Module 6 - Week 3

Multi Layer Perceptron

TimeSeries Team

Ngay 26 thang 11 nam 2025

I. Tt tan man vé Softmax Regression dén dong luc ctia mang neuron
nhiéu 16p

1.1 Giéi thiéu vée Multi Layer Perceptron

Trong bai trude, ching ta da thay rang Softmax Regression 1a mot cong cu manh mé cho bai toan
phan loai da 16p, diic biét bdi kha nang giai quyét van dé “phan bi1” trong mo hinh logistic truyén thong.
Thay vi chi dy doan mot gia tri diém sb cho ting 16p, Softmax dua tat ci céc 16p vio cling mot khong
gian quyét dinh: méi nhan khong con ton tai doc 1ap ma anh hudng tryc tiép dén x4c suat clia cac nhan
con lai.

Nho co ché chuan hoa bing ham mii, mo6 hinh khong chi du doan “I6p nao phit hgp nhat”, ma con
u6e luong duge xac suat phan boé trén toan bo cac 16p, phan anh ding ban chat clia mot hé phan loai
da 16p: dé hiéu mot nhan, ta phai nhin vio toan bo nhan khéc.

Tuy nhién, Softmax Regression van ¢6 mot giéi han quan trong: mo hinh chi hoc duge ranh giGi
tuyén tinh gitta cac 16p. Trong nhiéu bai toan thuc té, tit nhan dang chit s6, phan biét vat thé dén phan
loai hinh anh y khoa, quan hé giita dit lieu v& nhan phitc tap hon rat nhiéu so v6i mot mit phang phan
tach don gian.

Chinh tit nhu cau vugt qua gidi han nay, Multilayer Perceptron (MLP) ra dsi. Ta c6 thé xem MLP
nhu mot cach tdng quat hoa Logistic Regression hay Softmax Regression: thay vi chi 6 mot tang tinh
toan tuyén tinh, ta chong nhiéu tang perceptron lén nhau, mdi tang lai duge néi véi cac ham kich hoat
phi tuyén. Viéc dua phi tuyén vao moé hinh mé rong dang ké kha nang biéu dién, cho phép mang hoc
dudc céc cau tric an, mau hinh phtc tap, va quan hé khong tuyén tinh trong dit lieu.

N6i cach khac, néu Softmax Regression chi “vé dudong thing” dé phan 16p, thi MLP c6 thé “uén
cong” khong gian dic trung, tao ra nhitng ranh gi6i linh hoat va tinh vi hon, phut hop véi ban chat da
chiéu ctia nhiéu bai toan hién dai

Budc sang mot géc nhin cau tric hon, mot mo hinh MLP dién hinh gdom ba nhém tang:

1. (1) tang vao nhan di ligu goc
2. (2) cac tang an thyc hién bién ddi khong tuyén tinh
3. (3) tang ra dua ra dy doan cubi cliing

Mai tang an c6 thé duge xem nhu mot phép anh xa hoc dude, chuyén dit lieu tit khong gian biéu dién
nay sang khong gian biéu dién khac. Khi nhiéu tang nhu vay duge xép chong lén nhau, mang c6 kha
nang ting budc trich xuat nhitng dac trung tritu tugng hon, tit cdc mau don gidn & tang dau dén cac
cau tric phiic tap & tang cudi. Day chinh la diém khién MLP vugt troi so v6i cac mo hinh tuyén tinh
don tang.

Qua trinh dy doan trong mang xay ra theo mot dong chay goi 1a forward propagation: dit lieu duge
truyen tir tang vao qua titng tang an, lan lugt di qua phép bién ddi tuyén tinh va ham kich hoat phi
tuyén. Tai tang cudi, mang xuat ra mot vector diém s6, thusng duge chuan hoa bing Softmax dé thu
dugc phan bd xac suat.

Nguge lai, viéc hoc ctia mang dién ra thong qua backward propagation. 0 huéng nay, sai s6 gitta duy
doan va gia tri that duge lan ngude tit dau ra vé cac tang trude dé. Nho quy tic dao ham chudi, mang
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biét dugc mébi tham s6 dong gép thé nao vao sai s6 tong thé, tit d6 cap nhat trong so dé cai thien chét
luong dut doan. Chinh sy két hop gitta forward nham tinh toan dau ra va backward nham t6i wu hod
tham s6 da tao nén co ché hoc hieu qua ctia MLP — mot nén tang kéo theo sy biing né ctia nhiéu mo
hinh hoc sdu ngay nay.

W: weight vector
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Hinh trén minh hoa tryc quan dong chdy thong tin trong mot mang MLP. Cac ma tran trong sb
Wi, Wa, W5 cting véi cac véc-to bias by, ba, by quyét dinh cach tin hieu duge bién ddi qua timg tang. O
mbi tang an, dit lieu lan lugt di qua phép bién déi tuyén tinh va ham kich hoat phi tuyén (dugc biéu
dién bang dudng cong phia dudi hinh). Mii tén phia trén cho thiy qua trinh forward propagation, trong
khi mii tén cong bén phai biéu dién backward propagation — ndi sai s6 dude lan nguge dé cap nhat cac
tham s6. Tong thé s¢ do nhan manh vai tro clia cdc tang an nhu nhitng phép anh xa c6 thé hoc dugc,
gitp mang xay dung dan cac biéu dién triru tuong hon ctia dit lieu qua timg 16p.

1.2 Thiét lap Multi Layer Perceptron trong PyTorch

Duéi day la cach thiét lap dién hinh cho mot mo hinh MLP trong PyTorch. Vi du sau minh hoa
mot mang don gidn gdm hai tang tuyén tinh va mot ham kich hoat phi tuyén:

model = nn.Sequential(
nn.Linear(2, 2),
nn.Linear(2, 2),
nn.Sigmoid()

)

summary (model, (10000000, 2))
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1 model = nn.Sequential(
2 nn.Linear(2, 2),

3 nn.Linear(2, 2),
4 nn.Sigmoid()

5)

1 summary(model, (10000000, 2))

Layer (type) Output Shape Param #
Linear-1 [-1, 10000000, 2] 6
Linear-2 [-1, 10000000, 2] 3]

Sigmoid-3 [-1, leegeednd, 2] 4]

Total params: 12
Trainable params: 12
Non-trainable params: @

Input size (MB): 76.29

Forward/backward pass size (MB): 457.76
Params size (MB): ©.00

Estimated Total Size (MB): 534.06

Két qua tit hAm summary cho thay mdi tang Linear (2, 2) chita tdng cong 2 X 2+ 2 = 6 tham s6
(gdm 4 trong s6 va 2 hé s bias), v toan bo mang c6 12 tham s c6 thé hoc dudgc.

Mot diém dang luu ¥ 13 kich thude dau vao dudge dit 1a 10,000,000 x 2. Khi batch cé s6 lugng mau
rat 16n nhu vay, bo nhé danh cho dit liéu va cac tensor trung gian trong qué trinh lan truyén thuan va
lan truyén ngugc tang lén dang ké. Diéu nay thé hién ré qua béo cédo bo nhé trong phan Estimated
Total Size, noi chi phi cho qua trinh forward/backward chiém phan l6n dung lugng, méic dit ban than
mo6 hinh chi gom 12 tham s6.

Quan sat nay nhan manh ring chi phi tinh toan ctia MLP khong chi phu thudc vio s6 luong tham
s6 ctia mo hinh, ma con phu thudc manh vao kich thuée batch va kich thude cac activation dude tao
ra trong qué trinh huan luyén.

1.3 Giéi thiéu vé cac ham kich hoat Activation Function

Mot khi da xay dung dude kién tric ctia mang MLP, cau héi ty nhién tiép theo la: nén dung ham
kich hoat nao cho cdc tang an va tang dav ra? Ham kich hoat (activation function) chinh la yéu t6 tao
ra tinh phi tuyén, giip MLP vugt qua gidi han ciia cdc mo6 hinh tuyén tinh nhu Logistic Regression hay
Softmax Regression. Duéi day 1a cac ham kich hoat thudng gap nhat trong boi caAnh hoc vé MLP.

Sigmoid

Ham sigmoid 1a Iita chon kinh dién trong cédc mang no-ron thsi ky dau. Sigmoid “nén” gia tri dau vao

vé khoang (0,1) theo cong thric:
1

T 1lte®

o(x)

Sigmoid c¢6 wu diém dé hiéu, muot, vd cho cadm gidc rat tuy nhién khi muén mo hinh hod mot “xéc
suat”. Vi vay, né van thuong duge diing  tang dau ra ctia bai toan phan loai nhi phan.
Tuy nhién, khi diing & céc tang an, sigmoid gap nhiéu han ché:
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e Gradient rat nho khi dau vao 16n hodic qua am (goi 1a wvanishing gradient). Dao ham cta ham
sigmoid c¢6 dang

o' (x) = a(x)(l — U(:L‘)),
va luon nhé hon hosic bang 0.25. Khi x rat 16n hodc rat am, o(z) gan nhu bang 1 hodc 0, nén
o'(z) = 0.
Trong qué trinh backpropagation, gradient tai mot tang dude tinh bang cach nhan gradient cia
cac tang phia sau v6i dao ham ctia ham kich hoat tai tang d6. Néu mdi tang déu cho ra mot dao
ham rat nhé (vi du ¢d 0.1 hay 0.01), thi sau khi di qua nhiéu tang, gradient sé bi “co” lai gan nhu
béang 0.

Ban c6 thé hinh dung nhu viéc truyén tin bing cach thi tham: mdi ngusi chi nghe duge khoang
10% am lugng ciia ngusi trude. Sau vai chuc ngudsi, am thanh ban dau gan nhu bién mat hoan
toan. Vdi sigmoid trong mang sau ciing vay: thong tin vé sai s6 chua kip lan ngugce hét cac tang
thi da bi “tiéu bién” trén duong, khién cic tang dau rat khoé hoc duge dicu gi.

e Dau ra khong c6 trung binh bang 0, khién viéc t6i wu cham hon. Ham sigmoid luén cho gia tri
trong khoang (0,1). Diéu nay c6 nghia 1a da s6 cac dau ra déu nam & phia duong, khién cac kich
hoat khong duge phan bé quanh diém 0. Khi dé, trong qué trinh lan truyén nguge, cic dao ham
lien quan dén trong s6 sé c6 xu huéng day cac cap nhat theo ciing mot huéng (vi moi gia tri déu
duong).

Ban c6 thé hinh dung nhu viéc 14i xe ma vo-lang luén hai léch sang mot bén: dit ban c¢é ging
chinh, xe lic nao ciing bi kéo vé huéng do, khién viec diéu khién kho khin hon.

Trong t6i wu hod mang no-ron ciing vay: khi dau ra ctia mot tang khong tap trung quanh 0, cac
ban cap nhat trong s6 tré nén khong can bing, dan dén viéc hoi tu cham hon va doi khi dao dong
manh. D6 1a 1§ do cac ham kich hoat ¢6 dau ra ddi xting quanh 0 nhu tanh(z) thuong cho tdc do
hoc t6t hon sigmoid trong cic tang an.

Chinh nhitng diém nay da khién sigmoid dan nhudng chd cho cac ham kich hoat hiéu qua hon trong
cac tang an.

Hyperbolic Tangent (tanh)
Ham tanh 13 mot phién ban cai tién hon ciia sigmoid:

et —e %

tanh(.’l}) = m .

Khong gidong sigmoid, dau ra ctia tanh nidm trong khoang (—1,1) va ¢6 trung binh bang 0. Sy d6i
xitng nay gitp viéc t6i wu dé dang hon vi cac gradient lan truyén nguge khong bi kéo léch vé mot phia
nhu sigmoid.

Nhuge diém ctia tanh 1a né khong giai quyét triét dé van dé vanishing gradient — khi ddu vao
qué 16n, ham van “bi bao hoa” va gradient gan nhu bién méat. Diéu nay cé thé duge li giai nhu sau:

Dao ham cta ham tanh la:

tanh’(z) = 1 — tanh?(z).

Khi dau vao z ¢6 gia tri rat 16n (duong hosic am), ta co:
tanh(z) ~1 hoac tanh(z)~ —1.

Lac dé:
tanh’(z) =1 — (£1)*> = 0.
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Diéu nay c6 nghia 13 khi tin hiéu di vio qua manh, ham tanh dua dau ra vé mot gia tri gan nhu c6
dinh (sat 1 hodc sat -1). Vi dau ra gan nhu khong thay déi khi z thay ddi, dao ham — ttic téc do thay
doi ctia ham — gan nhu biang 0. Day chinh 14 hién tugng bdo hoa gradient (saturation).

Mot cach hinh dung: ban tudng tugng tanh nhu mot nit diéu chinh am lugng ciia radio. O muc vita
phai, xoay nit mot chit thi am lugng thay déi thay ré. Nhung néu ban da van hét ¢ len mic 100%,
xoay thém nita ciing chang tang dudc nita.

Maic du vay, tanh vAn dude xem la lwa chon t6t hon sigmoid néu mudn ding & tang an, dac biet
trong cac moé hinh ¢6 dién hodc bai toan cé dit lieu duge chuan hoa quanh 0.

ReLU va céac bién thé don gian (LeakyReLU, PReLU)
Sy xuat hien ctia ReLU da thay doéi toan bo cach xay dung mang sau:
ReLU(z) = max(0, z).
ReLU rat don gidn nhung lai cyc ky hiéu qua:
e Khong c6 viing bio hoa ¢ phia duong = gidm dang ké vanishing gradient.
e Tinh toan nhanh (khong can ham mi).
e Thuong gitp mang hoi tu nhanh hon va dat hiéu ning cao hon.

St don gidn nay lai tao ra mot 1gi thé rat 16n: phan duong ctia ReLU c6 dao ham bing 1, khong hé
suy giam. Diéu nay gitp gradient truyén ngudc manh mé hon nhiéu so vé6i sigmoid hay tanh.

Con phan am, ReLU dat toan bo gia tri vé 0. Diéu nay c6 thé hiéu nhu viéc loai bé nhing tin hieu
khong hitu ich cho qué trinh hoc. Vi dy, khi phan loai hinh &nh ¢6 phai 1a "con meo" hay khong, ta
khong can quan tam t6i nhitng diic tinh sai lech nhu “meo c¢6 dé tritng khong”, “meo c6 long vii khong”
hay “meéo c6 canh khong”. Nhitng thong tin nay hoan toan vo nghia déi v6i nhiém vy, nén viéc gan
chiing bing 0 trong ReLU tuong duong vé6i viéc bé qua cac dac diém khong lien quan.

Néu coi viéc truyen gradient giéng nhu truyén anh sang qua 16p kinh, thi sigmoid v& tanh gidng nhu
16p kinh lam mo — anh sang cang truyén xa cang yéu. ReLU thi giong nhu mat kinh trong sudt: mién
13 tin hiéu ndm & viing duong, gradient di qua gan nhu nguyén ven.

Nh¢ dic tinh nay, ReLU tré thanh lua chon mic dinh cho hau hét cac tang an trong MLP vi cac
mo hinh sdu hon.

Nhugc diém 16n nhat ciia ReLU 1 van dé dead neurons: néu gia tri vio ciia mot neuron ludén am,
gradient sé bang 0 va neuron d6 khong hoc dugc nita.

Dé khic phuc diéu nay, cic bién thé nhe nhu LeakyReLU dugc dimng:

z, x>0,

ar, = <0,

LeakyReLU(z) = {

v6i o thuong rat nhé (vi du 0.01). Y tuéng don gidn: luon git mot lugng gradient khac 0 & phia am dé
neuron khong “chét”.
PReLU (Parametric ReLU) di xa hon khi cho phép mang tu hoc do déc 6 phan am:

x, x>0,

ar, x <0,

PReLU(x) = {

trong d6 a 1a tham s6 learnable dudc t6i wu bang backpropagation.

Cach hiéu truc quan: thay vi ¢d dinh do déc ¢ phan am, mang sé ti tim ra mic do “md cita” phil
hop nhéat dé cho thong tin di qua.

PReLU gitip mang thich ting t6t hon cho tiing tang va ting dic trung, dic biét trong cac mo hinh
¢6 do sau vira phai.
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Softmax

Trong bdi canh MLP, Softmax duge diing duy nhéat & tang dau ra ctia bai toan phan loai da 16p.
Ham Softmax bién vector diém s6 thanh mot phan bd xac suat:

T4

e
Softmax(x;) = -
Z . eTj
j
Hiéu don gian: Softmax giéng nhu viéc bién moi diém s6 thanh “phiéu bau” — 1ép c6 diém s6 cao

nhat sé chiém phan 16n xac suat, nhung cac 16p khac van c6 trong sd6 nhé phan 4nh mitc do canh tranh
gitta chiing.

Softsign
Ham Softsign c6 dang:

oz
14 z|

f(x)

N6 hoat dong tuong tu tanh nhung “diu” hon, hdi tu theo dang da thic thay vi dang mi. Du khong
phd bién biang ReLU hay tanh, Softsign doi khi duge ding trong cdc mo hinh nhé hoiic bai toan hoi
quy.

Swish
Swish 14 mot ham kich hoat hién dai, dugc dé xuat bsi Google:

Swish(z) =z - o(x).

Swish mugt, phi tuyén manh va khong don dieu. Truc giac dé hiéu: thay vi cit bé phan am nhu ReLU,

Swish cho phép “mot chit thong tin” di qua ngay cé khi x am. Nha d6, Swish thuong mang lai khé nang

t6i 1tu tot hon ReLU trong cac mang nhiéu tang, nhung tinh toin cham hon do phu thuoc vao sigmoid.
Tém tat Tuy theo vi tri trong mang MLP, ta c6 thé Iva chon ham kich hoat nhu sau:

e Tang an: ReLU, LeakyReLU, PReLU, hoac Swish.

e Phan loai nhi phan: Sigmoid 6 tang dau ra.

e Phan loai da 16p: Softmax ¢ tang dau ra.

e Khi di lieu chuan hoa quanh 0: tanh c6 thé 1a liya chon phit hop.

Ham kich hoat chinh la diém lam nén sy “thong minh” ciia MLP — néu thiéu ching, dit mang c6
nhiéu tang dén dau, mo hinh van chi 1& mot phép bién ddi tuyén tinh don gian.

1.4 Ham Loss
a. Binary Cross Entropy Loss

Ham Binary Cross Entropy (BCE) Loss dugc sit dung trong cac bai toan phan loai nhi phan, noi méi
mau chi thuoc mot trong hai 16p (vi du: dang/sai, c¢6/khong, meo/khong phai meo).
Cong thic ciia Binary Cross Entropy Loss dugc cho bdi:

Lcr(y, §) = —[ylog(y) + (1 — y)log(1 — )]

Trong doé:
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e y € {0,1} 1a nhan ground-truth,

e € (0,1) la xac suat dy doan clia mo6 hinh, thuong 1a dau ra ctia ham sigmoid.

Tryc giac ciia BCE Loss kha dé hiéu:

e Néu nhan that y = 1, mo hinh sé bi phat ning khi § nhé.

e Néu nhan that y = 0, mo6 hinh sé bi phat nang khi ¢ 16n.

N6i cach khac, ham loss budoc mo hinh phai dit doan xac suat cang gan vdi nhan that cang tét, va

hinh phat tang rat nhanh khi mé hinh tw tin nhung sai.

b. Cross Entropy Loss

Cross Entropy Loss 1a ham loss tiéu chuan cho bai toan phan loai da 16p. Khac vé6i bai toan nhi phan,
& day mdi mau c6 thé thuoc mot trong C' 16p khac nhau.
Cong thitc Cross Entropy Loss dudc viét nhu sau:

C
Lor(y,9) ==Y vilog(@).
=1

Trong doé:

e y la vector nhan ground-truth dang one-hot encoding,

e § la vector xac suat dy doan ctia mo hinh sau khi di qua ham Softmax,
e C la sb lugng l6p.

Vi ham Softmax cho ra mot phan bé xac suét trén tat ca cac 16p, ta can chuyén nhan ground-truth
vé cling dang vector dé c6 thé so sanh truc tiép. Y tudng ndy dude thyc hien thong qua one-hot
encoding: 16p ding dugc gan gia tri 1, cac 16p con lai duge gan 0.

Nho vay, bicu thiic loss thitc chat chi giit lai thanh phan log(j;) ting véi 16p ding k, con cac 16p sai
khong déng goép vao gia tri loss. Diéu nay phan anh tryc giac quan trong: mo hinh chi bi phat dua trén
magc do tu tin ctia né doi vdi nhan ding.

1.5 Optimizer - TAn man vé SGD va Adam

Sau khi da xay dung dudc kién tric mang va xac dinh ham loss, cau hoi tiép theo 1a: lam thé nao dé
diéu chinh cdc trong soé cia mang sao cho loss ngay cang nhé? Cau tra 16i nam & optimizer — thanh
phan chiu trach nhiém dan dudng cho qué trinh hoc.

C6 thé hinh dung viéc huan luyén mang no-ron nhut mot hanh trinh di xuéng day ctia mot thung
ling (ham loss). M&i budc cap nhat trong s6 14 mot bude di chuyén, va optimizer quyét dinh di hudng
nao va di nhanh hay cham.

Trong s6 rat nhiéu optimizer da dugc dé xuét, hai lia chon co ban va phd bién nhat 14 Stochastic
Gradient Descent (SGD) va Adam.
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Stochastic Gradient Descent (SGD)

SGD la optimizer don gian va lau doi nhat. Thay vi st dung toan bo dit licu dé cap nhat trong s6, SGD
chi ding mot mau hodc mot mini-batch nhd ¢ mdi bude. Nho do, qua trinh hoc trd nén nhanh va co
thé mé rong cho cac tap di lieu lén.

Cach hoat dong ciia SGD c6 thé hiéu nhu sau: méi lan mé hinh nhin vio mot phan nhé dit lieu,
tinh gradient ctia loss, sau d6 diéu chinh trong s6 mot chit theo huéng lam loss gidm xudéng.

Vi chi dya trén mot phan dit lieu, dusng di ctia SGD thuong khong muct ma, ma c6 xu huéng
2ig-zag. Tuy nhién, chinh sy nhiéu nay doi khi lai gitp mo hinh thoat khéi céc diém tdi uu cuc bo va
dat kha ning tong quét tot hon.

Cac bién thé nhu SGD véi momentum gitp qué trinh cap nhat tré nén 6n dinh hon, bing cach
tich luy “da” tu cac budc trude dé thay vi chi nhin vao gradient hién tai.

Adam (Adaptive Moment Estimation)

Adam c6 thé xem la mot phién ban cai tién ciia SGD. Thay vi diing chung mot learning rate cho tat ca
trong s6, Adam tit dong diéu chinh learning rate cho titng tham sé duya trén lich sit gradient.
No6i mot cach tryc quan, Adam vira:

e nhd hudng di ci (momentum),
e vita tu dieu chinh do dai budc di tuy theo mic do 6n dinh ciia gradient.

Nho d6, Adam thuong hoi tu nhanh hon va dé sit dung hon trong thuc té, dic biét véi cac mo hinh
nhiéu tang hodc dit lieu nhidu. Ngusi diing thuong khong can tinh chinh learning rate qua kj ma van
dat két qua tot.

So sanh truc quan

C6 thé hinh dung sy khéc biét giita SGD va Adam nhu sau: SGD giéng ngudi di bo véi bude chan cb
dinh — don gidn, bén bi, va hiéu quéa khi quang duong dai va dia hinh tuong d6i én dinh. Adam thi
gibng xe tu dong diéu chinh téc do — tang nhanh khi duong thoang, gidm cham khi sap dén dich.

Trong thyc hanh:

e SGD thuong cho kha nang tdng quat tot, dic biét trong cac bai toan thi giac.

e Adam thuong duge wu tién khi can hoi tu nhanh hodc khi huan luyén mang sau.

Khong c6 optimizer nao 13 “t6t nhat cho moi bai toan”. Viéc lya chon SGD hay Adam phu thudc
vao dit liéu, kién triic mang va muc tiéu ctia bai toin dang xét.

I1. Multi Layer Perceptron trong bai toan dit liéu anh

2.1 Dt liéu anh

Trong hoc may, anh khong con dude nhin nhu mot déi tugng truc quan, ma duge bicu dién dudi
dang cic ma tran sé chita gia tri cudng do diém anh (pixel). Méi pixel tuong tng v6i mot gia tri sb
thire, phan anh mitc do sang hoic thong tin mau sic tai vi tri d6 trong anh.

Tuy theo loai dit liéu, anh thusng duge biéu dién theo hai dang chinh:
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e Anh xam (Grayscale image): Anh xam duge bidu dién dudi dang mot ma tran hai chiéu kich
thude (chiéu cao x chiéu rong). Méi phan tit trong ma tran 1a mot gia tri cuong do sang, thudng
nim trong khoang tit 0 dén 255, véi 0 biéu thi mau den hoan toan va 255 biéu thi mau tring hoan
toan.

T 230 194|147 108| 90 98 | 84 | 96 | 91 |101
237 206 |188| 195|207 213 163|123 116|128
216 183|180 205|224 234 188|122 134 147
198 189|201 227|229 232|200 125|127 135
249 241 | 237|244 232 226|202 |116| 125|126

251 254|241|239|23@ 217|196 1062|103 99

S

3 %,

Y*!" R, 243 255|248|231(227 214 203 116| 95 91
= ¢ 204 231|208 200|207 201 200 121| 95 95
144 148|120 115|125 127|143 118| 92 | 91

-’._ 121 121|108 109|122 121|134 106 86 | 97

(Height, Width)

Resolution: #pixels

Pixel p = scalar ! - )
Resolution = HeightxWidth

0<p<255

Hinh 1: Vi du 4nh xam dugc biéu dién duéi dang ma tran 2 chiéu.

e Anh mau (Color image): Anh mau thudng dugc bidu dién béi ba ma tran hai chidu xép chong
lén nhau, tuong ting véi ba kénh mau Red, Green va Blue (RGB). Khi d6, 4nh c6 thé duge xem
nhu mot tensor ba chiéu véi kich thude (chiéu cao x chiéu rong x 3).

Mbi kénh mau luu trit cuong do mau tuong ting tai moi pixel, va sy két hgp clia ba kénh nay tao
nén mau sic cudi cling ciia anh.

233 188 137 9 90 95 63 73 73 82

237|202 159 120 105 110 88 107|112 121 109

" 226] 101] 147 110 101 112 08 |123 110 110] 192
221|191|176| 182 (203|214 169 144 133|145| 155 122
185 | 160 | 161|184 | 205 | 223 186|137 147|161 140
181174 | 189|267 | 206 215 194|136 142|151 | 133
246 237|237 231|208 206 192 122 143 144 111
254|254 |241|224(199 192 181 99 122 117 107

239|248 (232|207 (187182 184 110 114|110 113 | 74

193 |215(193|167|158| 164 181 114 112 111 185

113 119|116 111|113 123 135 120 168 106 113

(HEight, Wldth, Channel) -“".‘_ 93 | 97 | 91 [103|107 111 122|112 104 114
r
RGB color image Pixel p= [y] Resolution: #pixels
b Resolution = HeightxWidth

0 <rgb <255
Hinh 2: Vi dy 4nh mau vé6i ba kénh RGB dugc xép chong thanh tensor 3 chiéu.

2.2 Bai toan phan loai anh trén bo da lieu FASHION-MNIST

Fashion-MNIST 13 mot bo dit lieu chuan thuong dude sit dung trong hoc may va hoc sau nhu mot
buée khéi dau cho bai toan phan loai anh. Bo dit lieu bao gom cac hinh 4nh quan 4o va phu kién thoi



Al VIETNAM aivietnam.edu.vn

trang, dugc thiét ké dé thay thé cho MNIST chit s6 truyen théng nhung van giit mic do don gidn tuong
tar.
Cu thé, Fashion-MNIST c6 cac dic diém sau:

e Dinh dang: Anh xam (grayscale).
e Do phan giai: 28 x 28 pixels.
e S6 luogng: 60,000 anh huan luyén va 10,000 anh kiém thi.

e S6 nhan: 10 loai sin pham thoi trang (40, quan, giay, tai xach, ...).
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Hinh 3: Bo dit lieu FASHION-MNIST vé6i 10 nhan phan loai.
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Trong bai toan nay, ta sé st dung PyTorch dé xay dung va so sanh mo hinh Softmax Regression
va Multi Layer Perceptron (MLP) cho nhiém vu phan loai anh.

a. Chuan bi dit liéu

Trude hét, dit lieu Fashion-MNIST duge tai vé bang thu vién torchvision. Cac dnh ban dau ton tai
dusi dang PIL.Image, khong thuan tién cho viéc tinh toan trong PyTorch. Vi vay, ta can chuyén anh
sang dang tensor.

from torchvision import datasets, transforms

transform = transforms.Compose([
transforms.ToTensor ()

10
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D

train_dataset = datasets.FashionMNIST(
root=’./data’, train=True, download=True, transform=transform)

test_dataset = datasets.FashionMNIST(
root=’./data’, train=False, download=True, transform=transform)

Ham ToTensor () thyc hién hai viéc quan trong:

e Chuyén anh tit dang PIL.Image sang tensor.

e Chuan ho4 gia tri pixel tit khoang [0,255] vé [0, 1].
Ngoai ra, anh ciing dugce chuyén vé dinh dang (C, H, W) theo chuan xit Iy ctia PyTorch, trong d6 C' = 1
débi véi dnh xam.
b. Tai dit liéu bang DataLoader

Trong thyc té, viec dua toan bo dit lieu &nh vio bo nhé va huan luyén cung lac 1 khong kha thi, dac
biét khi kich thuéc tap dit lieu 16n. Diéu nay khong nhitng tén bd nhé ma con khién qua trinh huin
luyén tré nén cham va kém o6n dinh.

Vi vay, PyTorch cung cip DataLoader dé chia dit lieu thanh cidc batch nhé vi nap dit lieu theo
ting phan trong qué trinh huan luyén.

from torchvision.datasets import FashionMNIST
from torch.utils.data import Dataloader
from torchvision import transforms

transform = transforms.Compose([transforms.ToTensor()])

trainset = FashionMNIST(
root=’data’,
train=True,
download=True,
transform=transform

trainloader = DataLoader(
trainset,
batch_size=1024,
num_workers=2,
shuffle=True

print(len(trainloader))
Viéc chia dit lieu thanh cac batch mang lai nhiéu lgi ich:
e Gidm chi phi bo nhé khi huan luyén.
e Ting toc do tinh toan thong qua vector hoa.

e Gitp mo6 hinh hoc 6n dinh hon nhd cap nhat gradient titng phan.

11
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DataLoader va khai niém Generator

C6 thé xem DataLoader nhu mot dang generator trong Python: thay vi nap toan bo dit licu mot lan,
n6 chi sinh ra timg batch d4nh khi mo hinh thic sy can dén. Cach lam nay gitp tiét kiem bo nhé va cho
phép huan luyén trén cic tap dit liéu 16n ma khong vugt qua gisi han phan cing.

Batch cudi va van dé nhiéu

Trong mot s trudng hop, batch cudi cling c6 thé chita s6 Iugng mau rat it (do tong s6 mau khong chia
hét cho batch size). Batch nhé nay doi khi c6 thé gay nhidu trong qua trinh huan luyén va lam gia tri
loss dao déng manh.

Dé xit Iy van dé nay, ta c6 thé:

e Loai bd batch cudi bang tuy chon drop_last=True, hoic

e Chap nhan sy nhidu nhé nay, vi trong nhiéu trusng hgp anh huéng ctia noé l1a khong dang ké.

d. Thiét ké md hinh

M6 hinh Softmax Regression

Softmax Regression c¢6 thé xem la mot truong hgp dac biét don gidn ctia mé hinh MLP, trong do6
mang khéng cé tang an, ma chi gdm tang dau vao va tang dau ra, sau dé ap dung ham softmax dé
dit doan xéac suat cho ting 16p.

Do dit lieu dau vao 1a anh c6 kich thuée 28 x 28, trong khi 16p Linear trong PyTorch chi nhan dau
vao dang vector 1 chiéu, ta can flatten dnh trudc khi dua vao mo hinh. Viéc flatten nay chuyén anh tit
tensor 2D thanh mot vector c6 chiéu 28 x 28 = 784.

class SoftmaxRegression(nn.Module):
def __init__(self, input_size=28%28, num_classes=10):
super() .__init__Q)
self.flatten = nn.Flatten()
self.linear = nn.Linear(input_size, num_classes)

def forward(self, x):
x = self.flatten(x)
x = self.linear (x)
return x

Sau khi dit lieu dau vao duge chuyén vé ding kich thude, vector dic trung sé duge truyén qua 16p
Linear dé tinh toan cac logit tuong tng véi timg 16p.

Luu ¥ rang trong PyTorch, ham CrossEntropyLoss da tu dong két hgp Softmax va LogLoss trong
qué trinh tinh toan loss. Vi vay, ta khéng can dinh nghia riéng mot 16p softmax trong ham
forward ctia mo6 hinh. Viéc giit dau ra duéi dang logit gitp qua trinh huan luyén én dinh hon va tranh
cac van dé sai s6 s6 hoc.

Luu y vé viéc sit dung to(device)

CPU va GPU c¢6 hai viing nhé doc lap dé luu trit dit lieu va mo hinh, duge minh hoa trong hinh
sau:

12
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Mot phép tinh trong PyTorch chi ¢6 thé thuc hién khi toan bd tensor va mé hinh ciing nim
trén mot vung nhé. Néu dit ligu nam tréen CPU trong khi mo hinh nam tréen GPU (hodc ngugc lai),
PyTorch sé khong thé thyc hién phép toan va sinh ra 16i.

Tryc gidc c6 thé hiéu don gian ring: cac tensor chi c6 thé “twong tac” véi nhau khi ching & cling
mot noi. Néu dit lieu 6 CPU nhung mo hinh ¢ GPU, ching khong thé “nhin thay nhau” dé thyc hién
phép nhan ma tran hay tinh loss.

Dé dam béo su dong bo nay, PyTorch cung cap lenh to(device), gitip chuyén dit lieu va mo hinh
sang cung mot thiét bi tinh toan. Viéc sit dung ding to(device) gitp tranh 16i trong qua trinh huan
luyén va dadm bao toan bo pipeline hoat dong nhat quan.

Thiét bi tinh toan dugc xac dinh thong qua cau lenh:

device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
Cau lénh trén cho phép PyTorch ty dong kiém tra:
e Néu GPU kha dung, toan bo mo hinh vi dit lieu sé duge dua len GPU dé tang toc tinh toan.
e Néu khong c6 GPU, PyTorch sé mic dinh sit dung CPU.
Trong thyc hanh, cach sit dung chuan la:

e Chuyén mo hinh sang device bing model.to(device).

13
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e Chuyén timg batch dit lieu sang device bing data.to(device).

Cach lam nay dam bao dit lieu vA mo hinh luén nim chung mot ving nhd, tit d6 qué trinh lan
truyeén thuan (forward propagation) va lan truyén nguge (backpropagation) duge thiic hien chinh xac
va hiéu qua. Chinh vi vay, phai luén nhé “Model ¢ dau, di liéu phdi ¢ do.”

Luu y vé Normalization

Trong qua trinh huin luyén moé hinh, viéc chuan hoa dit lieu dau vao (normalization) déng vai tro
rat quan trong. Néu dit lieu khong dugce normalization, gradient c6 thé dao dong manh khién qué trinh
t61 wu tréd nén khé khan. Khi do6, ta thudng buoc phai chon learning rate rat nhé dé mo hinh hoc én
dinh, dan dén t6éc do hoi tu cham nhu trong hinh sau khi do chinh x4c cho ca tap train va test déu chua
dén 0.80

80

model = nn.Sequential(nn.Flatten(), nn.Linear(784, 18))
/’/ model - model.to(device)
70
criterion = nn.c EntropyLoss()

60 . optimizer = opti )(model.parameters(), 1r=0.

50 epoch range(max_epoch):
i, (inputs, labels) enumerate(trainloader, ©):

40

inputs, labels = inputs.to(device), labels.to(device)
—— train_accuracy
30 test_accuracy

0 20 40 60 80 100
optimizer.zero_grad()

—— train_losses

test_I
30 est_losses

outputs model(inputs)
loss criterion(outputs, labels)

25
20

15 _, predicted = torch.max(outputs.data, 1)
correct (predicted labels).sum().item()

s K loss. backwart

optimizer.:

Trong PyTorch, normalization thuong dugc thyc hién thong qua transforms.Normalize (mean,
std), v6i cong thiic tong quat:

Image — mean
Imagenorm = T

Cac phuong thitc normalization trong PyTorch

e Chuan hoa vé khoang [0, 1] Day la két qua mic dinh sau khi 4p dung ToTensor (), khi d6 anh
ban dau trong khoang [0, 255] dugc chia cho 255.

transform = transforms.Compose ([
transforms.ToTensor ()

D

e Chuan hoa vé khoang [—1,1] Cach nay gitp dit liéu c6 trung binh xap xi 0 v do léch chuan
xap xi 1, thudng gitp qua trinh lan truyén gradient én dinh hon.

transform = transforms.Compose ([
transforms.ToTensor (),
transforms.Normalize((0.5,), (0.5,))

14
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D

e Z-score Normalization O cach nay, dit lieu duge chuan hoa dua trén mean va std dugce tinh

tryc tiép tit tap huan luyen.

transform = transforms.Compose([
transforms.ToTensor(),
transforms.Normalize (mean, std)

D

So sanh hiéu nang gita cac phuong thiic normalization

Dua trén két qua thuc nghiém, ta c6 thé dua ra mot so6 nhan xét nhu sau:

e Khi chi chuyén 4nh vé khoang [0, 1], m6 hinh dat do chinh x4c cao nhét trén tap train va test vio
khoang 0.82-0.83.

15
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1.8 1 —— train_losses
—— test_losses

1.6 4

1.4 4

1.2 1

1.0

0.8 -
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—— train_accuracy —
—— test_accuracy

80

75 4

70 4

651 |

60

55 4

T T T T T
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Hinh 4: Higu suit mo hinh khi chuan héa vé khoang [0, 1]

e Khi chuan ho4 anh vé khoang [—1, 1], hi¢u nang dudc cai thién ré rét, véi do chinh xac cao nhat
trén ci tap train va test dat gan 0.85.
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85 1
80
75 1
70 A
65
—— ftrain_accuracy
a0 — test_accuracy
1] 20 40 60 80 100
1.4
—— train_losses
~—— test_losses
1.2 1
1.0 1
0.8 1
0.6 1
ﬂ.4 = T T T T T T
0 20 40 60 80 100

Hinh 5: Hi¢u suét mo hinh khi chuan héa vé khodng [—1, 1]

e VGi Z-score normalization, mo hinh dat do chinh xac trén tap train khoang 0.85, tuy nhién do
chinh xac trén tap test gidm nhe, vao khodng 0.825, cho thiy dau hiéu overfitting nhe.

17
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Hinh 6: Hiéu suat mo hinh khi chuén hoéa theo z-score

Két qua nay cho thay normalization khong chi gitip mo hinh hoi tu nhanh hon, ma con dnh hudng
true tiép dén khé nang tong quat hoa. Trong bai toan Fashion-MNIST v6i mo hinh Softmax Regression,
viéc chuan hoa dit lieu vé khoang [—1,1] cho két qué can bing nhat gitta do chinh x4c va tinh 6n dinh
trong qua trinh huan luyén.

M6 hinh Multi Layer Perceptron

Khac véi Softmax Regression chi gom mot 16p tuyén tinh, Multi Layer Perceptron (MLP) mé rong
mo hinh bing cach thém cac tang an ciing ham kich hoat phi tuyén. Diéu nay cho phép mo hinh
hoc dugc cac quan hé phiic tap hon gitta cac pixel trong anh.

18
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M6 hinh MLP dugc st dung trong thi nghiém c6 kién tric nhu sau:

model = nn.Sequential(
nn.Flatten(),
nn.Linear (784, 256),
nn.RelLUQ),
nn.Linear (256, 10)

)

model = model.to(device)
0 day:
e nn.Flatten() chuyén anh 28 x 28 thanh vector 784 chiéu.
e Linear (784, 256) la tang an dau tién, trich xuat dac trung tit anh.
e ReLU() dua tinh phi tuyén viho mo hinh, giip mang hoc cdc mau phiic tap.
e Linear (256, 10) la tang dau ra, sinh ra logit cho 10 16p.

So véi Softmax Regression, MLP khong chi nhin &nh nhu mot vector phing, ma con hoc cach két
hop céc pixel dé tao ra dac trung tritu tugng hon (thi du nhu canh, hinh dang ho#ic cau tric ving anh).
Duéi day 1a doan code huan luyén mot mo hinh multi layer perceptron don gian

criterion = nn.CrossEntropyLoss()
optimizer = optim.SGD(model.parameters(), 1r=0.01)

max_epoch = 5
for epoch in range(max_epoch):
for i, (inputs, labels) in enumerate(trainloader, 0):

inputs, labels = inputs.to(device), labels.to(device)

optimizer.zero_grad()
outputs = model (inputs)
loss = criterion(outputs, labels)

loss.backward ()
optimizer.step()

print (f"Epoch [{epoch + 1}/{max_epoch}]")

Sau do, ta thyc hién danh gia trén tap test

correct = 0
total = 0
with torch.no_grad():
for images, labels in testloader:
images = images.to(device)
labels = labels.to(device)

outputs = model (images)

19
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_, predicted = torch.max(outputs.data, 1)

total += labels.size(0)
correct += (predicted == labels).sum().item()

accuracy = 100 * correct / total
print (f"accuracy: {accuracy}")

So sanh Softmax Regression va MLP

Dura trén két qua thyc nghiém nhu hinh, ta c6 thé rat ra cac nhan xét sau:

model nn.Sequential(
nn.Flatten(), nn.Linec
nn.ReLU(), nn.Linear(:Z

)

model - model.to(device)

75 | 70
Training Accuracy: ~86% Training Accuracy: ~90%

704
60

65
—— train_accuracy 50 —— train_accuracy
test_accuracy test_accuracy

60 4

0 50 100 150 200 250 300 350 400 0 50 100

Hinh 7: So sanh hiéu suat ctia mo hinh Softmax vi MLP
e Softmax Regression dat do chinh xac huan luyén khoang 86%. M6 hinh don gian, hoc nhanh,
nhung bi gi6i han béi tinh tuyén tinh.
e MLP véi mot tang an dat do chinh xac hun luyen gan 90%. Viéc bd sung tang an vi ham

ReLU gitip mo hinh hoc dugc cac quan hé phi tuyén trong dit liéu anh.

Nhu vay Su cai thién hiéu nang cho thay rang dit lieu anh, dit ¢6 do phan giai thap nhu Fashion-
MNIST, van chita nhitng cau triic ma mo hinh tuyén tinh khong thé bicu dién day diu.

MLP, di1 chi thém mot tang an don gian, da c6 kha nang trich xuéat dic trung t6t hon, tit d6 cai
thién ro rét do chinh xéc so véi Softmax Regression.
III: Mot s6 van dé vée Multi Layer Perceptron va cac cau hoéi ma rong
Phu luc: M& rong hiéu biét vé Multi Layer Perceptron

Sau khi xay dyng v huan luyén thanh cong mot mo hinh MLP co ban, cau héi quan trong khong
con 1a “lam sao dé chay dudec moé hinh”, ma 1a “vi sao mo hinh lai dugc thiét ké nhu vay”. Phan mé rong
nay nham lam roé nhitng quyét dinh thiét ké cot 16i trong MLP, tit d6 gitup ngudi doc hinh thanh tu duy
phén bién khi xay dyng mang no-ron.
1. Vai tro cbt 16i ctia ham kich hoat

Mot tang Linear trong MLP thiuc chéat chi 13 mot phép bién ddi tuyén tinh:

h=Wux+b.

20
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Néu ta xép chong nhiéu tang tuyén tinh lien tiép ma khong cé ham kich hoat, toan bo mang c6 thé
duge rat gon thanh mot phép bién déi tuyén tinh duy nhat. Néi cach khac, mang dit sau dén dau ciing
khoéng thé biéu dién dudc cac quan hé phi tuyén trong dit lieu.

Ham kich hoat xuat hien nhu mot “diém bé cong” khong gian dic trung. Mbi lan di qua mot ham
phi tuyén (nhu ReLU), dit licu dugc anh xa sang mot khong gian bic¢u dién méi, gitip mang dan hoc
dugc cac cau trac phic tap hon. Do d6, kién tric chuan ciia MLP thuong cé dang:

Linear — Activation — Linear — Activation — - - -

Tit 1ap luan nay, ta c6 thé rat ra mot nguyen tic quan trong: mdi tang tuyén tinh mudn “tao
thém niang lyc biéu dién” déu can di kem mot ham kich hoat phia sau.
Gdgi mé tu duy:

e Néu dit activation sau tat cd cdc tang Linear thay vi sau mdi tang, lieu mo hinh c6 khac gi
Softmax Regression?

e Diéu nay goi ¥ gi vé vai tro clia tang an so véi tang dau ra?
2. Vi sao tang dau ra thudng khong diing ReLU?

Trong bai toan phan loai nhiéu 16p, tang dau ra ctia MLP thuong khong tra vé xac suat truc tiép,
ma tra vé cac logit — tiic 1a cac gia tri thyc chua bi rang budc vé khoang. Nhitng logit nay sau d6 duge
duwa vao ham CrossEntropyLoss, ndi phép chuan hoé softmax dugc thuc hién mot cach ngam dinh dé
chuyén chiing thanh phan b xac suit.

Viéc gitt cac logit 6 dang gia tri thic khong bi gidi han 1a rat quan trong cho qua trinh tdi wu.
Softmax khong chi quan tam dén gia tri tuyét déi clia timmg logit, ma con dya vao su khdc biét tuong
doi gitta chiing dé xac dinh xac suit ctia mdi 16p. Chinh syt chénh léch nay cung cap tin hicu gradient
rd rang giip mo hinh biét nén tang hay gidm logit ctia 16p nao.

Néu ta dit ReLU & tang cudi, moi logit am sé bi cat vé 0. Diéu nay dan dén hai hé qua nghiém
trong.

Thit nhit, thong tin bi mat. Khi cac gia tri am déu tré thanh 0, mé hinh khong con phan biét
dude mot 16p “rat khong phit hgp” hay chi “hoi khong phit hgp”. Sy phan cap gitta cac 16p bi nén lai,
khién softmax nhan dau vao da bi méo mé.

Thtt hai, gradient tré nén nghéo nan. Trong qué trinh lan truyén ngudc, cadc neuron bi ReLU
chin (dau vao am) sé c6 gradient bing 0. Diéu nay khién mot phan thong tin sai s6 khong thé truyén
ngudce vé cac tang trude, lam gidm hiéu qua hoc. N6i cach khéc, t6i wu hoa doi héi dong thong tin sai
s6 phai duge bdo toan xuyén sudt mang, trong khi ReLU & tang cudi lai chii dong lam mat thong tin
doé.

Hé qué cudi cling 1 ¥ nghia xac suat sau softmax bi sai léch: mot s6 16p c¢6 thé duge gan xéc suat
bang nhau chi vi logit ctia chiing déu bi cat vé 0, chit khong phai vi mo hinh thie syt cho rang ching
tuong duong.

Mat khac, khi ReLu nim & tang an, né dong vai trdo nhu mot bo loc, bién déi va trich xudt dac
trung tir dit litu dau vao. Day khong phai 1a mat thong tin ngdu nhién, ma 1a cht dong loai bé nhing
tin hiéu khong hitu ich, va mot dac trung bi ReLU chan & tang nay vAn cé thé dude biéu dién lai bsi
neuron khéc hoiic tang sau. N6i cach khac, & tang an nay, ta cho phép méat di thong tin cuc bo, mién
13 khong pha v& cau tric tong thé clia khong gian dic trung

Vi nhitng 1y do trén, mot nguyen tic thiét ké phd bién duge rit ra la:

Ham kich hoat dudc sit dung & cac tang an dé tang kha ning biéu dién phi tuyén,
nhung khéng ap dung cho tang dau ra trong bai toan phan loai sit dung Cross
Entropy Loss.
Nguyeén tic nay ddm bao rang tang cudi ciing gitt tron ven thong tin can thiét cho softmax, dong
thoi cho phép gradient lan truyén ngudc mot cach day du dé t6i wu hod toan bo mang.
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3. Khai bao activation trong __init__ hay dung functional?

Trong PyTorch, ciing mot ham kich hoat c6 thé duge sit dung theo hai cach: khai bao nhu mot
module trong __init__, hofic goi tryc tiép trong forward thong qua torch.nn.functional.

Vé mit toan hoc, hai cach nay cho két qua tuong duong ddi véi cac activation khong c6 tham sb
hoc duge nhu ReLU hay Tanh. Tuy nhién, vé mat thiét ké phan mém, ching mang ¥ nghia khac nhau.

Khi khai béo activation trong __init__, toan bo kién triic mang dudc thé hién ro rang, giup ta dé
kiém tra, in moé hinh, v& quan Iy cau tric mang. Cach nay dic biét quan trong khi activation c6 tham s
hoc duge (vi du nhu PReLU), vi cac tham s6 d6 can duge PyTorch theo doi trong model . parameters ().

Ngugc lai, viéc st dung nn.functional mang tinh linh hoat va gon nhe, thudng pht hgp khi thit
nghiém nhanh hodc khi activation chi xuat hién mot lan trong luong tinh toan.

Nguyén tic tong quat:

Néu mot thanh phan c6 trang thai hosic tham s6 can hoc, hay khai b4do né trong __init__.
Néu chi 1a phép toan thuan tiy, functional la di.
4. MLP va giéi han khi x ly d& liéu anh

Trong vi du Fashion-MNIST, ta diing Flatten dé bién anh 28 x 28 thanh mot vector 784 chiéu.
Cach lam nay don gidn va hieéu qua cho bai toan nhd, nhung né xoa bd hoan toan cau tric khong gian
cuia anh.

MLP, vi thé, khong “nhin thay” quan hé lan can gitta cic pixel, ma chi xt Iy &nh nhu mot day sob.
Gi6i han nay gidi thich vi sao MLP nhanh chéng dat tran hiéu ning, va vi sao cac kién triic nhut CNN
dugc phat trién dé tan dung cau tric khong gian ctia dit lieu thi giac.

Ggi mé tu duy:

e Néu giit nguyén s6 tham s6, mot CNN don gidn c6 thé vigt MLP bao nhiéu trén Fashion-MNIST?

e Diéu nay néi gi vé moéi quan hé gitta kién tric mang va cau tric dit lisu? C6 thé tang kich thuée
MLP dé khic phuc van dé nay khong?

e Vi sao CNN lai phut hgp tyw nhién hon cho dit liéu dnh?

5. Nén dung bao nhiéu tang an va bao nhiéu neuron?

Ta da dung cau hinh Linear (784, 256) — ReLU — Linear (256, 10). Nhung tai sao & 2567 Tai
sao chi mot tang an?

Mot miit, néu tang an qua nhoé, mang khong di “stic chita” dé mo hinh hoa céac dic trung phic tap.
Mat khéac, néu tang an qué lén hodic qua nhiéu tang, mang dé bi overfitting va ton tai nguyeén tinh toan.

Khong ¢6 mot con s6 “chuan” cho moi bai toan, nhung c6 thé tu dit cho minh nhitng cau héi:

e Néu tang s6 neuron tit 256 lén 512, do chinh x4c train/test thay ddi thé nao?

e Néu them mot tang an nita (vi du: 784-256-128-10), loss train c6 gidm nhanh hon khong, va test
accuracy c6 thuc sy cai thién khong?

e Khi quan sat khoadng cach gifta train va test accuracy, ta c6 nhan thay dau hiéu underfitting hay
overfitting?

Va c6 16, dé tra 1oi nhitng cau hoi nay, ta can tién thanh thuc nghiém trén bai todn cu thé va rit ra
insights chinh la cau tra 15i “chuan” nhat cho riéng bai toan dé
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6. Mot tang an 16n c6é tuong duwong nhiéu tang an nhé khéng?

Vé mat 1y thuyét, mot MLP chi cAn mot tang an di 16n da c6 thé xap xi moi ham lién tuc (theo
Dinh Iy Xap xi Toan nang - Universal Approximation Theorem). Di¢u nay c6 thé dan dén suy nghi
rang ta chi can mot tang an that rong la du.

Tuy nhién, trong thiyc té, mot tang rat rong thuong khoé téi wu, dé overfitting va kém hiéu qua vé
miit tinh toan. Ngugc lai, nhiéu tang an nhé cho phép mang hoc theo cau tric phan cap: cac tang dau
hoc diic trung don gian, cac tang sau két hgp ching thanh biéu dién tritu tugng hon. Day 1a mot trong
nhitng 1y do khién cac mang sau hoat dong hiéu qua hon trong nhiéu bai toan thyc té.

Gdgi mé tu duy:

e Vi cling s6 lugng tham s6, mang sau hon c¢6 hoc té6t hon mang nong khong?
e Cach mang hoc diic trung c6 tuong dong gi véi cach con ngudi hinh thanh khai niem?

7. Gradient bién méat 1a van dé ctia ham kich hoat hay cuia kién trac?

Hién tugng vanishing gradient thuosng duge gan cho cac ham kich hoat nhu sigmoid hoac tanh. Tuy
nhién, ban chat clia van dé khong chi nam & activation, ma con lién quan dén do sau ctia mang, cich
khéi tao trong s6 va cach chuan hoa dit lieu.

ReLU gitp gidm hién tugng gradient bién méat, nhung khong giai quyét triét dé nguyen nhan. Diéu
nay giadi thich vi sao cac ky thuat nhu Batch Normalization hay Residual Connection duge phat trién
trong cac kién trtc sau hon.

Gdgi mé tu duy:

e Néu dung tanh nhung chuén hoa dit lieu t6t, mang c6 con hoc duge khong?
e ReLU la giadi phap cin ban hay chi I1a lya chon thyc dung?
8. Khi nao MLP lai 1a lya chon phu hop?

Dit ¢6 han ché véi dit licu anh, MLP vaAn 134 mo hinh rat hiu qua trong nhiéu bai toan khéc, ching
han nhu dit lieu bang, vector dic trung da duge trich xuit sin, hay embedding trong cic hé théng goi
¢ va NLP.

Trong nhitng truong hop nay, MLP khai thac tot moi quan hé toan cuc gita cac dic trung, dong
thoi git duge sit don gidn va hiéu qua trong huan luyéen.

Gogi md tu duy:

e Kién tric mang nén dugde lya chon diyta trén dit lieu hay bai toan?
e (6 ton tai mot kién tric phit hgp cho moi loai dit lieu khong?
9. MLP c6 that su “hiéu” di liéu khong?

Khi mo6 hinh dat do chinh xac rat cao trén tap huén luyén nhung kém trén tap kiém thi, ta noi
rang mo hinh bi overfitting. Vé ban chat, mang hoc qué chi tiét cAc mau cu thé, thay vi trich xuét cac
quy luat chung.

Cac ky thuat nhu regularization, dropout hay early stopping dudc dua vao khong phai dé lam mo
hinh manh hon, ma dé ép mang hoc cac dac trung 6n dinh va tdng quat hon.

Goi md tu duy:

e Do chinh xéc cao c6 ddng nghia v6i viec mo hinh hiéu dit lieu?

e “Hiéu” trong hoc may c6 giéng “hiéu” trong nhan thic con ngudi khong?
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Két luan

MLP la buéc khéi dau quan trong dé hiéu hoc sau, khong phai vi n6 13 mo hinh manh nhét, ma vi
n6 gitp lam ré nhitng khai niém nén tang: phi tuyén, lan truyén gradient, t6i uu va regularization.

Mot khi hiéu 16 nhitng quyét dinh nhé trong MLP, dit activation & dau, diing dang nao, hay vi sao
mot s6 thiét ké tudng hop 1y lai khong hieu qui, ta di c6 nén tang vimg chic dé tiép can nhitng kién
trac sdu hon nhu CNN, RNN hay Transformer v6i tuw duy chti dong thay vi chi sao chép cong thiic.
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