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BN E 0C /0wy, A1 0C /0bje AXEDERTIRE NEHIEFHMN, FHSE:

oC
W — Wy, = W — n—awk (16)
oC
/ — JE— —
bl — bl = bl nabl (1 7)

I EENAX—BHMN I Iwee LR TW, FEBEEEREINHNHRENR/IVE,
MANER, XE—MEELMEMEZ SR,

R FAEE FEMNERZ K. T PRE T —=RNITIE BRINERER—1 R N TIE
FRIRZ A, FAEEB(6) PR ZRAN, FEXMNBEEEXFNTEA C =LY C,»
B, ERBREMIGHEERN C, = el gypmE, EREh, ITIHERE Ve, #i)
FENSMIFRAN ¢ R BEREME VC,, RARRFIIE, VO =Y, V0,0 TEHE,
B NANBEI AN LR RKIE, XFREFITR/BEZIERE.

B EREN S E TR AEEINES S, EREMEEIEIIERNEIZRmNFERR
B VO, #MEERE VO, BtV EFANTFIYETA A LURERF 2 — DX T KRS
E Ve NREFNEE, XEBNTIMERBE N, #HminEsIdiE.

BEMMIR, FEALEEE T BT ENLEBUNERY m NIRRT, Tl PR X LAY
WHERANRIEA X1, Xo, ..., X, FHEENIRA— NI EEHIE (mini-batch) . RIgHFAHE
m BN, FNHIE VCx, WFHERBMESFTEN VC, BIFE, 8,

m - n N

XEME ZPRMFTSEBEREMGEE LHTH. SSRMBIITFE

vC (18)

1 m
VO~ — z; VCy, (19)
]:

UESR T FATR] LUBE (O B RENLEE B/ )t SRR E R (G B RIARI R

AT REBRANEENERF IEBRRER, Rig w, M b RREA EENEPNENRE,.
RN N fEiE i e e BRI 2R A N RO/ it 8 BER T A1F,

dC'x,
wk%wfgzwk—%g 8wkj (20)
J
dCx,
!/ _Q X]
b= b=t~ T (21)

‘SRR E, BESEAIZRI—¥, BN 8°C/0v;0v: = 8°C/0vidvjo [EIFE, (IREIEEAM.
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HehR RN S BE SV NMEEETEFFEIISEER X; #1780, ARHITBINES
MEE R EHIERIIZG. BERIFMBT TEIIZAAN, ZRIFNTR T —MIIGZRER
#i (epoch) . RAEFNIEEFIB—THETRIIIZRERHE,

FIMERR—T, XNFTREANRBANNSER, NATHENENRER NMEBUENE
AN, SBFENNE. E512 (6) F, HIVEIERF L KeREBMUNREBIKR ). AMTE
BHMEZBE 1, BEREEMIGFEANANSM, MARITEE, XK RERRTAE])IZk
PEHENB R THINER. fli, XAELREEEBEZMIGEIEZENNENBERT. [
B, /N LEEUENERAN (20) F1 (21) BB FIEN L. MIBEX2E—RK3), E
NEENTHRE T EIRE n AN EBENRELIEHITIFANLLN, FENEES.

FATATLUEREAEE TEBRN—AREIFE : £ MEEEHE LR — DB R
EHTHE NEOMBERHZES, EHT - ARBEPELET -—R2REEEZER . HIU,
INRFAVE—THRN n = 60,000 BIJIZREE, FLE MNIST, FEEUVEEDRE XV m = 10,
XEKREAGEBEIEFRMET 6,000 &F! A, XMIBEHFERTEN — FESHITK
o) — BRE&VETE. HNIKRFERONBER MDA LBESIRELD C, MXERERNTHE
BIFERRRITE. EREP, BIBE TREEMELMBNFIPR ZEA. 20808
R, EERABRERANRSERF IR E .

%3

- BBE NEEE— MURIMRARIE M EEIRN A/INE R 1. B, BRIg— NGB 2,
(1T3ZBRAN wy, — w), = wg, — nOCy/Owy, F by — b = by — ndC, /Ob; BFTEATHINEN
B, REFRNMNEMS—MIERAN, B—AEIMNENRE. ItEE, XNEEHEIN
4%, online. on-line. TEBRBEES], 7£ online FSJP, BEMEE— N REFES]—
MmN (EWAEME) . XWEEEB—N 2K/ 20 BFEVEE TF, 5
BIEFSH— MR — MR R

NP — DL RIEEAREEE TR ARRBER SEXEOIRNE. EEEMED,
MR C B— PR TARENENRENZTTREA, REERMEX EXR, 2E— 1 a4%s
BEXT —PFHEH. BEARGEEBOME: I8, ROMBBRATCZHEE" MWII=H
AR “BABRBREINAETE, EABRAE (RELBHH) . BTAEMITRDEMRE
B BFERTERBRES? SRR BMERZERT WA SRF RO EBR HIU4E T B A
Fo MBI, BV BRHEENAERBESAET A4S, ENIAN] EEFAMEAIAREE, 3
AR (MARER) #E AC KITBENETUAEEL C B, BBLEETRESHERARL
BEEEESBETZTRBNRARANRE; RNPABKIGEE—MIF. XERAKAEZBET]
SJBTEE =LA AR SR, BE—BIRUREXFIIRIRE, MEBBEMBNTESH%ER,
HABEXEFART, NRIMRKE, RA LR DR T ZUBHFRINAEE 54T
ITit. BNV —ERARRZAERES, BRESZERFHNATERLRENH S ZIEMEAT,
ERAEBEALE R,

1.6 SEEBHNBMERD EKEF

g8, MAUFMNE —N2IMAIRGFERFIE, ERMIEE FEEIEM MNIST
YEEE. T IFZME—HEIEZIRI MNIST k. NRIRE—1 ¢it AR, ABAIRAET
B T fEX AP B ERT TR,
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http://mathoverflow.net/questions/25983/intuitive-crutches-for-higher-dimensional-thinking

1.6. SKIFAIBIRILER D 280

git clone https://github.com/mnielsen/neural-networks-and-deep-learning.git

NRIRTAE git, WETLAMIX B TFEEIRAAI,

IRER—TF, HFIEZaiHER MNIST 2B, FIRE DT 60,000 MIIZRE A 10,000 4
MiHE &, XE2EHH MNIST B9k, SLirt, HITEBHEMARN ESEHT 9. &K
(MR EFSEREE, B2%5 60,000 NEERHI MNIST JIELED LR DERS . —E84 50,000 D
B, BITEARIIGERIIEBEMEE, F—NBIRA 10,000 NEERIIEIEE, EAREHEA]
NMEBWIEHIE, EREAPHNEEHITESAN X TRRNEEIRE F LI ML T8
BHIEREPN — FINFIERRE, XESHIHBINNEIELEELER, RERVIFHE
REFA MNIST FSEM—E84, AMIFS ALXFATUER MNIST, H BESREMLEHERK
IFESREIEMN, MIMTERYIKRIZE “MNIST JILEIE" B, FRIEMESRITH 50,000 MEE
HiEsE, MARERIBM 60,000 BGEEESES,

B£7 MNIST ¥3E, HRITEZE— 0K Numpy B Python 2, FSRMUIBIRL MK, IR
%8B 2225 Numpy, TREEFS M X E T E,

FEHH— NI ARBEBER 28, LEHRER—THEMEBIZOEFE. ZOAEE—
Network 2, FATARFTTR—MHEME, X2HNTBRIBL— network STRAIED

class Network(object):

def init__(self, sizes):

self.num_layers = len(sizes)
self.sizes = sizes
self.biases = [np.random.randn(y, 1) for y in sizes[1:]]
self.weights = [np.random.randn(y, x)
for x, y in zip(sizes[:-1], sizes[1:])]

XA, FIK sizes BERBEMZTHHE, HI0, MRFNTEIRE—IEE—FE
20T, EEE I MET, BREEE 1 MHETTH Network SR, BITNXFTHED:

net = Network([2, 3, 1])

Network YRR ENNEE B WHEVIAIB LY, 8 Numpy B9 np. randon. randn BRERAE
FRIIERN 0, tEERN 1 NS DB, XENRENABAMES T HNNBNEE TREE— iR
Mo EEENEDNRRIIELANBENBUNENREN S A, B2 B sk e
o JEE Network FIIEHARBBIKE—EHETE—MHNE, FUXLEBEZTRMIETARE,
RAARENEEENEFT BT IT&EHLH,

FHINEER, BEMNEL Numpy 5EEFIRMNFEZ N E . G120 net.weights(1] @— NMEEEE
EE_ENE=EHAETNEN Numpy %6/, (RERE—FEME R, [FA Python 7IFERMNZS]
MO FFi8o) BESR net.weights[1] MHEIK, LA w RnFEFE. BHEN v, BEZREZEN
Eth #Z TS = B 5 ARG, XMk RSININFAEEES IR — i j M k
RIISFEFEN, WERD? FAXMNFNEANNBERCERELE=EHELTHEZINER:

a' = o(wa +b) (22)

XNAEEREE, FTLILEN—R—RIBM T, « EEZERETHNAERZ. ITE
o, HMNANERME vk a, MERBERE b, HEMNABNMEE wa + b FHFNITENA
*YIRIFTR, MNIST HUIBERET NIST EEERIMESEAMTR) WENKNMUEES. 7T HE MNIST,
NIST #3EE S Yann LeCun, Corinna Cortes # Christopher J. C. Burges If D MA— 1B A ERIE . BESATIE

EXN R, RN CEPHNIUBERT —MESRZTE Python FINEAIRY MNIST BN, EMFRFI/RAF
BY LISA Ml28 P RBERE T X MIHREBVEEE (15E)
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K oo (XMIVREE o MEN.) REZWIEFIZ (22) WERMBNZAI0HE— S Bt
LITHIHMTIIZ (4) HHE.

%3

- LN ERABHAE (22), HIWIEEMITE S Atk pviin (4) ERER,

a)
BTXLE, REZEEM—D Network EHITERERIIE. FAMTME X S BLRERFIA:
def sigmoid(z):

return 1.0/(1.0+np.exp(-z))

AE, BN 2 2— 1 EEIE Numpy 2486, Numpy BEiHIETEN A signoid RER, B
EER o

ﬁﬂ\]éﬁ\}éyj Network %/?ﬁbﬂ_/l\ feedforward Eii; Xﬂ‘?lm%ééﬁi—/l\ﬁﬁ)\ as J&_EYETEE/‘J?F@
Ho, XA ENS—ENASE (22):
def feedforward(self, a):

"""Return the output of the network if "a" is input."""

for b, w in zip(self.biases, self.weights):

a = sigmoid(np.dot(w, a)+b)

return a

S8, HATEE nvetwork WRMHNFERBEEF o NI MNAEN]— 1 RIPEENEE T
BEB sep Fike BRI, HAR—EMFEMNE—m&W, HerRBEEEE M.

def SGD(self, training_data, epochs, mini_batch_size, eta,
test_data=None) :
"""Train the neural network using mini-batch stochastic

gradient descent. The "training_data" is a list of tuples
"(x, y)" representing the training inputs and the desired
outputs. The other non-optional parameters are
self-explanatory. If "test_data" is provided then the
network will be evaluated against the test data after each
epoch, and partial progress printed out. This 1is useful for
tracking progress, but slows things down substantially."""
if test_data: n_test = len(test_data)
n = len(training_data)
for j in xrange(epochs):
random.shuffle(training_data)
mini_batches = [
training_datal[k:k+mini_batch_size]
for k in xrange(0, n, mini_batch_size)]
for mini_batch in mini_batches:
self.update_mini_batch(mini_batch, eta)
if test_data:
print "Epoch {0}: {1} / {23}".format(
j, self.evaluate(test_data), n_test)
else:
print "Epoch {0} complete".format(j)

training_data —1 (x, v) TLARFIR, RFINEMATEXS WAL KIH. T2 epochs M
mini_batch_size IEIRFIAIAY IECERENE, MRERB/IMEEEIERNI KN cta BF SRE,
no WIRLH T PIIESE test_data, MARFREE MR FITEMNLE, HITEIHE D HE,
XX FEERHERER, EEIEEHNITRE,

X EBRBIZHN a 82— (n,1) B Numpy ndarray 268, MAZ— (n,) WAE. X8, n EMENHAKE,

MRMAER—D (n,) MEFENEN, SBIFENER. BACEA (n,) AEEFLEFEEEEANEE, BF
ER— (n,1) B ndarray ESERAERIZABIRZ MRNEERE S, FEENNRESE,
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AW T ITIE, T MEAH, BEXBYIRIIGENETEL, ARREDKZMESK
NN EEEE. XEB—MEEMINGHIBENEYLRE S E. RAEXNTE— nini_batch
KNIV EB—RIBE T, X2 self.update_mini_batch(mini_batch, eta) ToiBY, B1X
ER nini_batch RV EIRE, RIBEXBE THEMNEABFTNENNENRE. X2
update_mini_batch FERIRES:

def update_mini_batch(self, mini_batch, eta):
"""Update the network's weights and biases by applying

gradient descent using backpropagation to a single mini batch.
The "mini_batch" is a list of tuples "(x, y)", and "eta"
is the learning rate."""
nabla_b = [np.zeros(b.shape) for b in self.biases]
nabla_w = [np.zeros(w.shape) for w in self.weights]
for x, y in mini_batch:
delta_nabla_b, delta_nabla_w = self.backprop(x, vy)
nabla_b = [nb+dnb for nb, dnb in zip(nabla_b, delta_nabla_b)]
nabla_w = [nw+dnw for nw, dnw in zip(nabla_w, delta_nabla_w)]
self.weights = [w-(eta/len(mini_batch))*nw
for w, nw in zip(self.weights, nabla_w) ]
self.biases = [b-(eta/len(mini_batch))*nb
for b, nb in zip(self.biases, nabla_b)]

KREBD TIERXITRIBSERR:
delta_nabla_b, delta_nabla_w = self.backprop(x, y)

XTERT —MMARAEFEBHNEZE —MRERITEANRKBNEENHE Hit
update_mini_batch B TYEXAN @ XS mini_batch FHIE—MIGERITERE, REEHME
T self.weights F self.biaseso

RIEFRRTIH setf.backprop LIS, BATEETERFIRAEZESEFELTEN, 81F
self.backprop BYLEE, I7E, FURIGELRBEMNERNIIE, REISIGHER » BXANBE
HiBE,

URNE—TRENRER, BRERZEIZEIIE TR, BRT self.backprop, ZFEEHT
B ETR — FREMEETER self.scp M self.update_mini_batch 52k, XTHEFHAIESR
Bi1181de self.backprop A 7AR B —LAIIMNIRECREEENITEREE, B signoid_prime, BEITHE o
RENSEL, LA self.cost_derivative, XBH AR ELZHEHR, REEHBBEIEENEHX
MERRREXENER (HELD) . HMBT ITEFAMEE(. IR, BEAEFEREK,
BEREZABEAREREERZIERIN IR, Kirlk, BFRRE:E 74173 FFEW
13, PREMIRE R LATE GitHub EixX B E],

"

network.py

A module to implement the stochastic gradient descent learning
algorithm for a feedforward neural network. Gradients are calculated
using backpropagation. Note that I have focused on making the code
simple, easily readable, and easily modifiable. It is not optimized,
and omits many desirable features.

"

#### Libraries
# Standard library
import random

# Third-party libraries

23
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import numpy as np

class Network(object):

def

def

def

def

__dnit__(self, sizes):

"""The list " ‘sizes ' contains the number of neurons in the
respective layers of the network. For example, if the list
was [2, 3, 1] then it would be a three-layer network, with the
first layer containing 2 neurons, the second layer 3 neurons,
and the third layer 1 neuron. The biases and weights for the
network are initialized randomly, using a Gaussian
distribution with mean 0, and variance 1. Note that the first
layer i1s assumed to be an input layer, and by convention we
won't set any biases for those neurons, since biases are only
ever used in computing the outputs from later layers."""
self.num_layers = len(sizes)
self.sizes = sizes
self.biases = [np.random.randn(y, 1) for y in sizes[1:]]
self.weights = [np.random.randn(y, x)

for x, y in zip(sizes[:-1], sizes[1:])]

feedforward(self, a):
""Return the output of the network if "‘a'' is input."""
for b, w in zip(self.biases, self.weights):
a = sigmoid(np.dot(w, a)+b)
return a

SGD(self, training_data, epochs, mini_batch_size, eta,
test_data=None):
"""Train the neural network using mini-batch stochastic
gradient descent. The " ‘training_data’ " 1is a list of tuples
" (x, y) ' representing the training inputs and the desired
outputs. The other non-optional parameters are
self-explanatory. If " ‘test_data' ' 1is provided then the
network will be evaluated against the test data after each
epoch, and partial progress printed out. This is useful for
tracking progress, but slows things down substantially."""
if test_data: n_test = len(test_data)
n = len(training_data)
for j in xrange(epochs):
random.shuffle(training_data)
mini_batches = [
training_datal[k:k+mini_batch_size]
for k in xrange(0@, n, mini_batch_size)]
for mini_batch in mini_batches:
self.update_mini_batch(mini_batch, eta)
if test_data:
print "Epoch {0}: {1} / {2}".format(
j, self.evaluate(test_data), n_test)
else:
print "Epoch {0} complete".format(j)

update_mini_batch(self, mini_batch, eta):
"""Update the network's weights and biases by applying
gradient descent using backpropagation to a single mini batch.
The " “mini_batch’ " 1is a list of tuples " "(x, y) ', and " ‘eta
is the learning rate."""
nabla_b = [np.zeros(b.shape) for b in self.biases]
nabla_w = [np.zeros(w.shape) for w in self.weights]
for x, y in mini_batch:

delta_nabla_b, delta_nabla_w = self.backprop(x, v)
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nabla_b = [nb+dnb for nb, dnb in zip(nabla_b, delta_nabla_b)]
nabla_w = [nw+dnw for nw, dnw in zip(nabla_w, delta_nabla_w)]
self.weights = [w-(eta/len(mini_batch))*nw
for w, nw in zip(self.weights, nabla_w)]
self.biases = [b-(eta/len(mini_batch))x*nb
for b, nb in zip(self.biases, nabla_b)]

def backprop(self, x, y):
"""Return a tuple " (nabla_b, nabla_w) ' representing the
gradient for the cost function C_x. ‘‘nabla_b' ' and
“‘nabla_w' " are layer-by-layer lists of numpy arrays, similar
to " ‘self.biases' ' and " ‘self.weights ' ."""
nabla_b = [np.zeros(b.shape) for b in self.biases]
nabla_w = [np.zeros(w.shape) for w in self.weights]
# feedforward
activation = x
activations = [x] # list to store all the activations, layer by layer
zs = [] # list to store all the z vectors, layer by layer
for b, w in zip(self.biases, self.weights):
z = np.dot(w, activation)+b
zs.append (z)
activation = sigmoid(z)
activations.append(activation)
# backward pass
delta = self.cost_derivative(activations[-1], y) * \
sigmoid_prime(zs[-1])
nabla_b[-1] = delta
nabla_w[-1] = np.dot(delta, activations[-2].transpose())
Note that the variable | in the loop below is used a little
differently to the notation in Chapter 2 of the book. Here,
L = 1 means the last layer of neurons, | = 2 is the
second-last layer, and so on. It's a renumbering of the
scheme in the book, used here to take advantage of the fact
that Python can use negative indices in lists.

O B H T R

for 1 in xrange(2, self.num_layers):
z = zs[-1]
sp = sigmoid_prime(z)
delta = np.dot(self.weights[-1+1].transpose(), delta) * sp
nabla_b[-1] = delta
nabla_w[-1] = np.dot(delta, activations[-1-1].transpose())
return (nabla_b, nabla_w)

def evaluate(self, test_data):
"""Return the number of test inputs for which the neural
network outputs the correct result. Note that the neural
network's output is assumed to be the index of whichever
neuron in the final layer has the highest activation.'"""
test_results = [(np.argmax(self.feedforward(x)), y)
for (x, y) in test_data]
return sum(int(x == vy) for (x, y) in test_results)

def cost_derivative(self, output_activations, y):
"""Return the vector of partial derivatives \partial C_x /
mrrn

\partial a for the output activations.
return (output_activations-y)

####t Miscellaneous functions
def sigmoid(z):
"""The sigmoid function.
return 1.0/(1.0+np.exp(-z))

"
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def sigmoid_prime(z):
"""Derivative of the sigmoid function."""
return sigmoid(z)*(1l-sigmoid(z))

XPMEFINIRG FEERFMERIA? 5708, LIV ME MNIST #38. FRA TEATEAR
B—/NEAHENFERE mnist_loader.py R5EMe FAJTE—"D Python shell FAH{T FEIBIA,

>>> dmport mnist_loader
>>> training_data, validation_data, test_data = \
. mnist_loader.load_data_wrapper ()

AR, XMW DL —P IR Python F2F3R5EAL, BRIIRIRIEEREABM, 7E Python
shell BRITHFERH B,

FEINES MNIST 8B 2 5, HITRE—1E 30 MREEHEITH Networke BITIESA
0 EFRBIBIR N network B Python 12 &1,

>>> import network
>>> net = network.Network([784, 30, 10])

Bia, BAVSEAMEYIIEE TERM MNIST training_data F S8BT 30 RIECER, /Mt 2%k
‘RN 0, FIERE = 3.0,

>>> net.SGD(training_data, 30, 10, 3.0, test_data=test_data)

AR, WRIMBIXEHEETITHE, FITRSRE L6 — W T—a HEples
(BZE 2015 F), ERERER/LOWRIET. RBIMLEIRTE, AEFRHREHNE
— ML, IRMFETERERIESER, R UBTRERIRE, B/ REESZL TS
2, WERFERMNIINGEIERRESEE, ERXFFENRIPRERERIR: XL Python 7
[ABAN T EBEIREEAZNS BN IIFN, MAESEERE! M, 3%, —BIIE
ZNE—TWLE, SEE/LFEANITET e ERERNET. fl, —ERMNLa—TNEF=
T—HEFAINEENRES, TRIESZMBIZEEINLEN K3 L Javascript iI517, HEW
EBMgE LAV AE, EEFERT, XR—MHENE)ILETRBE DTN L. 57
EINBER T ESRIIGIREHEMNEEERRIAEGRIERE, ENIRFRILE, EXRX—
RIEARHEAR, A2 T 10,000 FIEHRY 9,129 D, MEKBRAERSIEK,

Epoch 0: 9129 / 10000
Epoch 1: 9295 / 10000
Epoch 2: 9348 / 10000

Epoch 27: 9528 / 10000
Epoch 28: 9542 / 10000
Epoch 29: 9534 / 10000

BRI, STIZRBINE L HAVIRFIZRE A 95% — TEIE(ERT Y 95.42% (“Epoch 287) |
ERAE—REW, XBIFESATEN, AMKLIZIRER, NRIMETRIBAEFIINER
MBEHFTE—HF, BEAEANFMERT FEN) ENARENRERTBERNIIIME, HTXK
BT =RsTHhNRMERIENERENER,

BN EINET LEKLK, RKEESMETHENE] 100, EWFImEmNER, WMRIF—LHE
E—0ETRE, BN ZESMTEREEESK—EEBERAT (EHRAVSEL, XPRK
F—RIIRERFTE/NT), RIRBENHER ARIDETHER, S8R,

>>> net = network.Network([784, 100, 10])
>>> net.SGD(training_data, 30, 10, 3.0, test_data=test_data)
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RA, ERERREAE 96.59%. EVEXMBERT, ERESRREMLTHEBRIEE
TEEFNER

B, NTREXLERE, IAERWLGEAENE, NMEBHHEANNFIRE
HUFRIBVIER, KR EEATIREIR, XEFERNBVEENETRIBEE, UXKHIT8d
HNNFIBEFRFRINSH NENRE) . MRBANER TIEENESHS, RNFEIRE
BV, RANFA DEE FSHREKN » = 0.001,

>>> net = network.Network([784, 100, 10])
>>> net.SGD(training_data, 30, 10, 0.001, test_data=test_data)

ERMAKLATEET

Epoch 0: 1139 / 10000
Epoch 1: 1136 / 10000
Epoch 2: 1135 / 10000

Epoch 27: 2101 / 10000
Epoch 28: 2123 / 10000
Epoch 29: 2142 / 10000

SR, IRE]LUEEIMSH MRS N BIERS IR BT IF 17, XRPBNIZIERFSIRE, {4
WMy =00l NRFMNBFEHRT, BNBIEHFHNER, XRBEAROZE RGN ¥R
X, WRHKTEBRE—LHE, AEMEZ!) URBINXEHBIUR, BINRELEE—
Bn=10NFIERX (HEFER 3.0), XEFR(IZaINLRERT, FILRMBEHRNRIIEEF
TIERERBESH, HEVRET BBHEBREDRNAEN TEBSHANEE,

BE, Al TMENEZEE AN, THEIBINBSHNEES~ENER AN
FENIR BB R, (RUNBADTXAZBIRIIEVAER 30 MRERETTHMELET, BRF SIREN
9 n = 100.0:

>>> net = network.Network([784, 30, 10])
>>> net.SGD(training_data, 30, 10, 100.0, test_data=test_data)

AXRLE, FNEFRERNKIE, FIRRERST !

Epoch 0: 1009 / 10000
Epoch 1: 1009 / 10000
Epoch 2: 1009 / 10000
Epoch 3: 1009 / 10000

Epoch 27: 982 / 10000
Epoch 28: 982 / 10000
Epoch 29: 982 / 10000

PAEBR—T, RMNERBIIZFRIRT S8, BTN ZARYREPAEIERIBOERE
BUNF SRR, BRMRIAVE—RBEIXFNRE, BLARHNBIELTIZE XZEE8EE
STANVEAM. FNFTRENMUKOFIERER, KEXORNVEZNEFNEEE— 80 &K
e REBAER S A 7 ILNAREFINPENENRE? B RRR1EE RBRIIGRETE
FRBERXFI? SERNRBHITEBINERE? SE RN TAAEXMMERI LM
&, FIRFFERFEAPIRER? AIEF SRR XMR? HERBRFIRXRFT? SfRE—RX
BEIRE, RS EREERE,

TRENRIBRRARLBELER LBEHEYLMEN, ME—LIFTITA HNERELSER, CRE=SMNEN
RARBARBD AN _ EXEREYILRIETTIERER ES
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MEXBEINZONZ I — DL NET B, EBENRIEE, ER—1IZR, 1FH
BF WA Z AR GHEENBBIFHER, EEBENE, HiFH %F‘ETE/EE EEIFRY
BEHMIFREE, RITEEEAPBPINIEXE, O LEREEAFEFBSHN,

%3

- HERER—MUBERMERINE — /\Eﬁu)\):'ﬁ ’\Eﬁ
RERBE. BREIEE TEEEIINZ

4R, HHIE 7847110 1%
REEAEI S IRBIE?

ZHIBAAS, BB T amME MNIST BB T, XRER, XBHIH T TENAR
13, ATFFME MNIST BUEMEIBESHE X ERTEIEMER — 2B ERIER, TAM
Numpy ndarry SIRIFIER (WNRIRARAE ndarray, FBFIBENTEREZ) :

"

mnist_loader

A library to load the MNIST image data. For details of the data
structures that are returned, see the doc strings for ' load_data’’
and " load_data_wrapper . In practice, ' load_data_wrapper "~ 1is the
function usually called by our neural network code.

i

#### Libraries

# Standard library
import cPickle
import gzip

# Third-party libraries
import numpy as np

def load_data():
"""Return the MNIST data as a tuple containing the training data,
the validation data, and the test data.

The "‘training_data’ " 1is returned as a tuple with two entries.
The first entry contains the actual training images. This is a
numpy ndarray with 50,000 entries. FEach entry 1is, in turn, a
numpy ndarray with 784 values, representing the 28 % 28 = 784
pixels in a single MNIST image.

The second entry in the " ‘training_data " tuple is a numpy ndarray
containing 50,000 entries. Those entries are just the digit
values (0...9) for the corresponding images contained in the first
entry of the tuple.

The " ‘validation_data’ ' and " ‘test_data ' are similar, except
each contains only 10,000 images.

This is a nice data format, but for use in neural networks it's
helpful to modify the format of the ' ‘training_data’ ' a little.
That's done in the wrapper function " load_data_wrapper() ", see
below.

f = gzip.open('../data/mnist.pkl.gz', 'rb")

training_data, validation_data, test_data = cPickle.load(f)
f.close()

return (training_data, validation_data, test_data)
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def load_data_wrapper():
"""Return a tuple containing " (training_data, validation_data,
test_data) . Based on ‘load_data’’, but the format is more
convenient for use in our implementation of neural networks.

In particular, "‘training_data’ ' 1is a list containing 50,000
2-tuples " (x, y) . 'x ' 1is a 784-dimensional numpy.ndarray
containing the input image. "'y ' is a 10-dimensional

numpy.ndarray representing the unit vector corresponding to the
correct digit for "~ 'x'°

“‘validation_data” " and " “test_data ' are lists containing 10,000
2-tuples " (x, y) . In each case, "'x ' 1is a 784-dimensional
numpy.ndarry containing the input image, and "'y ' 1is the
corresponding classification, i.e., the digit values (integers)
corresponding to "x '

Obviously, this means we're using slightly different formats for
the training data and the validation / test data. These formats
turn out to be the most convenient for use in our neural network
code. """

tr_d, va_d, te_d = load_data()

training_inputs = [np.reshape(x, (784, 1)) for x in tr_d[0]]
training_results = [vectorized_result(y) for y in tr_d[1]]
training_data = zip(training_inputs, training_results)
validation_inputs = [np.reshape(x, (784, 1)) for x in va_d[0]]
validation_data = zip(validation_inputs, va_d[1])

test_inputs = [np.reshape(x, (784, 1)) for x in te_d[0]]
test_data = zip(test_inputs, te_d[1])

return (training_data, validation_data, test_data)

def vectorized_result(j):

"""Return a 10-dimensional unit vector with a 1.0 in the jth

position and zeroes elsewhere. This is used to convert a digit

(0...9) into a corresponding desired output from the neural

network. """

e = np.zeros((10, 1))

e[j] = 1.0

return e

EFEFGEIRNVEFIRE T IFEHFNER. BEKRETA? MTABLEF? NMRE—L
B AFREMER) ELNXEAN LB FIERT EFREETRIF. RESENEL, I
AEIBNMIBLI T KB 10% BREZERD . HITPRFELXMITELF!

—MRENBERER? LRNER—REERNEE RINSE—BEGE28. Hin,
—iE 2 WERIGEEEL—1R 1 HEGEREL, MXRANELZEERFET, ETENTAE
zN:ip

2/

XA LRGSR RITERFE RN FIIEE, 0,1,2,...,9. ZE—R@HNER
ZM, JMETEERRNEBE, AERNEZEBMEFHNEYIBEE. XE—MEENER,
MEARZRERIE, FMIUBRTEXRIREIEE HK — WRIRBXHE, RIBTE GitHub ©
FEE, EReMBEVMIENAELLE TR, 8EEF 10,000 MAERF 2,225 BIEHE,
BN 22.25%
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1.7. BEREEFES]

HEIHEREFERBHERE 20% 2 50% ZBHDE A, WNRIREEE LB 50%. 1B
EREFSNBEARE, XEELSWIATNNSRFIELRREEDN, UFRNMNEAERETR
ERNEEZz—, ZFAEN, T SVM, WRFEARE SVM, FEEL, HINFHFEEER
SVM tEl TYERIATS . BATEER scikit-learn Python 2%, T2 T —MEEAY Python 2
O, 8&7—"MNAF SYM BRI, #A LIBSVM B C &,

WMRFATRENZE BT scikit-learn B9 SVM 732828, ABAEHEEM 10,000 NI E&R &R D
359,435, ((RIBAILIMXERSR), BE—MEANNE, mEiF FHRINHENETFIEENE R
DEFE. WE, XEKE SYM RIEB/LFMEELNE—1FF, RRET —RMB. TEHEE
THERMNENBFBEAR, IEENMBEBOENHEMEFEFENRIELL SYM Bt

XABWENER, JAM, 10,000 19,435 BILERE scikit-learn £13%J SVM BRIARVIRE . SVM
BRZESH, EHRIFTLUSRERINER THEENSHEEN. BASPBRMHXLES
¥, MMRMREHETES, ALUESZEX) Andreas Mueller BITEE . Mueller B/R 7@ —L 1k
SVM S T(E, BrJaEIBMAEIR SR 08.5% BIFEMIE, A&, —MARITH SVM, 70 X
BRRRNFIE AT, FELIERET T ! MENKEMIFIETID?

B E, BM1a. B, BORITHWHENEHEITAEEHER MNIST AR, 81F
SVM, I7E (2013) BILERZEM 10,000 BMERHPIEFHD A 9,979 T XZEH Li Wan, Matthew
Zeiler, Sixin Zhang, Yann LeCun, # Rob Fergus 52, BATEEXAPBEEEEICIIAN
KREIDFEAR. BNERBMEREEET AL, MALUREY, RAEKNZH MNIST BGREZEXT
ANFERGEBRERE IR, Flu:

OIALIS 2 N85 (
A2 UL &R T

BRGIMFRIPLHFRENIN ZEE MNIST BRSSP XENENR, HEMLEEE &R
1R 10,000 TN HXEGRPIRT 21 BZINNVEEFMBEER, XRIGHEISEH. BE, SR
B A RS AR —D MRS MNIST MFHRE TR — N ERIE L. (BRRMERNIZ 1R EIAY
Wan FAREXFAREENE, USNRIBSESNEELE MEMNEX—EFELEINE
ENTTE . FIENEREBIMIIGEIET S, EEMEX L, HIHERMPLEER
BAEXPEENSER, XAEER-:

ERMEE < RBHFIFE + FHIZEUE

1.7 BEFEEFEY

BABMNBIHZNELHT S ANRRZIBRI, EXFRRINEE /LM, MBI
ENREEREIRINB. XEWREA I FREILANERW A EAMBI. BT 4. FiIBESK
B —LEARERRMNINSBEIH ARBOXRFENF? HE, B8 TXERER, i)
REMIS B 4FS?

AT IEXLERAE AR, BRI TFEEENE512T ATERE (A). EFR PR, &K
IREER B XM BEMER TIFNLAING? 50, HANBEBFIFINENRE, XEERK
NEEERY, XENHELMENHINIREZTERN. EATERNFHARME, AMH
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http://scikit-learn.org/stable/
http://www.csie.ntu.edu.tw/~cjlin/libsvm/
https://github.com/mnielsen/neural-networks-and-deep-learning/blob/master/src/mnist_svm.py
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1.7. BEREEFES]

EEWRATERNSIIETR, WENESHERIEEEEERINNE], URALKAY

T BERAERTAIE SRR AMBINIG], BAEEEM A TERERINIH
FEERXERR, RN ENBE - THELSHIRIFTANATHL AR, (Fh—i

BRIHEN . BRGRINERE—BEGRSER~EARS:

i ok 5o

AR LUBARF5IR5PIEAVER 5 TR B e X Mol — WA BEGTER,
LR HR — MR MRELTTA TR “B0, X2—KK™ 3 “f, XT2—KK

BRIFA LRI T X1 T50%, BEFRBNANEER—NFIFE MEEZAFFIRIT
— PR, ANEEFRSENNENRE. RINNEEFER? TRASIEEENES, IR
BARN—1MEERRX N TR BRINELAE—TREE? A LABE—RE
i5? REE— T RFE? TEPRE—NEL? LEAEXLS? EIkE,

MR-ERFENEER "2, WEEEMNNE "HER", BAT TR UFHEIEX M EIR
FIRER— KA. MHRH, MRAZHXLERFTNERZE T, BAXKEGRAETE KM,

A, XMXNE—MEEBINEE, MEEEEITFZ0RE. BIFENARRX, BEXK. 1
WA MXEEBR R E D, HEXKREEAER, Hit—LEEEFIEREMAT, ~IxX
AR T IR TREB LA EE WS RARRX L TR, ARATNTEIFRI OB KX AR R
FIRJRBINBLE SR, WHR— D ARMNBEEMSE, TERIZ—1ARERSEN, ERGE
RNFME, AR, XABR—DARNPIEYIMEBERTTE, MEN T HEIHRN M ZEMN
FUEIERBENER. TERZXMNWSERLEN:

SPEE IR 1. Ester Inbar. 2. 2R&0. 3. NASA, ESA, G. lllingworth, D. Magee, and P. Oesch (University of California,
Santa Cruz), R. Bouwens (Leiden University), and the HUDFQ9 Team. iz SBEE LM,
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1.7. BEREEFES]

input layer
(image pixels)

EEABE—REG?

A LEABE—REEE?

hiEE— N FIE? XEIKARLID?

FEE—NEID?

EEEXRE?

FREBAI LIRS LR, XELEEREE, RIgRMNEZBEX MR “ELABE—NREE
5?27 XANRIEA] LR DA XEFeld . “B—1NEEM?, “BREN?, "AUREY, F
Fo IAXERFIBYZEEXTUENGERS — BN “EELABEE, LEBIKEE? —
BRILBNEFREE R, DERR “ELAE—REBE?” BINKSEEHR D RN

BEEEMD?

E BB REE? = BE—1NBEES?

B—MIES?

XTI BRI A LIRS IR, FiEd 2 M NERCS[ERET. &L, HIFW
ZAUEEBERBEET MEERIBE R, ZFIR%, XEE SRR EEERE R

PE L NMER RS AAEE BRI R. XL R A DAL 5 B G R RI G R A EERN S
MR TTRTEIZ

RANGERE, HNKTET —PNE, ERF— P EREXRNFE — XKERESE—K
AN — DERNEREREE LA EENIFER SRR, BT —RZEEMRTH,
ERIENNEER, EOEXTRAEBGIFEEREHNEEN, TEENNEER, ERIIT—D
EMNEZRMMRNEREN, BEXMEZEEN — REXNEZRREE — BINESRIRE
ML
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1.7. BEREEFES]

A, FRBREIWMAEZRR T D BN FNE, FLIgIMNEFRRINENRE T =)
KEREY. RMARZHRZ, HNBEEAF IR ENRILNEZRETE Ao MIZREIED F SINEN R
£ — XIF, Ol—MESRREREN, 80 R 90 FARMMRARZIR T EAMEIBE T
AR B RERINFRENS, FENZ, F7T —ERHRIESH, i KBERFREFIER,
BANEEEFS), ERFIREFBERE, TEEEXRFPER.

B 2006 FLIK, AMBEEART —RIBRAERERZNEEBZF S, XEREFIRA
BETHNEE FEMREERE, H5DETHNEE XERABZEER (BFX) NS
#illZx — MG —1E 5 2 10 BEfREENNEEZRE WA, MESSKIERA, FiFZnHM
£, EftBEREHENE, FlINE—NRENNE, RANEMLHE. SA, REER
EMEREBEHEE—NERNVBRSHNRRER, XA REERFIEIES LARRUBIIZ I H
SKBEKQREZFITENIER. BRENESLENEHITHEL, BREBERK—1ESHT
REERANIERIES 5 — M EEETREE RIS EIE S #HITX . MREFEZWEPRIFI
MESRRNRIEAVELAR, BERFEE,
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£28

RAEREZMAIIE

FLE—5, BB T HENKNAERBE MEEERFEIMNESINENRE. B2,
XEXRBTT—NMAE: BIFESETRNATTERNRBNEE, XBRANREK! HLE,
BIaBRBRTEXEEENRRE L, WHLERAEE (backpropagation) .

RAEFEEEERVE 1970 FRKIEN, BRANIEER David Rumelhart. Geoffrey Hinton Al
Ronald Williams BIZ& &M 1986 IR A IMREIXNEEANER Y., XEICSHER T I —
LIS R EEBRELERN S EZER, XEEEAMENERERZ BT /ETRBIRRE
FH1T7. IE, RAGEELIEERHMENEFINEEZARIBD T,

AETE PR CENELLHMET B ELHNHNFAT. NIRRT HEHEFRGE,
ARMBNE A, BREEEYNR—REE, REEGHNAT, BBANAERFTXEATIE?

BRUNZIEM. REEBENIZOZE—TINRNEER C XFEANE w (HERE L) R
S8 00/ ow WFRIA . XNRARNFIFENTERENENRBERN, KNRBETUHNRIE, RE
KIEAAREBERER, FTIEEHEE—MER, MBS M REXLERHRE—MHEANET LY
R FILUREEBEANNE—MFEINRRE X, LR ETIEFHNTAE B EL LA
BEMRERNTENNENITH. Hit, XthERFIREEBFAHNEZNETE.

NEEPMR, MNRIEEHEAZE, REEZRE T, HEULUN., B THREENER
BIERAEEEMRSLEIUEEN, S5, EEETHFHIEBONE T RAENLL, I
URBEBAHUAENESE, FENXENIRS, MBRNESHNAT AKX ERIREERN ZEIE
REBELEIL,

2.1 A5 HERMEPERERREITERLNGE

itk &R, BITRE—TETRENSETENENELE, XL, WIEL
—ENREEEEBEIXNELT, EEREAERRMEEIT T, FAUMAILIIFINIE
—Fo 53, XIFEETS RIS BB T JAEE R A E B ERREERT.

A TE Sth LS P ERAEMIE Mo FANER wly, FRM (1 - 1) EHY K™ DERETTE) 1
FHY 5 MEZ TR FRUNEE, B0, TESE TNEFE _ENEN ML TIE=EM
B ML TR TR ERVIVER:
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21. AE . AENEPEREFRETRERENTEA

layer 1 layer 2 layer 3

why BM (- 1)™ BHE k" MEETT
0 BB T MRS THERE ERNE

XEFRNFTHEELRSEE, FRE—REEEL. B2, EEREAIXFNRTIRIERT
EHREA. FEN—RHEKSZE MR j Mk BIF. MeseRERIREMGE, BRETH
ZERIRA AZZIF .

AT MEHREMFUEELSEAEMIRTR. B3, HAVER o, RRE I BE j©°
MEETHRE, £/ o ®RITEF P MEETRAEE. THNEFEMARRE T XFRT
RIE N

BT XERR, ' ENE N DMERETEECEE o B (- 1) BRACEEBT HIERER
k7T (WA (4) N L—=07e)

aé =0 (Z wékaf,g_l + bé) (23)
k

HARMZR (1 - 1)™ BB kMg E#HTN. A TREENTEAEETXMRER,
HIMNE—R | BEX —MNEEMR w's NEREMK o' FITRERERE I BHETHNE,
SIS, EH N 1TE N PIRTERRE ol KM, WE—R L EX—TMRERE, V.
REABEXENATET — RENENS N THERENLEEA LY, SPTENLT
I BB MRETT. &E, RINEXWERE o, HTRERLEREE d

EERMNFESINAEXRE (W0) FZBEFETAES A (23), £L—F, FHITHSE
ELuERENT, HEXMEFERRY Wo) A8 v AN MR, BINER o(v) T
XML TR AITRIREAIER. FILL o(v) IB D TTERARRE 0(v); = o(v;)o BHIF, MR
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2.2. KTHRNMRLRBIR MR

FAMTBIERREZE f(2) = 22, BAMRELH fHRBIERER TEAKR:

([)-18 -] -

WELEW, MENH [ (NXENRENE N TRET T FHER,
THETXERIR, HIE (23) Al ISR P EXMEYMmEENEET AT

at = o(wla=t + ) (25)

XANFARAHT —HENLBNBESENIEENN—RIEENXEAR BRI
A ESER R ACEE L, AR E—MREAR, RS o R, XSRS
BATRENNAEEENER (REESNR3ITHT). EEEMRAREENNRNA
12 T MRS . ERR, FARERRER, FOASLIEHERM T RNEM
oA, MEMANEBHARES . SIFE, E—SHRBEREERTER T XMEAD
S BRI Ao

AR (25) W o HT IR, RAVBTETRER 2 = wla! + bo XM BELE
EHERN: BRIV - 0 | BHRETHENBA. EREEE, RILTIFRERAN
Ao 7572 (25) AR BRUBIBANER SR of = o). FHEHHNE 4 NS TER
o= Y uhal b, HI R RS R NRETIRE KA RN

2.2 XTAHRBIBIRNMERIL

RAEFEENEARZITERNEE C D5IXT v b BRSE 0C/0w M 0C/0bs AT iLRA
Zi&e1T, BMNFEHEXTRANMRBBIR P EERIZ. ELAEXMNMRIZZE, R EE
BEBN—MINERE. FM2ERLE—EERNTRANERE (BRHE(6). BRE—T4S
BRI, RN ERERE TR

0= o 3 lye) — at (@) (26)

Hipn BIIEFR S KNEFEH T8 MNGEE ) y = y(r) RYNBFEL; L&
TNBIEE; o = ol (z) BHENE « BINZREREUEERE.

57, NTNARBERE, HNFBEXAN R C HMHFAERRRILE? $—MRIZHM
EARNRBETUREE—MEE MINGER 2 ERRNERE C, WHEC =13 Cho XBX
FIRANMEEAG T, HRNEMNRIIAINIGHEERERNZE C, = 4|y — o|?e XMRIEXTH
iR 2RV B E A — MU BB AR R U 2 BT

FEXNMRKPRAR R AEREER L2 —MRIZBNGERITET 0C, /0w M 0C; /0bo
RRBANEBIERREINGER LT FINIRE 0C /0w M 0C/0bs KPR L, BT XMRIE,
MNEZANINGEE « EEREEET, Fig 7H MR, FRANEER C, B Co RERNZIET
RilL, BMEATRURTELSEEX TMWE,

B MRIZFLE AN B LA Bl I 485 L YR 2K

THE, XRRILEIER ZATAIERE ™R w)), RRHFIE. MRENIER j RRSIWARETT, kR HEwE

7T, BRAFETSIE (25) PRITFEER/RXENEHRBHLE, XE—IINRE, BRSARD, XZEERINTLTE
BAME (BF) “WANERMEIBUEEL" XENERENTRE,
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2.3. Hadamard &f2, sot

af

cost C' = C(a")
a

i, SRENEHFRRDER, AT R@milsE « R RN ERE LS
(=
1 1

C=3lly—al? =5 > (y; —af)? (27)
XERHORTENRS, YR, N REERERHRT B y, RERESEAAR
MABRNBEE— y R, OE BAWIGRE « 2EEN, FEEy FREE—
BENSY. LEREHFRALMEEBIHTNENRERYTH, BREY, STFR®E
W3 SR FiLl, $§ C BRIVERHSEE of HRYT BEEN, My UVBEBHEN
BB,

2.3 Hadamard €#2, sot

RAEFBEEZETEMNZERICE — BNRENE, MR EE, BRE— 15
BAKREN. [, Rig st EMPEFEENRE. BARINER s o t KRTETEN
PR FTLL s © t BUTTERE (s ©t); = sjtjo L2 DHIF,

HEHEBIEN &
2 4 2x4 8

XA AL T E T A G FHEMH RN Hadamard &F2, 3% Schur TF2, (DX BEGEIE,
FRVRE PR E =Rt Hadamard SEARAYIRIRSCER, 1ESLI & mE BRI BY & B kKR 5 &,

24 RRAFEBENEITEDSHTIE

R AfEEERENNENREZS U AN RPIIENER. RLRNEXELREITER
FEOC /0wl M oC/9be BRATIHEXEME, HITERSIN—THEE, o, XPBATIN
1T 1t RSB 1 DT ERNIRE.

RAEERLGEITRIRE o) B0RE, REREXEENTE 0C/0w], M oC/ob, Lo

NTEFRERINAENXR, RIREMENE B —MERR:
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2.4, RAEENEDERSIE

neuron j, layer [

XANER R | RBIE jih MEETT b, SRS, R BRI TR,
LHIRNOTA Azl FERETIBIUAN L, EEFETTRHE o () T o(2 + Ad)s X
PEWRAMEEENRHTEE, BESHEMMNEE 25 A HRE,

WA, XMERRTIT, REEHRERAAN, SRERITLLRNEID AL, B
18 9C E—MRAME (HERH) . BPAXMBERATUETEES 90 ARFSH A-l Kk
ARG 18R, R 05 37 0, BAIBEIRATREBT AN - REBASRY. 72
REER, XNERETCEARBIRET . FUXBE—MEERAR, & B
IREMES, ]

IR EEHIER, BITEX | RIS j* MG EIIRE o 8:

s 9C

J 84

(29)

RBHNTEBHOBRG), RIVER o RTEXET I REHNRENE. kROGEERRESGRIT—F
HEEEN I K55, RAERXEARENRAERNIRENE 0C /0w, M 0C/ov, BRRER,

REJ e A BEA AR MAR RERTHREN 2L BEBREALHHIEE & EER
EMBER, AEMERA 25 (FAEBIRENTAT . KiFL, WREXFHENE, AR THE
HEHET S, BREER, MENSARLRASEEAREE FEEHRER, MR
RESHER 6L = 0C/0:L {FNRENEES,

BRAR. RAEEETONERSRERE, XEFERARN—MITEIRE ¢ MANRBHEE
W%, BIHXOANFIR. BEFEIR. MAFE— N FRBANERXLEAT, HEH
RREMAR, Kfrt, RAOEELDEABTRS, T2BEMXERERERRTIHNEMIL, F
B —THRNER. MFFVERRE, XFRTHEIRER. FrUETIIXEREFRITIENR
N2 HEYMEBHERXLESENED .

THEREZENMABMNORTXERNBITR . & h D XERTBYE FE IR UL IBY IER
M RRUBABEHN ARG EXERANNE LTI, ARTIXENREINEERESRIAR
1789 Python f{F3; AAENERE, HEAXERE—PXTRAEGREASESXHNERER, Uk
AT EIREB M BB R I MR, RIRIE, B TR XM PNEASGE, BEMR

XBREIEMZ, RET A RNNBHEAEEBHE. RINBERIGIDERIEHITH I,

ENKRBF, REGHESBIEDEMNERE, NRBEMBERNET 96.0% BT, FBAHIRZER 4.0%.
REAE, XA LERRINRENERNFEKRT . EXRHFNATR, KOXMHENEFEEZM.
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2.4, RAEENEDERSIE

WXL IZIERVINR, MISEERBMETR, EERFZWMBEAN.

BHRIRENSRR, oL §NTREXWT:

_oc o' (zF) (BP1)

@
05 j

X2—MEEBANERER. AXNE T 0C/0dl FRANHEE ;™ BWHEUEERZ KM
LURERE, BRI C AREM—MFENLHLTT j, BA O AR/, XERHRITEER
MR ANBE M o' (2F) WE THE 2] LBUERIL 0 ZUWHTERE.

ARENE (BPT) RHIS MO BMERIFITERN. R, FMETENSITARTE 2],
XAXNFE— R[N TAEFL A LUTE o' (2F)0 =R 0C/ 0l BT AN EREBIFE R 2AT,
SHTET RNRE, T8 0C/0al SRERBHAKRPIRT .. B0, WRBAERRRL, A
C =13y —a;)? FLOC/0ak = (a; — y;), EELRRBZITE.

12 (BP1) XY 6L SRIRBNMENEMMIFTRIAL. XB—MEEFHNFAR, BREEHNE
EHREMRTNER. B2, LIEMERES HEHTRERES,

C a a=o(z),
AR REL, z=w*ath

X V,CHEXH—NAE, AnRERRSI0C/0al. RAILLE V,.C BRRZ C XTHIL
AEENSEZRE, Hi2 (BP1) M52 (BP1a) WENMBEEMHZ WK, FRUENEHIE, il
A3 (BPT) RAEMNH1E. #MIF, ERANRERE, FAE V.C = (aF —y), FrLL(BPT)
AV REFEZTURLZE A

6f =v,Cod(Zh) (BP1a)

5" = (a" —y) @0’ (z") (30)
WIRFT L, XM AFEFNESNIEE —NMEFEER I, PrUBE MRS EHER G
Numpy XFEFBIREREEHITITE T

FERAT—BIIRE o' RRTHFIBEHIRE o' ol
51 _ ((wl+1)T(5l+1) o) O',(Zl) (BPZ)

Heb (0T 2 (1 + 1) BNEE o't WERE, XM RNE LEBEESR, BEE—1xExE
BFMERR, BRISTIVANE [ + 1t BARE o'l URNTNMAEBEINEERE ()T, I
U EERMIBEEEREAENESREENRE, 47T HIEEE ' BHENRER X, A
&, FA1#47 Hadamard RIS E 0o’ (7)) XRINREET | ERVEUERE R mE R eI FH L4
HESE | BHEEARNIRE 6

BIdAE (BP1) #1 (BP2), A 1e] LUTEEMERIRE 6 B5EER (BP1) it& 6L, SABNA S
12 (BP2) kit E 611, RIEBRAAIE (BP2) it & 612, stk —F — S i AL BB NN,

RNRBXTFRNERERRENREER: 72

oc
J

XHIGE, RE o MRSHE 0C/ 00 e2—H. XERIFHIMER, EX (BPT) M (BP2) B
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gwk
高亮

gwk
高亮

gwk
高亮

gwk
打字机
C：代价函数，a神经元输出，a=σ(z),
σ为激活函数，z=w*a+b

gwk
高亮

gwk
高亮


2.4, RAEENEDERSIE

SERHNEIE 6l PRI LLR (BP3) BIEH

ac

=5 =90 (31)

Hrh § R E b EEHXE— ML T,

RN RBKRFEM—PINERRRER: [y,

oC
8uék

=aj ol (BP4)

XEIRFA VT ERSE 0C/0wl,,, HF o' M o XEERAVEEENENFITE T,
AR UE R FEAE LD TARRIRR:

ac

ow = ainéout (32)

HA ain BHINANE w FIHRETHEUEE, dou i HBENE v HETHIRE, RAXEE
NE w, EEMTEAXMUEEENEZT, HilaH—EET:

oC
F5 = Gindout Q

12 (32) W—NFMERMBHEUEE aim BN, am =~ 0, BE 0C/ow HEBEE/N. X
B, BITANERIEFES], REBE FENE®R, XMERRRELRSZ, RS2, (BP4)
N—NERMERBREEEHETINEF IRIFEBEIL,

IO NAT (BP1)-(BP4) BB HE ] LIRS E. HINTNBELEETTE, £EE (BP1)
BV o' (2})o [BMZ—T L—EH SERMBIET, Ho(z)) ENA 0 3E 1 B8R o REETS
FEF XY o/(2F) ~ 0o PILUIRBEHEZTATHEREEE (= 0) HESHEE (1)
B, REBEINEFIEIB, XENEBRE, RIMNEEMEHMLTELmMT, HE, NEFS
HaRiE (HERZIEEEE) . FUNERENTFREHZTHREBLEMIIMN.

HYEITENE, HIBEEMBINM R K30, FETE (BP2) B9 o/ () XFUEME
STBERNIEN, o RAEEZ/). XMSEEMBAFE—MEMBHBLTHINEFIEE

BE—T, HIMNELFIE, IRBNEZTHEERK, HERERETELENT D
BHRELENEER), NESFIEIE,

XEIDMESS AZ2IEEETFTERMN, Fd, ISR INTET X THENEFINGE S
MBLRE, mA, AT LUS XM A UHTHT . O NERASEBESIEMBEER
ALY (AR R LIE R, HLHMAS AR TEAEENNERED) Frl, 10
PUEAXEHZRIGITEREF IBMRNEERE. HITXBANMITF, BRISEITESERE—
N (HESBY) BUERE o 18 o/ RRIEH, HEFSHEIL 0. X=FHIETEREN S B TiE
MENFEIRE TENBEREN. EAPNERE, Fi1=IEIXMHERHITEIEREINT, B
BYEIFX AN /512 (BP1)-(BP4) Al LIEBIMBBENAZEEXLERM, MUhEHHRIFM,

N W I BB ARIBASIEME of (L) B9IE, XEMESHTEERITT. EERI LERERANERT.
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2.5. MPMEATTIZANIERR (FIk)

B4 RAEBHEDHER

6L = V,C o' (25) (BP1)

5= ((wl+1)T5l+1) ® U/(Zl) (sz)

375;- =6} (BP3)

affgk = aj 10! (BP4)

)&k
- BMRAEEBHENRTAN: HEALWE 7T#A Hadamard R R AEEN A
(LHZ (BP1) M (BP2)) o MIRIRX XIFERAIFIAAE, AlEaE —LEZ, TEHTE
B—MERTAI, BUEBETERNEMRRZE, RLEEETRESIERERL. (1) iR
(BP1) BIAE A%,

st =y ()v,C (33)

HA Y/ () =178, ENBLNTERRE o/(z)), AMHTHRYRE 0 IR, XMEMK
i —ARRVREFEOAERTE V.C Lo (2) JEER (BP2) AILAG A,

- E/(Zl)(wl+1)T(sl+1 (34)
(3) && (1) M (2) IEPA
ol =2 tHT Y Y ()T (2B Vv, 0 (35)

X BRLE SR T XA BV EEFE T EMIEE, (BP1) (BP2) RIZB A Z B R, M1 B45E
B Hadamard SefRM R EEFHEREUET I,

2.5 HEPMERFIERIER (F]ik)

FANIEIERAX DN ERRTFGIE (BP1)-(BP4)o PRAEXLEERRE Z iR m B TUE NI RIS,
INRIRHEHETUEN, BEATEMIRERZAI R B CHES.
IR AR (BPT) FHi6, BAH THREIRE ¢ WRER. NTIEAXTHRE, BEIZTE

N o0
L _
o = 5zt (36)
RN AREETVGEN, FA TRl Uintis B ACE ER RS BTN EHR &S LA RS
L
5= 3 oo o0 @)

L AL
. Oay; 82]-

XERMZBEREENPIE®RETT b EIETH. SR, %L PHETAREEUEE of R
Tk = B5E " DMRETTOVMNNE 20 FTLUE k # j BY ay /0=] HKT o SERIATAILL
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gwk
矩形

https://en.wikipedia.org/wiki/Chain_rule

2.6. RENEEEX

B LE—PHERN:

L _ 00 0
% = dal 0zF (38)
B8R af = o(2f), BANBEZIMRAIUE R o' (2]), HIZZM:
oC
5F = 9ar” (2)) (39)

XIERD BN (BP1)
=%, FITRFERR (BP2), BAETUT—RIRE /! WEARTIRE 6 Ak, HIE
ZLL G =000z BERETS 6! = 0C/0zk AR LUBHETUEN:

o= == 40
J 82; ( )
I+1
z,ljl 8,2]
+1
— Z 8Zk’ 5l+1 (42)

XERE—THNNZR T GONED, HA L EXRN. A THRE—THE—IKE,

AR

l+1 Z lerlal + bl+1 Z wl+1 + bl+1 (43)
i, FIEE "
%~ uitlol(ah) (44)
azé- kj J

MEAN (42) B 125
= > wHle () (45)
k

XIERUDEFINER (BP2)o
BNV REM N AIEE (BP3) 1 (BP4), B IAFEREEIVAN, MeTEMHER
IERAARIN. BIBENBLIRRNES,

%3
+ UEPA75 2 (BP3) A (BP4)o

XEFERNRTTA T RAEROADNERLARIER, IEARSERERER, BREXLMF EMEH
DR A HETCEN. T TRI LU R AR B E B —M AR SN B 2 7oiAR 70 AV HETUE N SR
TTEANREREER AT XEMERAFGHEEL LHNAE — F TRIZSLIA T,

26 RMEMEGEREZX
REEES AN T — BN RRBENT S RIS AR A
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2.7. 3

1. BNz RRANRSENNABEE .

2. imMERE: WEN =23, .. LITEEEN ! = wla ™1 + 0§ o = o(2!)

3 HMHBIRE oL HERPE L =V,.C0d (D)

4 RENBREERE: WEN I =L-1,L-2,..2, & = (HT5H) 0 o' (2h)

5. WitH: ANREBER 2T = o 1ol 7 3T = o 15H

l
awj &

WAXNEE, RALUEBZIAMERMMEFRAERE. RMNRE—EFBREITERERE
oo XEERREREFTE, NMAIBMNEEF G, BRNRMINEEE RAEEREIER, Xtk AZ
WE KB AN KR EWNE MR MBS R, AT EREANEREENINENREZURINE,
HMNBBEEFEREIVAN, kAMREZIENRAT

%3
- FAREMEENHETHRASGE FRISHIXE—TEIRNEFHENMELT, E1558
MRZTIRMRE (3, wjz; +0), HF f 2N S BRIAREVR—RE Il Ia0FIEE
RAfEREE?
- ZMMZ T ENRAERE  BRIRRITPEIFLEALTR o REERN 0(2) = 2 EERMA
(EFis 7
EANFA] EEPTHRY, RAGEEEN—MIGERTERNRENEE, C = Cy0o TERE
&, EERRAGCEREZNENEIEE TEXIFNFIFEAHTAGER, RII=WFZ]
FIFSITTENNAIBE, K5, GE—TPARNA m BV NLERE, TENEZEXMNMLE
PHEREM ENVA—IBE FEFIEA!
1. NG EERNES
2. WEMNEEZE 2. REXWNAVRNESE !, FHITITENTE:

- BIEERE: XNEN1 =23, .., LIE & =wla® ™ + 0 F o™ = 0 (271,
- WHIRE oL HEBRE 1 = V.0, 00 (251,
C REEEIRE: WEN =L 1L 2 . 238 5 = ()76 © o (250),

3 BMETH: WENI =L 1,02 2REw - o — 1Y, 5@ )T Y -
b Y 5ol BEAERRE.

Wok FESEESIBENASRE B8, B IEREE— NI/ L B MIRIERR, iE
B2 2 EEAHNER. XBRIELKT,
2.7 X85

BT MR R EEFENECHR, BMNWERTUFES E—ZhFEANLI R EEEDN
RIBT, CIA8 F—ZMREE, EEHRTMZTE Network FEFHY update_mini_batch M backprop 77 3%
XL AN ESL R EEMNE AE RN EIEEI R, 555, update mini_batch F7AEL 1T
BLUHT nini_batch PAINEBEZAIT network FINENREHIT T BH:
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2.7. K5

class Network(object):

def update_mini_batch(self, mini_batch, eta):
"""Update the network's weights and biases by applying
gradient descent using backpropagation to a single mini batch.
The "mini_batch" is a list of tuples "(x, y)", and "eta"
is the learning rate."""
nabla_b = [np.zeros(b.shape) for b in self.biases]
nabla_w = [np.zeros(w.shape) for w in self.weights]
for x, y in mini_batch:
delta_nabla_b, delta_nabla_w = self.backprop(x, vy)
nabla_b = [nb+dnb for nb, dnb in zip(nabla_b, delta_nabla_b)]
nabla_w = [nw+dnw for nw, dnw in zip(nabla_w, delta_nabla_w)]
self.weights = [w-(eta/len(mini_batch))*nw
for w, nw in zip(self.weights, nabla_w)]
self.biases = [b-(eta/len(mini_batch))x*nb
for b, nb in zip(self.biases, nabla_b)]

EE%I“EH;’Z%E delta_nabla_b, delta_nabla_w = self.backprop(x, vy) JXE;_EEEE/‘]; BRT
backprop 71 AT BH T RS, 0C,/0b; M 0C, /0wl backprop 71 7AR E—TIEARA—H,
XEREMVINIER — HNER—NEHARN SRR [HENEN R, X PRTHESE
AT Python BI%F1E — MERSIFERRRZILRINNIIRNEEERIEH, 1-3) HLZE
PIRFBIEIEE =TI, THE backprop IS, M—LEABRE—E, KATITE . S
RANMEBEERN S FrLARRE T XL, M2 UEEFERANE T, MRELERAILMR
R, (RAIRERESERBNRGHEE URTEER) -

class Network(object):

def backprop(self, x, y):
"""Return a tuple "(nabla_b, nabla_w)" representing the
gradient for the cost function C_x. "nabla_b" and
"nabla_w" are layer-by-layer lists of numpy arrays, similar
to "self.biases" and "self.weights"."""
nabla_b = [np.zeros(b.shape) for b in self.biases]
nabla_w = [np.zeros(w.shape) for w in self.weights]
# feedforward
activation = x
activations = [x] # list to store all the activations, layer by layer
zs = [] # list to store all the z vectors, layer by layer
for b, w in zip(self.biases, self.weights):
z = np.dot(w, activation)+b
zs.append(z)
activation = sigmoid(z)
activations.append(activation)
# backward pass
delta = self.cost_derivative(activations[-1], y) * \
sigmoid_prime(zs[-1])
nabla_b[-1] = delta
nabla_w[-1] = np.dot(delta, activations[-2].transpose())
Note that the variable | in the loop below is used a little
differently to the notation in Chapter 2 of the book. Here,
L = 1 means the last layer of neurons, 1l = 2 is the
second-last layer, and so on. It's a renumbering of the
scheme in the book, used here to take advantage of the fact

HTHORH B H B R

that Python can use negative indices in lists.

for 1 in xrange(2, self.num_layers):

z = zs[-1]

sp = sigmoid_prime(z)

delta = np.dot(self.weights[-1+1].transpose(), delta) * sp
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2.8 EMMEREL, RAEEESRENEE?

nabla_b[-1] delta
nabla_w[-1] np.dot(delta, activations[-1-1].transpose())
return (nabla_b, nabla_w)

def cost_derivative(self, output_activations, y):
"""Return the vector of partial derivatives \partial C_x /
\partial a for the output activations."""
return (output_activations-y)

def sigmoid(z):
"""The sigmoid function."""
return 1.0/(1.0+np.exp(-z))

def sigmoid_prime(z):
"""Derivative of the sigmoid function."""
return sigmoid(z)*(1l-sigmoid(z))

2=

CE-TNIERIELNRARENSERGZE TN TREIEE NERNKIMEX —
NN EBFIRP ISR HRITIED. FTUBII BN R AEEEAFEEFS RN
— NI ETIETHRERRRTHEETR. XMUEAHISMERN A UB—1ERE
X = [z1,22, .., 2], EFSIMEENMMELRETNDE, MAZETNRAAE,
BATBISFANERELE, M1 EXNRRERTTRIRGRE, EFAEMAENA S BRR, RS
PRI IEH TR AEE. BENE HXMH77E TR B network.py REIIX
PHE. XEFMEFAESEFBE T IARLEREE, PR, Xt/ MEEXUE
TRHECTEER (ERREICRBME, E MNIST X L, FERT E—F8
SKIIRE T 2 BRRERM) . ERMFENAT, FrEREENRAGENZEEZR T LMY
BT EE T W IURKLIAT.

28 EWMEEL, RAGESIRENEZL?

EMMERL, RAEERRENEEL? ATREXNMR, BEERS—MIHTERENT
o EIAMEEI LR 50, 60 FRRMEMENTR. RIKIMEHR EEDERERBE T E
FEZIRIAL! AT ILE CRIRERIT, BT ERNMREBEENTG . BEECFE
AR, AERABEIVENRKITERE, BT —2F, ANAHKERREREER, A
[ERIR4ET o FRUBIAERSZ IR MMRERIERNBHAINERRE C = C(w) IS
FAEERE). (RAKERE wy,ws,... HTES, BEBEHERENE v, WESH IC/0w;o
Mm—AL AR AR N EX AT

oC ~ C(w + eej) — C(w) (46)

ow; €

Hrfe> 0 2—ME/NBIEL, Me; BES j DABLHNBMURE, ®RAER, FH17ILE
S ERNMEBEAERR w; BN C Kib1T 00/ 0w, , RABNAAT (46). FEFFHEBRILA
HKiITE 0C/0bo
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29. RBfEHE: 2N

XNMEEEERKEEEFE. M L8, BZLU, EHE/ITRBMALUSE. BigX,
XA EBEREGENRITERELREB Yo

AE, BRNE, SR TZE, BITRRRXENAGEEEEIE, ATIERRER, BREK
1BIMLEHE 1,000,000 INE, SHEMREIINE w; BIIFEIE C(w + eej) KITE 0C/0w;o
XEERENTIHEREE, HMNEEITELNEKE 1,000,000 %, FEE 1,000,000 giEEE GIE
MER) . BATEHEEEE C(w), SHE—RMEEZEEE 1,000,001 Ko

R EEREERAEN M A LR EHREREN T UEN I ERENRSE 0C /0w, XER—/XF]
B(EHE, MLE—REBEE, MR, EREENITECNHMIIEN—E, URBEEER
HItERNABMERENFIEERE, WEERTESH, EARBEEEEEANMNE, Il
B AT R ERREL (46) BINEZ:, BEFLEEER,

XMNREETE 1986 FERFERAES, HERSHEENED DENRENT B, X
WEHR T RENHARE R T HEMEHE. HR, REEEHFEHERR. £ 1980 FR/5
B, AMIERRERR, LEREEERRBERERIIGRERENLS, ABEE, KITEE
FIIAITEN A —LLIRBBAFTAR L EAILL I P EHE AL D) 2RI B R EE FR A LS

29 RRAEE: £BW

ESIRFTHHAEN, REEERN TR MRNEE, 8%, RV EEEEETHA? RIE
ZRUTRNHHLHRERR BEEANER, BRERIEBERN—L, i —HENR%
HER SRR E XA BT EL? BoMRERE, EANMHLEEIXA R BIEE?
BE— BN EE TSR E AT UETRR—EE, XA FENEREERT
XA EEE R, EBAIX R, BTE— MEENEE LIS (AR DR
57 AT, R — AN

NTRABRNEFEEREUT (HANER, BIRRITEEN LML !, #— v
WBTH A, :

XN E = FEE R AUSE ERIHEN A

XA AIEN, BRETIMINIAREEX—FX, TaiAEEIEPEIENTERNEETANEEMNR
ELE, MRAGENRITENERMERNEERMR, XERIERABTELMUIITEAN .
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29. RBfEHE: 2N

O\c

O\c

BE, XERTEFEmE—1NT—E, 2imtE, RLTmAHRK:

ACzAE—A@k (47)
E%ﬁ?-ﬂﬂ%%ﬁ%ﬁ%%E%Ei%%ﬁ%ﬁﬁ—ﬁwﬁ%ﬁ$§%m@$ﬁ0$

T, MBERITUMEIRS, EBERIEERSTHENERRAEHER, PARI
FLEEREITE 6C /0wl 7o
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29. RBfEHE: 2N

BANER— TS Awly SHTE I B j METHREENTN Ade XMTHE
TFENASAL:

Ad ~ J Awék (48)

Ad IBUBRSH TR (1 + 1) WA REENT K. RIBEEF— N EUEELE
EINNNER, T alt,

REARNFIZ (48), FANEH:

daltl dal
+1 . Y% j l
Aa,”" =~ 5l Bwllkijk (50)
J J

R, XD Adt XEET—ENHUEE. KirL, FITTLRERE—FM o), Bl C K
B, REEMNEEENT VSR T—EMNBEENT L, BREREEMNRSNIT L, &
WEEENFIINT o), altL, . ek~ ok, BALRHTEXHE
_dC dak, dakt Balf!t 9l

— — PEEEEY k
dak, dak=t dak—2 3&3 Owék J

(57)

BIMNEENENMEINRETIRE T — 1 0a/0a XMLIRIT, EERBEERN 0C/0ak. X
FRERT C BB AT MEPXFERE CAURENEN. S8, BINBREERS vl AT
ZREMEMANRERERE, XERNMMEREP—F. NTIHE C HEMAE, HIIMBEX
PR RIRERVERIZEITRAD, B,

— l l
AC ~ Z oC dak dal—'  Baltt dd;

s 52
T T R T T )
X BTSRRI E 0] BERY P B LTI R T KM, XTEE (47) 1B
oC oC Oak Oal1 aaflﬂ 3@9
owl Z dal 9l 0al2 " 0dt ouw' (53)
Jk mnp...q M YHN P J jk
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29. RBfEHE: 2N

PEAT (63) BRMEEER. BR, XEHELE—MEIFHER Lo AN
RINHE C XTHBHR—MMENTAE, MXPANGIFRINNE: W MEETZERER
HEBXEKS—PMEAXREF, XUXE—MERLTBBUEERN T H it L TrE ER R
FHo ME—TREEE M HETHENRREFRE 0d /0wl BENEUREFHIMEX
FEE ERIRZAFHITMR. MBMVERNE C /0wl TN T A P ERI MBI E R KL
AN RN RENEUERR TN STNE—TREZ, XNIZEENT,

BN MEFTAENVABALZE—MBAIAIMR, —HEENET U BTN
o URHMNAHXFTEXIMANAN—ERIZRIN. BE, MAILIESEAT (53) RAIE R
WHRSHENREIN. RR—EMRONEE, THXERE, REILGFRBENERREMRTE
5 HXFrE R BERYIE AR, XM TIERLEIRZ 0k, TE LMD, BFAEXZHNEE, 7T
pOXEEfE, s URAIREMEN T, REMAI, BCHEMBEMNRAGE! FrLURE] LIS
RAEEEBRA—MIT EPTE R ERREEURIKMB A, W&, WaER, REEHERL
B—MIGWHIBINE (MRE) B ERRIERE, NXmBERZMAN R AR,

AR ZUERNTE. RAAXIMITAELLIRTH, MRIMEPE—T, sIURAEM. B
EIRAERI, FBHEXMEBLET TUR LULIREEDS By HIRME & (% &,

ABEABRY— LB T — R AEFENAE—TFRHRAIR? Kir L, MNRIREREHN
WI4E HAYM =, (RESLR R UL R BN —MIERRR. T=0E, LRSI AERENEA
BIERAE KA EMNE . BEA, RIEANERE (FIEMNER) BNERRINERAIMA? SRS
KB XTRKIERRAT A, MEAKNEKERES T —EHERNA LUHITHOERM S, A5
R T —LEfRE, [FETEMERILE, 5 TH, AEXERIN—LEMRAZHE L. HI/L
TIERIERRBUHE, MaRMRANERAEERTIFNOIR, EAMBIRT REMISHAET
7! EBLEFMN, HEERFMEANEIEAEIEMNER. ANIBRERZ RIS
AR TIERVAR R,

CFE—NIWMSE, £512 (53) PHPEBEEREM o)t WEUEE, S Z A RBIREBAN, Fla 2L,
ERFREEE, MRMEFRIXNER, MBLALERABUEE o', (FEINIEBRERLASRIEA HAVIERH

ME AL,
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3E

HHEWBRIF ST 7E

i

Il

&

H—PERAKFNFIEF ST E/RKEY, @8 SEETIES LEBARSHTE, 12
I 14 SEEFNET DEIZ U A REMIERA I, FIM K AHBANARK, £
W89, BANMEMAREERAEREEARER L, XPEHANTR “BREN, HENEFK
WA TEZIMA R R K8, RIWBEETERARBEBAREARNIXT RAFTENIR
AYSEH, RAHWEF IR

REDRIBAREIE: BRI BRERAVIERE — I ERER; AN “FSEl” B9
FiE (LA L2 Bef, FRANIGEIENANT E), XRERANRINSEIGREZ IR
Bz, BFRINENGN S E;, REEMERFNBSUNR AR L AFEREE
B —ERBHEMBANTH, XENIEZERVRIIELLIRK, AR LUEECHER
WEE. AIEENERLIMXERA, ERMIIRIESES —EPRI0 KR %R,

B2, HNMUNBET ABELEHZNERMARLBEHAIRAN —RRRNE. MR
NWEARARPATINRERE, BERAANMA—IHBOREER, XBXAPIUR. EiETXLE
FKEBRARNNGXERATESNIEEEER, MAZRUIRX AL BRI ML
ARVIERE, XU MUFER R REF = E MR T /E &,

3.1 RXBAMEREL

FMNKRZBAFTERRIELHIR. EAWBFIBRTNEAA G, HE—TIAREIMBT A
F5o FREK, FBIE/ \ESMVHERERSRMN. HEER, RNTRELEZTET, B
AEDPANEBHTHPHEIR, S8, RIFFEEL. T, REFFO, HiNEZENBERIL
BREMF SR EMB AR, M ZEE TARBEREESBERD! Bk, ERIER
FERIFHEXBIE, FINTIEZER[EMES.

B, FIHENRFHENE R LM EIRFPIREMT S, EREF, XMERZLE R
15?2 ATEEXNE, LENIBEE—MNIFo XMFEE—TRE—TRARHLT:

bias b

weight w i :

BMNZNERZX M EL TR —HIFERSENE LRA 1Y N 0. 28, XEEST, F
THEGENNEMREMAIULT, IPBEFAFITE AM, BRKERBE TENAI
REINENREBREB L. FTLL, FAIRBEEHLTNEF o
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3.1, RAXJBHATERER

AT OIFERRR, R=aoRNENREDRNN 0.6 70 0.9, XEFLE—ARTHRTF
SRR, FRBEAZIENRE —FrRELTREEE 0.82, FTUAXBINIA B
0.0 REBRIT. M TEREEMZTINEFIEILHHESR 0.0 B, FTEXEEGRERERZE
EHETHENITE, ARERABEENRINENRERTEN, HEHETER, KEFIE
Rn =015 #TFI—HHEEBENLRINERFZINIE, Z—HEBFRIETFIBEER
SRA, JIRDHROZRES T RNTRBERNNEFS —EREN XKL, C. XERHBZHAH
W, PRUAFEREREEEEX T,

Input: 1.0—>©7 Output: 0.82
= +0.60

w

b= +40.90

Cost

Epoch

FEEAUHARYIEMN, METiviEd. NE. RENAHIELIN TE—R7ERFR:

Input: 1.0 Q Output: 0.39 Input: 1.0 Q Output: 0.21
w = —0.38 w = —0.81

b= —0.08 b= -0.51

Cost Cost

T Epoch T Epoch
50 100

Input: 1.0 Q Output: 0.15 Input: 1.0 Q Output: 0.12
w = —1.01 w=—1.13
b=-0.71 b= —-0.83

Cost Cost

T Epoch ; Epoch

150 200

o1



3.1, RAXJBHATERER

Input: 1.0 Q Output: 0.11 Input: 1.0 Q Output: 0.09
w=—-1.21 w = —1.28
b=-091 b= —-0.98

Cost Cost

; Epoch —— Epoch
250 300

IESNORFr L, METIRERMF R T EEAMRKETENNENRE, L0 7T RENBEHN
0.090 XBANERNNEIRHIL 0.0, BEEERI T FRKEINILERBIENEN REELIL
B 2.00 MEFIRMmE 0.98, X2 BERMENERRI A, WEEBEHFZLTT IRITIE.

Input: 1.0—>©7 Output: 0.98
w = +2.00

b= +2.00

Cost

Epoch

BRI TR —RSIZL:

Input: 1.0 Q Output: 0.98 Input: 1.0 Q Output: 0.96
w = +1.85 w = +1.65
b=+1.85 b= +1.65

Cost Cost

; Epoch ; Epoch
50 100
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3.1, RAXJBHATERER

Output: 0.80

Input: 1.0 Q Output: 0.93 Input: 1.0

w = +1.32

O

w = 40.66
b=+1.32 b = +40.66

Cost Cost

T Epoch T Epoch
150 200

Input: 1.0 Q Output: 0.36 Input: 1.0 Q Output: 0.21
w = —0.29 w = —0.68
b= —-0.29 b= —0.68

Cost Cost

Epoch — Epoch
250 300

RIAXMIFERN T EFENESEREK (n=0.15), FIMNTUETINFENFESIRERLLR
RI188. XIRT 150 ZARFIIRE, NEMREALKERXERANEN. BEFIRENR, 5
E—=PHIFHREMT, MEREEAY5E B HRERESE 0.0

T ABERMALZITRHERBR, ENFALTAKAR, HIEE2AILHELR
PENREZINRERR. EERIELEI T ALIRETEHILERANERL THEES
REME, ME, IMIARAMUXZEXMNIFHREI, BEESEMN—MRBIEHEMNEE LI
AEIFSIUUEERB? A REB I EE XA B Ry T5 A0S ?

N T EEEXNRBRYRE, BRRIHL TEEINENENRE, FU— MUY
WSE (0C/0w F 0C/0b) REBREF S PRLL HANER “FIRIE™ B, KFFLER
XERSHR N BRMIMNAIXA/NERMNERBBE. AT EEXLE, tRINTERS
HEE, RIT—EBTHANEARE O) R RXANEE, EXWT

C = (y—2a)2 (54)

Hrh o BHZTiREH, JIGFEEAN e =1, y=0NWE2EFEL. EXMERNEMRER
FOEXN, BB a=0(z), HF 2 =wz +bo EREIVENRKNENRENBSLELE

% = (a —y)o'(2)x = acd'(2) (55)
oC N
S = (a=y)o'(2) = ao'(2) (56)
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3.1, RAXJBHATERER

HPFEER 2 =1My =0T, ATEEXLERAXNTH, IUERIMFLE /() X
—I, BELINZ—T o KEHEL:
sigmoid function
1.0 4
0.8
0.6

0.4

0.2 A

0.0 T T T T T T T T T 1

BTN IEEIE L, S@MLcivmben 1 g, maT/MBEF, Fillo/(z) 7R
INT o 7512 (55) M (56) tLEIFIRAT 0C /0w F 0C/0b =AFE/Ne XEKMEF IEIENREFT
T ME, HMEEESRE, XMFIRE TENRESSR EHBRE BN —MRAHZNEEF S
REHREA, AMMUNEEXMFIIPRER.

3.1.1 SIARXBRMNEREL

AT TINEIER RN RNETE? B5UERER, AR LUBT E AR SR AU R BRI — R
R AT EBFARKIXE, HIHEHAE—TZrmvEE0F. Rk, FHIIMERIZ
—PMEEETRANZENBIEETT, ©1,20,. .. XNANERN wi, wy, ... MRE b:

T1
M
T2 T b a=o(z)
3
x3

TV o = 0(2), EF 2z =3 wjz; + 0 BEABHERM. Ffi 120 TEIGXH
TR SO BRER

1
C’:—ﬁzx:[ylna-l-(l—y)ln(l—a)] (57)
HA n BIIGEIER S, KMBEFERIINGEAN ¢ EH1TH, ¢ @XM ERRE L.
TIA (57) BEMBRFEIR BRI AR, Kirt, BEERXNENXEHRZRN BB
TEEMZNH! FERRFIEIER, BITREEZIENAEBRBRER— DR,
REXBEEMRANRBERNRRE, £—, ERBIFAR, C >0, AILIEH: (a) (57) 8
SRANFBIFFEIRILAIIER B A 2LRY, AT EEREAIESIEZ (0,1); (b) RMBTEEBE— MRS,
£, IRNTFFRBENIIGRAN v, BETEGFNREELBERE, BAXEREL,
BRISTEXMIFH, y=01Ma~ 0, XEHNMNEBEEINER, BIMNBIA (57) FFE 1IN

"ATIERERTERICEMAL y R 0 X 1. XBEEERMADKRANER, FlW, BitERRRHY, BT
BATNTIMIEMRIRN SR ER A, BEER TSRS,
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3.1, RAXJBHATERER

MEET, ERy=0, MEFALFERE —In(1—a)~00 RZ, y=1TMa~ 1o FILUFER
Fria B A Binta i 2 B ERE ), AR X IEREMEET .

PR, XXEEIENH, EERELTAIRIFNERERNNESEL 0, XEEHLHMER
1MRBERNEREAE T, ELXESEEE ZRANEREESEN, i, XXBEHREEEHN
PR T, BERRXXBANMEREE — N XN RHEEIFHRHEREEE R T F S RE FEH
W, AT FBERXMNMER, RIMNRKEEZIXIERB X TNENRSEN. H T a=0(2) XA
2 (57) PR BmFREETEN, 155

oc 1 Yy (1—y)\ Oo
ow;  n Zx: (a(z) 1 J(z)) ow; (58)
1 1- ,
T Z <O’é/2’) B 1(— 08)) o (2)z; (59)
BRERAH—T, WA
oc 1 o' (z)x;
ij - ; g O'(Z (1 N O'(Z)) (U(Z) - y) (60)

BIEo(z) =1/(1+ ) NEX, M—Ez8, HNAILUEE o/(2) = 0(2)(1 —0(2)). JEE
FEHIPFRERFITEXD, WEAIUEREAXNER. FI1ED o/(2) Mo(2)(1 —o(z)) X
RIME A EFEREANET, PIURETEAE:

% 1S uie) =) (61)

ow; n ~

XE—MIENAR. EFSFBRIMNEZINRERE 0(2) — vy, HREREPINRERNIT
flo EARMIRE, BRIFIRE. XERNER RIS R. 5o, XM REILER
THREZRRNREPEMBIEF o/ () SENFEIRE, WHE (55). BRNMERRZIEHIET
&, o(z) WOET, FIUBRNMNTBREEXRLDEEFNELEER/ N XMARMEBR X EHE RV
Mo Lfr L, XUHAZEBHFINEE., RMNTEEANUEER, KNMEHEHSLREHE XM
HERN—MIEERT,

RIBEMN G ZE, BITAILITEEXTRENRBSH. RXEFAELTIFMNTRE, (R
B 2%IESE

O = 23 (o) ~u) (62)

B—R, XER T ZRAMNEBPEMGE (56) F o/ (2) MEFBEIEIE,
%3
« IOIE o’(2) = 0(2)(1 — 0(2))o

IRNBRIRRPBGF, KEBRR T XXBZENF IR, REDARRIENSHS
FCESRADI LSS, FHIatNEN 0.6, MIREN 0.9
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3.1, RAXJBHATERER

Input: 1.0—>©7 Output:
w = +0.60

b= +40.90

Cost

Epoch

0.82

BEREMMRZRIBZ EMEHNFIER, MREERN TR

()

Input: 1.0 U Output: 0.50
w = —0.16
b=+0.14
Cost
; Epoch
50
Input: 1.0 Q Output: 0.18
w = —0.90
b= —0.60
Cost
T Epoch

150

Input: 1.0 Q Output: 0.30
w = —0.58
b= -0.28
Cost
T Epoch
100
Input: 1.0 Q Output: 0.11
w = —1.20
b= -0.90
Cost
T Epoch
200
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3.1, RAXJBHATERER

Input: 1.0 Q Output: 0.07 Input: 1.0 Q Output: 0.04
w = —1.47 w=—1.73
b=-1.17 b=—-1.43

Cost Cost

; Epoch —— Epoch
250 300

LR, EXMIFHR, HETFIFHEIHE, RZAESS, UERIMNBEEZRN
RV (5EER) , NENREEB BN 2.0:

Input: 1.0—>©7 Output: 0.98
= +2.00

w

b= +2.00

Cost

Epoch

[UESE=E R )=z

Input: 1.0 Q Output: 0.59 Input: 1.0 Q Output: 0.36
w = +0.17 w = —0.30

b= +0.17 b= —-0.30

Cost Cost

T Epoch T Epoch
50 100
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3.1, RAXJBHATERER

Output: 0.13

Input: 1.0 Q Output: 0.22 Input: 1.0

w = —0.65

O

w = —0.95
b= —-0.65 b= —-0.95

Cost Cost

T Epoch T Epoch

150 200

() ()
Input: 1.0 Output: 0.08 Input: 1.0 Output: 0.05
N N

w=—1.23 w = —1.49

b=-1.23 b=-1.49

Cost Cost

Epoch —— Epoch
250 300

RRINT | BORMETIFSIREMR SR, BRI IR MRV EBFH, R
RN RERHLZLL RN RN G EBRERREZ. B HRXXIBFHBIBEEILTA]
&3¢, XIEEHMPFHIEHLTHREIN"EHRNEURREREF S,

HRIERBRENABROIRT HAZIER, NFRER RN RBRIE, HI1ERT
n=0.15, EHBIFP, HNNERO%ERRFRNFSERRG? KR L, RIETREBAHEE, K
MNTEBEREZERRFNFE SRR, XIFHERNEBFIOLLR. S TFXMENEE, TR
BB B BRI R — P REBILRIERFEE AT ENFEIERXNE RERTBERNR,
BIRIRLATFE, XPMIFHRIEERT n = 0.005

RAEJREE XIS, LEFSRZANEEE LEANERETEX ERTEE ST SIERRAL
RERERENMEHEZLTFEINERE?! XFENRNELZEMEER, LENEGIAZR/Y
WESNAINERE, MEBHRF IIRENTWIE T

i, SIAVER RANREEY, FIEMHEZTIE T RERBIRIIHEALEF S RiEr
HIENMREERE, MERARXXEFE S ERTRETTLTREHEIRNBREER, [, 3
FAVER RN RERET, HHLcERLIEBRRHATIE T AEEIR R, FITEEM
ZI8;, MERARXXE, TELTLHAEFRNFI[/ER. XENRFAMRM T UNAIKEFS]
HE,

HMNEEMART —MHELTHRIE. i, JEHE HERZHELTNSEHENE L1
EEEREM. Frlt, BRiIZy =y1,p0,... EREHLTENERE, Mal,df,.. . ELMFEEE
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3.1, RAXJBHATERER

B MAFMNEXZX I T
1
C==2>2> [uinaf + (1 -y;) (1 —a7)] (63)
z

[T XERBBWAERBALITHITRM X, 5 XPNEKMENFRIBAN (57) B—#H
o XEARAE—THERTE, BFEUWANNEARAI (63) LR ERZHIMELMET
BT SIRVEIE, NRIREHE, (RALUIRIA—F TN EPABHE S

BAFNINIZAEH A BRI R E R RN RER? Kir Lk, IREREALTE S
T, RXB—REBEEHFRIER. AHTA? EER—TRITBEMNENEN RER Y
B EEARMEEN TR PRRSAEXFNER, XEPREFRSWRELEINERERNREES
BAE — tbumin, BfrkatE 1, MmEfrMER 0, siETE IR, NRIENER RN KL,
BAXMESHFIRERN T . EHTET2AUEFINTRE, HAXRENERFFEMEM
EARGHTES, BEREAXTERITEENHR,

%3

- —NNEEARLE N AR R S ERY, RME— T FISEABLEN y M o BRAXI AV Eo
XEbungt, FRAXWIEBWAZE —[yina+(1—y)In(1—a)] EE ~[alny+(1—a)In(1—y)]o
y=08%E 1 WRBEE_NREXNEREF? XNOJASEILE —PFREXD? Fft
A7

- EWBEMMZTTIIER, RIBELHNRAFAEINGEIES 0(2) r y, IXBR/N X
PMEHEILEN y RRET 1 HE 0 BX. XEDLRFA—REATH, EBEXTEMAY
[BJER (FAElY3RIER) v ATLABR 0 M 1 Z (B9 (ElERY, IEBR, RXXBXIPREIIGRANTE
o(z) = y AR EIMER. LR NIEHRTE:

== lylny+(1-y) (1 —y) (64

T

MER —[ylny + (1 —y) In(1 — y)] BBYERFF AN _ITH

EI}
- ZRZMWATME BL—E=NEXNFTS, IEEXN RANEE, xTFhatENNENR
SHA -
%ﬁ=n2%#%ﬁ—WH%0 (65)
M o' (2F) 2TE— ML TR HIREN SEF I REN T AN FRBHNER
B, HXT—MINFER » WEHIZE 6F A
ot =alt —y (66)
FEAXNFRARIERX T HHEINEN RSN

oC 1 _
Bl = n 2 (0~ ui) (67)
J x
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http://en.wikipedia.org/wiki/Binary_entropy_function

3.1, RAXJBHATERER

KB o' (2F) BUBKRT, FRUXERR T F RIS, MUZEE—THETL, M
BEZEZ TS LEEFR. XTOMIEBFEEREBRE 8. NRIRXTXD
EAHE, BRABFAE—TREN D,

- EREEERZEMRZTRERZRANEE RERITE -1 ZEZHETNG, &8
HMHENHELTHEEMMET, WHEAERE S ERBIFRANER, ME o = 2. I

WNERBAMER RN RE, BBAX B MIGER ¢« VELIRENE
b =al —y (68)

KBTI — DR, ERAXNTAIKIERX Tt ERNENREN RSN

oC 1 _
Jwl = n Zaﬁ I(GJL - yj) (69)
Jk x
oC 1
WL " n Z(%L —Yj) (70)
J x

XERBBIR A H LT BRI A RANR BT B SHF I RE NENRE, TEi
BT, ZRANERERE TS ERERE.

3.1.2 (FEHAXXEFRIT MNIST $#F#H1ToHE

RXIBRBZENEREE THEMRAEELNHTEREF IIN—E KL, BITRFEX
—ENEEFIT BIEBIZER network.py IBUH, FTBIFEF ETE network2.py 1, NMYERT
R, BEAZFNBHEMNER?, UERINEENNEREHRIT MNIST B F 2 K0)&E
ERRM. WEE—FFIE, HIIER—NEE 30 MREUTHME, M/NLEFIENK
INMBIEE N 100 BATBEESERKIGE N n = 0.5 3 ARGV 30 NMERH networka.py AYFEOF]
network.py THIMANE, BRIEERREEMN. RB]LUERAL help(network2. Network. s6D) XIFH]
ﬁ%%ﬁ% network2.py E’\J%DX%’@

>>> dmport mnist_loader
>>> training_data, validation_data, test_data = \
... mnist_loader.load_data_wrapper ()
>>> dmport network2
>>> net = network2.Network([784, 30, 10], cost=network2.CrossEntropyCost)
>>> net.large_weight_initializer()
>>> net.SGD(training_data, 30, 10, 0.5, evaluation_data=test_data,
. monitor_evaluation_accuracy=True)

‘;E%E\E—F, net.large_weight_initializer () ﬁ‘ﬁ%@ﬁﬁ%ﬂ%-ﬁﬁé@ﬁ@ﬁﬁ?ﬁ’ﬂﬁﬂ%ﬁﬁﬂé
MRENDIENH. HMNFEETX oS, EEARNEEX—EREEA AEFIARIINEL]
aEr L. BT EENAERINER T —1 95.49% ERTNME, XBHITEE—ERFEHRT
RANREBERINERBEROE T, 95.42%,

2B B M GitHub FREX,

SEE—SERNAT XN n = 3.0 WFEIFER, FECLIIOT, HEHthiEH SN REAETRA “4BFE
By FHRRBRAA, XEFHEERN W TFRAMANERE, F4LEETBSHINERE, FREM T LR E—NME
AR R SRR, IEIR—T, 58— NIEEHERAIPER BN RN BIF SRR RERHES, ENFR)
2B, RANBIBETRE— MM o' = o(1—0)o BISTIUEXIZER o WEFLY, [, doo(1—0) = 1/6.
1 EEEER) B3 RN TFHERMNZESER, UTYIE 6 BREREHTES, XIERHII— NS EMNES
SBIRTRARNMBZEIERGLL 6, LR, XMNERIEEFTE, TUMAENRF, 7T, GREXENEBNES.
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https://github.com/mnielsen/neural-networks-and-deep-learning/blob/master/src/network2.py

3.1, RAXJBHATERER

BIFHRIAER 100 MREEET, KIXEREMSHRIFFIENE . EXMEET,
BATRIET 96.82% MU EHR, HAEE—SFHE _RANMEREBER 06.59%, XB—EMRT.
XERRZ—MIVINEWL, BRERINREXRDEM 3.41% TEE 3.18% 7. HITELEHER
TRIFEN 1/140 XESLZRINMAGH,

DAREN R BN ERES T BN O RARNMBLL RN E B FHE R, A, XL
SERHSBREBEHIIIAR X B EFNIERE, BRRETFTRESRE 7/ O FEEHESEEBENFES
RE, IMLEHIBANEEXENBEH L, AT UEXERAFRRR], HNEEZHITIE
SEHITRENMR . A, XELERDARSATEN, NETHRNBEAXTFIXXBHLTZ
KRN EVEEILIE R,

XARAZGENABTMEARBRRABTFTHEN—RIEXN—I 9. FRITELE—H
HEAR, AEHTEE, BERE “RBAN £R, 2%, FIXEHTSEREFN, BEXLE
RANBRE—RIREBREES, SR BERINTET T AETIERMEIE EMpB S,
FHELEB R TEERK, FTBAENITEEEN, HEEOFASFTXENRAE .
Bk, BREBLEEHFTHIBLEREXBMIRNRKIALE R RMIREILEXEERMIR AT =
BAIERR, BB F RIS MBNIT R,

Zit, BNEEETAERBNMABR XM AR — 1N REELTATH MNIST ERHR—=
SRR ANRAEERXAZNIEN? BE, HIN2BIEMNER — M5B, 2FREKR
BYRF MR, FTUAAEX AMBHITICRNE? A0 REAETRXEE—M 2EHANAN
RE, EERNER. BERENEENFERERALTHENZHMEMEH— N XBIRIM, B
ARPERARTENIEX M)A L, FEFEIMERNTICR XA R X E— M RIEREE
TCIEA DA AT R X A [B) RV AR 4 B9 SR 58

3.1.3 RXMWHMEX? REWE?

BA I FRXEINHEBREERMO AL, XBAREAR, BEHUE T T —1KEE
CIZEMNEMEZBS LA, 1 KNBFARBRNTA? FE—LER ENBRERIXEH
FEE? FATMARB R MR

IENMMRE—NREABREE: FAEBREATRIBRRZNE? BISKNAMFEIRE T
BT, HEMERRZERNTAT (55) F (56) FH o' (2) BB—, EHR T XEARG, FHi16]
EERMASBENAE—NFEE o/ (2) N ERE. PTLL, XBHES—MIIGER 2, ERAN C =,
R

oC
ow; =xzj(a—y) (71)
oC
b =(a—1y) (72)

MRFBNDERBIANRBUB X LM, BACHIsRELE 2N D N2 IXFREE: P16
IREMA, HETFIFHR XWEBMRFSIRE TENR, Kirt, MXEQTNFE,
NEFNTHEBEERERNNHUFHNERHESHI BT AZ T8, HIHKE—T, BEVA
n, #JA1E

ac _ac

% = 3a° (2) (73)
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3.1, RAXJBHATERER

A (2) =0(2)(1 —0(2) =a(l —a), ENEFEXMRETR

oc oC
5 = %a(l —a) (74)
WEEER (72), #11E o
_ 7Y
da  a(l —a) (79)
XU HFEXRT o HTIRD, B3
C=—[ylna+ (1 —y)In(l — a)] + constant (76)

Hr constant EMRNEE, XE— NRMANNIGHFAR » RN EEHBTTE. A TEHENHK
MR, FNBEXNFIEIIGEZETTY, B52T

C= —% Z[y Ina+ (1 —y)In(1 — a)] + constant (77)

x

MXENEEMNEFIERBRINEEN T, FRURNEBRIAE (71) M (72) M—HE 7R X/EHY
erl, FMET —1TEENT. XPRZXXBHABEEZTEN. M1 B ZAME £/
T ERISRIE R

PBARXXBEREXXEMHA? BNTNEERFE? RNEEX—R BRI E—M KR
FINERIUE. AT, ERERRE T, A MREERICHBERI BN AET . HESH
W, RXBE “THRENE" B—MES. F5#, M ELTBETERR 2 -y =y(x). B
B, ERER = a=a(x) T TER. RIKINF o BREF(TEETTHIT Ny = 1 BIE,
ml—alZy=08ER PBARXBEHERNFIE y BVERERFIIERAHE. W
RELINRENER, THEEMS/ N —R; k2, MRHEMERA—LE, =%, BAXERE™
A “RMATENR" HREWREN A, FIUEBERGESSHK. BEXFL, AERILETHE
—MEBRNARKEX TREERER T 4. N, REFABRAENSE L, MEBFR. &/
B, EEBEXNXTEZEAITIE. BUNRMEBARANT BNIE, #EFGREE—TMREENEE, X
RS MRIEMMRERX DS MEMATRING, RII18J LR Cover and Thomas BIEHE
Wk Kraft FEBIE XEBIEHIRNE,

A&
- FIELRANTE TR RN ERERBI A R i L T IR AN R S R 18RV,
S—PEEEEMFEINERZNEEALIE (61) Y z; T BT, HEAN 2, #1108,
STNVHINE w; =F IBHEERIZ. AR LU R AN BREREER «; THIRZME.

3.1.4 FMRKE

RE, BINARZHERERIERBRAFIRENZ, BE, WEEHENE—T5
— MR NN G, ETRERKE (softmax) #HETRE. HITFREMRER THET
PEARMEAER, PRURIIREN 8, AR T—NIN T, A2, ZRUHSEXKETA
BEHEZME, —HEEASEEER, 5—7H, ANRMNSES EENRE LWL
WHRERARERRER.
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http://en.wikipedia.org/wiki/Cross_entropy#Motivation
http://books.google.ca/books?id=VWq5GG6ycxMC

3.1, IR

FMEEXEVIEELMENHENEE X — B E R, TR S BE—1F8Y, &
FETEBIEANY 2F = Y whay ' +bke BT, XEHANFAMER S BRHCRRKISH L. M2,
ESAEX—R LNA— MU HRERKERIE - L. RIEXDEEL, % ML THEEE

ok FEE

L esz
= (78)
! Dok €k
Hrh, 28R EBERENREHSE T E#1TH,
MRIFAAEX N RMERAKERE, HiE (78) AleEERRSLERMEIER, AN FEAX

PRBHRERNERE. XeeBRNERAFIZRIEN BB ARE, N7 BIrtEER751E (78),
RIgHMNE—MEEM N ELRLTRIMENES, SMANEBEN, JRN 20, 24,24 M 24
TEAAFHNFRETHNEANRE, AWM EEEUAENER. BREE, — NI
Fraautth 7 €0 24 -

) I

k=25 a¥ =0.31454
-] | l
2 =1 a¥ =0.0095
) I
22 =3.2 af =0.6334
) | |
2k =05 al =0.04257

ZRIE N0 2f B9BYR, (RE]UBRISYROEUEE of BUIEIN, MEMBEBIEEME T FI20T
BExR 2L 28y

, ) I
=25 al =0.27394

) | |
22 =1 a = 0.00827

) N 2
2k =3.2 a¥ =0.55164

) | l
2k =2 al =0.16615

TEST -F 5 569:

EERFERAENIEFRNEEER F—EPNBNT S, NRTBBLE THRLERS, (REEBREET
%B_Eo

63


gwk
高亮


3.1, IR

) | |
=25 a¥ = 0.06567

) [ |
2 =-1 a¥ = 0.00198

L | |

22 =3.2 af =0.13225

) N |
2k =5 al =0.8001

MM, INSRIRFER 2F BBA of SIHEZ T, METEEENIEM. P TEER 25 5 -2
B

J B 42

=25 a¥ =0.32733
) [ | |

2 =-1 a¥ = 0.00989
L B

22 =32 a¥ = 0.65915
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