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[1]:  from abc import ABC, abstractmethod

import numpy as np

from PIL import Image

Jmatplotlib inline

import matplotlib.pyplot as plt

import math

import re

import time

import progressbar

from sklearn.model_selection import train_test_split

from sklearn.preprocessing import StandardScaler

[2]: class RegularizerBase(ABC):

def __init__(self, =xxkwargs):

super () .__init__Q)

OGabstractmethod
def loss(self, *xkwargs):

raise NotImplementedError

@abstractmethod
def grad(self, *xkwargs):

raise NotImplementedError
class L1Regularizer(RegularizerBase):

def __init__(self, lambd=0.001):
super ) .__init__QO

self.lambd = lambd

def loss(self, params):
loss = 0
pattern = re.compile(r'~W\d+')
for key, val in params.items():
if pattern.match(key):
loss += 0.5 * np.sum(unp.abs(val)) * self.lambd

return loss

def grad(self, params):
for key, val in params.items():
grad = self.lambd * np.sign(val)

return grad
class L2Regularizer(RegularizerBase):
def _init_(self, lambd=0.001):
super () .__init__Q

self.lambd = lambd

def loss(self, params):

loss = 0
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for key, val in params.items():
loss += 0.5 * np.sum(np.square(val)) * self.lambd

return loss

def grad(self, params):
for key, val in params.items():
grad = self.lambd * val

return grad

class RegularizerInitializer(object):

def __init__(self, regular_name="12"):

self.regular_name = regular_name

def __call__(self):
r = r"([a-zA-Z]1*)=([",)]1*)"
regular_str = self.regular_name.lower ()
kwargs = dict([(i, eval(j)) for (i, j) in re.findall(r, regular_str)])
if "11" in regular_str.lower():
regular = LlRegularizer (*x*kwargs)
elif "12" in regular_str.lower():
regular = L2Regularizer (**kwargs)
else:
raise ValueError ("Unrecognized regular: {}".format(regular_str))

return regular

FATFEANES 21 DEN 5INIENIL, BA BB 250 AU 7F chapter6.py o

[3]: from chapter6 import WeightInitializer, ActivationInitializer, LayerBase, CrossEntropy, OrderedDict, softmax

[4]: class FullyConnected(LayerBase):

nimnn

RX2HEE, LI a=g(zxW+b), WEEERN o, RE o REEHERA

mnn

def __init__(self, n_out, acti_fn, init_w, optimizer=None):

Z 3 A

acti_fn: WiEHEE, str &

init_w: WEWHEAT %, str B

n_out: [REJZ 4 4%

optimizer: b 7 2%

super () .__init__(optimizer)

self.n_in = None # BEREMAEZ, int B
self.n_out = n out # [REEMBL%EHK, int &
self.acti_fn = ActivationInitializer(acti_fn) ()
self.init_ w = init_w

self.init_weights = WeightInitializer(mode=init_w)

self.is_initialized = False # = &%, bool AL 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):

nnn

2EENENHHEE, RELELX RuttHEEE #H2.
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2B
X WANE4, H (n_samples, n_in), float A
retain_derived: = LR GFHELE, WEREEFERFRMEH, bool A
if not self.is_initialized: # WESE KWL, EWHELEK
self.n_in = X.shape[1]
self._init_params()
W = self.params["W"]
b = self.params["b"]
z=X0QW+bDb
a = self.acti_fn.forward(z)
if retain_derived:
self.X.append(X)

return a

def backward(self, dLda, retain_grads=True, regular=None):

nmnn

2EENEWRHEE, RELEX RutEHEEE #H2.

ZHR A :
dLda: < THAWHE, H (n_samples, n_out), float %
retain_grads: = LITEFH L ENSHEHE, bool E
regular: IE N fLT0
if not isinstance(dLda, list):
dLda = [dLda]
dX = [1
X = self .X
for da, x in zip(dLda, X):
dx, dw, db = self._bwd(da, x, regular)
dX.append (dx)
if retain_grads:
self .gradients["W"] += dw
self .gradients["b"] += db
return dX[0] if len(X) == 1 else dX

def _bwd(self, dLda, X, regular):

W = self.params["W"]

b = self.params["Db"]

Z=X0@0W+hD

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

dw = X.T @ dZ

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

if regular is not None:
n = X.shape[0]
dW_norm = regular.grad(self.params) / n
dW += dW_norm

return dX, dW, db

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),
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"optimizer": {

"hyperparams": self.optimizer.hyperparams,
Iy
"components": {

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

def minibatch(X, batchsize=256, shuffle=True):

nimnn

BRER: BHEELE R batch, T mini batch N4k, EETNE 8 &,

nimnn

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

class DFN(object):

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

loss=CrossEntropy ()

self.optimizer = optimizer
self.init_w = init_w

self.loss = loss

self.regular_act = regular_act
self .regular = None

self . hidden_dims_1 hidden_dims_1
self . hidden_dims_2 = hidden_dims_2

self.is_initialized = False

def _set_params(self):

nnn

WA AE . A A e

FC1 -> Sigmoid —-> FC2 -> Softmaz

win

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,
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optimizer=self.optimizer
)
if self.regular_act is not Nome:
self.regular = RegularizerInitializer(self.regular_act) ()

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, regular=self.regular)

return out, dXs

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

def flush_gradients(self, curr_loss=None):

nnn

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

v.flush_gradients()

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

Z B
X_train: WEHHPE
y_train: Y EHKEFE
n_epochs: epoch Kk
batch_size: %K epoch ] batch size
verbose: £ & batch WL
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()
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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)

# IENbAR &

if self.regular is not Nome:

for _, layerparams in self.hyperparams['components'].items():

assert type(layerparams) is dict

batch_loss += self.regular.loss(layerparams)

grad
_, _ = 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)"

self .loss.grad(y_batch, y_pred_batch)

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

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

= 0.0

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.shape[0]

O@property

def hyperparams(self):

return {

"init_w": self.init_w,

"loss": str(self.loss),

"optimizer": self.optimizer,
"regular": str(self.regular_act),
"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()}

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)
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N = 20000

# B 20000 4 A& A LI %

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)

nunn

FHNE N

nnn

model = DFN(hidden_dims_1=200, hidden_dims_2=10)

model.fit(X_train, y_train, n_epochs=20, batch_size=64)

[Epoch 1] Avg. loss: 2.286 Delta: inf (0.01m/epoch)
[Epoch 2] Avg. loss: 2.209 Delta: 0.078 (0.01lm/epoch)
[Epoch 3] Avg. loss: 1.993 Delta: 0.215 (0.01m/epoch)
[Epoch 4] Avg. loss: 1.640 Delta: 0.353 (0.01m/epoch)
[Epoch 5] Avg. loss: 1.305 Delta: 0.335 (0.01m/epoch)
[Epoch 6] Avg. loss: 1.063 Delta: 0.242 (0.01m/epoch)
[Epoch 7] Avg. loss: 0.898 Delta: 0.166 (0.01m/epoch)
[Epoch 8] Avg. loss: 0.781 Delta: 0.117 (0.01m/epoch)
[Epoch 9] Avg. loss: 0.696 Delta: 0.085 (0.01m/epoch)
[Epoch 10] Avg. loss: 0.634 Delta: 0.062 (0.01m/epoch)
[Epoch 11] Avg. loss: 0.586 Delta: 0.048 (0.01m/epoch)
[Epoch 12] Avg. loss: 0.549 Delta: 0.037 (0.01lm/epoch)
[Epoch 13] Avg. loss: 0.518 Delta: 0.031 (0.02m/epoch)
[Epoch 14] Avg. loss: 0.493 Delta: 0.025 (0.02m/epoch)
[Epoch 15] Avg. loss: 0.473 Delta: 0.021 (0.01m/epoch)
[Epoch 16] Avg. loss: 0.454 Delta: 0.018 (0.01m/epoch)
[Epoch 17] Avg. loss: 0.439 Delta: 0.015 (0.01lm/epoch)
[Epoch 18] Avg. loss: 0.425 Delta: 0.014 (0.01m/epoch)
[Epoch 19] Avg. loss: 0.414 Delta: 0.012 (0.01m/epoch)
[Epoch 20] Avg. loss: 0.404 Delta: 0.010 (0.01m/epoch)
print ("without

#u####E 1 f show

# print ("regular"”, model.hyperparams/["regular"],

regularization -- accuracy:{}".format(model.evaluate(X_test, y_test)))

params #H###AHH#

without regularization -- accuracy:0.8961

nnn

BIN 12 ENh

nnn

= DFN(hidden_dims_1=200, hidden_dims_2=10, regular_act="12(lambd=0.01)")

inf (0.02m/epoch)
.079
.216
.339

.301
.202
.130
.083

(0.
(0.
(0.
(0.
(0.
(0.
(0.

model_re

model _re.fit(X_train, y_train, n_epochs=20)
[Epoch 1] Avg. loss: 2.363 Delta:
[Epoch 2] Avg. loss: 2.284 Delta:
[Epoch 3] Avg. loss: 2.068 Delta:
[Epoch 4] Avg. loss: 1.729 Delta:
[Epoch 5] Avg. loss: 1.428 Delta:
[Epoch 6] Avg. loss: 1.226 Delta:
[Epoch 7] Avg. loss: 1.096 Delta:
[Epoch 8] Avg. loss: 1.013 Delta:
[Epoch 9] Avg. loss: 0.958 Delta:

O O O O O O O o

.055

(0.

02m/epoch)
02m/epoch)
02m/epoch)
02m/epoch)
02m/epoch)
02m/epoch)
02m/epoch)
02m/epoch)

"\nparams:", model.hyperparams/["components"])
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[Epoch 10] Avg. loss: 0.923 Delta: 0.035 (0.01m/epoch)

[Epoch 11] Avg. loss: 0.899 Delta: 0.024 (0.01m/epoch)

[Epoch 12] Avg. loss: 0.883 Delta: 0.016 (0.01m/epoch)

[Epoch 13] Avg. loss: 0.872 Delta: 0.011 (0.01m/epoch)

[Epoch 14] Avg. loss: 0.865 Delta: 0.007 (0.01m/epoch)

[Epoch 15] Avg. loss: 0.860 Delta: 0.004 (0.01m/epoch)

[Epoch 16] Avg. loss: 0.858 Delta: 0.002 (0.01m/epoch)

[Epoch 17] Avg. loss: 0.858 Delta: 0.001 (0.01m/epoch)

[Epoch 18] Avg. loss: 0.858 Delta: -0.000 (0.02m/epoch)

[Epoch 19] Avg. loss: 0.859 Delta: -0.001 (0.01m/epoch)

[Epoch 20] Avg. loss: 0.860 Delta: -0.001 (0.01m/epoch)

print("with L2 regularization -- accuracy:{}".format(model_re.evaluate(X_test, y_test)))
A####A# 1f show params #HH#H####

# print ("regular"”, model_re.hyperparams["regular”], "\nparams:", model_re.hyperparams["components"])
with L2 regularization -- accuracy:0.8958

1.3 245

ALt L2 ENME, L' ENESF=EERRNE.

B5E w* NARIENIACHY B bR R BB e U RO e, RS A PR R B0a — -, K J(w) £ w* Azt (SUEA—Hr-SE0 0):
J(w) = J(w") + %(w —w*) T H(w —w") (13)

Hi H 2 J(w) 75 w* LHRERERE. J(w) S/ R EXSEC) 0, T2:

VJ(w) =H(w—w*) =0 (14)

BATEHE L2 EMAEET . Q0) = alllw|3, MATLAES):

VJ(w) =H(w—w")+aw =0 (15)

T, AT LSRG Ui @ T e -
w = (H+ ol) " 'Hw* (16)

ISR Hessian FEFEEX A IEEAERE, FAMSE] L2 IEMLH RACAEE @ = HH+aw;“ ISR wi # 0, W @; # 0, XYW L2 IEMHASESHE
TG o

WATHE LY ENMLARRE, FRE, ROSREE LY EN A FImiig, hR 2 e -
VJ(w) =H(w — w*) + asgn(w) =0 (17)

N T ERE, BAMRBE H XS AR, Bl H = diag[Hi1, Ho o, . Hyn], Hiy > 0 (A7 AT PCA FRAL G NHFAEAGE]) . RS

a

Wi = w; — ——sgn(w;) (18)
MIEAA AR LIBLR A @ M1 w* ZFS5H. Frllf:
i = = go-san(u) = sgntut) (Jui] - - ) (19
IR, BESR w Ml w* ZFSH, MWiEZE sgn(w), 1351
] = = = [i:] = 0 (20)
FRAAMRT A At —255 0
w; = sgn(wy) max{]w;" - %,O} (21)

FLAEH, LY ENME A T RBE R R R o SCIFR G -
o ARSI AT EABARRE IR SE 50 (MAP) DU T, (FEA P2 IS8 1.5
— L? IENMEAE S AU 2 & T B 30 MAP DUH-HTHE 5
— L' IEMAEY TAUE /2 Laplace sE%) MAP DUHHHERT .
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1.4 {EALREVEHIET

% JESRBOE ML B AT R %L

J(0; X, y) = J(6; X, y) + af2(0) (22)

WAL Q0) <k, k ZRAFEE, ATLAE) X Lagrange B4 :

AV oS
0* = arg min max L(6, ) (24)

XA, WG o 5k BERY R8s MUE R LRI BRH o KRR /NI LR DR THNY o R — PR IIZY R
Xl

A5, EHEE 1.1 1.2 RRIENL, EN RS T AL R B AR BRI B DASE T G R AR L2 BN AR, AR AR
R

n

J(6; X,y) = > (yi —0'x)?

i=1 (25)
s.t.]|0)3 <= C
SRR R B TRV T AT LA (L R TE 2y s Ak T, B -
J(0: X, y) = (yi — 0" z:)* + (|63 - C) (26)

=1
1.5 X#yk a1
WLgea S P e gkt FIEAT PCA, EBMRBITEME X T X kit Qi X TX RA[3E, X867 e deilte XfiEm F, EMEATFS
BRAIMBRE XTX +of, BXNEMNREEZIHEE. K2EOF N7 RE IR BT 0T R %7 L.
B2t FEUA AR REUR E T IR EZ L (Xw —y) T (Xw — ).
FAEIN L2 EMTUS . HFEEER (Xw —y) " (Xw —y) + saw w,

BTN w = (XTX) !XTy B w=(XTX +al) ' X Ty,

2 HEIEE

2.1 HiE&EIERE

B B R AR B A BRI [, IS IR RZUESEFHNRIFMERERE ZHNEBIEHITIING (XAAEXS IR (object detection) [f]
BARAERL) o

Ty

o FRIAUAL, PRALNE. HAKEIRITR , ek, 4.
o TEAWERT, A LAGERRO 7 SR (U250 F 2 gt o

class Image(object):

def __init__(self, image):

self._set_params(image)

def _set_params(self, image):

self.img = image

self.row = image.shape[0] # H & & &
self.col = image.shape[1] # H &5 )Z

self.transform = None

def Translation(self, delta_x, delta_y):

ninn

.

SHHHA:
delta_z: BRI AEHTH, BAT 0 £%, N 0 HH

10
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def

def

def

def

def

def

delta_y: HH LTFH, #AT 0o L%, AT 0 TH
self .transform = np.array([[1, O, delta_x],

[0, 1, delta_y],

(o, o, 111

Resize(self, alpha):

nmnun

46 1 o

39 -

alpha: %M BT, FHATEKEKEN 1

self.transform = np.array([[alpha, 0, 0],
[0, alpha, 0],
o, o, 11D

HorMirror(self):

nnn

KFF A

nnn

self.transform = np.array([[1, O, 0],
[0, -1, self.col-1],
(o, o, 111D

VerMirror (self):

nnn

ER NS

nunn

self .transform = np.array([[-1, 0, self.row-1],
o, 1, oJ,
(o, o, 111

Rotate(self, angle):

nimnn

TR o

B :
angle: Y

nnn

self .transform = np.array([[math.cos(angle),-math.sin(angle),0],

[math.sin(angle), math.cos(angle),0],

L 0,

operate(self):

temp = np.zeros(self.img.shape, dtype=self.img.dtype)

for i in range(self.row):
for j in range(self.col):

temp_pos = np.array([i, j, 1])

[x,y,z] = np.dot(self.transform, temp_pos)

x = int(x)

y = int(y)

if x>=self.row or y>=self.col or x<0 or y<O:

temp[i,j,:] = 0
else:
temp[i,j,:] = self.imglx,y]

return temp

__call__(self, act):

11



[12]:

[13]:

VIS ST

RWTHE

r = r"([a-zA-Z]1*)=C[",)]*)"

act_str = act.lower()

kwargs = dict([(i, eval(j)) for (i, j) in re.findall(r, act_str)])

if "translation" in act_str:
self.Translation(**kwargs)
elif "resize" in act_str:
self .Resize (**kwargs)
elif "hormirror" in act_str:
self .HorMirror (x*kwargs)
elif "vermirror" in act_str:
self .VerMirror (x*kwargs)
elif "rotate" in act_str:
self .Rotate (x*kwargs)

return self.operate()

nnn

FANHHE, FEERET

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()

img = X_train[0] .reshape(28, 28, 1)
Img = Image(img)

ax = plt.subplot(121)
plt.tight_layout ()
plt.imshow(img.reshape(28,28))
plt.title('Original')
plt.axis('off")

ax = plt.subplot(122)
plt.imshow(Img('vermirror') .reshape(28,28))
plt.title('VerMirror')
plt.axis('off')

plt.show()

VerMirror

origina

2.2 BREEEMN

o JEUMEIABIBAN, EHTHIEEERE.

o HUEFEMAZE, GERRINENFRHEN, XIEA LB TR Lo KT LIRS TR R DU MR BEILSE L, DU
YRR E N A ER, I EL AT LB R A SR IX MO N, A AR NN A 2 S WX M e P Y — b 52 A BEILT 12

o JGMEFEANNBIBE , XU R (BB, FRETR. BT REBEAREN v iEHE—

MG LR —FP 752 A X TR A B A A TR A

12
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VRIS 3] TR S TP E A, R

3 &EFE
3.1 FMEET

W B ST A SRR RIZN . SATT/EBLSR . SRERRA S0 (BRI RS A HAR R A 3 5000 KB TR R A S35
BRI R A AR BARRRRA, IR T2, BT T . Ple) PUERARIRICHAR P, y) AR A T
fiit Ply | ). (ERIEESIIOERT, RUCEEIERIRN RS 5 h = f(2), %I BN ERRRHORAHEIOER.
AT MR — MR, HUP R P(x) 5 P(e,y) SHBIBTE Py | =) 5250 TAMABLIERILENS . fl, BT A
WIS S F M RE S TEARORB AR IR IR A, — MR IS, 53— MMM B (FEUE IR Jy Pseudo Label,
LA T R MR BRI 0 ) o I SRIR T  WI42 ST BA FERO R A . DU EMETE N B AR R — AR G
TEMURTECR A P I8t o BVSERATIR O T, MU T 35

3.2 BEEEI

TG EIRETHEL R, BEMAXIESHE—EZE N —FLEsE T E. U —EB 2 AN EMNIT SR, GRS N
RUFHE, S R EIFRIZ L aE

MWIREFZ MG, KERLIEEEY: ERRNRETANEZED, FERZEESMESHER.

R AT XS 2R BTN, A fa] B AR BT ) [RIRER BRSO3 22 S, B M55 2 TR AR 2 (R AR B A2 A L HIX 20 T (A
Z AT S R SR R E R M 2552 I E L MR RS e e >, A ferpilid — MER R ERCR B = T e
BRI RRIE S, BARRREA ] SR AL RIRCR

SRS RIEMI—Fr . T S EESEENES. TLURERFEMASMEE. BEEE:. TEESTHEROES. TURELINRE,
W HRRRZ AL

Task A Task B Task C

Shared
Layers

K1 AR5 2 IHEAURTEIR . A B, C
=M RIREZ

3.3 REr&l:

HlgrRBud 2 2 EEE S, WRIZHRES R R K, MEIEERRES R BTt $EATZ L (Early Stopping) /& Fia¢ L
MG, FATRE—FBDINZREAENRALEE (Validation Set). HIATERISIEEAMEREBORMER, BATLAME IEXHZAR A1 25

B

Y Training Set Accuracy

Accuracy

Overfitting

Test Set Accuracy Early Stopping

Epoch

/

»

Epoch

A 2. IS IRATA b SRR TR, rT LR AT Ik

TERTZ AR R B BRANT -

o REIMNSEARI 2 A SRR SR .

o ISR EYIZR, FRAE— B ) IR B P £ U B B3
o HEHIESE ERYIRE ST RIS AME I,

o A S A RO B SRA B R A

HRZE S S ] LAZS Ff
o SR MR R T A BIER S RME 1L

13



[14] :

VIS ST R

o SR BUEE A UL EAENIGRHRZEL RN
o SRE = s PMIESN IR REKIHE L .
B L BRARRIZEERER/ NSO EE N SRR IRV BT B, AR AR AR SR

EREEFHBANUNGE T EIr R TR, AT SR AT 2R I IR RTS8 R m N2k, ARS8 R, BT R AR b
BUEFEN o RFIEFA A P AR -

o FRRAIAACRIL, SRS BTA B ERRINZ:, (258 i, AR B AT 2L Zhii i M iR EE 205

o RFFNEACINGPIFHNSEL, IR MG IEER B ARSI 25, BRI SIEERAY P M BUR T HR AT 1L RE 2 1B Y B ARME
PERTZUE BAT IENLRUR, HEENSI A A BRSNS HZ ARG ENIRSEIE 60 BU/NRIEA . %5 /777 iR 22 1 P2, SR
JER RS, ATLAENMERINSE I H0 € o 9ET 1 RNgRER, W & N TAE MR o .

Hewe: E4 4 MRARILE ERE R M

nnn

def early_stopping(valid):

nmnn

Z AN
valid: Wil & E#FE 7| %
if len(valid) > 5:
if valid[-1] < valid[-5] and valid[-2] < valid[-5] and valid[-3] < valid[-5] and valid[-4] < wvalid[-5]:
return True

return False

4 1EEIRR

4.1 BEHE5H=

BRCHUE T B AR D T K, L2 I S SRS 0 TR . AR TR T M S0 (R AC M AT AE ST, A 2
BRI B A

SIS RIEEER SRS

o TBENH: BRRMZRMZ (CNN)
o iRl BAEFLNT CNN BREZHACE (CNN BASEERA R 2T U LE), ERET SRR AE, FFHEE SR 1 RZR/ NI
S R P S ) 2R 00 o

4.2 BHRETR

Fri 2 BB M MG 25 AR IENL 5. LY IENWEE SRS, 5225808 0, Mksn S E T LM% eI,
ARG I, W52, BRFN A METHMm N RICESME, REMAE 0. WNEMR, HEETa2ERE, BZEN h 225
A 2o

hy h2 h3 ha hs
(YD DG D
< & O O B

K 3. Mo n Bl BTRBEMEITRZ R =R,

4.3 Bagging REMERFIE

BASTHOER, MA—DEANDER, XEEGFINEM. 5% T2 4 Boosting fll Bagging M .

4.3.1 Bagging Fik

FERIE ), AT g Bagging HEBSKIENI{L . Bagging (Bootstrap Aggregating) jEiliid BLAERAFA MHAELE (Bootstrap), FHEHIAX
PRt L nlilgrgsnKdr, B2 990 REL MR 24 (Aggregating) , MM A AFEIZ IR ERIBOR, Bk Bagging A HK:

14



VIS ST R

o & kK DARMEEE ., S8R ERMNFEREIRETER RN, I HEERE S BA M B R
o SHIX B ADEIRRERINGMZ, 72 E ADMEEE
o REWMHBERATL kAR R H IR E s E R R R RE .

Hefr, BATEFEERAEMES DR GRE CART 3y (WHERE). M MEa%E D i : f—3L m AHAR, AR RS (FEER
FEREAR m R), FERRSHERFERIIMELN (1 - 5™ ~ ¢ = 36.8%.

D

¢ !

D, D, Dy

E . .
C*

& 4. Bagging JiitnE K.

TSR AE LA o7 ST PO AR 2 (Model Averaging)o RAUSFRJIE— Mg ALIRZEM ART ST SER A, BIInBATREA & 4B
B, AR R 6, BERNTIE. 2R v %N ¢ MEYEIERS A, WRBLFETIN R E N ¢ X6, BITIRZENHIEN

(;261)2] = %E |:Z(512 + Zﬁz‘ﬁj)

i i i#£]

1 k—1

UL, AEIRZESE RN ¢ = v (NS, S7IRIEN v, BUSTABETRE. ARFERATRE ¢ = 0 B, HULTIRI AR RN o
XU HIHERCT T R B AURA KT

Bagging J7 ALk R :

o fLAi: Bagging FIMIER AT RIS, HAPL 82 I S RBUL T A 82 4% AT 2, I B A T G id 1015

o Rl BRI FIAREEYE . WUIREROAN S, MIRTREAFAE S Z2 00 ()R (5500 2Kl SRUa BMERE D IRIRZE) o A — 1A BR AR, ]
& Bagging A LAREHEGIME, EIHE ST, JUHAEMBRA RG], JATH MRS L RE R, 28RS, ESHCUEMT k. N
7R BN ZRIX LR 28 B N2 RIS AN Zs i) R —AE & RO EORRER 2, Hoan 5 - 10 T AT .

4.3.2 FEHLZRM
BEHLERME XS Bagging PSR AUt e 4 CART JXHERG B SGMTR) [F @ T BT a8k, b A e/ M 152 22 1Y D0 3R SRk 13 11 L B 1 AR AiE AR
o IXFE, BM#ifiH Bagging, #MUeskmithn] LEEIRZEEMIMNE, SEMm AT T EA = A O

WRKBFRENMNAEXRNAEEZBAXN, WELMEEFHNMNAGE—ESEF. XEHPRRSEINEIL, SHESCT % > FREE
i X AME AR, £ CART tf, B &k, RISk M A REA B T A A, AR R A0 # R FEPLSRMREILE
BT MR, A ) SRR T B SRR BE DU A

BRI DI R ARHER O p @FRRGESEG W LRSS ERIELL . BOASEON

o SRR p=/n
o [RUHAE: p=n/3

Hrr p @A DR B R R R LR RAE RO . n R NFHIE A R H
TR, A — TR LARMRAT I ZR RE -

1. MUIBER R O T8, MAE n MFAEFBENLESR p MHE, Hi p < no
2. f£ p MHET, $00T CART RYBER, At PRI
3. EELER 1 2 2 T k YOI, LLOTREGEN & I

R ATLARAR Y T L A -
L SRR AL T P 451 BEATL 1 ) DR SRR B RIS TR S5 SR A7 P25 R (FAR) o
2. HEETEN H PR ZEEL
3. R ST SR AT H AR BEATLARAR S5 B B 2 o
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[15]:

[16]:

VRRES ) R S ERAY AR

HHAMA HHARMLL, BEHURARAII R :

o XFTERITRIN, BENURRACRE 8 S U5 ]l
o XFTOEMEIAESS, AT LM AR R BEPURR AR E % -
o FEHUARAR AT T AN ZRBeRER hiR il S 2RO AFAE, b Th T, WU IR TR

4.3.3 FHE@ERIWE

fE RZEMTT 2" thEMI A2 (BRE), — 0Kl BRI w7 2 X AR . Bagging /73 REMS L Js /5 22 70 5k
PRI REE, BaMn Rl JrEmM Rk,

MZAREVER R, 22 T EATUER . R AR R NE L RE S BRI KRR 0 2eds o IENIAL BOARIE 1 1 i 2 i A A 7 RO AT
&@%ﬁ%m%%%%ﬁﬁ%%oﬁ%ﬁ%ﬁ%ﬁ?%*ﬁ%&ﬁ@% il M7 ot RT%ﬂﬁiﬂﬁ%Tﬁ% SAINEE i e $%%ﬁﬁ,
AT RAERE. XS (1] Bagging HORES, BRI CLRATREN, WRAXRFETIIR, KLU EFITERE, X6k
%Wﬁ@ﬁ%mo

BEXTERFERETESELAERRHRNE ( Boosting, GBDT, XGBoost ).

from chapter5 import ClassificationTree

# K
bar_widgets = [
'Training: ', progressbar.Percentage(), ' ', progressbar.Bar(marker="-", left="[", right="1"),

' ', progressbar.ETA()

def get_random_subsets(X, y, n_subsets, replacements=True):
min NP GBREFRBEETE FRATER )
n_samples = np.shape (X) [0]
# ¥ x Moy GieE, SFETREAAEF
Xy = np.concatenate((X, y.reshape((1, len(y))).T), axis=1)
np.random. shuffle (Xy)
subsets = []
# WRFAERLERZ WA, TURER 507 WY FEHE; WREFRTERMHF, EHLBNIEHE, BATELZHH
subsample_size = int(n_samples // 2)
if replacements:
subsample_size = n_samples
for _ in range(n_subsets):
idx = np.random.choice(
range (n_samples),
size=np.shape (range (subsample_size)),
replace=replacements)
X = Xylidx][:, :-1]
y = Xylidx][:, -1]
subsets.append([X, yl)

return subsets

class Bagging():

nmnn

Bagging AR 45. L — A0 KM, X KRR AN KB RNT &
def __init__(self, n_estimators=100, max_features=None, min_samples_split=2,
min_gain=0, max_depth=float("inf")):
self.n_estimators = n_estimators # H 3B
self.min_samples_split = min_samples_split # 2 | fr & 8 & /MEARH
self.min_gain = min_gain # A TR RANGE (&RANEREME)
self .max_depth = max_depth # R KR E
self .progressbar = progressbar.ProgressBar(widgets=bar_widgets)
# %6
self .trees = []

for _ in range(n_estimators):

16



VRIS RIS RIE ML

R

self.trees.append(
ClassificationTree(
min_samples_split=self .min_samples_split,
min_impurity=min_gain,

max_depth=self .max_depth))

def fit(self, X, y):
# HERMNEEZEENHENLT &
subsets = get_random_subsets(X, y, self.n_estimators)
for i in self.progressbar(range(self.n_estimators)):
X_subset, y_subset = subsets[i]
# AT EFMAELENGF—RIHE KEHHRELZ)NEREENENT )
self.trees[i] .fit(X_subset, y_subset)

def predict(self, X):
y_preds = np.empty((X.shape[0], len(self.trees)))
# BRI R AP Sl B TN
for i, tree in enumerate(self.trees):
# LT HRAE B BN
prediction = tree.predict(X)
y_preds[:, i] = prediction
y_pred = []
# PR, B RCE LI KA1 A TN
for sample_predictions in y_preds:
y_pred.append(np.bincount (sample_predictions.astype('int')).argmax())

return y_pred

def score(self, X, y):
y_pred = self.predict(X)
accuracy = np.sum(y == y_pred, axis=0) / len(y)

return accuracy

[17]: class RandomForest():

nmnn

FEALARA K 8o R — 42k, X b R A6 AR B9 R AL T & SR 3B iy R AL T &2
def __init__(self, n_estimators=100, max_features=None, min_samples_split=2,
min_gain=0, max_depth=float("inf")):
self.n_estimators = n_estimators # H 3B
max_features # BRI oK fE R AFAE 2
self .min_samples_split = min_samples_split # 48| P 7 o /DR AR B

self .max_features

self.min_gain = min_gain # AE TR RANGE (RANEREME)
self .max_depth = max_depth # WE R KR E

self .progressbar = progressbar.ProgressBar(widgets=bar_widgets)

# W5E R F

self.trees = []

for _ in range(n_estimators):

self.trees.append(
ClassificationTree(

min_samples_split=self.min_samples_split,
min_impurity=min_gain,

max_depth=self .max_depth))

def fit(self, X, y):
n_features = np.shape(X) [1]
# R maz_features X H E X, WMEAE sqrt(n_features)
if not self.max_features:

self .max_features = int(math.sqrt(n_features))

# NERWEFEREEHENT R

17
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subsets = get_random_subsets(X, y, self.n_estimators)
for i in self.progressbar(range(self.n_estimators)):
X_subset, y_subset = subsets[i]
# LEFMENENT &
idx = np.random.choice(range(n_features), size=self.max_features, replace=True)
# TR R 5 ] T
self.trees[i] .feature_indices = idx
# R 5| 3R A AE
X_subset = X_subset[:, idx]
# AT EMALENE-—RIHEE EENRECRISHEEHHILT E)

self .trees[i] .fit(X_subset, y_subset)

def predict(self, X):

y_preds = np.empty((X.shape[0], len(self.trees)))

# BRI R AP Bl B TN

for i, tree in enumerate(self.trees):
# R R SR Y G B i AR AE
idx = tree.feature_indices
# LT HRAE B BN
prediction = tree.predict(X[:, idx])
y_preds[:, i] = prediction

y_pred = []

# PR, B RCE LI KA1 A TN

for sample_predictions in y_preds:
y_pred.append(np.bincount (sample_predictions.astype('int')).argmax())

return y_pred

def score(self, X, y):
y_pred = self.predict(X)
accuracy = np.sum(y == y_pred, axis=0) / len(y)

return accuracy

A BEXH Bagging, ZLEREHIBENK
[18]: column_names = ['Sample code number','Clump Thickness',
'Uniformity of Cell Size', 'Uniformity of Cell Shape',
'Marginal Adhesion','Single Epithelial Cell Size',

'Bare Nuclei', 'Bland Chromatin', 'Normal Nucleoli', 'Mitoses','Class']

data = pd.read_csv('../data/cancer/breast-cancer-wisconsin.data',names=column_names)
data = data.replace(to_replace='?',value=np.nan) # iFi: 7/ 5%

data = data.dropna(how='any') # X ZEME, any; HIEEAT UM%

print(data.shape)

# FEALRAE 2567 WHEA TR, ®MT 757 ATHEIGE

X_train,X_test,y_train,y_test = train_test_split(datalcolumn_names[1:10]], datal[column_names[10]],
test_size=0.25, random_state=1111)

# BEEINAFANKE LI 2

print(y_train.value_counts())

# BETEN 00 1

print(y_train.shape)

I
o

y_train[y_train==2]

Il
—

y_train[y_train==4]
y_test[y_test==2] = 0

y_test[y_test==4] = 1

# BEEIHHAWKER KA 2
print(y_train.value_counts())

# BERENTNE, RIEGNEZFEHEN 0, TZEA 1
ss = StandardScaler()

X _train = ss.fit_transform(X_train)

X_test = ss.transform(X_test)

18
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y_train = y_train.as_matrix()

y_test = y_test.as_matrix()

(683, 11)

2 328

4 184

Name: Class, dtype: int64
(512,)

0 328

1 184

Name: Class, dtype: int64

[19]: model = Bagging(n_estimators=20)
model.fit(X_train, y_train)
print (model.score(X_test, y_test))

Training: 100% [-—----——=-=————————————————m— ] Time: 0:00:04
0.9473684210526315
F sklearn KJ Bagging, ZLARFEZHIEENR

[20] : from sklearn.ensemble import BaggingClassifier

from sklearn import tree

model = BaggingClassifier(tree.DecisionTreeClassifier(random_state=1))
model .fit(X_train, y_train)

model.score(X_test,y_test)

[20]: 0.9473684210526315

FBEXHIBEHARMN, FLARESREENIR
[21]: model = RandomForest(n_estimators=20)

model.fit(X_train, y_train)

print (model.score(X_test, y_test))

Training: 100% [-——-—-——-—=———————————— oo ] Time: 0:00:01
0.9649122807017544

F sklearn HIBEHLFRM, FLEREEREEN K

[22]: from sklearn.ensemble import RandomForestClassifier
model= RandomForestClassifier(random_state=1)
model.fit(X_train, y_train)
model.score(X_test,y_test)

[22]: 0.9415204678362573

4.4 Dropout

Dropout fEHN: TR MR, BLERREWHET, JEHMRENTEMS TGRSR, HE TR «E5” XEWHET, mE -5
FR . AEEEUREAYIZRIS R UAR I 28 Fh a3 FEU= BT “ L4517 244K, Dropout HANBERE X LEAATTRERITHE T, £ T HEREART, &
AT ZEARE A ) AR 4, S35 P BEPLA T35 R R 0 B2 T, e R W, be Dropout BAERT LABRAR N B 2k
IS R AR TTRT R N M Z TN E ISR, (3T B TR A B8R A RE T -

FEREEMSSAARNMETT RS, N SECRE L X0 LIRS TP 8875 (Ensemble Technique)o SEMARR— /i
T B, RO EATAT LAZR B 22 RIREALIE ; AH{LUL, Dropout (A3 2 46 AU L T 11 HOAEARL o
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VIS ST R

Dropout
Layer
p=105

7_.

/] 5. Dropout /RiEI&l, IEAL p o 0.5, YIZRHT B i —FFh4 T,

Dropout HYZZEIAEER:

o FRUMEUIMERREAR, SRIFRENRAE EIE, X TN I0, MM R . (F—ERIThE HREMEFVAIMER—T2TT):

o 41 Dropout, fEYIZRITBL, 1 T Dropout )=, EMHIZICLL p FUMEROREE (BEL 1 —p MUBERICHD), SAREMIKET B, A 4T Dropout,
WL MZTTE AR, AL IIZM B T Dropout (Y2 ERYMIZIT, N ARIETR B — 2 Hm th0n (2R L po [RE: ARIEIZK
S AR ERSEE—5, NN TS TRENEE, MRUBE po rf DNECAIER /00, RAOTE &Mty « (5
A Dropout FITEDLT), W EHHHIEEANEDA pr + (1-p)0, TRAMKH B, RANEZEE M « #AN pr, 2R LMREF—HEREEs
W BN MENIZRB BV A Dropout IFFBATIEMIZIT @ BYRT BTN ERR LA p, RICHIEEDN pa. EMLLH BASRAH Dropout
PP TR B, WG RN @, O TR Bos 2 TT B H T B AN 2R BoORFE— B0 (XA BEIERAIPAG ISR OS2
2 MLCE B Ryt O (e b p, (A R ERAE RSN pas

o BAETFRAYITE/E Inverted Dropout, FIELERY Dropout JiiEA W RURE : AEYIZRHTBL, XHHAT T Dropout #4ERYZ . HAr tHiin (EHEER LA
ps AP BNA AT #RAE, BEAIRAT Dropout, A FIXHHZEICHIHHITR po

o HARWD, SZAT—F, BITHTHERE. SIn G > .

Dropout /R{L AT LR FATERE &2, HLrT LR FAAEMI AR . JEFEIRER S BT IR p R— A ZHC. BRTH A BT R BER Y 0.8, Fajilish
TR 0.5,

Dropout ff, /5

o WRITEE, IR ER Dropout 774 n A~ (MZHITEH) FEAL BRI ECS IREAHARIA] .

o M) ULFAERTA oA Fos Bl LU BERUISRE T Bl ZhpOaait AR IARYY . INATimiee s, BERARL, sZBRIURIL 2L PRI
LML) o

o MHHABIENLTTE IBCESE R, SIS LRI TT) AR, il HSHAPAR ENL &I, G224 Tt.

Dropout it f5:

o MNIEETEFRZERIMIZE A5 MIES S W23 Han A\ 21 H A i A2 o
o AEAIIGEIRA/N /T 5000) HIRIZE, JNZREHREK/IN, Dropout B4 HA T M4 -
o AEAIFHAHEIESE. BlRSERRRHME ENCRECRA IR (KB SEA S B ARZERAR/N) . (8 Dropout AYAHT AT REME T AL AT HF 4L -

Dropout 5 Bagging BJEbE

Dropout #RIA2% W, b ZALZ[), Dropout NMZAMRT, HHHIZR—4 W, b I Bagging IEN L MAA H O &S5 M
HZ[ALZASEAY o SR PRH SHENE A2 A U RS T IR AR B SR A5 21 A - A B SRR N A L

[23]: class Dropout(ABC):

def __init__(self, wrapped_layer, p):

RN

wrapped_layer: ¥ dropout HE
p: MATHRYE
super ) .__init__Q
self._base_layer = wrapped_layer
self.p = p

self._init_wrapper_params ()
def _init_wrapper_params(self):

self._wrapper_derived_variables = {"dropout_mask": None}

self. wrapper_hyperparams = {"wrapper": "Dropout", "p": self.p}
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REEE ] RS ST R IE NI RHAHE

def flush_gradients(self):

nimnn

FHAER: BH bvase layer EEEH S H I %

nnn

self._base_layer.flush_gradients()

def update(self):

nimnn

BHAER: HA base layer EFHH

nmnn

self._base_layer.update()

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

ZHRIA:

X ANE4;

is_train: =& N IWNHME, bool A,

mask = np.ones(X.shape) .astype(bool)

if is_train:
mask = (np.random.rand(*X.shape) < self.p) / self.p
X = mask * X

self._wrapper_derived_variables["dropout_mask"] = mask

return self._base_layer.forward(X)

def backward(self, dLda):

return self._base_layer.backward(dLda)

O@property
def hyperparams(self):
hp = self._base_layer.hyperparams
hpw = self._wrapper_hyperparams
if "wrappers" in hp:
hp ["wrappers"] . append (hpw)
else:
hp["wrappers"] = [hpw]

return hp

[24] : | def minibatch(X, batchsize=256, shuffle=True):

nimnn

AR HHEESDER batch, #T mini batch W&, BRTLE 8 %.
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

class DFN(object):

def __init__(
self,
hidden_dims_1=None,
hidden_dims_2=None,

optimizer="sgd(1r=0.01)",
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init_w="std_normal",
p=1.0,
loss=CrossEntropy ()

self.optimizer = optimizer
self.init w = init_w
self.loss = loss
self.p = p

self . hidden_dims_1
self .hidden_dims_2

hidden_dims_1
hidden_dims_2

self.is_initialized = False

def _set_params(self):

WA AR A A A
FC1 -> Stigmoid -> FC2 -> Softmazx
self.layers = OrderedDict()
self.layers["FC1"] = Dropout( # iXE 5|\ dropout
FullyConnected(
n_out=self.hidden_dims_1,
acti_fn="sigmoid",
init_w=self.init_w,
optimizer=self.optimizer
), self.p
)
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, is_train=True):
Xs = {}
out = X_train
for k, v in self.layers.items():
Xs[k] = out
try: # %€ dropout
out = v.forward(out, is_train=is_train)
except:
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):

nnn

B R B R

nnn

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

v.update ()
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self.flush_gradients()

def flush_gr

nmnn

¥ 21
for k, v

v.fl

def fit(self
Z B W
X_train:
y_train:
n_epochs
batch_s1
verbose:
self.ver
self.n_e
self .bat
if not s
self
self
prev_los
for i in

loss

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

for

loss

fstr

adients(self, curr_loss=None):

 EHEEEME

in self.layers.items():

ush_gradients()

, X_train, y_train, n_epochs=20, batch_size=64, verbose=False):

UES: €

UUE R GRS

. epoch Kk

ze: HIK epoch B batch size
=L/ batch WK

bose = verbose

pochs = n_epochs

ch_size = batch_size
elf.is_initialized:
.n_features = X_train.shape[1]
._set_params ()

s = np.inf

range (n_epochs) :

, epoch_start = 0.0, time.time()

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, is_train=True)

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))

/= n_batch
= "[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

def evaluate

acc = 0.

_loss = loss

(self, X_test, y_test, batch_size=128):
0

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

for j, b

atch_idx in enumerate(batch_generator):

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

X_ba
y_pr

y_pr
y_ba

acc

return a

Q@property

tch, y_batch = X_test[batch_idx], y_test[batch_idx]
ed_batch, _ = self.forward(X_batch, is_train=False)
ed_batch = np.argmax(y_pred_batch, axis=1)

tch = np.argmax(y_batch, axis=1)

+= np.sum(y_pred_batch == y_batch)

cc / X_test.shape[0]
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[25] :

[26] :

REE 2> s REESE I PRI IE A RWTHE

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,
"dropout keep ratio": self.p,

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

nnn

5\ dropout
model = DFN(hidden_dims_1=200, hidden_dims_2=10, p=0.5)
model .fit(X_train, y_train, n_epochs=20, batch_size=64)

[Epoch 1] Avg. loss: 2.286 Delta: inf (0.02m/epoch)

[Epoch 2] Avg. loss: 2.215 Delta: 0.071 (0.02m/epoch)
[Epoch 3] Avg. loss: 2.017 Delta: 0.198 (0.02m/epoch)
[Epoch 4] Avg. loss: 1.681 Delta: 0.335 (0.02m/epoch)
[Epoch 5] Avg. loss: 1.356 Delta: 0.326 (0.02m/epoch)
[Epoch 6] Avg. loss: 1.124 Delta: 0.231 (0.02m/epoch)
[Epoch 7] Avg. loss: 0.965 Delta: 0.160 (0.02m/epoch)
[Epoch 8] Avg. loss: 0.851 Delta: 0.114 (0.02m/epoch)
[Epoch 9] Avg. loss: 0.779 Delta: 0.072 (0.02m/epoch)

[Epoch 10] Avg. loss: 0.718 Delta: 0.061 (0.02m/epoch)
[Epoch 11] Avg. loss: 0.677 Delta: 0.041 (0.02m/epoch)
[Epoch 12] Avg. loss: 0.643 Delta: 0.034 (0.02m/epoch)
[Epoch 13] Avg. loss: 0.615 Delta: 0.027 (0.02m/epoch)
[Epoch 14] Avg. loss: 0.591 Delta: 0.024 (0.02m/epoch)
[Epoch 15] Avg. loss: 0.573 Delta: 0.018 (0.02m/epoch)
[Epoch 16] Avg. loss: 0.554 Delta: 0.020 (0.02m/epoch)
[Epoch 17] Avg. loss: 0.541 Delta: 0.013 (0.02m/epoch)
[Epoch 18] Avg. loss: 0.530 Delta: 0.011 (0.02m/epoch)
[Epoch 19] Avg. loss: 0.5256 Delta: 0.005 (0.02m/epoch)
[Epoch 20] Avg. loss: 0.516 Delta: 0.009 (0.02m/epoch)

print ("accuracy:{}".format (model.evaluate(X_test, y_test)))

accuracy:0.8889

5 FEZARMNIK

FEIENAE T 5T, XSGR AT LA A 7 5 50 A LB A S o AEXT TUU SR IR ER AR B SRR 45

TEFNZ R, Mg 1 B BT AR BIAKCE e, MIAEDY w M RECHIL eflwl . MTE4EN w X2 1
AR KA XU SRt 55 il A 28 A ) R 0 PR UL R S oS DXl R SR BRI — A v BEBURR SR e AT o

6 FhIEHHE

6.1 Boosting

FERTE A3 Bagging J5iEH, FEES X GBAREEITRENRAEE, LIEHA G AR MEERE, RIS I F AR HE R Edm e 772,
PR RFNRI TSGR, XKLL S5 R BB AR B R T

1M Boosting J7 ik 12 HAr 21§55 9r 2888 “1RFt” AR, MIHT— 1390 LR MIGRRI AR AT IR, FHRIEHTHIRE AR AT I 25
NG, WAL SR RIS A A R KA.
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-+ + .
i + g s - mbine
= i - N - =
+ + 4 o
¥
Trained classifier Trained classifier Trained classifier i +
- © - - ;
e e () i + - &
_> i - s =
+ | +
=) + —i +
+ +

6. Boosting JiERE K

X EEAEFAE LA : 850 ik A T 42 QB AR A AT A T2 &2 F1XEIX = A RSN R] [F15 80 i LA 2N ] ) Boosting J7i%k. AidAfE
HAAS 2525 Fh Boosting J5ik, FATT 256244010 A1 0 BN o

6.1.1 HRimE4% S MEER

B RINERTY (Addtive Model):

Forb b(@; i) REEREL, i SIEREUNSEL B BIEREUN R
AP Ei% (Forward Stagewise Algorithm)
FELE E VNSRBI AR R A L(y, f()) WTEDUT 22T IEA f () RO A8 KU B/ MU RIS R ECe/ M RO ) -

m K
min Y L (y@,zﬂk : b(a:(“;vk)) (29)
k=1

B> Yk P

WX IE N ZRRIPAC AT J R0 2P SR AR — AL AR B ROR A ST B, WEREEE RTINS . & 2] R AR
NHZE, EEEIN BAR R, A28 AR S 2R . B, A B e fe s 451 s

M
win > Ly, 8- bx?;)) (30)
’ i=1

2 ENGEE D = {(zW,yW), -, (™, ym)} 20 e R?, y@) € {1, +1}, HELHEE L(y, f(z)) TEFREE {b(z;7)}. RIS SEHELEM
T

MIETE fo(z) = 0,

B/ MEIRIE R ST (Br, i) = argming y Y7y Ly D, fro1(2D) + B - b(a; 7)) IS5 B Al Yeo
B fre(x) = fr—1() + B - b(x5 i) o

HELE 23, k=1,2,--- K,

BRIMEBR f(2) = fr(z) = Sy Brb(@; k)

RHE, AT S EEAG RN k=1 2 K MFTAEZE B, e B RN (B USRS A Bre, v HIPLALIRNEL

AN I

6.1.2 AdaBoost Eik

[E1 2] =/~ AJR, AdaBoost U7 ZIET 47
o BgEE (B dedr) Wit ar —ROERE IR (U2 U BRI o
o UNfTIREEREA M AT LB T B I A M R AR s SRE 890 Bde it A TiIge, FOIgR)E . X0 RERAIFEASIIARCE (BRAE, A
PRMEER R FE) . SRR T IRAGE AR ISR LA, W& 6 Frs.
o InfRtTAlE? G ARININEETY f(x) = sgn <k§ akhk(w)> o 1 AdaBoost RYIKRBCNIEEIRE L(y, f(x)) = exp(—yf(z)).
THEST AT AEFERIRKEARKEE
B f(z) REMEIAIIEEIR/N . X HR AW -

dexp(—yf(x))

of@) —exp(—f(®))P(y = 1|z) + exp(f () P(y = —1|z) (31)

RN FHCN 0, ATLLRES:
(32)
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T RBATAT LT E 0 -

:{ LP(y=1|z)>Ply=-1|x)
—1,Ply=1]z)<Ply=—-1|x)

—_

RXEWRE sgn(f(z)) B2 T W TR R 52, WRIREERR R EUR/ME . M SRR R o ME o IX U BIR AR R BUR 70 R AT 55 0-
TR PR — BRI i TX AR BUE S AT R B, IR EAR 0-1 SRR BN H AR -

EDERNE o BIEH

BIERAAGIRE, B b REE EEGEE TR T O GEdE (WG EEMAT) Di it HEEAHIA N he AT g S5 4R
hi, FET0 A0 Dy, 7425 . %R AR ay V4615 o Ok H/IMEFREIR G BREL

min £(y, fi1(2) + g - hi(@) = min Eqwp, [oxp (~y (fi1(@) + ax - ha(@))]

= ngcnIExNDk lexp (—y (o - hy (x)))]

(34)
= exp(—a) Pe~p;, (y = hi(z)) + exp(ag) Pe~p, (Y # hi(x))
= exp(—ayg)(1 — k) + exp(ag)ek
Hrh, ep = Poop, (hi(x) # y), FORETRE AT FRSZAKRS, TLMEE):
0Ly, fk_l(a;)a—: ok I (@)) = —exp(—oy)(1 — ex) + exp(oy)ek (35)
SSHH 0, A: L
ap = 3 In < ;:k> (36)
ROREFRAMEF R TR GER, GRS FERT, I sh EL ek 501 250
MRS HHEHRSERIEPINGEERD LR
IRAE [T 2) 5 A S, BT T HEREA S A
G fro ZJEFERII DGR TEE, N 4059288 hy REAIE fro W—2851R . FRARMY hy RELHIE foor POAEPAEIR, RIS0IML:
L(y, fr—1(x) + hi (x)) = Ezwplexp (—yfr—1(x) + hi(x))] (37)
= Ez~plexp (—yfri—1()) exp (—yhy(z))]
TR y? = hi(x) =1 (BOASHN 18k -1), EsUAPE exp (—yhe(x)) Z8hETT:
2h2
L0 foor (@) + hil@) = By plexp (~yfir(2) (1 yhe(ar) + L2 .
= Epplexp (~yfi1(®) (1~ f@)hu(x) + 3)]
T2, IR 20N 2
i, () = arg;nin L(y, fr—1(x) + hi(x))
= arg;nin Eq~plexp (—yfe-1(z)) yhi(z)] (39)
_ . (—yfi—1(x))
e |5 e Cufi i@
IXEH) Egoplexp (—yfe—1(x))] Fn—1HE & Dp R340
_exp(—yfi-1(x))
D) = g ofesp (~ufis (@] 10
PRUAARTE S R I e L, X EHEN T4
_ : exp (—yfi-1(x))
(@) = argminEonp | g —pfea @ @) (1)
= argminEqzp, [yGi(z)]
h
Ty, he € {+1, =1}, FFLUA: yhy =121 (y # hi (x)).
T ERAR) L4 2
hi () = arg}fnin Exnn, I (y # hu ()] (42)

26



VRRES ) R S ERAY AR

RO, BEARRY by (z) 040 Dy Fa/MEIRRZE . DRI, B Rael T 040 Dy Killgk, HEX Dy BSRIRZEN2/NT 0.5, % &F] Dy M
Dy RIRARA:

exp(—yfr(z)) .
Dot (@) = g e (yh@n > @

oo RN,

_ Dy () SR (% k(@) Eanplexp (—y i1 ()]

Eez~plexp (—yfr(x))] "
Dy (x) exp (—yag - hy(x))
= £ [ —yfu_1 —yorhs ]
z~D B, p [exp(—yfe_1 ()]

_ Dy (x) exp (—yay, - hi(x))
Eg~p[Dr(x) exp (—yay - hy(z))]

TR, BAWERE] TR AR AT AT
BEXSEH

[27]: | # #HEZ&
bar_widgets = [

'"Training: ', progressbar.Percentage(), ' ', progressbar.Bar(marker="-", left="[", right="]"),

', progressbar.ETA()
]

[28]: | # REMIME, 1EH Adaboost HEWMFHEE EnEE)

class DecisionStump():

def _init_ (self):

self.polarity = 1 # RTARMEBR A E LR A 1 HE -1
self.feature_index = None # T KW R 5|

self.threshold = None # FEAEW BfE

self.alpha = None # R KB ERENE

class Adaboost():

nimnn

Adaboost H ik,
def __init__(self, n_estimators=5):
self.n_estimators = n_estimators # BERANE,LBENHE

self .progressbar = progressbar.ProgressBar(widgets=bar_widgets)

def fit(self, X, y):
n_samples, n_features = np.shape(X)
# M URE (EXHW D), AKX 1/
w = np.full(n_samples, (1 / n_samples))
self .trees = []
# BRTE
for _ in self.progressbar(range(self.n_estimators)):
tree = DecisionStump()
min_error = float('inf') # 8 R 3 — AR B R TN A AR B MR =
# EAREHEN FERWN) FEE, ERTN y HRERAE
for feature_i in range(n_features):
feature_values = np.expand_dims(X[:, feature_i], axis=1)
unique_values = np.unique(feature_values)
# RZ AR o M AR B R
for threshold in unique_values:
p=1
# PR HATONBRAET U RES 1
prediction = np.ones(np.shape(y))

# RTHRAEEREHNTNE Y -1

prediction[X[:, feature_i] < threshold] = -1
# T EHERE
error = sum(wly != prediction])

# R REA 507, BAVREEJ AR BRI it 69 K 7
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[29]:

WS s PE A R IE IR

R

# thin error = 0.8 => (1 - error) = 0.2,
# RFTE WM RHHAKA 1 BE, KA 1 EABAEI . KB X
if error > 0.5:
error = 1 - error
p=-1
# WMRXANEEIRHRADNERE, WKk
if error < min_error:
tree.polarity = p
tree.threshold = threshold
tree.feature_index = feature_i

min_error = error

# HERTENFANMEN alpha B, WRENELSELEN R Ko

tree.alpha = 0.5 * math.log((1.0 - min_error) / (min_error + 1le-10))
# WP A AT AEREN 1

predictions = np.ones(np.shape(y))

# WRFAERTEE, WERTMER, X ELTF RS R FH oL E 0B H X5

0 18N BRIA KA

negative_idx = (tree.polarity * X[:, tree.feature_index] < tree.polarity * tree.threshold)

predictions[negative_idx] = -1

# T EFAE, RE#QRFANENE K, IEH 0 LA FE KA
w *= np.exp(-tree.alpha * y * predictions)

w /= np.sum(w)

# RIFA KA

self.trees.append(tree)

def predict(self, X):
n_samples = np.shape (X) [0]
y_pred = np.zeros((n_samples, 1))
# Rl —NEEE TN AR
for tree in self.trees:
# KA ATNRAEREN 1

predictions = np.ones(np.shape(y_pred))

negative_idx = (tree.polarity * X[:, tree.feature_index] < tree.polarity * tree.threshold)

predictions[negative_idx] = -1
# I HE KB KA, WE alpha
y_pred += tree.alpha * predictions
# REFMER 1 & -1
y_pred = np.sign(y_pred) .flatten()

return y_pred

def score(self, X, y):
y_pred = self.predict(X)
accuracy = np.sum(y == y_pred, axis=0) / len(y)

return accuracy

ABEENXHE Adaboost, FLAREHIEEN R

column_names = ['Sample code number','Clump Thickness',
'Uniformity of Cell Size','Uniformity of Cell Shape',
'Marginal Adhesion','Single Epithelial Cell Size',

'Bare Nuclei', 'Bland Chromatin', 'Normal Nucleoli', 'Mitoses','Class']

data = pd.read_csv('../data/cancer/breast-cancer-wisconsin.data',names=column_names)
data = data.replace(to_replace='?',value=np.nan) ﬁFk?ﬁzf?%ffﬁ
data = data.dropna(how='any') # =#ZMH, any; HILEATM &R

print(data.shape)
# FALRAE 257 WHERTMR, BT 757 HTHEIGE

X_train,X_test,y_train,y_test = train_test_split(datalcolumn_names[1:10]], datalcolumn_names[10]],

test_size=0.25, random_state=1111)
# BEF)HFANEEA LG 24

print(y_train.value_counts())
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[30]:

[31]:

REE 2> s REESE I PRI IE A RWTHE

# BERATEN -1 1 1

print(y_train.shape)

Il
|
-

y_train[y_train==2]

]
—

y_train[y_train==4]

|
[y

y_test[y_test==2] =

y_test[y_test==4] =

# BEF)GFANEEA LG 24

print(y_train.value_counts())

# BETEMTNE, RIEFENMEEFMENEY 0, TEHN 1
= StandardScaler ()

X train = ss.fit_transform(X_train)

X_test = ss.transform(X_test)

y_train = y_train.as_matrix()

y_test = y_test.as_matrix()

(683, 11)
2 328
4 184
Name: Class, dtype: int64
(512,)
-1 328
1 184
Name: Class, dtype: int64

model = Adaboost(n_estimators=20)
model.fit(X_train, y_train)
print (model.score(X_test, y_test))

Training: 100% [----——————————————————— - ] Time: 0:00:00

0.935672514619883

A sklearn HJ Adaboost, FLEREHIEEN R

from sklearn.ensemble import AdaBoostClassifier
skl model = AdaBoostClassifier()
skl_model.fit(X_train, y_train)
print(skl_model.score(X_test, y_test))

0.9532163742690059

6.1.3 GBDT &%
Boosting Tree ik
[ 2] =R, Boosting Tree MR 2 E T 4°
o 555054 () fh 4 EERIER ( CART, WAETE).
o WPHFEREAR AT ? FEARAMBUE L, (BEF—IREARII AR 2 B L 25 R Y BB R Y 25 SR A R 22
o WAIHFATHG? HE TR INEET f(x) = Z hi(x), HAPFRSESIERRIRECN 1o W AT EIE GBDT Rk RN )7 ik (Square
loss) L(y, f(x)) = (y — f(=))*, MR T5% GBDT HIFK R AU A R (Cross—entropy).
[E)4E 53 AT 450 5K R B A i 43

FAVEMIEIA RS, BIRAES b TOERIERANTC AR IR fii (). ABALERT—HIER PRI > Bt 42 SER Y B
BITMNZE R A58 7 (residuals) r
r(e) =y — f(z) (44)

BA TR i i EdEE D = {0,y — f@W)), - (@™, ym — f@()}, 2@ e R,y e R, L5k RIS 5 E2
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VRIS 3] TR S TP E A, R

i Cp(z) MARTEEF TR, MEFET HATAIRZEI re—1(x)o XFE—2K, FATHTRTHAL E -

fe(@) = fro1(z) + hy(x)
= fr1(x) + rp_1(x) (45)

=Yy

RAE—R, FANTHE AT MG RS8R M r A o AR AT 2086 T 1Rk . BP0 MR RY TR, XS #SHE s (Outliers) B2 EJ5, B TS k
UEA AR BB (TEAE FAR) -
Ly, fu(®)) = (y = fr1(x) — hy(z))?

(46)
= (rp—1(z) — hi(x))?

FrlA, T EA RS, ARSI SR A RTIE T . B P S R B G AT R AT LA T o BT RIAERAE . JEE =T

Ao

GBDT Hik
GBDT /& Boosting Tree HYR#t /7%, M| =/, GBDT [y 221t 40

o S5 an (B dn) k4R JEIEZERIAR ( CART).
o UTIREEREA MY FEAABUENL, (BEE ORI REAIRS SR R L

K
o BTG ? HAETT R IMERAL f(x) = kZ hi(x), HAPRE2ESIERI RECH 1o WA T EIH GBDT Rk R #ik (Square
-1
loss) Ly, f(x)) = (y — f(x))?, 4a%t41% (Absolute loss), Huber #i4k (Huber loss). WL T 432 GBDT [H352k sR % 38 R
(Cross-entropy).
FI B ZENAKE
FeHREE AR, FREN AR 42 FATRZEE AL, RS B ROERNRMTCARNTINERSS fii(z), TESA:

oL 9y — fi1(x))”
Ofr-1(x) Ofr—1(x)
= —(y — fr—1(x))

= —r(x)

(47)

FTEL, FA1E Boosting Tree S 5]y H RS2 WS T SRR — 5% 2y ATLATRATAT LA RA 27 5] b Bk 22 B SR 2 BT (Hh
H2ZOX e

IAE, FRATNZEE B I M SR M. o, R —B 28 BT =
f(x) = f(xo) + f'(x0) Az (48)

FATRTELGAESS b OEARPEARY AT IIEL fi1 (x) UE 2o, AR EE I RYESE 6 Iy () PR Az AR ATKMIRYIRAIC BRECAT LAS 1

oL

Ly, fima(@) + (@) ~ L, S (@) + 52—

hi(z) (49)
AL b — 1 JOEAUR RN Ly, fio1(a))e FTLL, 350 k JOsAUR . BURIARLN 505 h (@) BN TVEA BB/ MY, TS
hi(@) = — 57 %5 WRBULRN — (552 5)7 R MR, WAt R PR S IE FRAT S, X PRI, B
Boosting Tree Hfi FFKRZEMXHILE T, I BRIERAE THA BB (B SRBRELE S FORBIRAT) T SR 22 1 B A8 T s
(S H R R E I —20), B, (RTINS E Mh? S B R IR T

5K oA BRI 1

FERTTT AR A, BT [EE RSB R IR R EUR - 6, EPT RA IMRORARE, XF 5 il (Outliers) fRBHUR. HIN R X5,
AUV HRJE— A (B R) 2 T s G280 0, MR S 2l 2 0T Rda— 1 IR L. 17 Boosting Tree {if ff]~F- 75
RIEZRARXARJ AT AR BRI AR 22, TSR X i S R e R Ae ? X1 Boosting Tree TGl 1o

y 05 1.2 2 5
f(x) 06 14 15 1.7
L=(y— f(x))?> 0.005 0.02 0.125 b5.445

{0 GBDT HIAT MR AR I TRE $5 55 R g e 2 X 4535k -
Ly, f(x)) =y — f(z)] (50)

HABIEN: 556 = sgnly — f(2))-
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o AT H A Huber 1525
y— f(=), ly—flx)] <o

Ly, f(x)) =
(v /) {&w@—f@» y— ()| >0

(51)
Sy — f(z))?, ly— f(x)| <9

Sy = f(m)|—3), |ly—f(=@)|>0

FRATAT LA — F SR 4axH 4540 Huber $4¢ g7~ 1

Eﬁﬁﬁ%:w%ﬂz{

y 05 1.2 2 5
f(x) 0.6 1.4 1.5 1.7
Square loss 0.005 0.02 0.125 5.445
Absolute loss 0.1 0.2 0.5 3.3

Huber loss(d = 0.5) 0.005 0.02 0.125 1.525

A LA 2 5 R S0 S el B SR X PR R JE A S AN AR 22, (ERR AR mT LAVE S —FRif (L
Shrinkage U4&

Shrinkage W4t . FFUGE—/NMEZBHNELSIRIVECR . BHERIL— P RPGEIL SR T EA S EE I E. SR e e Rk
2R, VORI A 223 T S s, TREMBAHE AR/ NB 2 22 LR TRAA L o XA EITRBIT BT R R 22 2 %

LI Shrinkage W4 B9 —FR I T IA R BIER — M TGS (225) 00 fu(@) = frior () +nhw(x) o XATEEIE] T S WIRT 1] 7302 ks
IR, FURIXBERYES A RIS T4 E -

J3— P72 Line Search, KFHRHILHEK:

n=argmin Ly, fr_1(2?) +nhy(z)) (52)
n

=1

MR KRBT RZER, BIAA: -
n=argmind" (4 ~ fi1(@?)) — ()
T =1

m (53)
=argmin Y (=257 — fi1(2D)) + (ghi(2?))?)
=1
FHER B4 SHON 0, W USSR 7 | | |
C 29— fio (@89)h (@) )

"o ST (@0)
4328 B) R T R 5k eR
PAEFRATE5E TIRNH R, IAAERA T, HeR 2 aREIRE, ERAFERNINEIBPREE %S (BHEREIH), BRI R %
B R LEREILE (Log odds), log (1’%,,) o ANERVEIETH A2 MR (b I Inesy) Baey > HbRas R, B9 2R AU 2 MR (4%
PERT AR ) 522 S0 L frLL, 2B a] PAFEIE A -
1 1

y=Ply=1|z)= S — (55)
e Shi@ 14 e @
Hrp g o8 R . pr LA, $39¢ pRECH AT PAZE A R A U -
Ly, f(x)) = —ylogy — (1 —y)log (1 —9) (56)
TEHANBEIRAN TN BT 0 8 RS, e B TA -

of (x)
ATLVES], SEDEFEEAL, RS : {(z,y — 9)}, HAra 2L & R N Shn e BB 2 2

BHE—FE2aZEnM, Buk—70a C M5, H—kERIINGERR ERINGT C WA EE— 120 MR —HEHT K oERngiE, A4
WNehkFE 2 JF Il C x K B,
L(y, f(z)) = —ylogy

¢ (58)
=Y yelogge
c=1

N (=) 14 . o \ Lt e S
A ge = o Ty o FIRHESSERIM I L D9 ISR S
=1

0Ly, f(=))
of(a)

ARSI S (C RRER) IUIZREAY: {(z,y — 9)}, HArf B UG A E SR S TR~ 22 .
BREXSE

=Yc — Qc (59>

o
&
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[32]: from chapter5 import RegressionTree

[33]: class Loss(ABC):

def __init__(self):

super () .__init__Q

O@abstractmethod
def loss(self, y_true, y_pred):

return NotImplementedError ()

OGabstractmethod
def grad(self, y, y_pred):

raise NotImplementedError ()

class SquareLoss(Loss):

def _init_ (self):

pass

def loss(self, y, y_pred):

pass

def grad(self, y, y_pred):
return -(y - y_pred)

def hess(self, y, y_pred):

return 1

class CrossEntropyLoss(Loss):

def __init__(self):

pass

def loss(self, y, y_pred):

pass

def grad(self, y, y_pred):
return - (y - y_pred)

def hess(self, y, y_pred):
return y_pred * (1-y_pred)

[34]: 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)

def line_search(self, y, y_pred, h_pred):
Lp = 2 * np.sum((y - y_pred) * h_pred)
Lpp = np.sum(h_pred * h_pred)
return 1 if np.sum(Lpp) == O else Lp / Lpp

def to_categorical(x, n_classes=None):

nimnn

One-hot %%

nimnn

if not n_classes:

n_classes = np.amax(x) + 1
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one_hot = np.zeros((x.shape[0], n_classes))

one_hot [np.arange (x.shape[0]), x] =

return one_hot

class GradientBoostingDecisionTree(object):

nimnn

GBDT 3. H—4H#

nimnn

def __

def

38 (B

min_impurity=1le-7, max_depth=float("inf"),

self.n_estimators = n_estimators

self.learning_rate = learning_rate

self .min_samples_split = min_samples_split

self .min_impurity = min_impurity

self .max_depth = max_depth

self.is_regression = is_regression

self.line_search line_search

F 3 K

init__(self, n_estimators, learning rate=1, min_samples_split=2,

# HRERK

# WG EFEEABEANT K, St

# 0 P& B /M AR S
# 0| B % 0o /N R
# PR R K
# 4% LR S VA E R
FEHEH line search

self .progressbar = progressbar.ProgressBar(widgets=bar_widgets)

# B )3 |8] AR % A

self.loss =

Hal oy FF Bk, A RFARARXH R K
SquareLoss ()
if not self.is_regression:

self.loss = CrossEntropyLoss()
fit(self, X, Y):

# D KERE v HENA one-hot HH

if not self.is_regression:

Y = to_categorical(Y.flatten())
else:

Y = Y.reshape(-1, 1) if len(Y.shape) == 1 else Y

self.out_dims = Y.shapel[1]

self.trees = np.empty((self.n_estimators, self.out_dims),

Y_pred = np.full(np.shape(Y), np.mean(Y, axis=0))

self .weights = np.ones((self.n_estimators, self.out_dims

self .weights[1:,
# HRITE

for i in self.progressbar(range(self.n_estimators)):

:] *= self.learning_rate

for c in range(self.out_dims):

tree = RegressionTree(

))

min_samples_split=self.min_samples_split,

min_impurity=self.min_impurity,
max_depth=self .max_depth)
#TERRE R, JFR R AT 5
if not self.is_regression:
Y_hat = softmax(Y_pred)
cl, Y hat[:, c]

y, y_pred = Y[:,

else:

y, y_pred = Y[:, cl, Y_pred[:, c]
neg_grad = -1 * self.loss.grad(y, y_pred)
tree.fit (X, neg_grad)

# AT EF3
h_pred =

= 4T T
tree.predict (X)
# line search

if self.line_search == True:

self .weights[i, c] *= line_search(y, y_pred, h_pred)
15 Bl A AT B9 i A A B

# A ARAL A A A 3] A e BN,
Y pred[:, c] += np.multiply(self.weights[i, c],

self.trees[i, c] = tree

33
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dtype=object)

is_regression=False, line_search=False):
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def predict(self, X):
Y pred = np.zeros((X.shape[0], self.out_dims))
# R
for c in range(self.out_dims):
y_pred = np.array([])
for i in range(self.n_estimators):

update = np.multiply(self.weights[i, c], self.trees[i, c].predict(X))

y_pred = update if not y_pred.any() else y_pred + update
Y _pred[:, c] = y_pred
if not self.is_regression:
# 492k 5] R Hir ) o T e 5K A
Y_pred = Y_pred.argmax(axis=1)

return Y_pred

def score(self, X, y):
y_pred = self.predict(X)
accuracy = np.sum(y == y_pred, axis=0) / len(y)

return accuracy

class GradientBoostingRegressor(GradientBoostingDecisionTree):

def __init__(self, n_estimators=200, learning_rate=1, min_samples_split=2,
min_impurity=1le-7, max_depth=float("inf"), is_regression=True, line_search=False):
super (GradientBoostingRegressor, self).__init__(n_estimators=n_estimators,
learning_rate=learning_rate,
min_samples_split=min_samples_split,
min_impurity=min_impurity,
max_depth=max_depth,
is_regression=is_regression,

line search=line_search)

class GradientBoostingClassifier (GradientBoostingDecisionTree) :

def __init__(self, n_estimators=200, learning_rate=1, min_samples_split=2,
min_impurity=1le-7, max_depth=float("inf"), is_regression=False, line_search=False):
super (GradientBoostingClassifier, self).__init__(n_estimators=n_estimators,
learning_rate=learning_rate,
min_samples_split=min_samples_split,
min_impurity=min_impurity,
max_depth=max_depth,
is_regression=is_regression,

line search=line_search)

ABEXH GBDT, FLEREHEENR
[35]: column_names = ['Sample code number','Clump Thickness',
'Uniformity of Cell Size','Uniformity of Cell Shape',
'Marginal Adhesion','Single Epithelial Cell Size',

'Bare Nuclei', 'Bland Chromatin', 'Normal Nucleoli', 'Mitoses', 'Class']

data = pd.read_csv('../data/cancer/breast-cancer-wisconsin.data',names=column_names)
data = data.replace(to_replace='?',value=np.nan) # EEFHER

data = data.dropna(how='any') # =#=MH, any; HIZEAT UM %

print(data.shape)

# MR 267 WECEH T, T 767 HTMREIN%E

X_train,X_test,y_train,y_test = train_test_split(datalcolumn_names[1:10]], datalcolumn_names[10]],
test_size=0.25, random_state=1111)

# BEEY GHAR K E LR 2

print(y_train.value_counts())
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# BEAREN 0 F1 1

print(y_train.shape)

Il
o

y_train[y_train==2]
y_train[y_train==4] = 1

y_test[y_test==2] = 0

y_test[y_test==4] = 1

# BB GHAKE M RF 27
print(y_train.value_counts())

# BETEMTNE, RIEFENMEEFMENEY 0, TEHN 1
ss = StandardScaler()

X train = ss.fit_transform(X_train)

X_test = ss.transform(X_test)

y_train = y_train.as_matrix()

y_test = y_test.as_matrix()

(683, 11)

2 328

4 184

Name: Class, dtype: int64
(512,)

0 328

1 184

Name: Class, dtype: int64

[36]: model = GradientBoostingClassifier(n_estimators=20)
model.fit(X_train, y_train)
print (model.score(X_test, y_test))

Training: 100% [----——————————————————— - ] Time: 0:00:12
0.9532163742690059

F sklearn # GBDT, ZLEREHIEENIK

[37]: from sklearn.ensemble import GradientBoostingClassifier
skl_model= GradientBoostingClassifier()
skl_model.fit(X_train, y_train)
print(skl_model.score(X_test, y_test))

0.9473684210526315

6.1.4 XGBoost Ei%x

XGBoost f& GBDT {yit. FRKIEIE] =AM, XGBoost [T RN 42

o FUEAR (HEIEER) A4 EIEE XGBoost [HIHM (WJE30).

o IATTEEEREAR AT MR

o Wt e e A TN NEER f(z) = ;f:l hi(x), HrpE2 ) 8n) REC) 1. KM% R GBDT,. {Hi2, f£ XGBoost 1, ALK

IR A AR N IR IR AL H AR B
XGBoost EIJARTH)F 3] 5% #E
XGBoost, [#4k B HCH 7R M VRN T RPASRY P A2 2= BE VRS TE U Q () -
NS
Qhi) =T+ ; w? (60)

Horb T RS SR T AR L wy AT RO . AT AN TS, A TR B T 0k TR 2, A1
o(x) FFAHEAR @ BN T EAM L, TAE wye) TR AR T, PRSI0 hy = wome ZRIEMBUEG T, BFREECY:

K

Iy, f(x) = Ly, f(=) + > _ Q) (61)

k=1
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SNEFATRZ AT B, 5k JOAAHT

e

-1

J(y, f(®)) = L(y, fe—1(2) + he(@)) + ) Q(hy) + Q(hs)

j=1

oL o2L =
S L fia (@) + G hel®@) + s hi(@) + Z Q(hy) + Q) (62)
:ﬁghﬁ,ﬁw»4—aézkwhqu+2Q%kahﬂx)+ﬁu%)+6bnﬁ
Hor, B B R T R8RS
Fo) & o) + £/ @o)(e — o) + L0 (2 ) (63)
BT A5, BT § MEARR: -

T 20f2 (2

THE, REECY (UHEAG 5 F ERARE L)

fmkyn1 +%M@0+?ﬁﬂm0+9wg@yubmmm
z;l . .
:Z <£ Y, fe—1()) + giw q(z;) T 2h; 2( )> +7T+§ij2+00nstant (65)
i=1 j=1
. A o 2 /
= ; < )+ 2thq( )> +~T + 5 jz; wy + Constant

LATUEXR AR RN, EOTUEX T R Bag ke EXIMT R ERRARESA: [ = {i | q(@) = j}. WHAREEAT LS
JEAET T R INAE . (A R IO AR AT ) -

z)=>_ E:gﬁwj }:hﬁ+A AT
7=1 | i€l i€l (66)
T
:EZ(GWh &1+M ]+7T
j=1 =
WERHE TS5 (BD g(x) #028), BT EREEER/N, ITLASHEHSECH 0, fSE D Y BTN 25008 |
*__49; 19
RN BAREEE 1528 5/MRE N
L1 &
AP 3b e (69)

EA RIS ERT, AR S22 T 1 H S U7 U AR A MRE, AT E ARER I 25?2 A TR S 2
ﬁéﬁ%’*ﬁ TSR AT RERI R Z5 4, B R/ NI, (HIX02 NP HE [l *ﬁﬁ%mmb%,iﬁ AR, RS
RATRRE G, R mRRR (FEHEm LA E).

2

T
}: < LT (69)

ﬁﬁ%ﬁ%%?%fﬁ?%ﬁﬁ%%ﬁ%%mﬁﬁ,ﬁmﬁéh%ﬁ$ﬁﬁ,M%ﬁ%ﬁmﬁﬁkﬁ@o
R, XA B T 2, 0 2T e BB 2 5 SUOM -

Gain = J* — (J; + Jp)

[ 1 (GL+Gp)? 1 G2 1 G%
_< 2HL+Hg—|—>\+’Y 2HL—|—>\+’Y 2HR—|—)\+’Y (70)
(G, Gy (GGt

2 HL+)\ HR—I—)\ HL—f-Hg—f-)\

X8 B AT LA A SR B Pl (108 70581 RUR AR IV IZ 70 R R et . BA VR B (i 2 f KRR AR 0 2R

FERFE ST, AN SR AR AT R B MRE BRI BRI ML ERTA TRERI 20, AR THE LIRR et . XRh AR
PR Exact Greedy Algorithm. 4804 T HRCRAYHK B HAED R /KL BIE LUSRIZ R Ir A BUERE THE . Z SR Hr I 2 E A B2
HEAT RN, BB M2 A B AT, B A GRS, AR T rAER T HE Y . HICER M A Bk it B
BN R e B2 R B B 2 70 R

XGBoost BEIAMT S HE L
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[38]:

[39]:

VIS ST R

L B AT, R BANERE T SR A R R TES . (A ER R MR E T AR TR RIS S OB R, AT LR R T S

—FZIEPAEE (Approximate Algo for Split Finding). ifUSSETY et RRHERUE S0 I F 2L s —LEt 5 205, SRR IR
TSR ERRST R (buckets) t, BEEFILLGEHEE, HIRER GG EARAERIET P EE R AT . XGBoost SRk A HAL LR T8 ML
FERANLRL, WE R BN, LA=20r i28 41

1/3 2/3
percentile percentile
|

features 1 |1 | 3 [4 5 \12]45\50 99 |

labels (100,110,000

g (90010950 gs QoG ) Qo) G

hi  (hi) ha) hs ( he  hs (e ) hs ) hs ) hs)

)
9

K 7. R R RS .

THE, FATFENIH A ERHF B 4R A X7 73

1 2 2 2 1 2 2 2
Clain — max (Gain, 1 ( G N G3, (G123) > -7 < G1y n G3 (G123) ) B 7) (71)

2\Hy + X\ Hog+ A Hysg+ A His + X Hs+ A  Hysg+ A
SR, KRR s ) 5 208 SE B A AT RERUCRAS 2R

53 FRLHHC (Veightea Quantile Skeven). RAFSEHI M Dy = { (snly) | L 30l ooy S8 i EAIOR M
1H. hi; 25 @ MFEARRER § DMRIER BB S SN S — TR R r;
1

riz) s =—y Y, W (72)

h
Z(cc,h’)EDj (z,h)eDj,x<2

FORFHIE § IrA AT EUEH/NT 2 BURHE(E R SCE 5 S Y e A U R SRR L], A A EAREE S 7 2SR {551,852, .- 851}
A

|75 (854) — 15 (8j441)] <€, sj1= rniin Tij, Sj1 = rniaxxij (73)

€ EUTOIA T FE BRI, F PR e POEIREE § BUERSE S, USRI R, XERE AN L Mk B2, ROTAMT2Z[ W
IAE? FATHE B AR R BCEEL R LA N

J(y, f(z)) ~ Z [Qéhk(ﬂ%) + ;h;hz(l‘z)] + Q (hg) + Constant

i=1
m 1 1g)°
=2 |ihwlws) + ghihi@) + 57r |+ () + Constant (74
P Zh
TR A
| Ak
— §h; |:hk(mi) - (ﬁ)] +Q (hg) + Constant’
i—1 ‘

BJa A B R — DINBCE TR ZE . BUEA by, R —% Fr AR DRHRFAE 5 B BB EE AR IO B Ry o

XGBoost By K EE

B, WESL Ly, f(x)? SRR, ATRICRHSE e A2 i, mT LR A Ui . BARIFELE GBDT. A1 L(y, f(x))
WEMIE, AMERTLMGE] H M Go (7 P SiRRs SORIRER G fil H BHER AT LIS FHHNE, RN ERINHES 70 S90S, 1m
I SEOA TR BB S A PR R R )

XGBoost HEEIRE

Br T _LIARGAR LASL, XGBoost fESEIS T, IO T 404

CBRRERE. HAFREN, REEFEARS BEATT IR 5 ST BRIATT IR, SEERIBRIATT 1) AT LA R 2y ST
- BRI GRS YIHT. SENE. RTIFTRBRITISE - =R 4.

SRR, XA TRIURARAHEOE . SRR RS, AMUREREIUE LG, EREW TR

. Shrinkage. fHF2£>)%, XH[FE GBDT %, EEEN T HISSERM AN, Lh5 AR > 2500 .

from chapter5 import DecisionTree

N N

class XGBoostRegressionTree(DecisionTree):

nimnn

XGBoost W JA#. WA KT ELFENBAHREN, ERAANCEERIFME LR R EFE LA T RN R L)

nimnn

def __init__(self, min_samples_split=2, min_impurity=le-7,

max_depth=float("inf"), loss=None, gamma=0., lambd=0.):
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def

def

def

def

def

super (XGBoostRegressionTree, self).__init__(min_impurity=min_impurity,
min_samples_split=min_samples_split,
max_depth=max_depth)

self.gamma = gamma # "1 T AW EH WA £

self.lambd = lambd # "3 ¥ KA E WA A %K

self.loss = loss # KB

_split(self, y):

#y B8 y true EEFT], y pred EHFF]
col = int(np.shape(y) [1]1/2)

y, y_pred = y[:, :coll, y[:, col:]
return y, y_pred

_gain(self, y, y_pred):

#ITHER

nominator = np.power((y * self.loss.grad(y, y_pred)).sum(), 2)
denominator = self.loss.hess(y, y_pred).sum()

return nominator / (denominator + self.lambd)

_gain_by_taylor(self, y, yl1, y2):

# 0 E| 2T mA TR
y, y_pred = self._split(y)
y1, yl_pred = self._split(yl)
y2, y2_pred = self._split(y2)
true_gain = self._gain(yl, yl_pred)
false_gain = self._gain(y2, y2_pred)
gain = self._gain(y, y_pred)
# T H RN

return 0.5 * (true_gain + false_gain - gain) - self.gamma

_approximate_update(self, y):

y, y_pred = self._split(y)

#ATE T ANE

gradient = self.loss.grad(y, y_pred).sum()

hessian = self.loss.hess(y, y_pred).sum()
leaf_approximation = -gradient / (hessian + self.lambd)

return leaf_approximation

fit(self, X, y):
self._impurity_calculation = self._gain_by_taylor
self._leaf_value_calculation = self._approximate_update

super (XGBoostRegressionTree, self).fit(X, y)

class XGBoost(object):

nimnn

XGBoost 7] &

nmnn

def __

min_impurity=1le-7, max_depth=2, is_regression=False, gamma=0., lambd=0.):

self.n_estimators = n_estimators # $ﬁé@*ﬁ?
self.learning_rate = learning_rate # 7

self .min_samples_split = min_samples_split # /\EUEHE' VR AN AR B
self.min_impurity = min_impurity # | T 7 o /N AR
self.max_depth = max_depth # W AR E

self.gamma = gamma # T T AR EE AT R
self.lambd = lambd # TR R ER AT AR

self.is_regression = is_regression # -2k B E A [ AR

self .progressbar = progressbar.ProgressBar(widgets=bar_widgets)

38
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# [T o] AR R AR B P 7 Rk, A 2K LR R R OB &
self.loss = SquareLoss()
if not self.is_regression:

self.loss = CrossEntropyLoss()

def fit(self, X, Y):
# A RFFAKE Y #UA one-hot %i#
if not self.is_regression:

Y

to_categorical(Y.flatten())
else:

Y

Y.reshape(-1, 1) if len(Y.shape) == 1 else Y
self.out_dims = Y.shape[1]
self .trees = np.empty((self.n_estimators, self.out_dims), dtype=object)
Y _pred = np.zeros(np.shape(Y))
self .weights = np.ones((self.n_estimators, self.out_dims))
self .weights[l:, :] *= self.learning rate
# BRI
for i in self.progressbar(range(self.n_estimators)):
for ¢ in range(self.out_dims):
tree = XGBoostRegressionTree(
min_samples_split=self.min_samples_split,
min_impurity=self.min_impurity,
max_depth=self.max_depth,
loss=self.loss,
gamma=self .gamma,
lambd=self .lambd)
# ATEBK B, I R BT %
if not self.is_regression:
Y_hat = softmax(Y_pred)
y, y_pred = Y[:, c], Y_hat[:, c]
else:

y, y_pred = Y[:, c], Y_pred[:, c]

y, y_pred = y.reshape(-1, 1), y_pred.reshape(-1, 1)
y_and_ypred = np.concatenate((y, y_pred), axis=1)
tree.fit(X, y_and_ypred)

# RT3 B AT T

h_pred = tree.predict(X)

# HmE R A X BTN, A% B R AR T W9 Ak A AL B
Y _pred[:, c] += np.multiply(self.weights[i, c], h_pred)

self.trees[i, c] = tree

def predict(self, X):
Y_pred = np.zeros((X.shape[0], self.out_dims))
# R TU
for c in range(self.out_dims):
y_pred = np.array([])
for i in range(self.n_estimators):

update = np.multiply(self.weights[i, c], self.trees[i, c].predict(X))

y_pred = update if not y_pred.any() else y_pred + update
Y_pred[:, c] = y_pred
if not self.is_regression:
# 4025 1P A dar ) o VT Rk 2R A
Y _pred = Y_pred.argmax(axis=1)

return Y_pred
def score(self, X, y):

y_pred = self.predict(X)

accuracy = np.sum(y == y_pred, axis=0) / len(y)

39



[40] :

VRIS RIS RIE ML

R

return accuracy

class XGBRegressor (XGBoost):

def __init__(self, n_estimators=200, learning_rate=1, min_samples_split=2,

min_impurity=1le-7, max_depth=float("inf"), is_regression=True,

gamma=0., lambd=0.):

super (XGBRegressor, self).__init__(n_estimators=n_estimators,

learning_rate=learning_rate,
min_samples_split=min_samples_split,
min_impurity=min_impurity,
max_depth=max_depth,
is_regression=is_regression,
gamma=gamma,

lambd=1ambd)

class XGBClassifier (XGBoost):

def __init__(self, n_estimators=200, learning_rate=1, min_samples_split=2,

min_impurity=1le-7, max_depth=float("inf"), is_regression=False,

gamma=0., lambd=0.):

super (XGBClassifier, self).__init__(n_estimators=n_estimators,

learning_rate=learning_rate,
min_samples_split=min_samples_split,
min_impurity=min_impurity,
max_depth=max_depth,
is_regression=is_regression,
gamma=gamma,

lambd=1ambd)

A BZEXH XGBoost, FLEREHEEMK

column_names = ['Sample code number','Clump Thickness',
'Uniformity of Cell Size','Uniformity of Cell Shape',
'Marginal Adhesion','Single Epithelial Cell Size',

'Bare Nuclei', 'Bland Chromatin', 'Normal Nucleoli', 'Mitoses','Class']

data = pd.read_csv('../data/cancer/breast-cancer-wisconsin.data',names=column_names)
data = data.replace(to_replace='?',value=np.nan) # ik FHER
data.dropna(how='any') # £ T, any; HIANTSEATUM %

data

print(data.shape)
# HALRAE 257 WHERTMR, BT 757 HTHEIGE

X_train,X_test,y_train,y_test = train_test_split(datalcolumn_names[1:10]], datalcolumn_names[10]],

test_size=0.25, random state=1111)

# BEFINHHEANKEKA 2
print(y_train.value_counts())
# BRTEN 0 1
print(y_train.shape)
y_train[y_train==2] = 0
y_train[y_train==4] = 1

I
o

y_test[y_test==2]

]
—

y_test[y_test==4]
# BEHINGHFANKE LR 24
print(y_train.value_counts())

# BETEMTUNE, RIEFNMEEFMENEY 0, TEH 1
ss = StandardScaler()

X_train = ss.fit_transform(X_train)

X_test = ss.transform(X_test)

y_train = y_train.as_matrix()
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y_test = y_test.as_matrix()

(683, 11)

2 328

4 184

Name: Class, dtype: int64
(512,)

0 328

1 184

Name: Class, dtype: int64

[41]: model = XGBClassifier(n_estimators=20)
model.fit(X_train, y_train)
print(model.score(X_test, y_test))

Training: 100% [-——-—-———————————————————m ] Time: 0:00:06
0.9590643274853801

[42] : import numpy
import PIL
import matplotlib
import re
import pandas
import progressbar

import sklearn

print ("numpy:", numpy.__version__)
print("PIL:", PIL.__version__)
print("matplotlib:", matplotlib.__version__)
print("re:", re.__version__)

print("pandas:", pandas.__version__)
print("progressbar:", progressbar.__version__)

print("sklearn:", sklearn.__version__)

numpy: 1.14.5
PIL: 6.2.1
matplotlib: 3.1.1
re: 2.2.1

pandas: 0.25.1
progressbar: 2.5

sklearn: 0.21.3
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