Module 6 - Week 3

Multi Layer Perceptron (continue)
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Nhitng géc nhin sau sic vé MLP

O bai viét nay, ta sé ban dén mot sé khia canh nho nhé khi lam viéc véi Multi Layer Perceptron,
ngoai ra sé khong nhic lai nhitng phan da dude dé cap trong bai ngay thit 3 va thi 4.

1.1 Su bat bién véi bién déi tuyén tinh trong mang neuron

Chitng minh rdng chudn héa gitp bat bién vdi bién doi tuyén tinh
Gia st ta c6 mot tap dit lieu dau vio X = {X1, Xo,..., X,,}. Phép chuan ho4 (standardization) ctia
X dugc dinh nghia la:
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Xét mot phép bién ddi tuyén tinh ctia dit lieu:
Y =aX+0,

v6i a # 0 va b 1a hing s6. Khi do, k¥ vong va do léch chuan ctia Y lan lugt la:
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Do dé, bién chuan hoa ctia Y la:
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Suy ra:
~ X, néua>0,
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Toéom lai:

Két qua trén cho thay phép chuan hoa loai bé hoan toan anh hudéng ciia:
e Tinh tién (+b): bi triét tieu khi trir di trung binh.

e Co gian tuyén tinh (xa): bi triét tiéu khi chia cho do léch chuan.
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N6i cach khac, sau khi chuan hod, dit liéu chi con giit lai hinh dang phan bo tuong doéi, khong phu
thuoc vao do sang, do tuong phan hay céc phép bién ddi tuyén tinh ctia dau vao.

Y nghia déi véi mang nd-ron:

Chuan hoa gitip mo6 hinh hoc dugc cac dic trung bat bién trude nhitng thay doi tuyén tinh cia dit
liéu, tit d6 gitp viec huén luyén on dinh hon va kha ning téng quat hoa tét hon.

Diéu nay giai thich vi sao trong thyc té, cac anh c6 do sang hodic tuong phan khac nhau van duge
mo6 hinh nhan dién la ciing mot déi tuong sau khi chuan hoa.

1.2 Hiéu thém vé Skip Connection - tién dé cho ResNet

Tryc gidc ban dau ctia skip connection rat don gian: thay vi bdt mot tang an phdi tw minh hoc toan
bo phép bién doi tw dau vao x sang dau ra mdi, ta cho né mot “duong tit” dé it nhat cing cé thé sao
chép lai chinh x néu can. N6i cach khac, thay vi hoc tric tiép

h(z) =~ output,

ta cho mang hoc
output =z + F(x),

trong d6 F(x) 1a phan sai léch can diéu chinh (residual). Néu F(z) hoc kém, ta vin con thanh phan x
di qua nguyén ven. Day chinh 1a ¥ tudng cot 16i ding sau cac kién tric nhut ResNet.

0 g6c nhin lan truyén ngude, skip connection giéng nhu viéc ta mé thém mot 1lan dudng cho gradient.
Néu mot nhénh di qua cac tang phi tuyén sau bén trong bi suy gidm (vanishing gradient), gradient van
c6 thé di theo nhanh identity v6i dao ham xap xi bang 1, gitp tin hiéu 16i quay trd lai cac tang trudc
d6 dé dang hon.

Minh hoa don gian trong PyTorch. Ta thiét ké mot MLP nho, trong d6 dau ra ctia tang an thi
nhat vita duge dua qua ham kich hoat, vita dugc gitt lai dé cong (skip) véi biéu dién sau do:

import torch
import torch.nn as nn

class MyMLP(nn.Module):
def __init__(self, hidden_dim=256):
super().__init__Q)
self.fcl = nn.Linear(784, hidden_dim)
self.activation = nn.ReLU()
self.fc2 = nn.Linear(hidden_dim, 10)

def forward(self, x):
# x: (B, 784)
x1 = self.fci1(x) # (B, 256) - nhé&nh chinh
x = self.activation(xl) # (B, 256) - qua ham kich hoat

# Skip connection: cdng truc tiép bidu didn trudc activation

x =x + x1 # (B, 256)
x = self.fc2(x) # (B, 10) - logit dau ra
return x
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# Test

model = MyMLP(256)

X = torch.rand(32, 784) # batch 32 anh da flatten
output = model(X)

print (output.shape) # torch.Size([32, 10])

Mot vai goéc nhin thd vi tt vi du nhé nay:

e Hai con dudng cho théng tin: cing mot tin hiéu x; sau fc1 di theo hai nhanh: mét nhanh
qua ReLU (phi tuyén), mot nhanh giit nguyén. Khi cong lai, mang vita tan dung dugc phi tuyén,
vita gitt lai thong tin tuyén tinh ban dau.

e Hoc “phan chénh léch” thay vi hoc tir s6 0: néu fc2 hoc rat kém, output van khong qua
té vi da c6 sin thanh phan z;. Con khi mang hoc t6t, fc2 sé diéu chinh phan residual sao cho
x1 + F(z1) tiém can nghiem t6i wu.

e Gradient c6 dudng tit dé quay vé: trong lan truyén ngude, dao ham ctia nhanh identity
(dudng x1 dugce cong thing) 1a 1, gitip mot phan gradient quay lai fc1 ma khong bi bép nhé bai
nhiéu tang phi tuyén. Day chinh I tinh than “deep nhung van train dugc” ctia ResNet.

Mic du vi du trén chi 1d mot MLP nhd, song né da chita day di tinh than ctia mot khoi residual:
h(z) = F(z) + x,
trong d6 F' 1a mot mang con (6 day 1a ReLU + fc2). Khi thay MLP bang cac khdi convolution va xép
chong hang chuc, hang tram lan, ta sé thu dugc kién tric ResNet noi tiéng.
1.3 Dying ReLU va nhiing van dé lién quan

Nhu da timg dé cap & bai truée, ReLU (Rectified Linear Unit) 1a mot trong nhitng ham kich hoat
pho bién nhat nho tinh don gidn va hicu qua:

ReLU(z) = max(0, z).
Dic diém quan trong ctia ReLU la:

e Gia tri am bi cit ve 0.

e Phan duong c6 dao ham bang 1, gitp gradient lan truyen tot.

Chinh dac diém nay gitp mang trd nén sparse (chi mot phan neuron duge kich hoat), lam mo hinh
hiéu qud va it overfitting hon. Tuy nhién, mit trai ciia ReLU ciing xuat hién tit chinh sy don giadn do.
Dying ReLU la gi?

Dying ReLU mo ta hién tugng khi mot neuron ReLU luon cho dau ra bang 0 véi moi dau vao. Dieu
nay xay ra khi gia tri dua vio ReLU luon nam trong mién am:
Wx+b<0 V.

Khi do:

e Dau ra ctia neuron luén bang 0.

e Dao ham ctia ReLU trong mién am bang 0.

e Gradient khong thé lan truyén ngugc qua neuron nay.

Neuron bi roi vao trang thai nay duge goi 1a mot dead neuron. 0 kich ban xau nhat, néu phan 16n
neuron trong mang bi chét, toan bo mo hinh c6 thé suy bién thanh mot ham hing s6, mat hoan toan
khé ning hoc.
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Vi sao neuron ReLU da chét thi khé hoi sinh?

Mot khi neuron roi hoan toan vio mién am, gradient tai d6 bang 0 nén cac tham s6 W,b khong con
dugce cap nhat. Diéu nay khién neuron bi “ket” vinh vién trong trang thai khong hoat dong. Khac véi
cac ham kich hoat tron nhu sigmoid hay tanh, ReLU khong cung cap bat ky gradient nao trong mién
am dé “kéo” neuron quay lai.

Nguyén nhan gay ra Dying ReLU

(i) Learning rate qua 16n Quy tac cap nhat tham s6 c6 dang:

oL

Néu learning rate a qué lén, mot bude cap nhat c6 thé day trong sé sang ving gia tri rat am. He qua
la:
Wr+b<0 = ReLUW=z+0b)=0,
khién neuron bi chét hang loat.
(ii) Bias am 16n Bias 13 mot hing s6 dudc cong truc tiép vao tong tuyén tinh. Mot bias am di 16n
c6 thé khién toan bo phan phdi dau vao clia ReLU bi dich sang mién am, ké ca khi trong sé6 khong qua
nhé. Trong truéng hgp nay, neuron sé luén bi vo hiéu hoa.
Dying ReLU c6 luén xay ra khéong?
Khong han. Trong thuc té, mdi budc téi uu thuong st dung mot mini-batch. Mién 1a khong phdi toan
bo dit liu trong batch day neuron vio mién am, gradient vAn c6 thé ton tai v neuron vaAn hoc dudgc.
Tuy nhién, véi mang sau va thiét lap khong can than, hién tuong nay van xay ra kha phd bién.
Cac huéng khic phuc
(i) Gidm learning rate Learning rate nhé hon gitip cac bude cap nhat on dinh, gidm nguy co “vang”
trong s6 sang mién am lén.
(ii) St dung bién thé ciia ReLU Y tudng chung la tranh doan phing c6 dao ham bing 0 trong
mién am:
e Leaky ReLU:
T x>0
f(x)z{ ’ o @<y

ar, x <

e PReLU: gidong Leaky ReLU nhung « 1a tham s6 hoc dugc.
e ELU, GELU: diing ham tron dé duy tri gradient trong mién am.
(iii) Khéi tao tham sé hop ly Cac phuong phap nhu He initialization gitip phan phéi dau vao

phit hop hon v6i ReLU. Ngoai ra, mot sé nghién cttu chi ra rang khéi tao bat ddi xing ngdu nhién c6
thé gidm kha niang roi vao biy Dying ReLU.
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Lién hé vé6i Skip Connection

Mot diém thi vi la skip connection ciing gian tiép gitip gidm Dying ReLU. Nh& nhanh identity, gradient
c6 thé di vong qua cac ReLU “bi chét”, gitp cac tang trudc dé vin duge cap nhat. Day chinh 1a mot
trong nhitng 1§ do ResNet c6 thé huan luyén rat sau ma khong sup do.

Tém lai ReLU manh nhung khong hoan hao. Hiéu 16 Dying ReLU khong chi gitip ta chon ding
activation, ma con hiéu sau hon vi sao kién tric hién dai nhu ResNet, GELU hay PReLU ra doi.

1.4 Batch Normalization nhu mét “liéu thudc” cho Dying ReLU

Tt phan tich § muc trude, ta thay ring Dying ReLU khong chi dén tit ban than ham kich hoat, ma
con tit phan phoi ciia tin hiéu dua vao ReLU. Cu thé, khi dau vio z = Wa + b thuong xuyén nam sau
trong mién am, ReLU sé cho dau ra bang 0 va chian hoan toan gradient.

Van dé cot 16i ltc nay khong con 13 “ReLU c¢6 tot hay khong”, ma 1a:

Lam thé nao dé giw cho phan phdi cia z on dinh va nam trong ving hoat dong ciia ReLU?

Batch Normalization (BatchNorm) dugc dé xuat chinh dé gidi quyét cau héi nay.

Batch Normalization lam gi?
Y tuéng ciia BatchNorm la:
1. Chuan hoa dau vao ctia mdi tang theo mini-batch.
2. Ep phan phéi ctia tin hieu vé dang ¢6 trung binh gan 0 va do lech chudn gan 1.
3. Sau d6 cho phép mang hoc lai phép co gian va tinh tién thong qua hai tham s6 hoc dugc.
V6i mot mini-batch {z1, 22, . .., 2 }, BatchNorm thuyc hién:
Zi — 1B

\/0%4-6

trong d6 pup va 0% la trung binh va phuong sai theo batch. Sau d6 ap dung phép bién déi hoc dugc:

5=

Yi =% + 5.
Vi sao BatchNorm gitp giam Dying ReLU?
BatchNorm tac dong tric tiép vao goc ré ciia van de:
e Khi tin hiéu dugc chuan hod quanh 0, xac suat roi vio mién am sau ctia ReLU gidm dang ké.

e ReLU sé c¢6 ca neuron hoat dong (dau vao duong) va neuron bi chin, gitip mang duy tri tinh
sparse ma khong lam chét toan bo neuron.

e Gradient it bi suy gidm vi dau vao hiém khi bi ket ¢6 dinh ¢ mot phia.

No6i cach khac, BatchNorm giéng nhu viéc lien tuc kéo dit liéu quay vé ving “an toan” cho ReLU
hoat dong.
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BatchNorm va tinh bat bién tuyén tinh

Lien hé v6i phan chuan hoé trude d6, BatchNorm con gitp mang trd nén bén vitng hon trude céc phép
bién ddi tuyén tinh:
z=aX +b.

Do da loai bé anh huéng ctia a v b ¢ méi mini-batch, mang it nhay cdm véi viec thay ddi scale hoic
shift ctia dit lieu noi bo. Diéu nay gitp viec huan luyén tréd nén én dinh hon, dic biét trong cic mang
rat sau.

BatchNorm trong PyTorch

Trong thyc té, BatchNorm thudng duge dat trude ReLU:

nn.Linear(...)
nn.BatchNormld(hidden_dim)
nn.RelLU(Q)

Cach sip xép nay dam bao ring ReLU luon nhan duge dau vao da duge chuan hoa, gidm nguy co
Dying ReLU ngay tit dau.
Goéc nhin tong hop
C6 thé xem BatchNorm nhu mot “dém an toan” cho ReLU:

e ReLU: tao phi tuyén manh, gitip mo hinh hoc biéu dién phiic tap.

e BatchNorm: giit cho phan phdi 6n dinh, tranh viéc phi tuyén bi vo hiéu hoa.

Chinh su két hop nay da tré thanh chuan muc trong cac kién tric hién dai, tit MLP sau cho dén
CNN va Transformer.

Tém lai Dying ReLU khong phai 13 15i ctia ReLU, ma 1 18i nhic ring: phi tuyén manh can di kem
vdi co ché kiém sodt phan phéi. Batch Normalization chinh 1a mot trong nhitng co ché nhu vay.

1.5 He Initialization (He Normalization) - khéi tao dé ReLU khéng chét tir dau

Batch Normalization gitp 6n dinh phan phéi tin hiéu trong qud trinh hudn luyén. Tuy nhién, van
con mot cau héi quan trong hon, xuét hien ngay tit thoi diém bdt dau hudn luyen:

Néu cdc trong s6 ban dau da khién tin hiéu roi sau vao ving am, thi ReLU sé chét ngay tu
budc dau tién. Lam sao tranh dieu do?

Cau tra 16i nim & cach khéi tao trong s6. Day chinh la vai tro ctia He Initialization.

Vi sao khong thé khdi tao trong sb tuy y?

Xét mot neuron trong tang an:
n
z = E W; Ty
i=1
Néu:

e trong sd6 w; qui lén = z c6 phuong sai rat 16n = gradient dé no,
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e trong s6 w; qua nhdé = 2z ~ 0 = gradient dé bién mat,

thi mang sé rat khé hoc, du kién tric c6 ding dén dau.
Van de cot 16i la:

Lam sao dé phuong sai ciia tin hiéu dugc bdo toan khi di qua nhiéu tang?
ReLU lam thay d6i phan phdi nhu thé nao?
Khac véi tanh hay sigmoid, ReLU cdt toan bo nita am ctia phan phdi dau vao:
ReLU(z) = max(0, 2)

Diéu nay c6 mot hé qua quan trong:

e chi khodng ~ 50% neuron dugc kich hoat (gia st z déi xiing quanh 0),

e phuong sai ctia tin hiéu sau ReLU gidm di gan mot nita.

Néu ta van dimg cac cach khdi tao c¢d dién (nhu Xavier), phuong sai sé gidm dan qua ting tang, va
mang sau sé gan nhu khong hoc dugc.
Y tudng ctia He Initialization
He Initialization dugc thiét ké rieng cho ReLU. Y tudng rat tryc quan:

Vi ReLU lam mat mot nia tin hiéu, ta can khdi tao trong so sao cho phuong sai ban dau
6n hon dé bu lai.

Cu thé, v6i mot tang c6 n dau vao, He Initialization khdi tao:

2
w; ~ N <0, > hoac w; ~U (_\/E’ \/€>
n n' Vn
He sé % chinh 13 “lidu bit” cho ReLU.

He Initialization gitp giam Dying ReLU nhu thé nao?
Tt gbc nhin déng lyc hoc:
e Phuong sai dau vao dudc giit 6n dinh qua cac tang.
e It neuron roi sau vao mién am ngay tit dau.
e Gradient lan truyén tot hon trong nhitng epoch dau tién.
No6i cach khac, He Initialization giap:

ReL U c¢6 co hoi song sét va hoc dugc trude khi BatchNorm hay optimizer kip can thiép.
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He Initialization trong PyTorch

Trong PyTorch, He Initialization dugc st dung rat gon:

nn.Linear(in_features, out_features)
# mac dinh d3 dung Kaiming (He) initialization cho ReLU

Ho#c cht dong hon:

nn.init.kaiming normal_(layer.weight, nonlinearity=’relu’)
nn.init.zeros_(layer.bias)

PyTorch goi He Initialization 1a Kaiming initialization (theo tén tac gid Kaiming He).

BatchNorm va He Initialization c6 trung vai tro khong?
Mot nham 1an phd bién la:
Da dung BatchNorm thi khong can quan tam khdi tao nita.
Thuc té:
e He Initialization 6n dinh ngay tir buéc dau tién.
e BatchNorm 6n dinh trong qua trinh huin luyén.

Chiing bo sung cho nhau, khong thay thé nhau.
Toém lai

ReLU khong tu nhién hoat dong tét. N6 can duge “nudi song” bang khdi tao ding (He
Initialization) va dugec “cham séc” trong qud trinh hudn luyén (Batch Normalization).



