Convolution va pooling

Trac nghiém & Thuc hanh Y PDF bai

Pua anh vao MLP phai trai moi diém anh thanh mot vector dai. Cach do6 cé hai
van dé: s6 trong so tang rat nhanh khi dnh 16n, va mdt nét & goc trai véi cung
nét ay § gitra anh duge hoc nhu hai thir khac nhau. Convolution ding mét bo
loc nho, vi du 3x3, trugt qua moi vi tri cia dnh v6i cung mot bo trong so6. Bai

nay hoc convolution, padding, stride va pooling trén vi du do nét doc, nét

ngang tinh dugc bang tay.

MUC TIEU

Tinh convolution bang tay va so véi PyTorch.
Tinh kich thuéc dau ra theo kernel, padding, stride, dilation.
Phan biét convolution va pooling.

Tinh receptive field ctia nhiéu 16p.

M6t bo do di qua nhiéu vi tri

Anh xam 12 bang s6 H x W. Mbi 6 ctia bang goi 1a mot diém anh (pixel), mang mot s tir
0 (den) t6i 255 (tring). Anh xam c6 mot kénh; anh mau c6 ba bang nhu vay, goi 1 ba kénh
RGB.

Cac diém canh nhau c6 quan hé: canh ctia vién phan thuong kéo dai qua nhiéu 6 1an can.

Vi vay ta doc mot cita s6 nho trudce khi doc ca anh.

Al Canuc80k - Bai 5.1 - Convolution va pooling 1/23


http://127.0.0.1:56872/giao_trinh/pdf/bai-5.1.pdf

anh X - 3x3

kernel - 2x2 daura - 2x2
1 2 0
1 0 3 8
0 1 3
0 2 2 1
2 1 0

1-1+2:0+0:0+1:2=23

Nhan tung 0 cta cira s6 v6i kernel roi cong: 6 dau ra dau tién bang 3.

Kernel (bd loc) 1a bang trong s6 K. Tai mbi vi tri, nhan ting 6 trong clra s6 v4i 6 tuong

ting ctia K, roi cong. Vi mot kénh, stride 1, chua c6 padding va bias:

kp—1k,—1

Yi,j - z Z Xi+u,j+vKu,v-

u=0 v=0

i, j chi vi tri trén bang két qua; u, v chi vi tri bén trong kernel. Téng & day la tich vo
huéng cta hai bang khi trai thanh vector. Néu da hoc linear regression, ta dang dung

mot mo hinh tuyén tinh nho trén ting ctra s, va moi ctra sé dung chung trong sé.

Trong toan hoc, convolution 14t kernel 180° truéc khi nhan; phép nhan thing khong lat
goi la cross-correlation. Conv2d ctia PyTorch lam cross-correlation, nhung nganh hoc

sau van goi né la convolution.

Khi kernel dugc hoc, khac biét nay khong quan trong: mang sé hoc luén ban da 1at. N6
chi quan trong khi dé cho san kernel va hoi két qua; khi dé tinh theo cach khong 14t nhu
PyTorch.

Dung chung trong s6 con quyét dinh sd tham s6. Néu mdi vi tri dau ra c6 kernel riéng,
mot anh xam cho dau ra 28 x 28 can 784 b trong sd; dung chung thi chi mét bo, va bo
dy hoc tir moi vi tri cung lac. So véi néi thang moi pixel vao 16p két noi day di, khac biét

rat I6n: &nh 224 x 224 x 3 vao 1000 neuron da can khoang 150 triéu trong so.

Al Canuc80k - Bai 5.1 - Convolution va pooling 2/23



HOI NHANH
Hang anh [0, 8, 5, 5] c6 mo{t canh chuyén tir toi sang sang. Kernel [-1, 1],

stride 1, khong padding. Conv2d ctia PyTorch cho ra két qua nao?
[0, 5, 0]
[e, -5, 0]
[6, 8, 5]

[GI 5' 0’ 0]

HOI NHANH
Anh xam 64 x 64, kernel 3 x 3, khong padding, stride 1, dau ra 62 x 62. Néu moi vi

tri dau ra c6 mot kernel riéng thay vi ding chung, 16p nay can bao nhiéu trong so,

bd qua bias?

3844
34 596

36 864

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q1.4(a)

Lay anh va kernel sau. Chua can anh that: bAng s6 nho gitp nhin moi phép nhan.

Python

import numpy as np

image = np.array([[1, 2, 01,
[Bl 1! 3]!
[2, 1, 0]], dtype=float)
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kernel = np.array([[1, 0],
[0, 211, dtype=float)

def correlate_valid(image, kernel):

height, width = image.shape

kh, kw = kernel.shape

result = np.zeros((height - kh + 1, width - kw + 1))

for row in range(result.shape[0]):

for col in range(result.shape[1]):

window = image[row:row + kh, col:col + kw]
result[row, col] = np.sum(window * kernel)

return result

feature_map = correlate_valid(image, kernel)

print(feature_map)

Otréntrailal-1+2-0+0-0+1-2=3.Otrénphdila2-1+0-0+1-0+3-2=8,

Hai 6 hang du6i 1an lugt 1a 2 va 1. Bang dau ra nho hon vi kernel phéi ndm tron trong anh.
Kernel nay dugc dit tay cho dé tinh, nhung da cho thiy cach mdt bd do hoat dong: nd
chi c6 trong s6 duong trén duong chéo chinh, nén cira s c6 s6 16n trén dudng chéo iy,
2 0 e v s o A y . .
[1 3} , cho gia tri 16n nhat la 8. Trong CNN, gia tri kernel khong dat tay ma dugc hoc tu

dit liéu. Vai kernel ¢6 dién van dang nhé:

-1 0 1
* Sobel [-2 0 2| phan ing manh & canh doc, noi dd sang d6i dot ngdt theo chiéu
-1 0 1

ngang. Tim nhiing ch6 nhu vay goi la phat hién canh.

e Lam md 3 x 3: 9 6 déu bing 1/9, téng bing 1 dé gitt nguyén do sang trung binh.

LN

pER B

clia sé & hang 3, cot 6 clia sé & hang 20, cot 29 clia sé & hang 43, cot 29 xong: 70 x 70 6, mdi 6 dung
cuing 9 trong s6

Kernel nét doc trugt qua anh thap; méi vi tri cho mot 6 ctia bang dau ra.
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anh xam kernel nét doc kernel nét ngang
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Kernel nét doc lam sang canh ding ctia thap; kernel ngang lam sang mai va
lan can.

HOI NHANH

Ta muon mot kernel 2 x 2 cho s6 duong véi clra s6 nét chéo {(1) (1)] , nhung cho 0

e sooaa s |C oc .
vGi moi vung nén déu mau l ] . Chon kernel nao?
c c

. 1 0
0 1

. (1 -1
-1 1

: (0 1]
_1 0_

; 1 1]
_1 1_

Khong phai bd loc ¢b dién nao cling 1a tdng c6 trong s6. Trén anh nhi phan, nén 1a 0 va
vat 1a 1, phép gian va phép co thay nhan-cong bing max va min trén ctra sé 3 x 3. Gian
dat 6 ra bang 1 néu cira sb co it nhat mdt 6 1, nén nét day l1én va 14p dugce khe nhoé. Co chi
dat 6 ra bang 1khi ca ctra s6 déu la 1, nén nét mong di va chdm nhiéu nhé bi€n mat. Co
roi gidn (opening) x6a chdm nhiéu ma vat 16n gan nhu git nguyén,; gian roi co (closing)

14p khe. Phép gian (morphological dilation) nay khac dilation ctia convolution  muc sau.
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Python

def morph(img, op):
padded = np.pad(img, 1)
out = np.zeros_like(img)
for i in range(img.shape[0]):
for j in range(img.shape[1]):
out[i, j] = op(padded[i:i + 3, j:j + 3])

return out

mask = np.zeros((7, 7), dtype=int)

mask[1, 1] = 1 # mdt cham nhiéu

mask[3:6, 3:6] =1 # mot vat 3 x 3

dilated, eroded = morph(mask, np.max), morph(mask, np.min)

opened = morph(eroded, np.max)

print("S6 6 bang 1: goc", mask.sum(), " gian", dilated.sum(),
" co", eroded.sum(), " co rdi gidn", opened.sum())

print("Cham nhiéu sau co rdi gian:", opened[1, 1])
Gian bién cham nhiéu thanh 9 6 va vat 3 x 3 thanh 5 x 5; hai viing cham nhau & mot 6
nén téngla 9 + 25 — 1 = 33. Co x6a cham nhiéu va chi dé lai 6 gitta ctia vat. Gian lai ti

d6 cho dang vat 3 x 3 ban dau, con chdm nhiéu khéng quay lai.

co co roi gidn

Gian lam vat day 1én, co lam vat mong di; co roi gian x6a chdm nhiéu ma gitlr
vat.

Padding, stride va dilation thay ddi di€u gi?

Padding thém vanh 6 quanh anh, thuong bing 0. N6 cho kernel doc cé ving sat bién va
c6 thé gitr kich thude. Gia tri 0 6 bién la mot gia dinh vé bén ngoai anh; v6i anh nho, gia

Al Canuc80k - Bai 5.1 - Convolution va pooling 6/23



dinh nay c6 anh huéng dang ké.

Stride 1a s6 6 dich méi buéc. Stride 2 doc thua hon, gidam chi phi nhung c6 thé bd sot nét

manh.

Dilation tao khoang trong gitra cac 6 kernel: kernel 3 6 véi dilation 2 bao phti 5 vi tri, du

van chi c6 3 trong sd theo chiéu do. Kich thuéce bao phi hiéu dung la d(k — 1) + 1.

Ta dém s6 vi tri hgp 1é theo mdt chiéu. Chiéu dai sau padding 1a H + 2p; clra sé dau
chiém d(k — 1) + 1 6, phan con lai cho phép dich tiing s 6:

H+2p—dk—1)—1
HOut:{ +2p—dk— 1) J+1.

S

Chiéu rong tinh tuong tu. Cong thirc gia dinh méi dau thém dang p 6. Véi stride 1, mudn
gitr kich thué6c thi can 2p = d(k — 1); padding="same" ctia PyTorch tu chon padding nhu
vay, va khi d(k — 1) 1é (kernel chin) phan du dugc thém & cudi.

ViduH=T,k=3,p=1,s=2,d=1cho |6/2] +1=4.Cacvitribatdaulao,2,4,6
trén anh da thém vanh, khong phai 7/2 lam tron tuy y.

Vai truong hgp hay gap: anh 32 x 32, kernel 5, khong padding ra 28 x 28; gitt 64 x 64 v6i

kernel 3 can p = 1; kernel 3 véi dilation 2 trén 32 6 ra 28.

Python
def output_size(size, kernel_size, padding=0, stride=1, dilation=1):

covered = dilation * (kernel_size - 1) + 1

return (size + 2 * padding - covered) // stride + 1
print(output_size(7, 3, padding=1, stride=2))

print(output_size(7, 3, dilation=2))

Dong thir hai ¢6 dilation 2, nén kernel phii 5 6, con 3 vi tri hgp 1€ trén chiéu dai 7. Tang

dilation khong tang s6 tham s6 ciia kernel nhung déi nhitng di€ém anh dugce doc.

Xé&p chong nhiéu 16p cuing dilation 2 thi ¢ nhiing pixel khong bao gi¢ duge doc, dé lai
lu6i 16; d6i dilation gitta cac 16p hodc ghép nhiéu dilation song song, nhu ASPP trong
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DeepLab, vira 1ap 16 vira nhin ngl canh & nhiéu ¢d. Tang stride tu 11én 2 gitt nguyén so

tham s6 nhung dau ra con khodng mot phan tu sd 0.

vanh vanh 4 06

pht 5 6, 3 trong so
T ]

Padding thém vanh 0, stride dich nhiéu 6, dilation doc cach 6.

HOI NHANH

Anh dai 8 6, kernel 3, padding 0, stride 2, dilation 1. Dau ra dai bao nhiéu?

A 2
B 3
c 4
D 6
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HOI NHANH
Conv co kernel 3, dilation 2, stride 1. Padding d6i xtiing bang bao nhiéu thi gitr

nguyén chiéu dai dau vao?

A1
B 2
c 3
D 4

Tu mét bang sang nhiéu kénh

Mot anh RGB c6 ba gia tri tai mdi toa do. Mot kernel cho mét kénh dau ra phai doc ca ba

kénh dau vao, cdng két qua roi cong mot bias. Mudn tam ki€u bd do thi dung tam kernel

doc lap.
Pai lugng Shape theo PyTorch
Batch anh (N, C_in, H, W)
Trong sb convolution théng thuéng (C_out, C_in, k_h, k_w)
Bias (C_out,)
Feature map (N, C_out, H_out, W_out)

N la s6 anh, khong phai s6 kénh. Vi groups=1, s6 tham s6 ¢o bias bang Cyy (Cinkrk, +
1). Mot 16p RGB - 8 kénh, kernel 3 x 3 c6 8(3 -9 + 1) = 224 tham s6, du anh l6n hay
nho. Chi phi tinh van tang theo s6 vi tri dau ra; it tham sd khdng c6 nghia 1a chay mién

phi.

Tuong tu, nn.Conv2d(3, 16, 3) c6 16(27 + 1) = 448 tham s, nn.Conv2d(3, 64, 3) cod
64 - 28 = 1792, va nn.Conv2d(3, 16, kernel_size=5).weight c6 shape (16, 3, 5, 5).
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Kernel 1 x 1 khong nhin hang x6m ma chi tron kénh tai ting vi tri: khoi 28 x 28 x 256
qua 64 bd loc 1 x 1 thanh 28 x 28 x 64. Tich chip theo chiéu sau (depthwise, groups
bing s6 kénh) lam ngugc lai: mdi kénh mot kernel riéng, tron khdng gian trong tiing
kénh ma khong tron gitta cac kénh; ghép depthwise v6i 1 x 1 1a khoi quen thudc ctia
MobileNet, ConvNeXt.

anh RGB mot kernel mot kénh ra tam kénh ra

B B

3,7, 7 (3, 3, 3) 7, 7 @8, 7, 7

8 -+ (3:9 + 1) = 224 tham so

Mobi kernel doc ca ba kénh RGB; tam kernel cho tam kénh ra, 224 tham so.

Dai chi€u bang tinh tay véi thu vién trude, roi xem shape ctia mét 16p nhiéu kénh:

Python

import torch

from torch import nn

torch.set_num_threads(1)

X = torch.tensor(image, dtype=torch.float32)[None, None]

layer = nn.Conv2d(1, 1, kernel_size=2, bias=False)

with torch.no_grad():
layer.weight.copy_(torch.tensor(kernel, dtype=torch.float32)[None, Nonel)
y = layer(x)

print(tuple(y.shape))

print(np.allclose(y[0, 0].numpy(), feature_map))

rgb_layer = nn.Conv2d(3, 8, 3, padding=1)

print(sum(parameter.numel() for parameter in rgb_layer.parameters()))

print(tuple(rgb_layer(torch.zeros(2, 3, 7, 7)).shape))
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True xac nhan ta va thu vién dung cuing quy uéc. Shape cudi gitt 7 x 7 vi kernel 3,

padding 1, stride 1. Hai anh cting chay qua tam bo loc, nén dau ra co6 hai anh, tam kénh.
HOI NHANH
nn.Conv2d(16, 32, kernel_size=(3, 5)) cO weight.shape la gi?
(16, 32, 3, 5)
(32, 3, 5)
(32, 16, 3, 5)

(32, 16, 5, 3)

HOI NHANH
L6p nn.Conv2d(3, 8, 3, padding=1) chay trén anh 7 x 7, roi chay trén anh 70 x

70. S6 tham s6 va s6 phép nhan thay ddi thé nao?
Tham s6 van 1a 224, phép nhan tang 100 1an
Tham s6 van 1a 224, phép nhan cling gilf nguyén
Tham s6 tdng 100 Ian, phép nhan tang 100 lan

Tham s6 tidng 10 1an, phép nhan ting 10 1an

Pooling gitr diéu gi, mat diéu gi?

Sau khi bi€t mot viing c6 nét, doi khi ta khong can vi tri chinh xac tung 6. Pooling gop

moi cira s6 thanh mét s6, va khong cé trong sd can hoc:
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» Max pooling 1ay gia tri 16n nhat trong cira s6; average pooling lay trung binh. Trén
feature map B ﬂ , max pooling 2 x 2 ra 8, average pooling ra 14/4 = 3.5.

 Global pooling: ctra s6 phii ca feature map, moi kénh chi con moét s6. Global max tra

16i “mau c6 xuat hién & dau d6 khéng”; global average do mau phi nhiéu hay it.

MaxPool2d(2) trén 7 x 7ra 3 x 3 vi hang, cOt 1é cudi bi bd; ceil_mode=True giir cira s6
thi€u nén ra 4 x 4. Thay pooling bang tich chép stride 2 ciing thu nhé map, nhung cach
gop dugc hoc thay vi ¢6 dinh.

128x128

méi 1&n max pool 2x2 gilt mot s6 trong bén: nét con, vi tri chinh xac méat dan

Ba lan max pool 2x2: tir 128128 xudng 16x16, nét con nhung chi ti€t mat dan.

Python

print(nn.MaxPool2d(2) (y).flatten().tolist())
print(nn.AvgPool2d(2) (y).flatten().tolist())
left = torch.tensor([[[[0., 4., 6., 0.1111)
right = torch.tensor([[[[0., 0., 4., 0.1111)
pool = nn.MaxPool2d((1, 2))
print(pool(left).flatten().tolist())
print(pool(right).flatten().tolist())

window = y.detach().clone().requires_grad_(True)
nn.MaxPoo12d(2) (window) .sum() .backward()
print(window.grad[0, 0].tolist())

Dong ba va bdn cho thay dich mot 6 c6 thé dua dinh sang cira s6 khac. Pooling c6 thé
giam nhay v6i dich nho bén trong cling cira s6, nhung khong tao bat bién dich tuyét doi.
V6i segmentation, lam mat vi tri nhu vy con phai duge b bang decoder hodc nhanh gitr

chi tiét.
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ban dau dich mét 6

0 4 0 0 0 0 4 0

N/ N/

dinh qua ranh gigi clra sé: két qua déi chd, pooling khéng bat bién dich tuyét déi

Dinh dich mot 6 qua ranh giGi ctra s6 thi dau ra max pool ddi tir (4, 0) thanh
(0, 4).

Dong cudi la gradient khi lan truyén nguge qua max pooling. Chi 6 dat max (6 chira 8)
nhan gradient 1, ba 6 kia nhan 0: trong budc hoc nay, chi 6 thing truyén tin hiéu vé cac
16p trude. Average pooling thi chia déu, méi 6 nhan 1/4. Khi cac cira s6 chong nhau, mot

6 c6 thé thudc nhiéu cira s6 va gradient ctia cac cira s6 dy duge cong lai.

HOI NHANH
Max pooling trén mot ctra s6 2 x 2 chi tra vé s6 8. Tir d6 ¢6 khoi phuc duy nhat

dugc bon 6 ban dau khéng?
A Co6, mbibdbang 8/4 =2
B CO, néu biét thém stride cla pooling
¢ C6, néu biét thém average pooling cua clia s

D Khéng, vi nhiéu clra sé khac nhau cé clng gia tri 16n nhat
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HOI NHANH
MaxPoolld(kernel_size=2, stride=1) trén [1, 9, 3] chora[9, 9]. Lé’y tong dau

ra rdi goi backward (). Gradient vé dau vao la gi?

A [e.5, 1, 0.5]

g [0, 9, 0]
c [0, 1, 0]
p [e, 2, 0]

Receptive field: mot 6 da nhin xa dén dau?

Ving ti€p nhan (receptive field) la viing dau vao c6 thé anh huéng dén mot 6 & 16p dang
xét. Hai kernel 3 x 3 stride 1 cho ving 5 x 5, vi ba 6 canh nhau & 16p thr nhat c6 cac
vung nhin chdéng 1an. Déy la ving ¢6 thé anh huéng theo cdu tric; trong s6 hodc ReLU

c6 thé lam anh hudéng thuc té€ nhoé hon.

bé tinh chudi 16p, gilr hai s6: r 1a chiéu dai viing nhin va j 1a khoang cach trén anh géc
gilra hai 6 dau ra ké nhau. Bt dau r = 1, j = 1. V6i 16p kernel k, dilation d, stride s, cap
nhat:

Tméi = Tea + (K — 1)d jea, Jméi = 8 Jeii-

Mot conv 3, pool 2 stride 2, réi conv3chor:1—+3—+4—+8,j:1—1—2— 2 Conv
cudi doc ba 6 cach nhau hai 6 trén dnh goc, nén thém 4 vao vang nhin. Céng thtic do do
rong; mudn bi€t vi tri chinh xac & bién con phai theo doi padding. Ba 16p 3 x 3 stride 1
cho 7 x 7; néu 16p dau co stride 2 thi j thanh 2 va ba 16p cho 11 x 11. Kernel 1 x 1 khong

lam vung nhin rong thém.
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I6p 2

I6p 1

dau vao
r=1+2+2-=25

Hai 16p kernel 3: méi 6 & 16p 2 nhin dugc 5 6 dau vao.

Xép chong kernel nhd la cach thuong dung dé€ mé ving nhin. Hail6p 3 x 3 nhin5 x 5
nhu mot 16p 5 x 5, nhung méi cap kénh vao-ra chican 2 - 9 = 18 trong s6 thay vi 25, va
c6 thém mot activation & gitra. Vi thé cac ho mang nhu VGG, ResNet chil yéu dung

kernel 3 x 3.

Vung nhin 16n dan cting gii thich vi sao feature map khac nhau theo do sau. L6p dau chi
nhin vai pixel nén phan ting v6i canh, nét, ch6 déi mau; feature map ctia né con giong
anh goc da qua b loc. Sau vai 1an stride hodc pooling, mdi 6 nhin mét viung rong, map
nho va tho di, phan Gng véi té hgp 16n hon nhu goc, van, bd phan ciia vat. Cau trac cho

phép thir bac ay xuit hién; chinh hudn luyén méi tao ra no.

HOI NHANH
Mot conv kernel 3 stride 2, ti€p theo 1a mot conv kernel 3 stride 1, ca hai c6 dilation

1. Mot 6 6 16p thir hai nhin bao nhiéu 6 dau vao theo méi chiéu?

A 5
B 6
c 7
D 9
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Gia dinh va ang dung

Convolution gia dinh cac mau cuc b hitu ich va cing mau c6 thé xuat hién & nhiéu vi tri.
biéu nay hgp véi canh, goc, van; chua di dé tu hiéu quan hé “quyén sach bén trai clra s6”.
Ta can nhiéu 16p dé ghép chi tiét thanh ciu tric, hoac co ché khac dé trao déi thong tin

xa nhu attention & bai 5.4.

Véi stride 1, dich anh di mot 6 thi feature map dich theo ding mot 0, cac gia tri gitt
nguyén trir vang sat bién. Tinh chat nay goi la dong bién véi phép dich (translation

equivariance).

Bat bién, tiic dau ra khong déi khi anh dich, chi xuat hién khi vé sau c6 phép gop vi tri
nhu global pooling; pooling cuc bd chi gidm nhay v6i dich nhd va v khi dinh qua ranh
gi6i clra s6, nhu cap [4.0, 0.8]va [0.0, 4.0] & trén. CNN ciing khong tu bat bién voi

xoay, doi ti 1é hay doi anh sang.

dau vao feature map nét doc

| s 'I){:'gs‘&":.k" "
gL
I

! '
o Jerb VA

T
#
| canh manh nhat

,g.\ dich dung 20 px

dich phai 20 px

Dich anh 20 px thi feature map dich theo dang 20 px.

Gia dinh “mau c6 thé § bat ky dau” yéu di khi anh da dugce can chinh, vi du anh thé ma
mat ludn & cing mdt chd. Nguoc lai, khi dé can toa do tuyét doi nhu vi tri mdt nguon hay
mot keypoint, global pooling x6a ding thong tin can tim; head phéi doc feature map con

chiéu khong gian, hoac input duge thém hai kénh chia toa do z, y ctia ting 0.

Al Canuc80k - Bai 5.1 - Convolution va pooling 16/23



Quay lai nét phan: bo do cuc bd gitp tai st dung tri thitc khi nét dich chd. Ta van phai
kiém anh ctia nhiéu hoc sinh, nhiéu camera, nhiéu do sang. Néu dir liéu train chi c6 nét &
gitta anh, bd loc dung chung chua bao dam classifier cu6i khong hoc théi quen “nét luén
G gitra”

Chia sé trong s6 la mot gia dinh: b6t tham s6 nén giam variance, ddi lai thém bias khi gia
dinh sai. L6p két ndi day da cung s don vi vao, ra biéu dién dugc moi thi tich chap lam
dugc, chi can nhiéu dit liéu hon hin dé hoc; khi 4nh da can chinh sén, vat ludén cung cd

va cung cho, lgi thé€ ciia tich chap nho di.

HOI NHANH
Mot bo do nét da hoc t6t trén nhitng anh chi c6 nét dung ding, & di moi vi tri. Anh

test bi xoay 90° nén nét thanh nam ngang. Nhiéu kha nang chuyén gi xay ra?
A Nhan kém, vi kernel nét doc phan (tng yéu véi nét ngang
8 Nhan kém, vi xoay lam d6i shape (N, C, H, W)
¢ VAn nhan t6t, vi dung chung kernel 8 moi vi tri

D VAn nhan t6t, néu thém padding cho anh d4 xoay

Khi di thi
» Dbua mot batch gia torch.zeros(2, C, H, W) qua model va in shape ting khoi truéc
khi nap dir liéu that.

o Dirliéudang (H, W, C) thipermutevé (N, C, H, W),rdiso gia tri mot pixel trudce va
sau.

o Dé can toa do hay mask thi giit chiéu khong gian, dung global pooling.
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Tom tat

» Convolution doc ctra s6 cuc bo bing trong s6 dung chung: sd tham sd khong phu

thuoc kich thu6c anh, con chi phi tinh thi cé.

» Kernel cd dién nhu Sobel, lam md dugce dat tay; gian va co 1dy max, min trén cira s6
dé lam day, lam mong vat trén anh nhi phan.

 Padding, stride va dilation quyét dinh vi tri doc va kich thuéc dau ra: | (H + 2p —
dlk—1)—1)/s| + 1.

» Pooling gop cira s6 ma khong hoc trong sd; max pooling chi gtii gradient vé 6 thing.

» Receptive field tang qua nhiéu 16p; x€p chong 3 x 3 md vung nhin véi it trong so.

« Convolution dong bién véi phép dich, nhung khong tu bat bién véi xoay hay déi ti 1€.

Kiém tra cuoi bai

CAuU1
Anh 28 x 28 di qua 516p conv 3 x 3 stride 1 néi ti€p nhau. Kich thuéc cudi cting khi
khong cé padding, va khi moi 16p ¢6 padding=1, 1an lugt 1a bao nhiéu?

A 23 x 23 va 28 x 28
B 18 x 18 va 28 x 28
c 13 x 13 va 28 x 28

D 18 x 18 va 38 x 38

PHONG THEO ) NOAI 2026 Singapore - Vong sd loai - Cau 202
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https://aisingapore.org/wp-content/uploads/2026/04/NOAI-2026-Preliminary-Round-Assessment-300-MCQs-Google-Forms.pdf#page=74

CAU 2
Anh 6 x 6, kernel 3 x 3, khong padding, stride 1 cho dau ra 4 x 4. Giit nguyén

kernel, cdu hinh nao cho dau ra dang 3 x 3?
Stride 1, padding 1
Stride 2, padding O
Stride 2, padding 1

Stride 3, padding O

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q1.2(a)

CAU 3
Trén anh 32 x 32, mot kénh vao, mot kénh ra, stride 1, bd qua bias, so hai 16p: conv

kernel 3, dilation 2, padding 2, va conv kernel 5, padding 2. Nhan xét nao ding?
Kernel gidn cho ra 34 x 34, ca hai déu c6 25 trong s6
Kernel gian cho ra 34 x 34, mot bén 9, mét bén 25 trong s6
Ca hai cung ra 32 x 32, déu cé 25 trong s6

Ca hai cuing ra 32 x 32, mdt bén 9, mdt bén 25 trong s6
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https://www.cs.cmu.edu/~mgormley/courses/10601/handout/exam3_practice_problems.pdf#page=6

CAu 4

Model nhan batch (8, 3, 32, 32):

nn.Sequential(
nn.Conv2d(3, 16, 3, padding=1), nn.ReLU(), nn.MaxPool2d(2),
nn.Conv2d(16, 32, 3, padding=1), nn.ReLU(), nn.MaxPool2d(2),
nn.Flatten(), nn.Linear(IN, 10))

IN phai bang bao nhiéu?
32-32-32 =32768
32-16-16 = 8192
32-8-8 =2048

32-4-4 =512

PHONG THEO ) NOAI 2025 Singapore - Phan 1- Cau 11

CAuU 5
Mot conv 1D ¢6 mot bo loc, va z; 16n nghia la ¢6 mau can tim & vi tri j. Mang A cho
ra o(max; z;), mang B cho ra o(min; z;). Pau ra cao nghia la “mau c6 6 moi vi tri” &

mang nao, va nghia la “mau c6 & it nhat mét vi tri” & mang nao?
AréiB
B réi A
A & ca hai
B & ca hai

PHONG THEO ) MIT 6.036 - Final, Spring 2022 - Q8
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https://learn.aisingapore.org/wp-content/uploads/2025/10/NOAI-2025-MCQ-Assessment-Questions.pdf#page=2
https://introml.mit.edu/_static/fall22/final/review/6036_final_sp22.pdf#page=21

CAu 6
Hai 16p conv 3 x 3, stride 1, khong padding. Xét 6 (0, 0) cida l6p th hai, v6i chi s6
tinh tir 0. Nhan xét nao dang?

Poi pixel dau vao (4,4) cé thé lam 6 nay thay déi
Chi céc pixel trong khéi 3 x 3 dau tién anh hudng téi 6 nay
Poi pixel dau vao (5,5) clng cé thé 1am 6 nay thay doi

Moi pixel déu anh hudng, vi hai I&p néi tiép nhau

PHONG THEO ) NOAI 2026 Singapore - Vong sd loai - Cau 214

CAuU 7
Mot dbi thay mdt conv 7 x 7, 64 kénh vao, 64 kénh ra, bang ba conv 3 x 3 tir 64

sang 64 noi tiép, stride 1, c6 ReLU & gitra. So v6i 16p cii, bd qua bias, diéu nao ding?
VUng nhin chicon 3 x 3, va it trong s6 hon
Vung nhin thanh 9 x 9, va it trong sé hon
Vung nhin van a4 7 x 7, va it trong s6 han

\Vung nhin van & 7 x 7, nhung nhiéu trong s6 hon

PHONG THEO ) NOAI 2026 Singapore - Vong sd loai - Cau 215
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https://aisingapore.org/wp-content/uploads/2026/04/NOAI-2026-Preliminary-Round-Assessment-300-MCQs-Google-Forms.pdf#page=78
https://aisingapore.org/wp-content/uploads/2026/04/NOAI-2026-Preliminary-Round-Assessment-300-MCQs-Google-Forms.pdf#page=78

CAuU 8
Pua mot anh qua mdt CNN pretrained, 14y feature map & nam 16p cé do sau khac
nhau, réi xao tha tu. Dau hiéu nao giap x€p lai theo d6 sau dang tin nhat?

Map sang haon, tuc gia tri I6n hon, la I6p sédu hon

Map I8n, con thay dudc dudng vién cua vat, 1a I8p néng

Map cang sic nét, cang nhiéu chi tiét thi cang 1 I8p sau

Khoéng xép dugc, vi map khéng gilf gi clia anh

PHONG THEO ) USA-NA-AIO 2026 - Vong 1 - Problem 6

CAu 9
Moi anh xe déu chup ngang, cling ¢, dau xe ludon quay sang phai, nén banh xe, clra
kinh, dén ludn & gan cung mot chd. Bé qua chi phi tinh toan, ding chung mdt bo

kernel cho moi vi tri ¢6 con la lya chon rd rang nhat khong?
C¢, vi khéng dung chung thi khéng hoc dugc nét nao
Cé, vi dung chung trong s6 tao ra tinh bat bién vSi phép xoay
Khéng, vi pooling da bat bién vai phép dich tuyét doi

Khéng han, vi méi viing c6 thé cé bd loc riéng clia né

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q1.4(b)
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https://www.usaaio.org/attachments/past-problems/2026/usaaio-2026-round-1-problems.pdf#page=16
https://www.cs.cmu.edu/~mgormley/courses/10601/handout/exam3_practice_problems.pdf#page=8

CAU 10

Mbi mau la mot tensor (64, 64, 2):vector luc (Fy, Fy) do trén lu6i 64 x 64. Phai
du doan toa do nguon (z,, y,) cung 100 gia tri cuong do. Mot doi dung cac conv
stride 1, roi global average pooling, r6i Linear ra 102 s8, va 16i toa do rat cao. Thay

d6i nao nham diang nguyén nhan?
A Déi global average pooling thanh global max pooling
B Tang gap ddi sé kénh cla I18p conv cudi
¢ Thém padding dé conv doc dugc ca vung bién

D B6 global pooling, flatten feature map dé con gii vi tri

PHONG THEO ) USA-NA-AIO 2026 - Vong 2 - Ngay 1- Problem 2

Poc thém
« Dive into Deep Learning — Convolutions for Images: phan biét cross-correlation véi
convolution, va xem mot kernel phat hién canh dugc hoc lai tur dix liéu.

« PyTorch — Conv2d: ddi chi€u shape, groups, padding="same" va cdng thtrc kich thuéc khi cau

trac khac vi du.

« Dumoulin va Visin — A guide to convolution arithmetic for deep learning: hinh vé ting truéng

hgp padding, stride, dilation va kich thuéc dau ra tuong ing.

« Dive into Deep Learning — Pooling: xem cac phép téng hgp va vai tro giam kich thuéce, roi tu

thr mot anh c6 nét manh.

Al Canuc80k - Bai 5.1 - Convolution va pooling 23/23


https://www.usaaio.org/attachments/past-problems/2026/usaaio-2026-round-2-day-1-problems.pdf#page=13
https://d2l.ai/chapter_convolutional-neural-networks/conv-layer.html
https://docs.pytorch.org/docs/stable/generated/torch.nn.Conv2d.html
https://arxiv.org/abs/1603.07285
https://d2l.ai/chapter_convolutional-neural-networks/pooling.html

