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2.1 BREETT

B SR R AR, AR, 8 RIS — AT 58 i+ 1 R — M2 Te . 1T R, kST (Hidden Unit)
HTT LR N @, RO A 2 = W+ b, SIS NETE R R g(2) (BT a. T % BRI
B BULAE THOR AL g(2) FTFs. (REMMBERY, S TRSEHMEALES; NEFINGESRM, TURIE, TitsPEMEME,
W E M AN EIEAS)

f( I f (2) f 3)
I/x_ |\' 1
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N

WE 2 frR, ERBTEHRE g(z) N o, T2 fO ZR5RREATTAT LR R -
a] = O'(Z1) = 0(w11x1 “+ w199 + wisxs + bl)

as = 0(z2) = o(wa1x1 + warxs + wasxs + ba) (1)

az = 0(2z3) = o(w3121 + waaxs + w333 + b3)
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WRIE2E>] IRERTIRIN 4% SR I

o FEMANEFIT (ReLU): g(2) = max{0, 2} fLRUES T, “H SEBULPALN 0, TFHERESH—MIBLLH 1, G LT3
NN R AL, BT I ST A . R ReLU, H—B ikttt W e + b 119 b — RO EBU/NMYIE[E. SR 6E
A I BT B RE A U 1552 ST AR FRIT TN O 0 AYREAS

1 z>0

ReLU sEHIMIE N ¢'(2) = {
0 z2<0

o sigmoid E (FHIE o ) SO IEYIESL tanh, WEZ FA— KR tanh(z) = 20(22)— 1. BIEHLRASIBM, (1Y 2 BHE 0 BEA X
DRZUHUR, RIS TR 27 S A R AR M . & S BT s i Bas o, MRS REERXFmIMPM—, BA tanh BE
RIMELF, FATE 0 M HEOI TS E. B, IR RIBIRRE— 20N, 1%k § = w tanh(UT tanh(V 2)) ZMUF I M AERR
§=w UV z, RNN 12 RmeEa Lok, IR aed 2 BRSTE R A, XA sigmoid BATTH45&.

sigmoid G E g(2) = 0(2) = == . BN ¢'(2) = 0(2)(1 - 0(2))

z

B IEVIRESGE g(2) = tanh(z) = S5, BEN ¢/(2) = 1 — tanh®(2)

[1]:  from abc import ABC, abstractmethod
import numpy as np
import time
import re

from collections import OrderedDict

[2]: class ActivationBase(ABC):

def __init__(self, x*xkwargs):

super () .__init__Q)

def __call__(self, z):
if z.ndim ==
z = z.reshape(1l, -1)

return self.forward(z)

@abstractmethod
def forward(self, z):

nmnn

WA fm A, BLHE R RRR o

nunn

raise NotImplementedError

@abstractmethod

def grad(self, x, *xkwargs):

nunn

BERER: Rk, REHE

nmnun

raise NotImplementedError

class ReLU(ActivationBase):

B A MEE T,
def __init__(self):
super () .__init__Q)

def __str__(self):

return "ReLU"

def forward(self, z):

return np.clip(z, 0, np.inf)

def grad(self, x):
return (x > 0).astype(int)



TIEST: VIR BRI 4 AT

class Sigmoid(ActivationBase):

sigmoid WIEEHK. ELZWIERIHKN .. /method XK.
def __init__(self):

super () .__init__Q)

def __str__(self):

return "Sigmoid"

def forward(self, z):
return 1 / (1 + np.exp(-2))

def grad(self, x):

return self.forward(x) * (1 - self.forward(x))

class Tanh(ActivationBase):

nimnn

Kb IE ¥ o $ o
def __init__(self):

super() .__init__Q

def _str_ (self):

return "Tanh"

def forward(self, z):

return np.tanh(z)

def grad(self, x):

return 1 - np.tanh(x) *x 2

class Affine(ActivationBase):

affine WIEH %, HHHTHE. W slopexz + intercept. ¥ slope=1 H intercept=0 &A% #H,
nimnn
def __init__(self, slope=1, intercept=0):

self.slope = slope

self.intercept = intercept

super () .__init__Q

def __str__(self):
return "Affine(slope={}, intercept={})".format(self.slope, self.intercept)

def forward(self, z):

return self.slope * z + self.intercept

def grad(self, x):

return self.slope * np.ones_like(x)
class ActivationInitializer(object):

def __init__(self, acti_name='sigmoid'):

self.acti_name = acti_name

def __call__(self):
if self.acti_name.lower() == 'sigmoid':
acti_fn = Sigmoid()

elif self.acti_name.lower() == 'relu':



[3]:

WRIE2E>] IRERTIRIN 4% SR I

acti_fn = ReLU()
elif "affine" in self.acti_name.lower():
r = r"affine\(slope=(.*), intercept=(.*)\)"
slope, intercept = re.match(r, self.acti_name.lower()) .groups()
acti_fn = Affine(float(slope), float(intercept))

return acti_fn

2.2 HMHET

BRI B2 T 24 7 —2H B2 e b, 62 R X LU il — Se 451 7 NS 5K 52 Sl AT 55 o
LA AR T LR H BT

o AT EIE AT, B AR e e e, B 9 = 2 = WTh + b HRZAESESIAAREE: ply | ) =
N(y;9,1)

o TS FIHH AR sigmoid FRIT, RIXTBREURHIESE LM ZR 2 = WTh + b, SRFEAHXMEM—A> sigmoid 25#e o (2) H4IHmT ] [0, 1]
XJa], #tl— M EE, g =0(z) =c(W'h+b)

o T LIS R H AT softmax BT, AT LAEAE RS RIS H A0 sigmoid FICFEL 2K MM EGHET . LA HRE= A — 1B
B, SEANMES . Bn—Ha K A0, MbRs2m Y = {0,1,2, ..., K— 1} ATEEmAR et 2 2 = WTh+b J5, i softmax B35 £
—/MAl e softmax(z) , XA & Y AF D 4ERE 0] LLAE U AFEAS S T0 W S AR, RbA Vi e {0,1,...,K—=1}, 2, € [0, 1]AY; 2 = 1o
softmax pRELIEARTE AN -

exp(z;) @)

>, exp(z))

softmax(z); =

def sigmoid(x):
return 1 / (1 + np.exp(-x))

def softmax(x):
e_x = np.exp(x - np.max(x, axis=-1, keepdims=True))

return e_x / e_x.sum(axis=-1, keepdims=True)

2.3 RHOEH

AT REAS A AR FIUIMEL- S B S [ B 22 S ) R BSCATS Al AR SO Qp bR SR 22 AT, T AT LA i (O R B R IBUER I (EL, 324E J(0). 35
e TRAS, FEMIZIIGERINSE 0 (In W, b). IIGSHNEERRIREREESE, TEEE 0, NMSEIEDM J(0) B2, 1
BIRDUT . DFAMEUCH RS T F o/ IMERS . 2] CRAESE 0, 00 minJ(0) o FURRTRETEA

o WAL, BB
JO) = 5> (59 -y’ (3)

2m 4
=1

BEEERILHE : DARRANEEA ], BRI 9 = g(2). g NHIHIFRICRIBIE R 2 0 0 FORREL, NIRRT eRECh L(g(2) —y)? o T
DAV : 5J(6)
5.~ W= -v)d(z) (4)
ATLASGE, 40 SR TE R ACK ] sigmoid 8 tanh [ S BT EREL, AR BRATERS RS O I (ISR ESHE S 0), FEIEURSi
R T ) 1 ok R Py [
o K ONED BRI BREEE S/ ML O848 (SRR R g, BURTEA N :

argglin —L(O|y,9) (5)

SR L(0 |y, g) AT AZR ARG :
P(t,z|0) = P(t| z,0)P(z | 0) “

— AR P TSR A0 sigmoid BT, T LMEBEIAR AL 4L
J(6) = argmin — £(0 | y,9) = -—}j(ln%y (1 -y ) log(1 - 5)) (7)
0

PRECRYITAR: AR FEACN B, RBRH HIT 9 = 9(2) » g MHHPITHBIE R 2 05 6 9eREL. ATLATT A :

2J(0) y  (1-9)\ ,
0z (g(z) T1- g(z)) 9(2) (8)

W& g h sigmoid K%L, T LAH—EAL
J(0) = —yz +log(1l + €*) 9)
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e =)~y (10)
o(z) —y FRESE G A FIRZE . MIRZEHKN, BERE, 0 fE ki, JIZndEiktt. S HMETaEESR
HRZMER (W0 ReLU BHH), ZXRNMBHE—WHEENERE, SHHHETHMERHAE S BRHMAT (W sigmoid « tanh HE),
EERRERNEHN LR S,
— W IR T 2 TSR AR softmax FATT, A LAS EIXS B A BRI AL

. . 1~ G
J(6) = axgmin — £(8 | y,9) = - >y 1og ™) (11)
=1
HARHEE— § A g = sTmetdy. FILATLIE— 5 IRIF:
1 m K-—1
EZ yk logy,C (12)

=1

b
Il

0

BREEROTHE: AR REACH], (BRI ATE § = 9(2) . g AL EITTRIBOG AL, IR BB J(0) = — S hry (i log Jr) o
B, X softmax BRECR S

1. %Y j =i IY:
09; B i e
dz; 0z Do €%
B (er)/ . Zk ezk _ er . eZ]'
(X e)?
e%i e%i e%i (13)
B D €% - > €% ' > €%
= ;(1 —gj)
= U5 — ;¥
2. 2 j £ I

07; . i e~
0z 0z > €%k

0-> €% —e%.e*

2
(2o e**)
e~i e~ (14)
et e
= —U;Yi
=0—9;0i
Wa, LA
(1
8ZJ Z i —(log )
1 8
=Ny 7., TFHRS)
% yk
1
= —yj— - §;(1 = i) z}mf — 0 0n) (15)
78 ki
=~y (L= g) + 8 Y u(BIF)
Py
=i~ Yj

2.4 BEWIgIt

2 (Architecture) —Jalfg ML URIRGEH : CNIZE AL /DT, LASIXLE BATT ROZ N 1442 o

FESLERH, MM BAa 2.

AT BN R G M4 R PR AR SR L T 2o BT R 45 T DU B PP S AL PR PR IR 2 45, (Bt BN ]H CRIZMEE
FAER TR 4.

3 RELEEZE
3.1 BAHEITRYIIS

B MZTTES I 3 s, BIRIIGEAR (x,y). FEE 3 2, = B, @ —DHUERE hype) F2 M o, o FBESAAM
BREATE] Jo WUERELME sigmoid S fil:
fW. b,x)=a= sigmoid(z xriw; + b)
o (16)
W b.ag) = Ly~ al?



o) REERTIBIRZ, RHAHE

A 3. AT TR R E A

KU R R R . BB HR IO BRAGE] 2 = 37, mow; + b= 3, wiry + b, B sigmoid £33 a.
L. yigrt e, BRI REL J KT w b B9 FE Sk J RTINS o fl 2 BT

5@ = 2 Jw,b,z,y) = —(y — a)

da
(17)
0 0J da
(S(Z) = gj(w,b,x,y) = %a = 5(“)a(l — a)

Hrr sigmoid FJSECHN a(1 —a);
2. FRARMEEE IR, ATLARAS J KT w b IW-FE RS w f1 b BB .
0 0J 0z

— — J= 277 _ 25
Vwd (w,b,x,y) 8wJ 92 D xd .

0 0J 0z
Vid (w, b, x,y) (%J 52 9 0
e, SR 20—k 0L RIS O F1 2. i LRSI, FTLLE HRE— M E R 0 B R R E

FU AR, IAEAR M SR 44 (Back Propagation)s.

3.2 ZEMEZEMERIINIZ

FERE 2 R AT B TP AR R — E T R, MEMEE S B Z IR R WA 4, AT ERC, fEfid 2 B, J01H
50 RICIE AR oo fEARBH, 80 2 ag Bl of WFTFR, MBI . RIS L+ 1 ZIEAFE SR o f aga. 2800 W
b, Hrh Wi B4ERON (i, nowt) o IEEFEERNHIRIAE R 2110 HPEE—ZHIH a1 = =, NEPMEHRA . &5 20 ap 2K
IETAGRE PN

a1 = sigmoid(z;41)

5] 23 a3 Iy ap

TN YN N 7Y

K 4. ZEAEM 2R =K

TELBRA M, M ZIHEIA ap FI4EESURTERRN (Nsamp, Nin) s HHE —2E ngamp AEAFERREE . T2, IHEAXTLEE:
zi1 =W+ b (20)
X2 JZ ML N 2575 ZH BN R AL T M — BN ECR IR S . 5 eI R A

1. 3R J % ap 1S 61
2. EF I+ 12, BREGESM a1 HHEE] 2141

day ;1

D2y ai+1(1 —ar1) (21)
3. BREGTIE [+ 1 EAEH | BEHE:
4. X L ETEARE] T X e fl 2 B9RFELG
5(a)_ oJ B —(y —ap), itl=1L
l ~ oar z .
Oay 62‘11 a;ﬁ;;l = 5l(+)1(1/Vl)T, otherwise (22)
(=) 0J aJ 0ay (a)
= V— - = — = ]_ —
l 8zl (90,[ (9Zl 5l al—H( aH_l)
5. X481 EITERE] J X250 W, F by BB .
0 _0J Oz T <(2)
VVVZ J(Wa bvmay) _8“/[ - 8Z1+1 am - (a’l) 6l+1 (23)
0 0J 0z (2)
Vo, J(W,b,x,y) =—-J =4

_8bl :8zl+1 Gbl -
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3.2.1 EXWRENRUTE

[4]: class std_normal:

PRV IE S A0 46 11
def __init__(self, gain=0.01):

self.gain = gain

def __call__(self, weight_shape):

return self.gain * np.random.randn(*weight_shape)

class he_uniform:

He w1, it Uniform(=b, b) WM EEE v, REW b=sqrt (6 / n_in)
(ESENLHEE 8 FREF)
def __init__ (self):

pass

def __call__(self, weight_shape):
n_in, n_out = weight_shape
b = np.sqrt(6 / n_in)

return np.random.uniform(-b, b, size=weight_shape)

class WeightInitializer(object):

def __init__(self, mode="he_uniform"):
self.mode = mode # ELZWMHEN T EES 8 FEIF
r = r"([a-zA-Z]*)=([",)]*)"
mode_str = self.mode.lower()
kwargs = dict([(i, eval(j)) for (i, j) in re.findall(r, mode_str)])
if "std_normal" in mode_str:
self.init_fn = std_normal (x*kwargs)
elif "he uniform" in mode_str:

self.init_fn = he_uniform(**kwargs)

def __call__(self, weight_shape):
W = self.init_fn(weight_shape)

return W

3.2.2 ENXHEERE (WLAETXIHEIR)
3.2.3 EXMILFE
[5] : nmnn

ZEXA sgd ik, ESEANBHMRATELE 8 F

nimnn

class OptimizerBase(ABC):

def __init__(self):

pass

def __call__(self, params, params_grad, params_name):
Z B
params: HEHFLSH, WREEE W
params_grad: REFSBNHE;
params_name: 1§ EH S 4 ;
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nimnn

return self.update(params, params_grad, params_name)

@abstractmethod

def update(self, params, params_grad, params_name):

raise NotImplementedError

class SGD(OptimizerBase):

nmnn

Wd%%ﬁ%
def __init__(self, 1r=0.01):
super ) .__init__Q)
self.1r = 1r
def __str__(self):
return "SGD(1lr={})".format(self.hyperparams["1lr"])
def update(self, params, params_grad, params_name) :
update_value = self.lr * params_grad
return params - update_value
Q@property
def hyperparams(self):
return {
Ilopll . "SGDII s

"1r": self.1lr

class OptimizerInitializer (ABC):

def

def

__init__(self, opti_name="sgd"):

self.opti_name = opti_name

__call__(self):
r = r"([a-zA-Z]*x)=([",)]*)"
opti_str = self.opti_name.lower()
kwargs = dict([(i, eval(j)) for (i, j) in re.findall(r, opti_str)])
if "sgd" in opti_str:
optimizer = SGD(**kwargs)

return optimizer

3.2.4 EXMEERIEZE

[6]: class LayerBase(ABC):

def __init__(self, optimizer=None) :

self.X = [1 # M&EHA

self.gradients = {} # MAERWEEH X E

self.params = {} # W4EELHT &

self.acti_fn = None # W %% E & B H

self.optimizer = OptimizerInitializer(optimizer)() # M % Z(t{t.77 %
Q@abstractmethod

def _init_params(self, **xkwargs):

mnimn

BB SR

nimnn

raise NotImplementedError
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[7]:

@abstractmethod
def forward(self, X, *xkwargs):

nimnn

WBREA: 7R

nimnn

raise NotImplementedError

@abstractmethod

def backward(self, out, **kwargs):

nimnn

BB Rt

mmnn

raise NotImplementedError

def flush_gradients(self):

nimnn

WHEER: EEEHRSKIIR
self . X = []
for k, v in self.gradients.items(Q):

self.gradients[k] = np.zeros_like(v)

def update(self):

WHEER: EHSHK
for k, v in self.gradients.items():
if k in self.params:
self .params[k] = self.optimizer(self.params[k], v, k)

class FullyConnected(LayerBase):

nmnn

RXeHER, LI a=glz+i+d), M EEEFERA ¢, BE o; REEHERA

nnn

def __init__(self, n_out, acti_fn, init_w, optimizer=None):
SRR
acti_fn: WiE#E L, str A
init_w: WEWHENT &, str B
n_out: Fe. 38k = % 4 3t
optimizer: 177k
super() .__init__(optimizer)
self.n_in = None # [BREMANES, int &
self.n out = n out # BREWEERK, int &
self.acti_fn = ActivationInitializer(acti_fn) ()
self.init_w = init_w
self.init_weights = WeightInitializer (mode=init_w)

self.is_initialized = False # = &#/% 1, bool BT E

def _init_params(self):
b = np.zeros((1, self.n_out))
W = self.init_weights((self.n_in, self.n_out))
self .params = {"W": W, "b": b}
self .gradients = {"W": np.zeros_like(W), "b": np.zeros_like(b)}

self.is_initialized = True

def forward(self, X, retain_derived=True):



R

def

def

nimnn

SHEENENWHEE, FELLX Ratgiz #2.

23
X WA#4, & (n_samples, n_in), float %
retain_derived: ZEREFHERE, WERWNEHEHFREH, bool A
if not self.is_initialized: # WESH KW, LWL 5%
self.n_in = X.shape[1]
self._init_params()
W = self.params["W"]
b = self.params["b"]
z=X0W+b
a = self.acti_fn.forward(z)
if retain_derived:
self .X.append(X)

return a

backward(self, dLda, retain_grads=True):

nimnn

AEEWNEWR W EE, RELLEX RntE@EE #2.

23
dLda: X THKWBE, & (n_samples, n_out), float %
retain_grads: EEUWTHEFE L ENSHMHE, bool A
win
if not isinstance(dLda, list):
dLda = [dLdal
dX = []
X = self.X
for da, x in zip(dLda, X):
dx, dw, db = self._bwd(da, x)
dX.append (dx)
if retain_grads:
self.gradients["W"] += dw
self .gradients["b"] += db
return dX[0] if len(X) == 1 else dX

_bwd(self, dLda, X):

=
]

self .params["W"]

o
Il

self .params["b"]

XO0W+bDb

dZ = dLda * self.acti_fn.grad(Z)
dX =dZ @ W.T

dw = X.T @ dZ

db = dZ.sum(axis=0, keepdims=True)

return dX, dW, db

N
]

Q@property

def

hyperparams (self):
return {
"layer": "FullyConnected",
"init_w": self.init_w,
"n_in": self.n_in,
"n_out": self.n_out,
"acti_fn": str(self.acti_fn),
"optimizer": {
"hyperparams": self.optimizer.hyperparams,

T,

10
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[8]:

"components": {

k: v for k, v in self.params.items()

3

class Softmax(LayerBase):

nnn

E X Softmaz =

nnn

def __init__(self, dim=-1, optimizer=None):

super() .__init__(optimizer)

self.dim = dim

self.n_in = None

self.is_initialized = False

def _init_params(self):
self .params = {}

self .gradients = {}

self.is_initialized = True

def forward(self, X, retain_derived=True):

nimnn

Softmaz W HTH f£4%, FEEN EX RMEH B

nimnn

if not self.is_initialized:

self.n_in = X.shape[1]

self._init_params()
Y = self. fwd(X)
if retain_derived:

self .X.append(X)

return Y

def _fwd(self, X):

e_X = np.exp(X - np.max(X, axis=self.dim, keepdims=True))

return e_X / e_X.sum(axis=self.dim, keepdims=True)

def backward(self, dLdy):

nimnn

Softmaz W9 R W5, REN X KNMEH Ho.

nimnn

if not isinstance(dLdy, list):

dLdy = [dLdy]

dX = []

X = self.X

for dy, x in zip(dLdy,
dx = self._bwd(dy,
dX . append (dx)

return dX[0] if len(X)

def _bwd(self, dLdy, X):
dX = [1]
for dy, x in zip(dLdy,
dxi = []

for dyi, xi in zip(*np.atleast_2d(dy, x)):
yi = self._fwd(xi.reshape(l, -1)).reshape(-1, 1)
dyidxi = np.diagflat(yi) - yi @ yi.T

X):

x)

X):

1 else dX

dxi.append(dyi @ dyidxi)

dX.append (dxi)

return np.array(dX) .reshape (*X.shape)

11
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[9]:

Oproperty
def hyperparams(self):
return {
"layer": "SoftmaxLayer",

"n_in": self.n_in,
"n out": self.n_in,
"optimizer": {
"hyperparams": self.optimizer.hyperparams,

T,

3.2.5 EXRMrEH
class ObjectiveBase (ABC) :

def __init__(self):

super() .__init__Q

@abstractmethod

def loss(self, y_true, y_pred):

mmnn

WA ITHERE

nimnn

raise NotImplementedError

@abstractmethod

def grad(self, y_true, y_pred, *xkwargs):

nimnn

AR T ERN B SRR

nimnn

raise NotImplementedError

class SquaredError(ObjectiveBase) :

Z R H
def __init__(self):

super ) .__init__Q)

def __call__(self, y_true, y_pred):

return self.loss(y_true, y_pred)

def __str__(self):

return "SquaredError"

@staticmethod

def loss(y_true, y_pred):

SR -

y_true: YHW n MERHELME, BRA (n,m H4;
y_pred: YWHW n MERHTOUE, BRE (n,m H4;
(n, _) = y_true.shape

return 0.5 * np.linalg.norm(y_pred - y_true) ** 2 / n

@staticmethod

def grad(y_true, y_pred, z, acti_fn):

12
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(n, _) = y_true.shape
return (y_pred - y_true) * acti_fn.grad(z) / n

class CrossEntropy(ObjectiveBase):

AR 8 2
nnn
def __init__(self):

super () .__init__QO

def __call__(self, y_true, y_pred):

return self.loss(y_true, y_pred)

def __str__(self):

return "CrossEntropy"

@staticmethod
def loss(y_true, y_pred):

nimnn

5B

y_true: YWHE n MEAWELE, BERPRY ,m Z#H (BNHEAHA one-hot HB);

y_pred: W& n MERBTNE, BRA (,m);

nimnn

(n, _) = y_true.shape

eps = np.finfo(float).eps # [k np.log(0)

cross_entropy = -np.sum(y_true * np.log(y_pred + eps)) / n

return cross_entropy

Ostaticmethod
def grad(y_true, y_pred):
(n, _) = y_true.shape
grad = (y_pred - y_true) / n

return grad

3.2.6 EXRERIIRM %
[10]: def minibatch(X, batchsize=256, shuffle=True):

WA HHEESE K batch, HT mini batch W%, B
N = X.shape[0]
idx = np.arange(N)
n_batches = int(np.ceil(N / batchsize))
if shuffle:

np.random.shuffle(idx)
def mb_generator():

for i in range(n_batches):

yield idx[i * batchsize : (i + 1) * batchsize]

return mb_generator(), n_batches

[11]: class DFN(object):

def __init__(
self,
hidden_dims_1=None,
hidden_dims_2=None,
optimizer="sgd(1r=0.01)",
init_w="std_normal",

loss=CrossEntropy ()

13
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self.optimizer = optimizer
self.init_w = init_w

self.loss = loss

self .hidden_dims_1 = hidden_dims_1
self.hidden_dims_2 = hidden_dims_2

self.is_initialized = False

def _set_params(self):

B BRAE . EE AT

FC1 -> Sigmoid —-> FC2 -> Softmazx

self.layers = OrderedDict()

self.layers["FC1"] = FullyConnected(
n_out=self.hidden_dims_1,
acti_fn="sigmoid",
init_w=self.init_w,
optimizer=self.optimizer

)

self.layers["FC2"] = FullyConnected(
n_out=self.hidden_dims_2,
acti_fn="affine(slope=1, intercept=0)",
init_w=self.init_w,
optimizer=self.optimizer

)

self.is_initialized = True

def forward(self, X train):
Xs = {}
out = X_train
for k, v in self.layers.items():
Xs[k] = out
out = v.forward(out)

return out, Xs

def backward(self, grad):
dXs = {}
out = grad
for k, v in reversed(list(self.layers.items())):
dXs[k] = out
out = v.backward(out)

return out, dXs

def update(self):

nimnn

BBAER : R

nimnn

for k, v in reversed(list(self.layers.items())):
v.update ()
self.flush_gradients()

def flush_gradients(self, curr_loss=None):

mnn

WHER: ENEEEHE

nimnn

for k, v in self.layers.items():

v.flush_gradients()
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def fit(self, X_train, y_train, n_epochs=20, batch_size=64, verbose=False):

ZHHA

X_train: W HEHHPE

y_train: Y EBFATE

n_epochs: epoch K

batch_size: K epoch #] batch size

verbose: & & &/ batch HrH ik

self.verbose = verbose

self.n_epochs = n_epochs

self .batch_size = batch_size

if not self.is_initialized:
self.n_features = X_train.shape[1]
self._set_params()

prev_loss = np.inf

for i in range(n_epochs):

loss, epoch_start = 0.0, time.time()

batch_generator, n_batch = minibatch(X_train, self.batch_size, shuffle=True)

for j, batch_idx in enumerate(batch_generator):

batch_len, batch_start = len(batch_idx), time.time()

X_batch, y_batch = X_train[batch_idx], y_train[batch_idx]

out, _ = self.forward(X_batch)

y_pred_batch = softmax(out)

batch_loss = self.loss(y_batch, y_pred_batch)
grad = self.loss.grad(y_batch, y_pred_batch)
_, _ = self.backward(grad)
self.update()

loss += batch_loss

if self.verbose:

fstr = "\t[Batch {}/{}] Train loss: {:.3f} ({:.1f}s/batch)"

print(fstr.format(j + 1, n_batch, batch_loss, time.time() - batch_start))

loss /= n_batch

fstr = "[Epoch {}] Avg. loss: {:.3f} Delta: {:.3f} ({:.2f}m/epoch)"

print(fstr.format(i + 1, loss, prev_loss - loss, (time.time() - epoch_start) / 60.0))

prev_loss = loss

def evaluate(self, X_test, y_test, batch_size=128):

acc = 0.0

batch_generator, n_batch = minibatch(X_test, batch_size, shuffle=True)

for j, batch_idx in enumerate(batch_generator):
batch_len, batch_start = len(batch_idx), time.time()
X_batch, y_batch = X_test[batch_idx], y_test[batch_idx]
y_pred_batch, _ = self.forward(X_batch)
y_pred_batch = np.argmax(y_pred_batch, axis=1)
y_batch = np.argmax(y_batch, axis=1)
acc += np.sum(y_pred_batch == y_batch)

return acc / X_test.shapel[0]

Q@property
def hyperparams(self):
return {

"init_w": self.init_w,
"loss": str(self.loss),
"optimizer": self.optimizer,
"hidden_dims_1": self.hidden_dims_1,
"hidden_dims_2": self.hidden_dims_2,

"components": {k: v.params for k, v in self.layers.items()}

15
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REF 2] WA 2 kW

S

MBEX DFN 5%, ik MNIST #iE%E
[12]: def load_data(path="../data/mnist/mnist.npz"):

f = np.load(path)

X_train, y_train = f['x_train'], f['y_train']
X_test, y_test = f['x_test'], f['y_test']
f.close()

return (X_train, y_train), (X_test, y_test)

(X_train, y_train), (X_test, y_test) = load_data()

y_train = np.eye(10) [y_train.astype(int)]

y_test = np.eye(10) [y_test.astype(int)]

X_train = X_train.reshape(-1, X_train.shape[1]*X_train.shape[2]).astype('float32')
X_test = X_test.reshape(-1, X_test.shape[1]*X_test.shape[2]) .astype('float32')
print (X_train.shape, y_train.shape)

N = 20000 # B 20000 % %4 ULl %

indices = np.random.permutation(range(X_train.shape[0])) [:N]

X_train, y_train = X_train[indices], y_train[indices]

print (X_train.shape, y_train.shape)

X_train /= 255

X_train = (X_train - 0.5) * 2

X_test /= 255

X_test = (X_test - 0.5) * 2

(60000, 784) (60000, 10)
(20000, 784) (20000, 10)
[13]: model = DFN(hidden_dims 1=200, hidden dims 2=10)

[14]: model.fit(X_train, y_train, n_epochs=20)

[Epoch 1] Avg. loss: 2.283 Delta: inf (0.02m/epoch)
[Epoch 2] Avg. loss: 2.204 Delta: 0.078 (0.02m/epoch)

[Epoch 3] Avg. loss: 1.986 Delta: 0.219 (0.02m/epoch)
[Epoch 4] Avg. loss: 1.628 Delta: 0.357 (0.02m/epoch)
[Epoch 5] Avg. loss: 1.292 Delta: 0.336 (0.02m/epoch)
[Epoch 6] Avg. loss: 1.051 Delta: 0.242 (0.02m/epoch)
[Epoch 7] Avg. loss: 0.886 Delta: 0.165 (0.02m/epoch)
[Epoch 8] Avg. loss: 0.772 Delta: 0.114 (0.02m/epoch)
[Epoch 9] Avg. loss: 0.691 Delta: 0.081 (0.02m/epoch)

[Epoch 10] Avg. loss: 0.631 Delta: 0.060 (0.02m/epoch)

[Epoch 11] Avg. loss: 0.585 Delta: 0.046 (0.02m/epoch)
[Epoch 12] Avg. loss: 0.548 Delta: 0.037 (0.02m/epoch)
[Epoch 13] Avg. loss: 0.519 Delta: 0.029 (0.02m/epoch)
[Epoch 14] Avg. loss: 0.494 Delta: 0.025 (0.02m/epoch)
[Epoch 15] Avg. loss: 0.474 Delta: 0.020 (0.02m/epoch)
[Epoch 16] Avg. loss: 0.456 Delta: 0.018 (0.02m/epoch)
[Epoch 17] Avg. loss: 0.441 Delta: 0.015 (0.02m/epoch)
[Epoch 18] Avg. loss: 0.428 Delta: 0.013 (0.02m/epoch)
[Epoch 19] Avg. loss: 0.417 Delta: 0.011 (0.02m/epoch)
[Epoch 20] Avg. loss: 0.406 Delta: 0.011 (0.02m/epoch)

[15]: print(model.evaluate(X_test, y_test))

0.894

4 HEMER T EEILIAEE

TIREIE AR, — PRI M IR G St B2 /0 — 2 BA “BE” YERAHOE A (A sigmoid 45) , 25 5E W45 R 0 At A B R T
ERT AL RS BRI DA N — A FRA4E =S [ 21 5 — A BRZ4E 2 [Al1Y borel AI K%L
sigmoid pREHY T RENTRLRTHALIE] (LL—JCceR BN 1)) -

L. FRATATLAEE A sigmoid BREL (y = sigmoid(w T + b)) 42— tower, HNE:
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2. FATHIEZ R tower LML REL:

H
Tower | Tower Tower | Tower
maker |maker maker \maker

A A IERH AT 27 . http:/ /neuralnetworksanddeeplearning.com/chap4.html

i https://www.cse.iitm.ac.in/~miteshk /CS7015/Slides/ Teaching/pdf/Lecture3.pdf

5 SEffl: %3] XOR

RN f(a; W, e,w,b) = w max{0, Wz + e} +b

[16]: class XOR(object):

def __init__(
self,
hidden_dims_1=None,
hidden_dims_2=None,
optimizer="sgd(lr=1.0)",
init_w="std_normal (gain=1.0)",

loss=SquaredError ()

self.optimizer = optimizer
self.init_w = init_w

self.loss = loss

self . hidden_dims_1 = hidden_dims_1
self .hidden_dims_2 = hidden_dims_2

self.is_initialized = False

def _set_params(self):

nnn

BB R . R AR
FC1 -> Relu —-> FC2

nnn

self.layers = OrderedDict()

17
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self.layers["FC1"] = FullyConnected(
n_out=self.hidden_dims_1,
acti_fn="relu",
init_w=self.init_w,
optimizer=self.optimizer

)

self.layers["FC2"] = FullyConnected(
n_out=self.hidden_dims_ 2,
acti_fn="affine(slope=1, intercept=0)",
init_w=self.init_w,
optimizer=self.optimizer

)

self.is_initialized = True

def forward(self, X_train):
Xs = {}
out = X_train
for k, v in self.layers.items():
Xs[k] = out
out = v.forward(out)

return out, Xs

def backward(self, grad):
dxs = {}
out = grad
for k, v in reversed(list(self.layers.items())):
dXs[k] = out
out = v.backward(out)

return out, dXs

def update(self):
W EAE R AR B
for k, v in reversed(list(self.layers.items())):
v.update ()
self.flush_gradients()

def flush_gradients(self, curr_loss=None):

nnn

WAER: EFEEEMNE
for k, v in self.layers.items():

v.flush_gradients()

def fit(self, X_train, y_train, n_epochs=20001, batch_size=4):

ZHRIN:

X_train: )| %5

y_train: Y RHKIPE AR A

n_epochs: epoch K

batch_size: K epoch ] batch size

self.n_epochs = n_epochs

if not self.is_initialized:
self .n_features = X_train.shape[1]
self._set_params()

prev_loss = np.inf

for i in range(n_epochs):

18
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loss, epoch_start = 0.0, time.time()
out, _ = self.forward(X_train)
anti_fn = Affine()

y_pred = anti_fn.forward(out)

loss = self.loss(y_train, y_pred)

grad = self.loss.grad(y_train, y_pred, out, anti_£fn)

_» _ = self.backward(grad)

self .update ()

if not 1i%5000:
fstr = "[Epoch {}] Avg. loss: {:.3f} Delta: {:.3f} ({:.2f}m/epoch)"
print(fstr.format(i + 1, loss, prev_loss - loss, (time.time() - epoch_start) / 60.0))

prev_loss = loss

O@property
def hyperparams(self):
return {

"init_w": self.init_w,
"loss": str(self.loss),
"optimizer": self.optimizer,
"hidden_dims_1": self.hidden_dims_1,
"hidden_dims_2": self.hidden_dims_2,

"components": {k: v.params for k, v in self.layers.items()}

[17]: X_train = np.array([[0.0, 0.0], [0.0, 1.0], [1.0, 0.0], [1.0, 1.0]11)
y_train = np.array([[0.0], [1.0], [1.0], [0.01D)

[20]: model = XOR(hidden_dims_1=2, hidden_dims_2=1)

[21]: model.fit(X_train, y_train)

[Epoch 1] Avg. loss: 0.086 Delta: inf (0.00m/epoch)
[Epoch 5001] Avg. loss: 0.000 Delta: 0.086 (0.00m/epoch)
[Epoch 10001] Avg. loss: 0.000 Delta: 0.000 (0.00m/epoch)
[Epoch 15001] Avg. loss: 0.000 Delta: 0.000 (0.00m/epoch)
[Epoch 20001] Avg. loss: 0.000 Delta: 0.000 (0.00m/epoch)

[22]: print(model.hyperparams)

{'init_w': 'std_normal(gain=1.0)', 'loss': 'SquaredError', 'optimizer':
'sgd(1lr=1.0)', 'hidden_dims_1': 2, 'hidden_dims_2': 1, 'components': {'FC1':
{'W': array([[-1.35300239, 0.95949967],

[ 0.88153178, -0.95209678]]), 'b': array([[ 3.76300323e-17,
-7.40288739e-03]1)}, 'FC2': {'W': array([[1.13438905],

[1.0503134 11), 'b': array([[-1.1389201e-1711)}}}

[23]: import numpy

import re

print ("numpy:", numpy.__version__)

print("re:", re.__version__)

numpy: 1.14.5
re: 2.2.1
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