/mnist. py:480: UserWarning: The given Numl
return torch. from_numpy (parsed. astype (m[2], copy=False)).view(ks)

Epoch 1: Training cost= 0.8504, Validation cost= 0.3540, Validation ACC= 0.8996
Epoch 2: Training cost= 0.3816, Validation cost= 0.2650, Validation ACC= 0.9252
Epoch 3: Training cost= 0.3102, Validation cost= 0.2219, Validation AGC= 0. 9374
Epoch 4: Training cost= 0.2748, Validation cost= 0.1959, Validation ACC= 0.9434
Epoch 5. Training cost= 0.2445, Validation cost= 0.1739, Validation ACC= 0. 9497
Epoch 6: Training cost= 0.2263, Validation cost= 0.1611, Validation ACC= 0. 9525
Epoch 7: Training cost= 0.2094, Validation cost= 0.1498, Validation ACC= 0.9554
Epoch 8: Training cost= 0.1936, Validation cost= 0.1402, Validation AGC= 0. 9587
Epoch 9: Training cost= 0.1840, Validation cost= 0.1332, Validation AGC= 0.9617
Epoch 10: Training cost= 0.1752, Validation cost= 0.1263, Validation AGC= 0.9625

Test cost= 0.0000, Test ACG: 0.9635
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BRELT, TRYITIMS10FTORL—Z>JDIR N, NUF—=23 >0 MNEIEEE
(ACC) , BEDITICT AT =AY MIHBIFD AR ME ACCHRRENELRE. CIT, 1IT/RY
DT TIFEBT -ty hMELEROENDICEZEBKRUEYT. TRV IZRBICHEL, fL—=
OBV F—23>5F -5ty MIBIFBDIOAX MIRELS U, ACCHMEINL TWLWDDOHR OO E
9. IRD5, FENEECEATNWBIZEADMNDET. REIC, #FBtyv bk (ML——>Ttwv
hENUF—2 3>ty ) EEERDT—FLY hTHDITRA MY MCTEDMEEZFHE L TUL\E

aHN Are (FIFIFINNLTRN EINMEETBHINITIhN7TINZ 7 NI hhn==4d

v 3-3-2. J0OU S LADfEER

=IC, 10i7BrSD/\A)\—=I)\SA—-FDRETIN, CCTERELTWLWBDDIL, =—/)\vFot
A XEBRKIRYIHAXE GPUEZZBDOBBRICAHWAINEDHNTY

# Hyperparameter setting
MINIBATCHSIZE = 1000
TOTALEPOCH = 10

USECUDA = False

=)\ FDRKAEE D TULRWVLDH, Z<DOFEHRY 1 MII\UF—2 3> PF I MNMIEZZ/N\vF %=
MELUTVWBANETEZLWVWETH, BEAN (DA XNMKEZSTITETTAEYICE SRV ED, Theano
DEIICEZZNYFOPA X% SL—Z20 ERATIRTNERES RN T L — AT =0 ESHBEUN)
(CF/NUF =2 32T MOBICEZ N\ FEBETINEIHDEEA.

R, UTFD16BSLM7ITEDEIRTI N, CHNFLETHBLIZESDTY.

learn_dataset = torchvision. datasets. MNIST (root="dataset”, train=True, download=True, transform=torc

test_dataset = torchvision.datasets. MNIST (root="dataset”, train=False, download=True, transform=torc

20/TH (I FEZ I BRICEREEBERTITOTRADVEDTY. T, T—5tv hEBTD3D
(CHIFTTNET.

e NL—Z>7Jtv bk (FBtwvh)
e JN\UF—>g>tv b (EBtv )
e FAMtZY

No—Z—>0tCv MIFRIZBBEDIZDHD/I\SA—FZRODDIDIMFESIT—FtY hTYI. CNEAE
HAEBHRMAAAT, DEBETEERDIERL, BERNQ/I\SA-—FNREDFET. NUF—>3>21T7Y
N, EBAZIRS ECIRD TRV BFE) ZHRIDICHICAVDIERLUT A MMzY hTY. 5
A bty MIBEUICTFRIZ (HiRFESORKEY)) Ozl lzdnT—Fty T, FE v
N &I TRITNERDFEEA.

https://colab.research.google.com/drive/1IEYMt8wBQ7Vx3bzOBjJny2F S4i9qqPL97?hl=ja#scrollTo=r4bPxQU5zkmN&printMode=true 38/45



2021/2/3 202006225 —FH A T XHHAI—X : [ISHID-®.ipynb - Colaboratory
UFoE(Ck>TEBLEY M NL—=20ty hENUF—2 >ty MTOIFTTULEYD. bL—
—>Jtvy hOEIGEEETY ha0.8, /N\UF—3>tw hDEIGF0.2TT.

# Making training and validation dataset from the learning dataset

train_dataset, valid_dataset = torch.utils.data.random_split(learn_dataset, [int(len(learn_dataset)

F—At7v hODE|

TDT—4 FBtEY b h——>Dtvhk

I

WMIUEIIT
WM THINE g<'cf§u.
L L
FAREY & NUF—>3>ty b~

FEBORCEFFB Y MNZITORRZHRLUFI. FEORC—BETETA MY MCHITDTFRIZEED
MREZER T DIRETEHDFEA. Fz, MBIUTHDIZE] EUONDERIARESTI. 791
BUWIIRIITH D EE, BIRFBOXMMCEWTE TEVVCAUABMICRD ZENFRENDIL, €D
ERBIENRRDTE] TULL DN, MNISTDFEETY bEFTX MY MM, B—OFESFHFD

RHENEFICEFNTCVDEREND D, COBRNSITDEETNSEFENCHIIRT—FTZY b T
(FIRVDEULNEFEA.

RIC, 23TEDEMRTIN, EU, GPU ZFIFT DIHS, device = torch. device (“cuda”) TRDEEZTFE
#UZEY (PyTorchddft#k) .

device = torch.device(“cuda” if USECUDA else “cpu”)

kwargs = { num_workers’ : 1, 'pin_memory’ : True} if USECUDA else {}

2417HI(C(Z, GPU ZFA T BI5E(C(X, num_workers Z& 1 (C, pin_memory %& True (CE¥TE 9 DIE&HDEL
% U TULET. numworkers (57— D5RHAFHFDIR(CERT DALY ROBEIEEITDEDTT
Y, GPUZFIAT DZAICIEFINZS IILICRELET. ik, UTDLSM PyTorch AT T
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JY~+ b warning (CAKDETF. ST, pinmemory E(&, AXR—OL045— (BIBHERUEXTE
UZBRUEDETDIIRATL) ([CRBRESERVKSICEEBLET -2 XEY EICEE (pinned) 9
DITHDEEIRTT.

It is generally not recommended to return CUDA tensors in multi-process loading because
of many subtleties in using CUDA and sharing CUDA tensors in multiprocessing (see
CUDA in multiprocessing). Instead, we recommend using automatic memory pinning (i.e.,
setting pin_memory=True), which enables fast data transfer to CUDA-enabled GPUs.

27\ 5291TEDER (F5T —FZFTHADIZHDI AT L, T—FO—H —ZEERIT DHDEDT
EF

trainloader = torch.utils. data. DatalLoader (train_dataset, batch_size=MINIBATCHSIZE, shuffle=True, s*xk
validloader = torch.utils.data.DatalLoader (valid_dataset, batch_size=len(valid_dataset), shuffle=Fals

testloader = torch.utils. data. DatalLoader (test_dataset, batch_size=len(test_dataset), shuffle=False

2TEDER(ECHOTOT S ATEESEZRY 8 TJ—2T (MLP) ZEKSEDEHDELIIRTT.
Network ) (CCHRL U= MLP % device (CiXD TULVET.

mode| = Network (). to(device)
CNORAKETION S92 TBICENMNTULNB IS ATTY.

class Network (nn. Module) :

def __init__(self):
super (Network, self).__init__Q

self. fc1 = nn.Linear (28+28, 128)
self.fc2 = nn.Linear (128, 10)
self.dropout = nn.Dropout2d(0.5)

def forward(self, x):

torch. flatten(x, 1)

self. fcl(x)

F.relu(x)

>
1

>
1

>
1

self. dropout (x)
self. fc2(x)
output = F. log_softmax(x, dim=1)

>
1

>
1

return output

self. fcl (IRIESET, 784K (28%28) DRI NLZANIC128RTDNRT NLZ2H DT BI28dD
LR TI (ERRIE7841T7128FIDITHI) . self. fo2 (128 RTDNRT N)LZE10IRTDNRZ N VICEIRT
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DIZHDEEIRTI. MNIST DTS ZAN0OMNSIDTI0TSAMNSIRBIEHTY. CNSDIEEE
nn.Linear (CEDTEKRSNEIN, cNETOISLH, 47BTHA 2 R—EESNTVBREDTT.
F/z, self.dropout (CCROVI I RZEZELTCVWEY. ROVITZIMEFZ1—TILRY K DJ—
ODIEEHE (BEZZINGI T BAMH) DVEDTI. CDKDIC, def _init__(self): UTFICEHEUL
EWRY RNDO—OTRHWS/I(SA—-FDEihEITVET.

IR(Z, def forward(self, x): ATFICHRY ND—DODEND, IHM=EOHEZSEEHRUET. ANE x T
9. CNETRTDONRT NUICE#RE, CNICWUT, J:‘C EUITHZERSEDN x =

self. fcl(x) DEEIRTY. ES(CTDITTHRAZIERIEEZL (RelU) ZEAASETCULET. ZHUTEMEAL
BAHo—ETHD, Z1—3ILRY NI—UISSEREREGRERIRT 2EENESZDEDTY. D
%, ROVI7DRESDHNE, SS(OROE[EEEBOTERITV, RENICY D MY OXEEE/ER
SEFET. VIMIVIREHREE, BART NLOEZEZROMD 1] THD, ZFEZROMEEFH (0, 1]
([CIRBDKDICEDNRT NLDEZERE B IEETY. CNZITDZET, NINLDBRERTHERE
UCHIR I B ENTEBLDICIRADET.

0.1, 0.5, 0.0, 0.1, 0.1, 0.0, 0.0, 0.1, 0.1, 0.0,]

CDERIBRT NVEIEETD [1] TY. COSERERRDERZRIBRII2ZEEHDEZRTY. MNISTD
FllZUIEinse, COLIDIREDMNRO TSRS, ZORBOFADOEHFEE 1] THDdEEDE=NS
DIFTTYT QTIEFRLLTIRDIE, 1BBDERIC(IEZFD [0] AR TWLTLBIHS) .

33ﬁE@%EL(?I’Uﬁﬂﬁﬁ?iﬁ@?ﬁLﬁ%’iﬂW)%EEL'C‘@' CCTHRELTWLWD Adam EWVWSRBEEE
, FEREHSDOLERERZELFRU CENSICHITIFIEESEDEZTTELET. FEH RSN
(c_tb‘$,uéﬂ5) UMEFMHE T EXEFHMER /NS, FBDTRVWEE(CET T EFHFITDENDME
A TERBEENEEIET DEREZEDHTWNDHIETT.

36?‘_150)”/ THZEETOTR, FBIL-TEMENZTOCRTY. UTORREET/ILZE SL—
SOE—-RICTDIODEDTY. EAKE, ROVI 7T MHEEET.

model.train() # training mode

—AO0—F—([FUATFTDELISCANDZET, T—HZ—BAITORAITENTEET.
for input, target in trainloader:
BUF st (I Bcz WIMME 9 DIz T .
optimizer. zero_grad()

AT TR~ (AEZ5t8 T XR) 258 LT, TNICHIT DR ZFARUET.
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output = model (input)
traincost = F.nll_loss(output, target)

traincost. backward ()
LT st EekE T EDEFHRICHEE I IEHDTY.
optimizer.step()

500559178 (F/\UF—>3 > (CRTREIMTY. ROVI7D hEREISHRZHI(C
model.eval 0 ZERTEL, FE/z, /\SGA—FEFHZ LIRXLVZE with torch.no_grad(): ZRTELET. =&
([C60fTETHFEDBREAENULET.

62{TENS731TEBEXE TODEIR(ET A My MIHITDMEREFHADIZSHDEDTI. KK, CDFE
HFBETDOEHOTOTSAERLTOISALAEUVTHABESEIZE(FHTEAR RN ETHD E
EZSNFET. ZlE, /\A/N—)SA-FEZSERNSBLRTFRREEEL, €2D/\UFT—>3
S OFERZ RGN SRENIRFAESRZED LITDDTIN, ZIICTA MY NTORBRMARZITLD
5, ZOFA MY MINNUF—2 3>ty hEBODNTELEARVWKLS. . .

main() DERALITDOLUTDER(FIRED/SA—F ET —FFIF v DIFRERF I DITHDELET
9. TP HERFBDRISEN CH DT RIZSDARATT .

torch. save (model.state_dict(), “mnist_mlp.pt”)

BIDT7AILS N ZGZHRHE LT, P—FFIOF v 2BiEnkl, FARELTHHETICENTER
EF

B LT PyTorch (C& D MLP MER(FETTI N, PyTorch (IIEE(CHRMENE L, L TEELIEDS
AP UEETDIEITT, CNNEDEMIATRY ND—DOZ—BiTEREIDICENTEET. HIRIFA
TOEDCUSRENE T D ETEHAFHEBEN N D, T—U>2IBEHVOED, SEEEHNSNDH
5742 CNN ZHER I D ENTEFET.

v 3-33. 7—FFIOF v DZE

#!/usr/bin/env python3

import torch

torch. manual_seed (0)

import torch.nn as nn

import torch.nn. functional as F
import torch.optim as optim
import torchvision

daf main() -
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# Hyperparameter setting
MINIBATCHSIZE = 1000
TOTALEPOCH = 10

USECUDA = False

# Dataset preparation
learn_dataset = torchvision. datasets. MNIST (root="dataset”, train=True, download=True, transform=torchvi
test_dataset = torchvision. datasets. MNIST (root="dataset”, train=False, download=True, transform=torchvi

# Making training and validation dataset from the learning dataset
train_dataset, valid_dataset = torch.utils.data. random_split(learn_dataset, [int(len(learn_dataset) * (

# Usage of CPU or GPU
device = torch. device (“cuda” if USECUDA else “cpu”)
kwargs = { num_workers' : 1, 'pin_memory’ : True} if USECUDA else {}

#t Definition of data loader

trainloader = torch.utils. data. Dataloader (train_dataset, batch_size=MINIBATCHSIZE, shuffle=True, #**kwar
validloader = torch.utils. data. DatalLoader (val id_dataset, batch_size=len(valid_dataset), shuffle=False
testloader = torch.utils. data. DatalLoader (test_dataset, batch_size=len(test_dataset), shuffle=False, *x*k

# Generating a model
mode| = Network (). to(device)
optimizer = optim. Adam(model. parameters())

# Learning process
for epoch in range(1, TOTALEPOCH + 1):
# Training
model. train() # training mode
traincostsum, minibatchnumber = 0, 0
for input, target in trainloader:
input, target = input.to(device), target.to(device)
optimizer. zero_grad()
output = model (input)
traincost = F.nll_loss (output, target)
traincost. backward ()
optimizer. step()
traincostsum += traincost. item()
minibatchnumber += 1
traincostavg = traincostsum / minibatchnumber
# Validation
model.eval () # evaluation mode to stop dropout
validcost, correct =0, 0
with torch.no_grad():
for input, target in validloader:
input, target = input.to(device), target.to(device)
output = model (input)
validcost = F.nll_loss (output, target). item()
prediction = output. argmax (dim=1, keepdim=True)
correct = prediction. eq(target. view_as(prediction)).sum(). item()
print ("Epoch {:5d}: Training cost= {:.4f}, Validation cost= {:.4f}, Validation ACC= {:.4f}”.format!

# Test process (It should not be included in the program of learning)
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model.eval () # evaluation mode to stop dropout
testcost, correct =0, 0
with torch.no_grad():
for input, target in testloader:
input, target = input.to(device), target.to(device)
output = model (input)
testcost += F.nll_loss (output, target). item()
prediction = output. argmax (dim=1, keepdim=True)
correct += prediction. eq(target. view_as (prediction)).sum(). item()
testcost /= len(testloader. dataset)
print ("Test cost= {:.4f}, Test ACC: {:.4f}”.format (testcost, correct / len(testloader.dataset)))

# Saving parameter
torch. save (model. state_dict (), “mnist_cnn.pt”)

class Network (nn. Module) :
def __init__(self):
super (Network, self). init_
self.convl = nn.Conv2d(1, 32, 3, 1)
self.conv2 = nn.Conv2d (32, 64, 3, 1)
self.fc1 = nn.Linear (9216, 128)
self.fc2 = nn.Linear (128, 10)
self. dropout = nn. Dropout2d (0. 5)
def forward(self, x):

= self. convl (x)

= F.relu(x)

= self. conv2 (x)

= F.max_pool2d(x, 2)

= self. dropout (x)

= torch. flatten(x, 1)

= self. fc1(x)

= F.relu(x)

= self. dropout (x)

= self. fc2(x)

output = F. log_softmax (x, dim=1)

return output

X X X X X X X X X X
|

if _name__ == "__main__":
main ()
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