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3.1 IREiERS
3.1.1  FEAREE

o Windows 10 £\ fik x64
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e Python 3.7.1

e pip 18.1

3.1.2  fki

e scipy 1.2.0

e numpy 1.15.4

o matplotlib 3.0.2
o scikit-learn 0.20.2

 pytorch 1.1.0 (CPU version)

3.2 i pisban
3.2.1  FHREE SRS

(EVIBEARERT 2 B, 20 SO R ST BT A, S i —
ISCPERE S HCA SO, H e RS i R R

F1) PIL Python [ {6 e FEUG A SO AR 5

Pillow =& PIL 85—/~ 2454 % Fork, ¥ PIL Wk, %3 Python 3.o, FNi% E1E A
import PIL BR=T , CRABEET S Z2ay IR L, mROGEELER DN, T20EEAE
A, BAERT . %X B Ry B TR RS,

from PIL import Image, ImageDraw

import sys

# ¢ 256 REBATE 16 MFAFLE
def image to_text(pixels, width, height):
symbols = list("$0B8&WM#*oahkbdpqwmZ0OOQLCJUYXzcvu" +
"nxrjft/\| QO1{}F[]7-_+~<>i11T;:,\""""'.")

#20 JEED
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string = ""
for h in range(height):
for w in range(width):
rgb = pixels([w, h]
string += symbols[int(sum(rgb) / 3.0 / 256.0 * len(symbols))]
string += "\n"

return string

# Ju IR AN
def load_and_resize_image(imgname, width, height):
img = Image.open(imgname)
if img.mode != 'RGB':
img = img.convert('RGB')
w, h = img.size
rw = width * 1.0 / w
rh = height * 1.0 / h

r = rw if rw < rh else rh

rw = int(r * w)
rh = int(r * h)
img = img.resize((rw, rh), Image.ANTIALIAS)

return img

# B H A AR
def image file to_text(img file path, dst_width, dst_height):
img = load_and resize_image(img file path, dst_width, dst_height)
pixels = img.load()
width, height = img.size
string = image_to_text(pixels, width, height)

return string

ZJExt ik ER, A image_file_to_text () eRELRITI. AN 0 N FAF s FEHUNC
EINE 7 NN B v AN [ a2 N O o N < < I S 7 SRS R £ 2 9 N9V
B ATIR.
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3.2.2  KRE i

SRR A B A 28 AT DA B SOARKE X, RF 32 % 32 118 e il P 45 o I 2 e G
1 x 1024 {Jh) &

def img2vect(filename) :

returnVect = np.zeros((1, 1024)) # H 4 G|E 1 F 1024 ) Numpy #04

fr = open(filename)

for i in range(32):
# T R 32 4T, HWETHA 32 NFREFHE Numpy H4H
lineStr = fr.readline()
for j in range(32):

returnVect [0, 32 * i + j] = int(lineStr([j])

return returnVect

3.2.3  FRILINZAMEAH 5% PRINZ

FEOAE SN ARZ SO, XS a2 A, AT PAGE 1istdir SRALE
RHUH NN, AL

from os import listdir
trainingFileList = listdir('./data/trainingDigits/') # FEBEUNZH T 89 H %
print (" YA NMH: %d" % (len(trainingFileList))) # |l 4 dE A %

55 JLED I
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testFileList = listdir('./data/testDigits/') # #HEBUN - H T H A%
print (" M RAEANZ: %d" % (len(testFileList))) # |4 4iE A%

X BACR T Listdir ZREX 745 5E H ok T I SCPFI SCPREZA B

TEARHR VNGB S A AR Z G, Mg —A 1 x 1024 BYSHOHERE, 285 BER0)I 25
SO, FRESCPER R 0 A0 L SHABXAH R, RIS, RSO split AREIRRLE

def load_trainingData():
hwLabels = []
trainingFileList = listdir('./data/trainingDigits/') # #hEBUZH E T 0 A%
m = len(trainingFileList) # )| Z: 24 4<%
trainingMat = np.zeros((m, 1024)) # % [E&i7 74— MEI%
for i in range(m):
fileNameStr = trainingFileList[i]
fileStr = fileNameStr.split('.')[0] # M Z 438 L2 BT o K50 F
classNumStr = int(fileStr.split('_')[0])
hwLabels.append(classNumStr)
trainingMat[i, :] = img2vect('./data/trainingDigits/%s' 7 fileNameStr)

return trainingMat, hwLabels

iEnw A G SIDYIE: o=~ R

def load testData():

testFilelList = listdir('./data/testDigits')

goldLabels = []

mTest = len(testFileList)

testMat = zeros((mTest, 1024))

for i in range(mTest):
fileNameStr = testFileList[i]
fileStr = fileNameStr.split('.') [0]
classNumStr = int(fileStr.split('_')[0])
goldLabels.append(classNumStr)

56 7T L BD
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testMat[i, :] = img2vect('./data/testDigits/%s' ’, fileNameStr)
return testMat, goldLabels

3.3 il kNN #47FE5E 73U RS M
3.3.1 kNN ZiERifr

k fAB5EE AARRBT U Y, AT PUR RSN, X BRI, S8R o] 5 Fi A
AfAL (BB hy) k DYIZREARR AR, XT840, VAR b5 F A AR
(EMBEES BRORT) k MNMUIGREA R .

L B RIREAERR 2 A n 4EZS sl B, n ZERY A

2. IR e SO EGHE Eg

b
d(xqaxi>2

4. kNN SAHA MR S e, BRI S A AR, PN R Rl i k A4B a5

3. A MRHE R ITH) k AR s T A, w =

3.3.2 kNN Zykiyseil

kNN FIRRSCBL LRI B, 450 — M ARE , R AREARNES T IS RS %
SERIA SRS, IR EAVNEIHET . BT k A, BB R/ k ARl SR k
AR BN, HAZ B B 20 7 i A28

from numpy import tile, sum

import operator

b s

## ABEER KNV WFERFRINR S
RURBRUBUB A B AR BRBR LR UR BB AR LB AR RBR R IER Y

## kNN B, WHE— NN EE inX 5 OFERNER, HREXIFE
def kNN(newInput, dataSet, labels, k):

%7 Jten
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## nX TR RIMAMA, dataSet ZYAFEAR, labels B FMHAFL
dataSetSize = dataSet.shape[0] ## 174, HJA&F4 /-4

## step 1: calculate Euclidean distance

# tile(4, reps): Construct an array by repeating A reps times
# the following copy numSamples rows for dataSet

diff = tile(newInput, (dataSetSize, 1)) - dataSet

squaredDiff = diff *x 2

squaredDist = sum(squaredDiff, axis = 1)

distances = squaredDist ** 0.5

## step 2: sort the distance
# argsort() returns the indices that would sort an array in a ascending order

sortedDistIndicies = distances.argsort()

classCount = {}# define a dictionary (can be append element)
for i in range(k):
## step 3: choose the min k distance
voteIlabel = labels[sortedDistIndicies[i]]
## step 4: count the times labels occur
# when the key voteLabel is not in dictionary classCount, get()
# will return O
classCount [voteIlabel] = classCount.get(voteIlabel,0) + 1
## step 5: the maz voted class will return
sortedClassCount = sorted(classCount.items(),
key=operator.itemgetter (1) ,reverse=True)
return sortedClassCount [0] [0]

3.3.3 I kNN 47 T 58y PUN RS A

IR, XIS, ) kNN Bk T2, FExtes
AT EERL

def handwritingClassTest():
hwLabels = []

i
oo
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B
=
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trainingFileList = listdir('./data/trainingDigits/') # #hEBUIZH E T 0 A%

= len(trainingFileList) # )| 2 248 4 A/ 4%
trainingMat = np.zeros((m, 1024)) # % [E&1/7 70— MEI%
for i in range(m):

fileNameStr = trainingFileList[i]

fileStr = fileNameStr.split('.')[0] # M
classNumStr = int(fileStr.split('_')[0])
hwLabels.append (classNumStr)

AR A4 A R BT

trainingMat[i, :] = img2vect('./data/trainingDigits/%s' 7% fileNameStr)

# REAT R B X
testFilelList = listdir('./data/testDigits/')
errorCount = 0.0 # 4 3tiH Bl 4% o U3
mTest = len(testFileList) # | 248 £ A& 4
for i in range(mTest):
fileNameStr = testFileList[il
fileStr = fileNameStr.split('."') [0]
classNumStr = int(fileStr.split('_')[0])
vectorUnderTest = img2vect('./data/testDigits/%s' . fileNameStr)
classifierResult = kNN(vectorUnderTest, trainingMat, hwLabels, 3)
if (classifierResult != classNumStr):
errorCount += 1.0
print ("\n ﬁ“tﬁ#%ji/\%kjﬁz %d" % mTest)
print (" TN 4% %A %d" % errorCount)
print (" T 4R ZE A %2.2f%%" % (errorCount / float(mTest) * 100.0))

print (" M ERE A %2.2£%%" % ((1 - errorCount / float(mTest)) * 100.0))

3.4 FEBIURM KRB T T LBy UM RS TEfE

H ISR R

from sklearn.neighbors import KNeighborsClassifier # SKlearn W #] kNN 5 %
from sklearn.svm import SVC # SKlearn HEy SVC B3
from sklearn.tree import DecisionTreeClassifier # SKlearn 45 #f 5 ik

# SKlearn Wy NB H i

i
Ne}
=
B
=
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&

from sklearn.naive_bayes import GaussianNB
from sklearn.naive_bayes import MultinomialNB

from sklearn.naive_bayes import BernoulliNB

SRIG MK 22 R R A 1 4 2588, W classifier.£fit() pRACHEATRIZ B 45, W
classifier.predict O FHATHIN, I LA /- HKBIEMIHER 2 .

# ETHARSPRE LN FERTRARGTH R
def handwritingClassTest():
trainingMat, hwlLabels = load_trainingData()
testMat, goldLabels = load_testData()
mTest = len(testMat) # Jll| it/ A</

# A sklearn JE o oK 5 %
ensemble = ["kNN", "SVC", "DT", "GaussianNB", "MultinomialNB", "BernoulliNB"]
for a in ensemble:

classifierResult = []

print(a + ":")
if a == 'kNN':
clf = KNeighborsClassifier(algorithm='kd tree', n_neighbors = 3)
if a == 'SVC':
clf = SVC(C = 1.0, kernel='linear')
if a == 'DT':
clf = DecisionTreeClassifier(criterion='entropy', random_state = 0)
if a == 'GaussianNB':
clf = GaussianNB()
if == 'MultinomiallNB':
clf = MultinomialNB()
if a == 'BernollilNB':

clf = BernolliNB()

clf.fit(trainingMat, hwLabels) # iJ| 247!
classifierResult = clf.predict(testMat) # Ju A, Fi | il = 25 3

errorCount = 0.0
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for i in range(mTest):
if classifierResult[i] != goldLabels[i]:

errorCount += 1.0

print ("\n MHAFEARNMEA: %d" % mTest)
print (" M 4EiE N A %d" % errorCount)
print (" M 4R ZE A %2.2f%%" % (errorCount / float(mTest) * 100.0))

print (" FOMER E A %2.2£%%" % ((1 - errorCount / float(mTest)) * 100.0))

3.5 Tl BP #hepMgs st i T 58 v iU

LRSS RITIERERRIFA R NGRS, T ileRERI BP fheg gt T 568 b1 r Ul -

3.5.1 BP &M% Hisr
BP #1242 1986 4FEH) Rumelhart F1 McClelland g i RM# 545 B MR &, 22—
i R ZE W I AL R RN SR 2 2 T i 22 0 2%, 2 H TR e T2 I A 28 0 245

N A2 P 45 To 5 S Semf e S A th Z RIS R AR e A, Gl B B illlgR, 2
SRR, AE L 5 iy A (B 2] die B 0 (R 4R

BP 1 20 [0 245 1) BEAS AR BB PSR BRRk, FITIBR EEAR R BAR, DASU (o I 45 1) 552 o i 114 L
R B i (R 2Z2 3 7 22 R B/ N o

HA BP A E S AT R AR ZE R S AR AN R . RIS 022 i H e A
i A E i e 5 TR T, T R AR (L UL M i s B AR T A T

LR, WAFESEEREGEEN TR R, fddpdited, mAikmhES,
A K P IR A AR, W AR S i ek id AR

R AR R R = R R AR B R L, R RED S SR I H B,
PAMAS SZARAHI DRI (RS- TR 2% BR AU EL I AR

B o AR A AT 5 2 A R 5 R A 2 Y e e Y P TR 5 R DA B

#5011 0 3BT I
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(ERRIENTIBIETT 1) R, o SR~ GR, WE S e/ IMRZEANXT LA M 46 28, UIIZRRIAE
&1k

3.5.2  SEBLppgE oY
PR TTI BRI SR YL LU AT B, BRIl sk — 28 5 L, R 58 B — 28R B A
ST A5,

WG R TR I PR TR B M A TR . AR, I B EE C R Y
Itk 0.

# BRAMERE, BEXHETHE, RALKE
def __init__(self, neuronNumbers, inputNumbers):
self.neuronNumbers = neuronNumbers # 7% 47 &
self.inputNumbers = inputNumbers # # A\ %[ &
self .weight = [] # # &
for i in range(neuronNumbers) :
self .weight.append([1) # X iAW 470, #FHEHMHES 0
self.outputActivations = [] # # i &
for i in range(neuronNumbers) :
self.outputActivations.append(0) # XA e #Z o, Wit HEH 0
self.errors = [] # iz %
for i in range(neuronNumbers):
self.errors.append(0) # X frA WAL, Wiz =% 0
self.reset() # =&

MZILEE Lo EE R HIRE. BEEETES . N TIBRRIEHRRCR, X H
ORI S8 SON . WERENBEVUE, A4 0, B, WEHWE P IoERBE
[-0..5, 0.5] [X[a]pyEUHE.

# MATER
def reset(self):
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#RBERRE. MEERY, N AMMETMENIRE. WMEER 0
self.errors.clear()
for i in range(self.neuronNumbers):
self.errors.append(0)
self . outputActivations.clear()
for i in range(self.neuronNumbers):

self.outputActivations.append(0)

#PTHMMET, REMIGRE

for i in range(self.neuronNumbers):
weightNumbers = self.inputNumbers + 1 # f 5 M &= M40 4% N4 +1
self .weight[i].clear()
for j in range(weightNumbers) :

self .weight[i] .append(0) # &2 E 44, H2# b4 o

for j in range(weightNumbers) :
self.weight[i] [j] = random.random() - 0.5 # [@#l [-0.5,0.5) Wl =
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3.5.3 BP g4

FLE R d e

B2 REMTH

l

M{EAEE

l

REMEH

Pl 5: BP #2025 i AL PR 14

WK B 2y BP MRS R AR, N PRSI — 2 2

s MR E T e RRAR, UK BRI R

HilERE A RR I R, R A2 S ZUeR%L, B Sigmoid %K.
S(@) = 1=
b wamic AN (SR mEMN) RieZ Baylh, f(r): A& mieay x40 b
TESEER AT, 4y x B 17— RESPONSE,

%14 7T JE B0
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RESPONSE Jg& kX 4 Bt 2 4 L Fr A A (55 (RFRED) 9 B MANEE T 4l o ixX
2N x AR, B IERGBORAIN R, SUBURENT 0 5 1 (fAIX) . WR7ER
X, BT R ke Sigmoid R FHL, BT, FOWIIZAES-F22, #5t
BT 0. AR A EA SRR ARRE /DN, wlEinT 0, Wyt LT AASIE L
MAEMZERE K (RO RA EIRAT 2284, s WA R LT ) o FrRAk B in
T—/ ). RESPONSE,

#METEE
def sigmoid(self, x):
return 1.0 / (1.0 + math.exp(-x * self .RESPONSE))

# W N RESPONSE, XEFRWBIE exp(z) ¥ = HN RI/NTTHFEHIAE signoid EHHA 1

ek thamMBTESARE)Z, G ZARZSHEN, M agBimaRE 5
A, SR ANl R AR AN

AR M AR R R S RA TR Z AR5, ARG PR MR ZE (S i A 1
pi—z (B)2), WM. sawbeiRIeiRE, 24> RPA RS BIBUE R B R B
JEAR AN M PR g AR, XA BT 1) S ) A R o T AN BT R e 2 40 A ASC o DA 5 i
RN B fe/ NS RE MR JEE T e

U IR 2 Fi o 20 P S 1) AR B T 2 e e A R R A, T 22 R 2 2 i
W — A, ACRIER SRR 7 )T — 222 1 — 4.

AWn] — EnLO(nfl)j
FEAFIRY BP #iZef s h, 3T EAQRITEARME, RAESH TRESH TG, *
SEFH XA A ITE E H.

Z €(n4+1)jW(n+1)j5

7=0

X E = Uui i i - millE .

XFRGTIZE: SRR ) b2 BT i 2 40 B R DA 224 A 2o 20 ) S A Y
ZmA

55 15 51 3L BT
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for j in range(inputNumbers):
if oldErrors is not None: # M A\E&XH T —E
# EHA—BERE, Ak SRl e iR E T E 6 RAR
oldErrors([j] = oldErrors[j] + error * weight[j]
# RAE 1 1 1 iy AL T IR =
weight[j] = weight[j] + error * self.learningRate * oldOutActivations[j]
# Wi E

weight [inputNumbers] = weight[inputNumbers] + error * self.learningRate * self.BIAS

P IIgdfES R RE, AN ESHEERAITERE, W EiRE. RERM
E3od EAER AR IR

HEBZTRE . DA R IRYIREA, TRAGEZZAE L, SRR — 204
AT —EEA, —ZEMITRERESZ. BUlEE—TREZ4oc, e H
MR

for i in range(self.hiddenNumbers + 1):
self.updateNeuronLayer(self.layer[i], inputs) # Jf Y a7 a% A\, T4l #) #2471
inputs = self.layer[i].getOutputActivations() # 7] — E Wi Hi1EA G — Ed%

NHEEHRRE
PR AZI0, HAMER A ERIRE, FHRZENT I ZBUER.
IR SSE, WERRZEAV/N, SIS .

for i in range(neuronNumbers) :
outErrors[i] = targets[i] - outActivations[i]

self.errorSum = self.errorSum + outErrors[i] * outErrors[i]

MR —JAmet 2XH, SR T IR S R R, I 58T IR ZEFIALE
WS B eR &L IR ATHR ISR 20 1

#5016 7T 3t 8D 0



IR R R LB ik

SR P B2 RN, TSR 2 A R 2 DA SO A AR . T
Byl Dy AR, R S 1) AL RS R RSO SRS I A [ R R 2

error = errors[i] * self.backActive(outActivations[i])

3 P A e AR B R B AR, T S AL R IR R A IR FE AN 2 ) R SO TSI AL
HAH.

for j in range(inputNumbers):
if oldErrors is not None: # W AE®RAH —E, FEFFH W
# EAA - BERE, ek SRl iR E T E 8RR
oldErrors[j] = oldErrors[j] + error * weight[j]
# R R AN ERTIRE
weight[j] = weight[j] + error * self.learningRate * oldOutActivations[j]
# Wi E

weight [inputNumbers] = weight [inputNumbers] + error * self.learningRate * self.BIAS

X MAIT, EEAE SR AT, £ Sigmoid eREAEIA , ZRHIE
Pk, Vs gochyi .

A 22 TCHY A A T BRI, EROT AR SR AR AN, BRI E N
Sigmoid AU HAL R, K RREE, WX R A .

S SCONZRITRI R g R, F52 D oc BRI ZReR AL, ARG L 1] A0 A S (124

IR F NS RE PO T iR, IRARE PR BRI ek, JHREACE, DAK
FIUIZRRY H o

N PASC AR B2 Z NSRRI 4o KRBT 58 1 JRRIR A0, 75 B I
i i BARFRMAR. MR 125 02, MXZHMAZ, IBAEHER LR
WAL ERAR)R, TR, EXER—Z L gr M aM g, [, BERH
Hl—J2RE. S0, EBH W2, R Em AR E. RRE R )G,
PA 2T ZRR) BR AN 57 1 2 M2 e AT 4R

17 30 LB
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RARN, BAWN—E
oldOutActivations = inputs

oldErrors = None

prevNeuron = self.layer[i - 11 # pl— Z8i# 40, FHhBHH H iz =
oldOutActivations = prevNeuron.getOutputActivations()

oldErrors = prevNeuron.getErrors()

PR ARX B, ZRZ, AR, RAS R =,

# W, RE@MANE B
def predict(self, inputs):
# ZEHE
for i in range(self.hiddenNumbers + 1):
self .updateNeuronLayer(self.layer[i], inputs) # Jf X a4\, 34 fl 0y #2470
inputs = self.layer[i].getOutputActivations() # 7] — E & h{EA e — E
# REMEE

return self.layer[self.hiddenNumbers] .getOutputActivations()

3.5.4 VIS M HR A

R — RN 10 AL, 2 RIFRRET 0 9 BT RIMRER ), ﬁﬁﬁilkﬁﬁ
HAT 20 X AL, REMERRN, SRR ATIMMESR, FHRE R SRR R T HXT

index = -1
tmp = NEGATIVE INFINITY
W, REFAME, HETAMER
for j in range(default OutputLayerNumber) :
if out[j] > tmp:
tmp = out[j]

index = j
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# FOMAEREMKEZW, WRAE, HWATMER, t&ém 1

if index == test_labell[i]:

correctCount = correctCount + 1
# O BN & R AR 4R
print ("Predict:", index, ",and the actual answer is:", test_labell[i])

3.6 il pytorch WEMMEeMZ T T 15 %8 iUl

FEFREIOATES ANRE, Pl pytorch #4788 PRI YIZE.

Bk, I pytorch tutorial XFTFERECFHIIR .

3.6.1 {§i}f] pytorch tutorial &Z8 MNIST ¥4y lgish i

https://pytorch.org/tutorials/intermediate/spatial transformer tutorial.html

(ANEWIIS ST b

Teat =zet: Average lozsz: 0.0448, bLcouracy: 987110000 (99%)

Train Epoch: 18 [0/80000 (0%1] Loss: 0.054948
Train Epoch: 18 [32000/60000 (53%)] Laozs: 0.0G4712

Te=zt =zet: dverage lossg: 0.0391, bscowracy: SEB0/10000 (9G%)

Train Epoch: 19 [0/80000 (0%1] Los=: 0.043331
Train Epoch: 19 [32000/80000 (53%)] Log=: 0. 266011

Te=zt =zet: Average loss: 0.0416, bcowracy: SEE5/10000 (S0%)

Pl 6: 52 pytorch tutorial X5 7R 5!

IR WE B, %S 99%.


https://pytorch.org/tutorials/intermediate/spatial_transformer_tutorial.html
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&

3.6.2 G pytorch [¥] DataLoader U JIZ:IRMTTH A%

oG DataLoader A —AM0% B S 8RS DataLoader, FFEHAL 3 ANHE:

1. def __init__ (self, loader = default loader: 451k

2. def __getitem__ (self, index): fFZ57E— index HYIHE, & M—E H K tensor
H1 target /9 tensor

3. def __len__ (self): FrEEIRIIIEL

device = torch.device("cuda" if torch.cuda.is_available() else "cpu")

import torch.utils.data as data

from os import listdir

def img2vect(filename) :
returnVect = np.zeros((32, 32)) # &4 GlZE 32 E 32 1 Numpy #(4l
fr = open(filename)
for i in range(32):
lineStr = fr.readline()
for j in range(32):
returnVect[i, j] = int(lineStr[j])

return returnVect

class load_trainingData(data.Dataset):
trainingFileList = []

m=0

def  init__(self):
self .trainingFileList = listdir('./data/trainingDigits/')

self.m = len(self.trainingFileList)

def __getitem__(self, index):
fileNameStr = self.trainingFileList[index]
fileStr = fileNameStr.split('.') [0]

%520 7T 3L BD 0
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26 classNumStr = int(fileStr.split('_"')[0])

27 target = torch.from_numpy(np.array(classNumStr))

28 data = torch.from_numpy (

29 np.array([img2vect('./data/trainingDigits/%s' J, fileNameStr)]))
30 return data, target

31

32 def _len_  (self):

33 return self.m

34

35 class load_testData(data.Dataset):

36 testFilelist = []

37 mTest = O

38

39 def __init__(self):

10 self .testFilelList = listdir('./data/testDigits')

o self .mTest = len(self.testFileList)

42

43 def __getitem__(self, index):

14 fileNameStr = self.testFileList[index]

15 fileStr = fileNameStr.split('."') [0]

16 classNumStr = int(fileStr.split('_')[0])

a7 goldLabels = torch.from_numpy(np.array(classNumStr))
a8 testMat = torch.from_numpy(

19 np.array([img2vect('./data/testDigits/%s' 7, fileNameStr)]))
50 return testMat, goldLabels

51

52 def __len_ (self):

53 return self .mTest

54
55 # Training dataset

s6 train_loader = torch.utils.data.Dataloader(load_trainingData(), batch_size=64, shuffle=
517 # Test dataset

ss test_loader = torch.utils.data.Dataloader(load_testData(), batch_size=64, shuffle=True)

Bl i it tensor 41
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PrB ARG —mk 32 FeLL 32 RyR/D

B 20t 4 4k, 5400 batch KR/, BRIN 64, 55 4B 1, H=4
EEPULERE R 32 3LL 32 By KD

Bk Az —

*F Double Wy, lZ:%Hi h double M1y, HEIIZES2E float W), 1 2 NMRYL I
R, A BINGME K double 1), 55—l R 8 i ek float 1, TR 1T e -

output = model(data.float())

RGN, 52 model = Net().double().to(device)

FaFEMIRYE e —  DE TR

self.fcl = nn.Linear (500, 50)
self.fc2 = nn.Linear (50, 10)

xs = xs.view(-1, 160)

x = x.view(-1, 500)

4 SERRETUR R

4.1 fEH kNN 347 PS5 E B R G NEA

handwritingClassTest ()

#
=
8
=
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TREAN RN 434 4>, PSSR 17 4>, HERRRY 96.08%,

Mﬁﬁﬁﬁﬁﬁ:w4
PR G|

TMERER : 3.92
TR EREZE A : 96.08%

1

4.2 HBIUR REER T T LA BCPUN RS TE g

rr

kNN :
Mﬁ#iﬁﬁﬁ:w4
TR AT 1
TRMERER : 4.38%
TR ZE A - 95.62%
sve:
%ﬁﬁi%ﬁ%:4%
oM iR N8 - 1
TN REA : 4.157
TR R A : 95.85%
DT:
MARBEANEA 434
Mz N A . 76
T RER: 17.51%
TN R E Ay : 82.49%
GausstanlNB:
Mﬁ#iﬁﬁﬁ:w4
T RIS 1
TRMEERE R - 27.65)
TN R A : 72.35%
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MultinomiallNB:
MR A : 434
TSR ANBH - 34
B sEIR %A - 7.83%
TRMAERE A : 92.17)
BernoulliNB:

MR AR - 434
T RN+ 34

BMEREA - 7.83%
TR E Ry - 92.17)

rr

AR BN R 7 JE A ER SR AN R, I HARZEHER
AP Ay a2 SCV I kNN, HERR B 96%.

FEAERGINAR, 1 THOSR TR AT RO (BIAIR T k 973 LRI THE
PERAINE) . DARHA SR S B 2, R, B YGETT LSO AT e 2155
AR

4.3 Tl BP #hemgeitis T 548 il

0460385, 0.00012970946524742377, 0.000687723:
the actual answer is: 6
which means the correct rate is: 93.91

Bl 7: BP #2548 H I vER 2

e @, BRek il T HIEE R A SR, IR A R N ER RN 94%.
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4.4 il pytorch WERMLMLEIETT T LBl

Train Epoch: 13 [0/1458 (0%)T  Lo=zz: 0120983

pred= tensor (0) target= tensor (D) tensor(l, dtype=torch.uintB)
pred= tensor(T) tarzet= tensor(T) tenszor(l, dtype=torch.uintd)
pred= tensor (3] target= tensor(3) tensor(l, dtype=torch.uintf)
pred= tensor(l) target= tensor(l) tensor(l, dtype=torch.uintf)

Tezt zet: Average loss: 0.1234, fccuracy: 422/434 (97%)

Train Epoch: 14 [0/1498 (0%)]1 Loss: 0.0839297

pred= tensor(4) target= tensorid) tensor(l, dtype=torch.uintf)
pred= tensor (2] target= tensor(2) tensor(l, dtype=torch.uintB)
pred= tensor(l) targzet= tensor(l) temnszor(l, dtype=torch.uintd)
pred= tensor(l) target= tensor(l) tensor(l, dtype=torch.uintf)
Test zet: Average logz: 0.1230, Accuracy: 424/434 (98%)

Train Epoch: 15 [0/14%8 (0%)] Loszs: 0.1116889

Pel 8: {1} pytorch PEAYMIZMAHEAT T 5 AT

K B, HEERRERN 97% 98%.
P B ER R 98%, AE 434 MNIREEA A, IERAECH 425 1,

5 R

B b 1oad_testData HHSCIFIAIEARE

IR B AR AR, (E2 5 SEOR B 0 SO 44 DA B i i tH 428, DR ttmT
PAKF target MAEORAFSCIRA . Z IR AFZNE pred Ml target LR, WIZEBMH target
(4% ) #l pred (FRIMEER) BI——XFRLK AR

test_loader = torch.utils.data.Dataloader(load_testData(), batch_size=64, shuffle=True)

f = open('torch.txt', 'w')
test_loss = 0

correct = 0
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count

for da

=0

ta, target in test_loader:

data, target = data.to(device), target.to(device)

ou

tput = model(data.float())

pred = output.max(l, keepdim=True) [1]

fo

r i in range(len(pred)):

print("file", target.long() .view_as(pred) [i] [0], "pred=", pred[i] [0], file

count += 1

print(count, ' done!')
6 &k

P sl ERfR N 98%, AE 434 ANIMEEEA T, IERIECH 425 4>,

6.1

¢ AH

(| AT A

cﬂl
e

L SRR A M 44t

2. Py ERGAO 98%, AE 434 AMNMCEEAS T, IERNECH 425 4,

3. SEUEFFRAGEE LA R SR BT IIGAEALN, JHAEARE 2000 4, MNIST 5
A 6000 4>, HERRHATIE 99% PA L.

K pytorch tutorial {LHY

from
import
import
import
import

import

__future_

_ import print_function
torch

torch.nn as nn
torch.nn.functional as F
torch.optim as optim

torchvision

f)
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from torchvision import datasets, transforms
import matplotlib.pyplot as plt

import numpy as np

plt.ion()  # interactive mode

device = torch.device("cuda" if torch.cuda.is_available() else '"cpu")

# Training dataset
train_loader = torch.utils.data.DataLoader (
datasets .MNIST(root='.', train=True, download=True,
transform=transforms.Compose ([
transforms.ToTensor (),
transforms.Normalize ((0.1307,), (0.3081,))
1)), batch_size=64, shuffle=True, num_workers=4)
# Test dataset
test_loader = torch.utils.data.DataLoader (
datasets .MNIST(root='.', train=False, transform=transforms.Compose([
transforms.ToTensor (),
transforms.Normalize((0.1307,), (0.3081,))

1)), batch_size=64, shuffle=True, num_ workers=4)

class Net(nn.Module):
def __init__ (self):

super (Net, self)._ _init__()
self.convl = nn.Conv2d(1, 10, kernel size=5)
self.conv2 = nn.Conv2d(10, 20, kernel size=5)
self.conv2_drop = nn.Dropout2d()
self.fcl = nn.Linear (320, 50)
self.fc2 = nn.Linear (50, 10)

# Spatial transformer localization—-network
self .localization = nn.Sequential(
nn.Conv2d (1, 8, kernel size=7),
nn.MaxPool2d(2, stride=2),
nn.ReLU(True),
nn.Conv2d(8, 10, kernel size=5),
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nn.MaxPool2d (2, stride=2),
nn.ReLU(True)

# Regressor for the 3 * 2 affine matriz
self .fc_loc = nn.Sequential(
nn.Linear (10 * 3 * 3, 32),
nn.ReLU(True),
nn.Linear (32, 3 * 2)

# Initialize the weights/bias with identity transformation
self .fc_loc[2] .weight.data.zero_()
self .fc_loc[2] .bias.data.copy_(torch.tensor([1, O, 0, 0, 1, 0], dtype=torch.flo

# Spatial transformer network forward function

def

def

stn(self, x):

xs = self.localization(x)

xs = xs.view(-1, 10 * 3 * 3)
theta = self.fc_loc(xs)
theta = theta.view(-1, 2, 3)

grid = F.affine_grid(theta, x.size())
x = F.grid_sample(x, grid)

return x

forward(self, x):
# transform the input

x = self.stn(x)

Perform the usual forward pass
F.relu(F.max_pool2d(self.convi(x), 2))
F.relu(F.max_pool2d(self.conv2 _drop(self.conv2(x)), 2))
x.view(-1, 320)
= F.relu(self.fc1(x))

F

.dropout (x, training=self.training)

LT T R - B <N
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x = self.fc2(x)

return F.log softmax(x, dim=1)

model = Net() .to(device)

optimizer = optim.SGD(model.parameters(), 1r=0.01)

def train(epoch):
model .train()
for batch_idx, (data, target) in enumerate(train_loader):
data, target = data.to(device), target.to(device)
f = open('11.txt', 'w')
print(len(data), file = f)
print(len(datal0]), file = f)
print(len(datal[0] [0]), file = f)
print (len(data[0] [0] [0]), file = £f)
optimizer.zero_grad()
output = model(data)
loss = F.nll loss(output, target)
loss.backward ()
optimizer.step()
if batch_idx % 500 == O:
print('Train Epoch: {} [{}/{} ({:.0f}))]1\tLoss: {:.6f}'.format(
epoch, batch_idx * len(data), len(train_loader.dataset),
100. * batch_idx / len(train_loader), loss.item()))
#
# A simple test procedure to measure STN the performances on MNIST.
#

def test():
with torch.no_grad():
model .eval()
test loss = 0

correct = 0O
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for data, target in test_loader:
data, target = data.to(device), target.to(device)
output = model(data)

# sum up batch loss

test_loss += F.nll _loss(output, target, size_average=False).item()
# get the index of the maxz log-probability

pred = output.max(l, keepdim=True) [1]

correct += pred.eq(target.view_as(pred)).sum().item()

test_loss /= len(test_loader.dataset)
print('\nTest set: Average loss: {:.4f}, Accuracy: {}/{} ({:.0f}%)\n'
.format (test_loss, correct, len(test loader.dataset),
100. * correct / len(test loader.dataset)))

def convert_image np(inp):
"""Convert a Tensor to numpy image."""
inp = inp.numpy() .transpose((1, 2, 0))
mean = np.array([0.485, 0.456, 0.406])

std = np.array([0.229, 0.224, 0.225])
inp = std * inp + mean
inp = np.clip(inp, 0, 1)

return inp

# We want to visualize the output of the spatial transformers layer
# after the training, we visualize a batch of input images and

# the corresponding transformed batch using STN.

def visualize stn():
with torch.no_grad():
# Get a batch of training data
data = next(iter(test_loader)) [0] .to(device)

input_tensor = data.cpu()

transformed_input_tensor = model.stn(data).cpu()
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in_grid = convert_image_np(

torchvision.utils.make grid(input_tensor))

out_grid = convert_image_ np(

torchvision.utils.make_grid(transformed_input_tensor))

# Plot the results stde-by-side
f, axarr = plt.subplots(l, 2)

axarr [0] . imshow(in_grid)

axarr[0] .set_title('Dataset Images')

axarr[1] . imshow(out_grid)

axarr[1] .set_title('Transformed Images')

for epoch in range(l, 20 + 1):
train(epoch)
test ()

# Visualize the STN transformation on some input batch

visualize stn()

plt.ioff()
plt.show()
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