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1.1 L EM

1. B pp e 2g (f): R 2 45 ) DGRk Camfll ) ikl sl

2. PRI R 2% S 1 AL AR S Y S PR A TR AR A numpy J2E T3 S8 22 R 45 S
[ B 55 o

3. P2 5 2k K FEAS AR

4. BRI R BOVE T, S AN R 5 258 (LM% AR 4 ) FEARBEA R
ORI AROR 22 51

12 SKRRIE

1.21 BikAir4

FIFH 2 ) A543 530 15 30 o e o T 400 2K eR SO 22 I 28 h % 2S00 BE EE , TR
FREET BETE TR M4 SR L SE BN i 22 N 4% . T IRITh 3R A2 — U2 (T A R BROR)2 1,
P2 2, it )2 ) TSRS 2 28 AR AR ] (AR SE g, FRATTRIK 2 S 8— 4l )2
PREEZS )

DR EEMLE R RS SEN ¥ = softmax(o (g (xW; + by)W; + by)W3 + bs)
A :_ w; : EW& : Tﬁjﬂﬂ 2y =xWy +by; a; = 0(215
& - AR Y zm=aW, +by; a; =0(z;)
£ — 2z3 = a;W3 + bs; az = softmax(z;) = §

1: — R R M 2%
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1.2.2 {ES58EEAA

BAVEEYN G — A DU 2R B U2 RN 4 . FRATIINGER LS HA x (—4~ 10
e eg,z = (0.872,0.641, -+, —0972)T ) Flk i : — VU3 2KAR% y (4 4E one-hot [1] &,
OYEXSIIGEIE Jg 1, HABLERE XTI N 0, e.g.y = (0,1,0,0)7, RIZRBZEHE N %850 e —
3@)0

1.2.3  HijfEREIE

FATHE x Ty APRZE M2, b /i LR TR S 15 2 P 28 I 28 i P 25 R 4

Z) = softmax(a(a(le + bl)WQ + bg)Wg + bg) ,

Horh Wi o, 3 IREHHE MZE RS2 Z AIBERE AU AR RS by o 5 URIPZIMGS)Z 5 R Z (0]
P 14 it BT 0 (-) ARFEA 22 265 ek T R (Bl ReLU BR%K ) 5 softmax(-) £
FA M P4 ER— AR R 1 RRER M E CANR R, HiA softmax pREZ
R, P28 A% A, — A 5 dEm e, £ DR REARIZ A 1, A Z )5, P2 L (E
PHAL T AR T HNA 1 BMERIM G e ) o SAST0N AR g Ja , 3edl]

Output Softmax

layer activation function Probabilities
[1.3] [0.02]
o1 e~ 0.90
22 == - »|0.05
0.7 E:A e’ 0.01

. 1 _
1.1 0.02

& 2:softmax & E L)

BRI An 2 v G5 AAE—RITE 2054 22 - A S U (cross entropy ) 12Kk BRI
HRAN IR Ly, 9) = —ylogg. (FEARSZEH, AR C LS 173 EMTT
SRR AR AT 20 TR SO AT RIR 3, AT LS5 08K [1]CSDN %
2% Pel T ) o FRATTH— 7K B g A 28 0 2 i 1) AL 4 o 72 (1] 3):

1.2.4  RIERRISHE

AT B2 NG M ATE Z TR REL L(y, 9) XML iS50 (R : W05
bl,2,3) E/‘J*}JEED
(1) 58 Wa,bs IEREE :

OL(y,9)  O(—ylogsoftmax(z3)) .
es = = =9—y;
823 823



https://blog.csdn.net/qq_39437730/article/details/144392187
https://www.cnblogs.com/armcvai/p/17050740.html
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iR ENETE
A =212 £22 FTL1E ELE

= a(.n) - z(l) — a(l) = 2(2) - a(z) e a{L_i) - z(L) — ? —_ aﬁ(})’ ?)

-
-
-
-

[m z(!)=a(!-1)w(0+b(0] [a(‘)=ﬁ(z“)) B ]

3 fHZ2 ) 2% i ) & L A2 R

8W3 = Qg5 €3, 5‘[)3 = €3]
(2) T Wby FORRE :
OL(y, 1
2= % = (esWy') © Vo (z);
z2

OL(y,9)  r OL(y,9) .
oW, Ty, T

(3) T Wby RIBBEE .

~ OL(y,9)

e, = 0o = (exW) ® Vo(z);
OL(y. OL(y.
8(1/?/1@ =ager = a"ey; 6(2!1 B _e,

1.2.5 BBIE PREHEEHMEE S

(SGD) L HEHZEL: (n 2% ,n > 0)

_ OL(y,9)
W, =W, —n AR
_ OL(y,7)
b;=b; —n o,

FESEBR R R, AT B FE—It (batch) £l LA THE R BEHLER B T 4% (BSGD), st
H B = {(z;,y;)}7—; (n ARE—HPEERAANEO , FRATHOHEEBEHLEEE T REAX N (n R
2E > 0)

1 <~ 0L Yis Ui
w; ZWi—U(EZ%)a

j=1
b; = b _TI(;Z%)

j=1
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(1) python 3.8

(2) numpy 1.24.4
(IR 55 28 E 2P AH IR S ( conda P53 : neural networks ), DL [ HUESH IS | ARSI I AX)
IMEA T3 AS R, 4 R ZHUBSHT A 1Y python F1 numpy #BEESE A SLH )

1.3.1  Python FIBFATHEEE: numpy

NumPy ( Numerical Python ) & Python [ —FhHIRAEUETHEY Je . XAl T HE AT AEAF
AL RS, H Python H BHAGHRE 3R (nested list structure) Z5F9 2 m310 % (1445
FAE AT AR F R HE R (matrix ) ), SCRERE M EEEA SRS 5, BAM s X 12 5
PR B R BCEE REUE . ARSI FE P I numpy BYFERIHERAVE I 2480 (SRR 4 M 4%
A i BOS TS BOEREAE ) BUAHDCHRAE, WA numpy - A#FE , IF BT
— LRI numpy PRIEK :

(2) Numpy ZAEECAL A28 B FLw T PR E 7 vk
(3) ZAL A HE AN 21

14 FURSAERTIRSA

AR S O 28 B A AR AD EA T BED LR A R A TN ZR AN, AN 5 2 FH AR fa] 1
TR . BAAOR UL, AR S0 S I FH R T A3 B RN AR 2tk T A BR AR oY 2 I 2% v 3R
TS A PE R . RATTAEARAS T & iR B AT W91 R 2L generate_linear_data() Fll gener-
ate_nonlinear_data(), A Mk AT B0t AnE L vl 43 B

15 LEFTE

FEAR R LB AR LAY S experiment bp.py (T 2800k, 251 : 2025ai bp) H, FA1T H AR
FH numpy J& TSl S B2 25 14 S AR AR AL N ZR AR AS o 23 2E T B e A T Rl AR R A AE
IR A (A AR Bl L 2R S, e I N 2R R A T4y ), SRJE AR
Pt o BT 2 RN A S BG4 5 1 6 AR JEUH 0 b 4 e 22 R 4 i 1) A% 4% (forward) PRIAX
F 4% (backward) PRECH I SCEEIAD , B G 12 T4 25 O ARSI SR I 25 it


https://zhuanlan.zhihu.com/p/620822865
https://blog.csdn.net/sinat_34072381/article/details/84503696
https://blog.csdn.net/xietansheng/article/details/130950822?utm_medium=distribute.pc_relevant.none-task-blog-2~default~baidujs_baidulandingword~default-0-130950822-blog-84503696.235^v43^pc_blog_bottom_relevance_base9&spm=1001.2101.3001.4242.1&utm_relevant_index=2
https://rec.ustc.edu.cn/share/9814e380-1ba0-11f0-886c-db57e9dd9af8
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1.5.1 pEifgEt

1. FEG— RS 4s P itA7 59256 . /4T ‘conda activate neural networks* fiy4 B[ ,
2. 76 H & HiN BT

L% python 3.8 Fi5%

pip install numpy==1.24

1.5.2 SHGSIIR

import numpy as np

import sys

exp_type = sys.argv[1] # 'linear' or 'nonlinear'
if exp_type not in ['linear', 'nonlinear']:

raise Exception(" exp_type  parameter should be 'linear' or 'nonlinear'.")

np.random.seed(0)

HETIAMKR (numpy, VERNBATLBUR ZBOE M€ XA TR sys, 1’Ej\7'ﬁzﬂ]
MR TR ) o AT N PIFSER (RIEZE n] 08l BTl 2
E%‘@ﬁﬁﬁﬁﬁiiﬁﬁw%, PRI RIS T AT ), Il a2 ATE A “linear” B3
“nonlinear” 5K X 43 o

1. 217 linear SZ%; : python experiment_bp.py linear

2. 3217 nonlinear 3Z5 : python experiment bp.py nonlinear

def generate_linear_data(n_samples_per_class=100, n_features=10)
def generate_nonlinear_data(n_samples_per_class=100, n_features=10)
def relu(x)

def relu_derivative(x)

def softmax(x)

AP E LI T 54 RE LR FEVEH , Hi generate linear data il generate nonlinear data

3 S B BN T S AN AN o] s, DAIE R KA T linear SC56FI nonlinear SE5
relu PRECCIL T ReLU FEZ MR sREAYTHE, relu_derivate PREXSEIL T ReLU pRERAYSK R
I softmax FREUSZHL T Softmax pRELIITE. .

class ReluNeuralNetwork

class LinearNeural Network
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TESCE, AT T PR M 4%, —2& (ReluNeuralNetwork ) i ] ReLU pREUE N AE
S MV PREL (DR UL BB WS B8 A M AR AR S T 0 B 1 RRAIE ) . 73 —28 ( LinearNeuralNet-
work ) WA HIAEZe MRS pRERL (PN 122 H3dE TR M rT o0 850l A RRAE ) o AR S 56
Hh, AT T AT 55 BRI A A4 AP 22 ) 2 [ T[] 4249 (forward) FSZ 81444 (backward )
(e

# A RBIERD G, WRAEA
if exp_type == 'nonlinear':
# ARIFEETHEE (HE, AKE)
X_train, y_train = generate_nonlinear_data(n_samples_per_class=100, n_features=10)
X_test, y_test = generate_nonlinear_data(n_samples_per_class=100, n_features=10)
else:
# A REMT o0 888 (N%E, MKE)
X_train, y_train = generate_linear_data(n_samples_per_class=100, n_features=10)
X_test, y_test = generate_linear_data(n_samples_per_class=100, n_features=10)
& RIS B
X : #J¥E4E% shape = (n_samples, n_features) = (400, 10)

y : #r% shape = (n_samples,) = (400,)

print (X_train.shape, y_train.shape)
print (' B4R#]F X_train[0]:', X_train[0])
print (' B4R #F y_train[0]:', y_train[0])

F A7 &y Hone-hot )&

y_train_onehot = np.eye(4) [y_train]
y_test_onehot = np.eye(4) [y_test]

print (' BL4K#]F y_train_onehot[0]:', y_train_onehot [0])

XA 3 R AR B I 2 I
# BCEAYZ M % P Ay R

input_size = X_train.shape[1] # input_size = 10
hiddenl_size = 16

hidden2_size = 16

output_size = 4

# WIEAAY 2 W 4

nn_non_linear = ReluNeuralNetwork(input_size, hiddenl_size, hidden2_size, output_size)
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nn_linear = LinearNeuralNetwork(input_size, hiddenl_size, hidden2_size, output_size)

# WG ZR %
learning_rate = 0.1
nn_non_linear.train(X_train, y_train_onehot, epochs=300, learning rate=learning_rate)

nn_linear.train(X_train, y_train_onehot, epochs=300, learning_rate=learning_ rate)
XU HC B T A2 25 P a) 2 B RGT W an A 2 4 IR 22 45
# SATTRR R4 A A A

predictions = nn_non_linear.forward(X_test)

predicted_classes = np.argmax(predictions, axis=1)
accuracy = np.mean(predicted_classes == y_test)

print (£" I K HAE R MK EH E: {accuracy: .2f}")

predictions = nn_linear.forward(X_test)
predicted_classes = np.argmax(predictions, axis=1)
accuracy = np.mean(predicted_classes == y_test)

print (" &EAER X AEHF: {accuracy:.2f}")
X — A IR N 2 5 5 A 2 I 2% 1) A 23

1.5.3  HIBMLS5 . #h 2 ph&e Mg b i fe A B & fi R 5 K4 RaY

AN T2 52 % ReluNeuralNetwork Fll LinearNeuralNetwork 3 P12 F1 1 forward Fil back-

ward PREL (FE3HPUE S ) o F—ATTF LA ReluNeuralNetwork A 5156 -

class ReluNeuralNetwork:
def __init__(self, input_size, hiddenl_size, hidden2_size, output_size):

pass # B BARXED

def forward(self, X):
pass # HoBARXD

def backward(self, X, y, batch_size, y_pred, learning_rate):
pass # B BARXD

def train(self, X, y, epochs, learning rate):

pass # HoBIRXD

— MM ZE R PGS A init_, forward, backward, train DU e, FRATH T E AN
forward i backward #543FIACHS o Xt T forward #BCHS .

def forward(self, X):

W —RRERE a1 it [RBEEL %]
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self.z_1

self.a_1

X @ self.weights_1 + self.bias_1
relu(self.z_1)

TODO: # @53 % BB ERZE a_2 93t H [F&44 None R AIH KR A]

self.z_2 = None

self.a_2 = None

TODO: A wfE#% 4 B y_pred Wit H [FEZ4h4 None R A A94KA]

self.z_3 = None

self.y_pred = softmax(self.z_3)

return self.y_pred

ARSI I HEER kb 4 forward H A2 ITTHEARES . XTT backward #B70Ch5:

def backward(self, X, y, batch_size, y_pred, learning_rate):

B E4:3%: self .weights_3, self.bias_3 A3 E )it F 37

Vi

# IR ER o3

e_3 = y_pred - y

# self .weights_3, self.bias_3 A##h/EeitiL

grad_weights_3 = self.a_2.T @ e_3 / batch_size

bias_weights_3 = np.sum(e_3, axis=0, keepdims=True) / batch_size
# WETH, ZHMESH

self .weights_3 -= grad_weights_3 * learning_rate

self.bias_3 -= bias_weights_3 * learning_rate

TODO: K @454&: self.weights_1, self.bias_1 A%kHh/E 8+ F Ao 237
(% 24h4 None K& H94K4]

# T HRER e 2

e_2 = None

# self.weights_2, self.bias_2 A&#h/EM3t3E

grad_weights_2 = None

grad_bias_2 = None

# BE T, LAAMELHK

self.weights_2 -= None

ATA f LR it
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self.bias_2 -= None

TODO: R #14:#%: self.weights_2, self.bias_2 5% E et HAe & 4
[F&4h4 None KA 9KA]

# HHERER e 1

e_1 = None

# self.weights_1, self.bias_1 S#MEwitHHE

grad_weights_1 = None

grad_bias_1 = None

# MM, %A

self .weights_1 -= None

self.bias_1 -= None

2 IR S0 R BRER 044> backward HH4% )2 IR ZET AT 5280 (weights,biases) B 1

TR FIBR B SR 5L R S

1.6 SRR ESTVE 4N

1.6.1 SZEGER

1. 52/ ReluNeuralNetwork A1 LinearNeuralNetwork X P2 fY forward il backward

PR (L PUER A )

2. B ATRARENE AT o0 FIAS R 70 B RR AR B0 T A SE56:, LA TR 2 254 (2t

2% ARLRIEMIZE ) FEAL BN R ECHE A i IR 22 54

3. PR BRSNS (Fiv 44 - bp_ -5 py, ] : bp_PB24011035.py) £ bb &%, I
FIFH python FREYERRINAE, TEARAS ORI R BAL S B A C s 745 AR A R 4 450 (2%

PEMZE AEZME R 28 ) 7R TR RIS 0 A B O R0OR 25 e i B2
# RAH S (THETETRA)

# BATER
BATLE R A A

# RREFELS AR 276 68

>
hS
1
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1.6.2  PESEmm]

T 3= AR LA LA 5 A Tl
(1) IE#I5ERL ReluNeuralNetwork. forward() #7305 AG#b 2 (20% )
(2) IE#I5ERL ReluNeuralNetwork.backward() #7-CH5 A £ 2 (20% )
(3) IE#I5ERL LinearNeuralNetwork. forward() #57fCH5 A £ 2 ( 20% )
(4) IE#5ERL LinearNeuralNetwork. forward() #7fCH5 A £ 2 ( 20% )
(5) MIBATPIFRIGEO0 T B9 SE 5, EEE AR P48 25 kE) (et 2% | JRZeMEM s ) FEib B

ARV S A i B ROR 22 50 (20% )
X IJiE1T python experiment_bp.py nonlinear FJ4%5 H 7R i) «

# AFLEAA N K EHE: 0.99

# RMAERN K ERE: 0.57

WIJiE1T python experiment_bp.py linear %557~ ) :

# ERMBEANEEHFE: 1.00

# SHBEARNRERMFE: 1.00

1.7 BE#:

ANl As 2R (ZetEm s | ARAAE %S ) EALBARIRE (Ztbnl o AT ) 41
A A SCRAT A 22 S 7 3k i 2 S P e R TR 2



	实验名称：逻辑回归算法
	实验目的：
	实验原理
	逻辑回归

	实验工具：
	数据集准备和说明
	实验步骤：
	环境搭建
	实验实现
	测试验证

	实验要求与评分细则


