Optimization Methods and Regularization

L& Nhuyt Nam ' Huynh Viét Tham®  Lé Céng Luan®  Huynh Hoang Huy !
IFaculty of Information Technology, University Of Science, VNU-HCMC

Seminar, July 2022

Nam x Tham x Luan x Huy (FIT-HCMUS) Hoc Méy Ung Dung 12th August 2022



Muc luc

O Gidi thiéu

@ Gradient Descent

© Stochastic Gradient Descent

@ Regularization

@ Cic thuat toan t&i uu hod Gradient Descent

@ Thuc nghiém két qua va danh gi3

@ Két luan

O Tai liéu tham khdo

Q Phu luc: Céc bd tbi uu gin day; Phuong phap téi uu toan phuong; M3 ngudn
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D& mé hinh dat dé chinh xac cao thi output cia mé hinh phai tién gin dén gi4 tri target.
=> Can mét bd trong s6 weights W va bias b tot.
o Random nhiéu Ian va 4y k&t qua tbt nhit ?

o Gradient Descent
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Gradient Descent

Thu3t todn Gradient Descent c6 2 phién ban phé bién:
o Phién ban gbc.

o Phién ban st dung thuat toan téi wu héa ngiu nhién “stochastic” (dugc st dung nhiéu).
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Loss Landscape va Optimization Surface

“Landscape" 13 c4c features c6 thé tim thiy trong khu vuc tim kiém.

Qué trinh t8i uu héa bé mit (optimization surface) ciing chinh 13 viéc téi vu héa nhiing sai
khac giita cac cdp features khi d&i sanh. Thuat toan gradient descent sé lién tuc thuc hién viéc
tbi uu héa b& mit nh¥m muc dich tim ra diém tbi wu nhit.

P

3
Global Minimum Local Minimum

Loss wirespect to weights

Weights

Figure 1: M& phéng cac diém tbi uu (ing véi tiing bé trong sb.
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Loss Landscape va Optimization Surface

31 gbc do 3D, véi 2 trong sb 01, 05 , db thi s& ¢ dang thung liing (Hinh 2). Cé rt nhiéu bo

t8 hop 61, 6, ng véi 1 gia tri 18i. Néu ctr duyét mét cich khong cé ké hoach, chiing ta s& rt
khé dé dat dugc muc tiéu.

we are here with random value 0,.6,

+Start with some , ¢,

@ + Keep changing 0, 1o reduce J(g,,0,)

until we hopefully end up at a
minimum

10,6,) l

Figure 2: Md phéng 3D mébi tuong quan giita ham 18i va trong sb 6y, 6,

9,

V4n dé: Khi dang & thsi diém thi t véi b trong sb 6, 1am sao ta c6 thé tim dudc bd trong sb
mdéi 6’ trong thoi diém thi t+17
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“Gradient” trong Gradient Descent

Robot R dang thuc hién nhiém vu tim kiém diém thép nhit trong céi t6 (Hinh 3). VAn dé: 1am
sao dé R c6 thé biét dugc phuong hudng dé di dén diém dé?

=> Dua vao d6 dbc.
i

%

- :

Figure 3: M& phdng viéc tim kiém diém cuc tiéu clia Robot R trong cai té .
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“Gradient” trong Gradient Descent

Thuit todn Gradient Descent cé nhiém vu tim ra d& déc cla vi tri hién tai, tir d6 chon dugc
hudng di ké tiép.

Cu thé, giad sl vGi bb trong s6 W = wyi,wo,...,w,, tasé tim dusc dau ra du doan va tinh
dugc dd 16i L tir d6. Cong viec k& dén chinh 13 dao ham riéng ph§n ham L cho ting w; , diéu
ndy déng nghia véi viéc, ta dang xem xét sy bién thién ctia ham 13i ting véi su thay d8i clia
tiing trong sb. Tir dé ta cé thé biét dudc trong sb ndo anh hudng manh v trong s& ndo anh
hudng thip.

Tap hop tht cd cic dao ham riéng phan ta goi 13 gradient. Céng thiic dao ham riéng phan
dugc thé hign bén dudi:

O (x)

00— fimy, 0 FHRI=F )
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M3 gid thuat todn Gradient Descent

Thuat toan 1 Gidi thuit Gradient Descent

1: while True do

2 Wegradient < evaluate _gradient(loss, data, W)
3: W += -alpha*Wogradient

4: end while
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Stochastic Gradient Descent

Stochastic Gradient Descent
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Stochastic Gradient Descent

Téng quat

Stochastic Gradient Descent va cac bién thé ciia né 13 cc thuat toan tbi uu dudc sir dung ph(“;
bién nhat trong hoc mdy ndi chung va hoc sdu néi riéng. Stochastic Gradient Descent la mé
rong cla thuit todn Gradient Descent dugc gidi thiéu & trén.

Y tudng chung

Thay vi sau m8i epoch chiing ta sé& cap nhat trong s6 (Weight) 1 1an thi trong mdi epoch c6 N
diém dir liéu chlng ta sé cdp nhat trong so N lan.
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Stochastic Gradient Descent

Nhan xét y tudng

o Nhin vao 1 mit, SGD s& 1am gidm di tbc dé clia 1 epoch.
@ Nhin theo 1 hudng khac, SGD sé hoi tu rAt nhanh chi sau vai epoch.

Céng thic SGD ciing tuong tu nhu GD nhung thuc hién trén ting diém dif lieu. Vi vay SGD
pht hop véi cdc bai todn c6 lugng co s6 dif liéu 16n va cic bai todn yéu cAu md hinh thay déi
lién tuc, tirc online learning.
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Mini-batch Gradient Descent

Xét thuat toan vanilla GD, r6 rang |3 phuong thifc ndy sé chay rAt cham trén cac tap dit lidu
[6n.

Ly do: M3i I13n I3p lai clia gradient, chiing ta cin tinh todn du dodn cho tirng diém dio tao
trong dit liéu dao tao trudc khi ching ta dugc phép cdp nhat ma trin trong sb.

Su khac biét véi Vanilla GD va Stochastic GD

Su khéc biét duy nht véi Vanilla GD va SGD I su b8 sung clia ham next_training_ batch.
Thay vi tinh todn gradient trén toan bd tap dir liéu, chiing ta thay vao dé mAu dir liéu cla
chdng ta, thu dugc moét batch. Chidng ta danh gid gradient trén batch va cdp nhat trong s6
ma tran W.
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Mini-batch Dradient Descent

Thuat toan 2 Gidi thuit Mini-batch Gradient Descent

1: while True do

2: batch = next _training _batch(data, 256)

3 Wegradient < evaluate _gradient(loss, data, W)
4: W += -alpha*Wgradient

5: end while

Nam x Tham x Luan x Huy (FIT-HCMUS) Hoc May Ung Dung 12th August 2022



Mini-batch Stochastic Gradient Descent

Y tudng

3 mdi budc clia thuat toan, 1Ay m3u mét mini-batch cdc m3u dif lieu ngdu nhién ddng déu tur
tap huln luyén. Kich thudc cta mini-batch thudng dudc chon 13 sb tuong dbi nhd cé gia tri tir
mot dén vai tram. Quan trong hon, kich thudc nady thudng dugc giit nguyén ngay ca khi kich
thudc cla tap huln luyén ting 1én. Nhu vay, khi d6 tap huln luyén hang ti m3u s& chi con
khodng mét tram mau.
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Mini-batch Stochastic Gradient Descent

Tai sao phai st dung kich thuéc batch > 17
o D& bit dgl’l, kich thudc batch > 1 gitp gidm phuong sai trong cap nhat tham sb, din dén
su hdi tu 6n dinh hon.
@ Tha hai, ham Ib‘mh phuong tl)tf(‘jng, dugc st dung cho !(fCh thuéc batch vi chiing cho phép
cac thu vién toi vu hdéa dai so tuyén tinh bén trong dé c6 hiéu qua hon.
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Regularization

Regularization |a mot ky thuit dugc 4p dung nh3m tranh bj overfitting trong qua trinh hoc.

Thong thudng, regularizaiton thay déi ham loss dé penalize weights trong qué trinh hoc.

Cost function = Loss + Regularization term

Ghi chi: Regularization thuc hién dua trén gia dinh ring nhiing gia tri weights nhé hon sé tao
ra model don gidn hon, gilp tranh bi overfitting.
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Regularization

Minima after Minima after
/ Regularization
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Figure 4: Tham sb norm penalties: L2 norm regularization (trai) va L1 norm regularization (phai)
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Regularization

L1 regularization: Céng thém vao ham loss téng gi4 tri tuyét déi cla trong sb.

Ham loss st dung L1

Tu(wi X,y) = Jia(wi X, y) + A |wil

L2 regularization: Cong thém vao ham loss tc’gng gi4 tri binh phuong clia trong sb.

Ham loss st dung L2

Tia(w; X,y) = Tio(w; X, y) + A w?
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Regularization

Anh hudng cla hé sb ).
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Regularization

Elastic Net regularization: k&t hop ca L2 va L1 regualarization.

Ham loss két hop L1 va L2
Ji2(w; X, y) = Jia(w; X, y) + Z |wil + A2 Zw,z

i
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Gradient descent optimization algorithms: Momentum

Xét ham thé ning (potential function):

U=mgh— Uuxh (1)
—— Accumulated gradient step (momentum) ) R L, N N R .
— Curent radient step Goi F la lyc tdc dong Ién vién bi
—— Actual step S
F=-VU=ma (2)

Biéu thic luat cap nhat

v = gy _ v f(x(K) (3)

Figure 6: Nguyén ly hoat déng ctia Momentum
g guyen ly hoat dong (k+1) — (k) +V(k+1) (4)
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Gradient descent optimization algorithms: Nesterov Momentum

—_— gradient step

Current gradient step (correction)

Actual step (Nesterov)

Y tudng: tinh toin dao ham tai diém & vi tri
tuong lai x(¥) + Bv(K) - overhead, tic 13 mét
diém c6 thé gan véi diém tbi vu nhAt.

Biéu thdc lust cap nhat

Vi) = gylk) — oW F(x(F) 4 puk))  (5)

Figure 7: Nguyén ly hoat déng clia Nesterov
Momentum
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Thuc nghiém, phan tich két qua va danh gij

Thuc nghiém, phan tich két qua va danh gia
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Dénh gid kha n3ng tdi uu ham muc tiéu Beale

Ham beale

f(x,y) =14 (1.5 — x + xy)*+

7
(2.25 — x + xy?)? + (2.625 — x + xy?)? 7)
Khong gian tim kiém: —1.5 < x < 5 va
—3<y<15
Cuc tiéu toan cuc: (3,0.5) =0

Figure 8: Truc quan héa ham Beale 3D.
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Danh gia

Nam x Tham x Luan x Huy (FIT-HCMUS)

nang toi uu ham muc tiéu Beale

So sanh d§ 16i gilra cac

— GradientDescent
GradientDescentMomentum
— GradientDescenthesterovMomentum
— AdaGrad
— RMSProp
AdaDelta
— Adam

200 400 &0 0 1000 1200 1400
th gian

Figure 9: So sanh do 18i giita cac bd tdi uu.
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Dénh gid kha n3ng tdi uu ham muc tiéu Beale

102

107

a0 161

1072

So sénh d4 18i gilra cac optimizers (log-scale tryc y)

— GradientDescent
GradientDescentMomentum
—— GradientDescentNesterovMomentum
—— AdaGrad
— RMsPrap
#daDelta
— adam

200 400

&0 0 1000 1200 1400
th gian

Figure 10: So séanh dé 18i giita cic bd tbi uu véi log-scale truc y.
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Dénh gid kha n3ng tdi uu ham muc tiéu Beale

5o sanh khoang cach dén diém cuc tiéu toan cuc gilra cac optimizers véi nhau

— GradientDescent
GradientDescentMomentum
— GradientDescentNesterovMomentum
— MdaGrad A
— RMSProp
AdaDelta
— ndam

200 400 &0 0 1000 1200 1400
th gian

Figure 11: So sanh khodng cich dén cuc tiéu toan cuc gilra cac bd tbi wu.
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Figure 12: Minh hoa hinh anh tir b dir liéu.
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Thuc nghiém véi mo hinh Multilayer Perceptron

Optimizer Validation Accuracy Test Accuracy
Gradient Descent 0.95573 0.95830
Momentum 0.97906 0.97840
Nesterov Momentum 0.97896 0.97720
AdaGrad 0.97720 0.95120
AdaDelta 0.78698 0.79380
RMSProp 0.98021 0.97870
Adam 0.97823 0.98090

Table 1: D6 chinh xac trén tap xac nhan va tap kiém tra véi cac bd tbi uu khac nhau dbi véi mé hinh
Multilayer Perceptron.
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c nghiém véi mé hinh Multilayer Perceptron

Momentum Nesterov Momentum AdaGrad

00 25 50 75 100 125 150 175 00 25 50 75 100 125 150 175 00 25 50 75 1200 125 150 175

AdaDelta RMSProp Adam

00 25 50 75 100 15 150 175 00 25 50 75 100 125 150 175 00 25 50 75 1200 125 150 175

Figure 13: K&t qua thuc nghiém véi mé hinh MLP. Dudng mau xanh thé hién do 13i trén tap train,
dudng mau dé diat giy thé hién dé 16i tap test.
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Thuc nghiém véi md hinh Convolutional Neural Networks don gian

Optimizer Validation Accuracy Test Accuracy
Gradient Descent 0.98510 0.98520
Momentum 0.98729 0.98930
Nesterov Momentum 0.98677 0.98690
AdaGrad 0.97646 0.97980
AdaDelta 0.90823 0.91770
RMSProp 0.98802 0.98860
Adam 0.98594 0.98590

Table 2: D6 chinh xac trén tap xac nhan va tap kiém tra véi cac bd tbi uu khac nhau dbi véi mé hinh
Convolutional Neural Networks 2 tang.
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c nghiém véi mé hinh Convolutional Neural Networks don gian

Momentum Nesterov Momentum AdaGrad

0000
00 25 50 75 100 15 150 1s 00 25 50 75 100 125 150 175 00 25 50 75 100 125 150 175
AdaDelta RMSProp
225 020
200
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100
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o075
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000
00 25 50 75 100 15 150 175 00 25 50 75 100 125 150 175 00 25 50 75 100 15 150 175

Figure 14: K&t qua thuc nghiém véi md hinh CNN. Dudng mau xanh thé hién db 13i trén tap train,
dudng mau dé diat giy thé hién dé 16i tap test.
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Thuc nghiém véi mé hinh Deep Residual Networks

Optimizer Validation Accuracy Test Accuracy
Gradient Descent 0.98604 0.98770
Momentum 0.99219 0.99200
Nesterov Momentum 0.99167 0.99340
AdaGrad 0.98656 0.98580
AdaDelta 0.96667 0.96760
RMSProp 0.99115 0.99190
Adam 0.99177 0.99170

Table 3: D6 chinh xac trén tap xac nhan va tap kiém tra véi cac bd tbi wu khac nhau dbi véi mé hinh
ResNet18.
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c nghiém véi mé hinh Deep Residual Networks

Momentum

Nesterov Momentum

AdaGrad

002 002
000 000
00 25 50 75 100 125 150 175 00 25 50 75 100 125 150 175
AdaDelta RMSProp
16 014
14 012
12 010

00 25 50 75 100 125 150 175

00 25 50 75 100 125 150 175

00 25 50 75 100 125 150 175

Figure 15: K&t qua thuc nghiém véi md hinh ResNet-18. Dudng mau xanh thé hién db 13i trén tap
train, dudng mau do dat gdy thé hién dé 16i tap test.
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Thuc nghiém véi mé hinh VGG

Optimizer Validation Accuracy Test Accuracy
Gradient Descent 0.99365 0.99420
Momentum 0.98833 0.98900
Nesterov Momentum 0.98469 0.98700
AdaGrad 0.99063 0.99310
AdaDelta 0.96667 0.96760
RMSProp 0.99000 0.99030
Adam 0.98948 0.99070

Table 4: D6 chinh xac trén tap xac nhan va tap kiém tra véi cac bd tbi wu khac nhau dbi véi mé hinh

VGGL6.
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¢ nghiém véi mé hinh VGG

Momentum Nesterov Momentum AdaGrad
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Figure 16: K&t qua thuc nghiém véi md hinh VGG16. Dudng mau xanh thé hién db 13i trén tap train,
dudng mau dé dit giy thé hién do 15i tap test.
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Thuc nghiém Regularization véi CNN

Without Regularization L1 Regularization

00 25 50 75 100 125 150 175 00 25 50 75 100 125 150 175

L2 Regularization Elastic (L1 + L2)

00 25 50 75 100 125 150 175 00 25 50 75 100 125 150 175

Figure 17: K&t qua thuc nghiém véi md hinh CNN véi céc phu’ong phap regularization. Dudng mau
xanh thé hién dd 13i trén tap train, dudng mau dé dit giy thé hién dé I3i tap test.
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Két luan
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Két luan

o Céac phuong phap tbi uu local descent, ma cu thé 13 cac thuit toan dua trén Gradient
Descent dugc ap dung phé bién trong tbi uu cadc md hinh mang hoc siu va dugc cai dat
trong nhiéu thu vién nhu TensorFlow, PyTorch.

o Gradient Descent 13 mét phuong phap tbi uu ham muc tiéu dugc tham sb héa bdi cac
tham s& ca md hinh hoc, thut todn st dung cip nhit ngugc hudng gradient clia ham
ndy dé hy vong dat t8i cuc tiéu toan cuc. C4c thut todn cai tién véi Momentum v
Nesterov dem lai hiéu qua véi su diéu chinh huéng dich chuyén tiép theo tt hon.

o Hon nifa, nhitng thuAt toén cai tién gn day nhu AdaGrad, RMSProp, Adam ... sit dung
cac ky thuét cu thé dé ma tang tbc trong viéc cham téi diém cuc tiéu (vuot qua cuc tiéu
toan cuc, cic diém yén ngua).

o Cac phuong phép chinh quy héa st dung mét sb rang budc chinh quy cho thust todn
hoc, ta c6 thé gitp né it nhay cam vdéi dif liéu hon va 8n dinh qua trinh huin luyén mé
hinh. Tuy c6 thé gy ra gidm dé 18i tdng qua va cé thé 1am ting dé 13i trong qué trinh
huln luyén, nhung mé hinh 8n dinh hon (ting bias va gidm phuong sai).
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Phu luc
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Dénh gia toi uu ham muc tiéu: Momentum

Log cla d6 18i (Truc Z) theo théi gian. B 16i cyc tiéu thu dugc trong 1501 I1n 13p: 4.3301450726713677e-07

1070

10°F

1073

log(da 161}

10
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[) 200 400 &0 e 1000 1200 1400
Ian 13p

Figure 18: Thuit todn Gradient Descent Momentum: Logarit do 18i theo truc z theo thdi gian.
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Dénh gia toi uu ham muc tiéu: Momentum

Kheang cach dén vi tri cuc tiéu theo thi gian. Khoang céch cuc tidu thu dugc trong 1501 lan lap: 4.3391459726713677e-07

Knedng cach

0 200 400 600 200 1000 1200 1400
lan lap

Figure 19: Thuat toan Gradient Descent Momentum: Khodng céch dén vi tri cuc tiéu toan cuc theo
thai gian.
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Dénh gia toi uu ham muc tiéu: Momentum

Banh gia tham sg X Dénh gia tham s ¥ Danh gia xly
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Figure 20: Thuit todn Gradient Descent Momentum: Danh gid tham & X, Y va ty 18 X/Y theo thoi
gian
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Dénh gia toi uu ham muc tiéu: Momentum

Tham s8 van t5c X (Ddng lugng - momentum; v,} Tham s6 van toc ¥ (Bdng lugng - momentum; v,) Van téc tuyét déi - Absolute velocity (y/ vi +v7)
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Figure 21: Thuit todn Gradient Descent Momentum: vén tbc theo phuong x, y va van tbc tuyét dbi
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Dénh gia tdi uu ham muc tiéu: Nesterov Momentum

Log ctia d I3 (Truc Z) theo thasi gian. D6 18i cuc tiéu thu dugc trong 1501 Ian 13p: 4 5067294985882667e-07

10!

102

107

log(da 161}

10

1070

0 200 400 600 800

1000 1200 1400
lan lap

Figure 22: Thuat todn Gradient Descent Nesterov Momentum: Logarit d6 18i theo truc z theo thsi gian.
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Dénh gia tdi uu ham muc tiéu: Nesterov Momentum

Kheang cach dén vi tri cuc tiéu theo thai gian. Khoang céch cuc tidu thu dugc trong 1501 lan lap: 4.5067294985882667e-07
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Figure 23: Thuit toan Gradient Descent Nesterov Momentum: Khodng cach dén vi tri cuc tiéu toan
cuc theo thai gian.
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Dénh gia tdi uu ham muc tiéu: Nesterov Momentum

Banh gia tham sg X Dénh gia tham s ¥ Danh gia xly
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Figure 24: Thuit toan Gradient Descent Nesterov Momentum: Danh gid tham & X, Y va ty 18 X/Y
theo thai gian
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Dénh gia tdi uu ham muc tiéu: Nesterov Momentum

Tham s@ van tic X (Dang lugng - momentum; v} Tham sé van tic Y (Dang lugng - momentum; v} Van tdc tuyt ddi - Absolute velocity (y/ vi +vi)
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Figure 25: Thuat todn Gradient Descent Nesterov Momentum: van téc theo phuong x, y va van tbc
tuyét doi

Nam x Tham x Luan x Huy (FIT-HCMUS)



Danh gid t6i uu ham muc tiéu: AdaGrad

Log cla d8 16i (Truc Z) theo théi gian. D 16i cyuc tifu thu dugc trong 1501 lan lap: 0.527036752122762
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Figure 26: Thuat toan AdaGrad: Logarit do 18i truc z theo thdi gian.
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Danh gid t6i uu ham muc tiéu: AdaGrad

Khoang cach d&n vi tri cuc ti€u theo théi gian. Khoang cach cue tidu thu dugc trong 1501 |&n 15p: 0.527036752122762
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Figure 27: Thuit todn AdaGrad: Khodng cach dén vi tri cuc tiéu toan cuc theo thsi gian.
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Danh gid t6i uu ham muc tiéu: AdaGrad

Dénh gia tham s6 X Dénh gia tham s8 ¥ DBénh gia x/y
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Figure 28: Thuat toan AdaGrad: Danh gid tham sb X, Y
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Danh gid t6i uu ham muc tiéu: AdaGrad

Tham s8 van t5c X (Ddng lugng - momentum; v,} Tham s6 van toc ¥ (Bdng lugng - momentum; v,) Van téc tuyét déi - Absolute velocity (y/ vi +v7)
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Figure 29: Thuit toan AdaGrad: van tbc theo phuong x, y va van tbc tuyét déi
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Dénh gia toi uu ham muc tiéu: AdaDelta

Log cla d8 16i (Truc Z) theo théi gian. D& 16i cuc tiéu thu dugc trong 1501 l&n l3p: 0.06550314357607964
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Figure 30: Thuit todn AdaDelta: Logarit d6 16i truc z theo thai gian.
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Dénh gia toi uu ham muc tiéu: AdaDelta

Khoang cach dén vi tri cuc tifu theo thai gian. Khodng céch cue tidu thu duogce trong 1501 Ian |3p: 0.06550314357607964
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Figure 31: Thuit toan AdaDelta: Khodng cach dén vi tri cuc tiéu toan cuc theo thsi gian.
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Dénh gia toi uu ham muc tiéu: AdaDelta
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Figure 32: Thuat toan AdaDelta
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Dénh gia toi uu ham muc tiéu: AdaDelta

Tham s8 van t5c X (Ddng lugng - momentum; v,} Tham s6 van toc ¥ (Bdng lugng - momentum; v,) Van téc tuyét déi - Absolute velocity (y/ vi +v7)
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Figure 33: Thuat toan AdaDelta: van tbc theo phuong x, y va van tbc tuyét déi
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Dénh gia tdi wu ham muc tiéu: RMSProp

Log cla g6 18i (Truc Z) theo théi gian. D 16i cyc tidu thu dugc trong 1501 I14n 1ap: 8.92352605254974e-05
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Figure 34: Thuit todn RMSProp: Logarit d6 18i theo truc z theo thsi gian.
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Dénh gia tdi wu ham muc tiéu: RMSProp

Khodéng cach dén vi tri cuc tiéu theo thai gian. Khodng cich cuc tidu thu duoc trong 1501 Ian I3p: 8.92352605254974e-05
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Figure 35: Thuit todn RMSProp: Khodng cach dén vi tri cuc tiéu toan cuc theo thai gian.
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Dénh gia tdi wu ham muc tiéu: RMSProp

Dénh gia tham s6 X Dénh gia tham s8 ¥ DBénh gia x/y
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Figure 36: Thuat todn RMSProp: Danh gid tham sb X, Y va ty I8 X/Y theo thsi gian
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Dénh gia tdi wu ham muc tiéu: RMSProp

Tham s8 van t5c X (Ddng lugng - momentum; v,} Tham s6 van toc ¥ (Bdng lugng - momentum; v,) Van téc tuyét déi - Absolute velocity (y/ vi +v7)
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Figure 37: Thuit todn RMSProp: vén tbc theo phuong x, y va van tbc tuyét déi
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Dénh gia tdi uu ham muc tiéu: Adam

Log cla d8 16i (Truc Z) theo théi gian. D 16i cuc tidu thu dugc trong 1501 Ian l3p: 1.8529311690068482-09
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Figure 38: Thuat todn Adam: Logarit d 16i theo truc z theo thdsi gian.
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Dénh gia tdi uu ham muc tiéu: Adam

Khoang cach d&n vi tri cuc tiu theo théi gian. Khoang cach cue tidu thu duoe trong 1501 |8n 13p: 1.852931169096848e-09
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Figure 39: Thuit todn Adam: Khodng cich dén vi tri cuc tiéu toan cuc theo thsi gian.
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Dénh gia tdi uu ham muc tiéu: Adam

Dénh gia tham s6 X Dénh gia tham s8 ¥ DBénh gia x/y
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Figure 40: Thuat toadn Adam: Danh gid tham sb X, Y va ty I8 X /Y theo thsi gian.
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Dénh gia tdi uu ham muc tiéu: Adam

Tham s8 van t5c X (Ddng lugng - momentum; v,} Tham s6 van toc ¥ (Bdng lugng - momentum; v,) Van téc tuyét déi - Absolute velocity (y/ vi +v7)
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Figure 41: Thuat toan Adam: van tbc theo phuong x, y va van tbc tuyét déi.
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Mét sb phuong phap tbi uu gan day: AMSGrad

Thuit todn AMSGrad dugc tham sb héa béi learning rate 7, discount factors v, < 1, vs <1
1) biased decaying momentum

VD) = k) 4 (1 - 5, g ®)
2) corrected decaying momentum
OUFD = max (0, y(K) (9)
3) biased decaying sq. gradient
s = 7.t 4 (1 - ) (g“‘) © g“") (10)
4) corrected decaying sq. gradient
(D) — (k) /(1 ) (11)
5) final update
(K1) — 5 (6) _ qqkt1) (6 n §(k+1)) (12)
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M6t s6 phuong phap tdi uu gan day: AdamW

AdamW sira d8i viéc thuc hién dién hinh cta su phan ra trong sé trong Adam, b3ng cich tich
rdi mic phan rd trong so tir badn cip nhat gradient.

g = v (x9)) + wex( (13)

Thu4t todn AdamW co ban gibng véi thuat todn Adam
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Mot s6 phuong phap tdi uu gan day: Quasi-Hyperbolic Adam

1) Biased decaying momentum

V1) () (1 o, )g)

2) Biased decaying sq. gradient

St o o

3) Corrected decaying momentum

94 (1-) (89 0 g®)

O(k—i-l) _ V(k+1)/(1 N 7\!/()

4) Corrected decaying sq. gradient

§(k+1) _ s(k+1)/(1 B ’Yé()

5) Update rule

gwn:gm_a[

Nam x Tham x Luan x Huy (FIT-HCMUS)
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M6t s6 phuong phap tdi uu gan day: AggMo

AggMo (Aggregated Momentum) |3 mét thuat todn momentum thich tng va giai quyét vin
dé trén bing cach st dung mét t8 hop tuyén tinh clia nhiéu momentum buffers. N6 duy tri K
momentum buffers, mdi chiing c6 mét discount factor khac nhau va tinh trung binh clia chiing
dé ma cap nhit. Véi K momentum buffers, c6 cac discount factors 3 € RK

(v = (YD (N 1 g(K) (integrate velocity), Vi € [1, K] (19)
K

x(F1) = x (k) _ o [% . Z(v(kﬂ))(i)] (integrate position) (20)
i=1
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M6t s6 phuong phap tdi uu gan day: Quasi-Hyperbolic Momentum

QHM (Quasi-Hyperbolic Momentum) |a mét thudt todn momentum thich ing khiac ma tach
momentm ra khdi gradient hién tai khi cAp nhit trong s6.

VD = gyl 4 (1 - g) - g¥) (21)

XD =%k _ o (1 =) g + 0. v(kH)] (22)

trong d6 cac hé sb v = 0.7 va 8 = 0.999
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M6t sb phuong phap ti uu gan day: Demon

Demon (Decaying Momentum) 13 mét ludt phan r3 dong luong (decaying momentum rule)
dugc ldy y tudng tir md hinh hoc tuyén tinh phan rd toc do hoc (linear learning rate decay
models) ma gidm anh hudng cia mot gradient dén cc cdp nhit thai diém hién tai va ke tiep.

S F =By = (23)
i=1 i=0

Phan ra téng nay trong thuit todn Demon. Ta goi Binit 1a gid tri khéi tao, S 13 gia tri hién thdi
tai budc nhdy thd t trong téng cdng T budc nhdy, quy trinh phan r3 dudc dua ra bing cich
gidi nghiém cho 3,

Bt Binit
AR U SN e W @
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Céc phuong phép tdi uu toan phuong: Newton's method

Xem xét bai toan ti uu ham don bién, x4p xi bac hai (quadratic approximation) tai mét diém

x(K) ¢4 thé thu dugc bing cach st dung khai trién Taylor bac hai:

0= (49 + (0 () + 5 (1)

Cho dao ham b3ng 0 va gidi né, thu dugc biéu thiic cdp nhat nhu sau:

D=1 (9 + (x—x®) 7 (x9) =0

(k)
(e _ o )
£ (X(k))
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Céc phuong phép tdi uu toan phuong: Newton's method

Xem xét bai toan tbi uu ham da bién, xp xi bac hai (quadratic approximation) tai mot diém
x(K) c6 thé thu dugc bing cich st dung khai trién Taylor bac hai:

f(x)~q(x)="f (x(k)> + (g(k))T <x = x(k)> + % <x = x(k)>T H(k) (x = x(k)> (28)

Cho dao ham bang 0 va gidi nghiém
Vq(x(k)) =gk 4+ H(K) (X _ X(k)> —0 (29)

-1
(k1) (k) _ (H<k)) (k) (30)
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Céc phuong phép tdi uu toan phuong: Secant method

Phuong phédp secant st dung hai 13n 14p cubi cling dé x4p xi dao ham bac hai nhu sau:

£ (x)) — £ (x(k-D)
f (X(k)) S — s w— =y (31)

Ap dung dua vao biéu thiic clia phuong phap Newton, ta dugc biéu thic uéc luong nhu sau:

(k) _ y(k—=1)
(k+1) _ (k) _ X X 1 (k)
% = x 7 (X(k)) — (X(k—l)) f (x ) (32)
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Céc phuong phép tdi uu toan phuong: Quasi-Newton method

Gibng nhu cach x4p xi dao ham bac hai f” trong phuong phap secent khi xem xét bai toan tbi

uu ham don bién, quasi-Newton x4p nhi ma tran nghich ddo Hessian. Biéu thiic cap nhit cla
Quasi-Newton cé dang:

trong d6 a(K) 13 mét hé sb cho budc nhay (step factor) va Q) x&p xi nghich d3o clia ma tran
Hessian tai x(k)

Lam sao x4p xi Q(K): Davidon-Fletcher-Powell (DFP) method;
Broyden-Fletcher-Goldfarb-Shanno (BFGS) method
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Phu luc: Ma nguén thuc nghiém

1) Multilayer Peceptron

2) Convolutional Neural Networks

3) Deep Residual Networks (ResNet-18, ResNet-34, ResNet-50, ResNet-101, ResNet-152)
) Very Deep Convolutional Neural Networks (VGG11, VGG13, VGG16, VGG19)
)
)
)
)

N

5) Generative Adversarial Networks
6) Variational Auto-Encoder

7) L1 Regularization with PyTorch
8) L2 Regularization with PyTorch
9) Elastic (L1 4+ L2) Regularization

10) Cai dit Batch gradient descent, Stochastic gradient descent va Mini-Batch gradient
descent véi Numpy
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https://colab.research.google.com/drive/1rE-XFLJmBY-E3u6cWIZq9w2pwQXtzvEK?usp=sharing
https://colab.research.google.com/drive/1f7UfqfPY1Q-iBn5Qy3NL-zBpRJor-r9r?usp=sharing
https://colab.research.google.com/drive/1XvoRjEeffePPmh40aVjBfb3m9NpFPnAe?usp=sharing
https://colab.research.google.com/drive/1hOKCb41o18o93V66306-PuY3AC_gQ-6G?usp=sharing
https://colab.research.google.com/drive/16L7BaI5l30u65lpj08VzP-ZEf2_mNEmt?usp=sharing
https://colab.research.google.com/drive/1emW7L0PrmZDqd-4kWp1RBYEYS3R4qaNI?usp=sharing
https://colab.research.google.com/drive/1Konx0j41-e1zPCQsV0eV47a5elq7rYKF?usp=sharing
https://colab.research.google.com/drive/1Mrx0eRb74_yeUx55J7C-DJigUnHDh0c4?usp=sharing
https://colab.research.google.com/drive/1R9ssaV2Jy-wl6Gl4My7uOFn0qznp-TP7?usp=sharing
https://colab.research.google.com/drive/1k1XjfvY9z9i4yAHhuX4foqwEt0ZlX9-P?usp=sharing
https://colab.research.google.com/drive/1k1XjfvY9z9i4yAHhuX4foqwEt0ZlX9-P?usp=sharing

Cam thay c8, anh chi va cic ban d3 chd vy I5ng nghe.
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