Phan tich hanh vi model

Trac nghiém 7 & Thuchanh 5 (4 Chay trén Kaggle ¥ PDF bai

Hai model cung dat accuracy cao trén tap test, nhung khi déi sang anh tur
camera khac thi mot model sai gan hét. Ly do c6 thé 1a model da hoc mot dau
hiéu tinh ¢6 di cung nhan, vi du mot vét & goc anh, thay vi hoc chinh vat can
nhan ra. Bai nay hoc cach kiém model dya vao thong tin gi: thay d6i mdt yéu to
ctia anh roi do két qua déi ra sao, sau d6 dung cac phuong phap t6 ving anh
anh hudng t6i du doan.

MUC TIEU

+ So hai model trén tirng mau va ting nhom di liéu.
+ Thiét ké thi nghiém kiém model c6 dung dau hiéu tinh c¢6 khong.

» Dung occlusion, saliency, Grad-CAM va biét gi6i han ctia ching.

Diém tong che khuit diéu gi?

Accuracy la mét trung binh. Mot model c6 thé ding & anh sang va sai ¢ anh t6i, ding
ngudci chup cii va sai ngusi chup méi. Trudce khi nhin heatmap, ta gitr ting prediction

cung ID, nhan, score va cac thudc tinh hgp 1é nhu camera hoic kich thuéc vat thé.

Chia 16i thanh nhém gitp dit cau hoi cu thé: sai vi nham 16p, thi€u ving nho,
background khac hay preprocessing? Trong moi nhom, doc nhiéu chi s6 chir khong chi
mot: hai nhom c¢é cung recall van c6 thé cé precision khac hén khi ti 1€ 16p duong cta

chiing khac nhau. Ghi s6 mau canh méi chi s6; mét nhom vai anh chi cho mot goi ¥.

Néu so A va B, can cung mau va cung metric. Bang chéo ding /sai theo ID ¢6 bon 6: ca
hai dang, chi A dang, chi B ding, ca hai sai. Hai 6 gitta méi chira thong tin phan biét hai
model, nén hai score téng bang nhau van cé thé che viéc A ding 6 mau B sai va ngugc

lai.

O ca hai sai 1a noi nén xem anh truée: déi model chua citu duge ching, nhiéu khi vi nhan

sai hodc anh thi€u thong tin.
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https://www.kaggle.com/code/quangluduy/ai-canuc80k-5-9-grad-cam-and-shortcuts
http://127.0.0.1:56872/giao_trinh/pdf/bai-5.9.pdf

HOI NHANH
Trén cting 100 anh validation, A va B déu ding 90 anh. C6 6 anh A dung con B sai.

Co6 bao nhiéu anh ca hai cung sai?

A O
B 4
C 6
D 10

B dung B sai
A dung 84 6
hai 6 gilta phan biét
hai model
A sai 6 4

6 ca hai sai: xem anh
trusc

A va B cung dung 90 trén 100 anh
Ava B cung dung 90 anh, nhung médi model ding riéng 6 anh.
Chi xem anh sai dugc chon theo cam giac dé bo so6t mot nhém. Lay mau dang /sai theo

tiéu chi da ghi, kiém ca nhiing anh model tu tin nhung sai. Dit liéu chyup theo nhom con

c6 phu thudc; 100 frame gan nhau khong tuong duong 100 budi doc 1ap.
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HOI NHANH
Model sai 300 anh validation, nhung ta chi dt thdi gian xem ky 30 anh. Chon 30

anh nao thi birc tranh vé 16i dang tin nhat?
A 30 anh sai dau tién theo tén tép, vi thi tu tén tép coi nhu ngdu nhién
8 30 anh c6 heatmap ré nhét, vi dé giai thich cho ca doi
¢ 30 anh c6 score sat ngudng 0.5, vi do & nhiing anh khoé nhat

D Lay ngdu nhién trong tiing nhém, thém vai anh sai ma score rat cao

Mot dudng tit dugce tao dé ta kiém ro

Ta quay lai anh nét: nhan 0 la ding, 11a ngang. Trong t4p nguodn, anh ngang tinh cd c6 6
goc sang, anh ding cé 6 goc toi. Model c6 thé dung goc thay vi nét. Trén validation cting

quy luét, ca hai cach déu dang; thay déi dau goc sé tach ching.

ngudn: géc sang di véi nét ngang dbi géc: nhan giit nguyén

dung ngang dung ngang
khung cam: 6 goc 2x2 ma model A doc; model B chi doc vung nét & gilia
O tap nguon, 6 goc sang ludn di v6i nét ngang; tap kiém dao 6 goc.

Ta tu thiét k€ di liéu dé biét quy tac nhan. Trong anh that, x6a nén c6 thé vo tinh x6a

bong hoac vién vat thé; viéc gitt nhan phai duge kiém, khong tu tuyén ba.

Python
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import numpy as np

from sklearn.linear_model import LogisticRegression

vertical = np.zeros((8, 8))
vertical[2:6, 3:5] = 1
horizontal = np.zeros((8, 8))
horizontal[3:5, 2:6] =1

orientation_filter = (horizontal - vertical) / 4

def make_images(count, seed, reverse_corner=False):

rng = np.random.default_rng(seed)

labels = np.arange(count) % 2

images = np.zeros((count, 8, 8))

for index, label in enumerate(labels):
images[index] = vertical if label == 0 else horizontal
marker = 1 - label if reverse_corner else label
images[index, :2, :2] = marker

images += rng.normal(0, 0.02, images.shape)

return np.clip(images, 0, 1), labels

def features(images):
corner = images[:, :2, :2].mean(axis=(1, 2))
shape = (images * orientation_filter).sum(axis=(1, 2))

return corner[:, None], shapel:, Nonel]

train_images, train_labels = make_images(80, 1)

normal_images, labels = make_images(40, 2)

changed_images, changed_labels = make_images(40, 2, reverse_corner=True)
train_corner, train_shape = features(train_images)

model_a = LogisticRegression().fit(train_corner, train_labels)

model_b = LogisticRegression().fit(train_shape, train_labels)

print("same labels after intervention:", np.array_equal(labels, changed_labels))
print("shape features preserved:",

np.allclose(features(normal_images)[1], features(changed_images)[1]))

Model A chi thay d6 sang trung binh ctia 6 goc, model B chi thiy shape score (diém
huéng nét); ca hai la logistic regression mot dac trung. Mot CNN that tu chon dic trung
nén ta khong biét trude nod dung gi; 6 day ta biét trudc, nho vay kiém duge phép danh
gia c6 phat hién dung diéu da cai hay khong.

Shape filter nam 6 gitra anh, khong doc goc; hai dong True xac nhan phép déi goc gitr

nhan va gitt nguyén tin hiéu huéng.
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Vi du: shape score bing téng anh nhan (H — V) /4. Template ngang va template ding
modi cai 8 6, chung nhau 4 6 § gitra. Filter vi thé c6 bon 6 +1/4 (chi thudc nét ngang), bon
6 —1/4 (chi thudc nét diing), con lai bang 0. V6i nét ngang sach, bon 6 +1/4 déu sang va
bén 6 —1/4 déu tdi, nén score bang +1; nét dimg cho —1. Dau goc ndm ngoai filter nén

khong gop vao score.

-y +%: chithudc nét ngang
+ +4, =%a: chi thudc nét ding

(H-V)/4
+% +%

ngang sach: score +1
dung sach: score -1

6 goc ndm ngoai filter

Filter ctia model B chi c6 trong s6 trén vung nét, khong c6 & 6 goc.

HOI NHANH
Trong code, nét ngang chiém [3:5, 2:6]. Dich né xuéng mot hang thanh [4:6,

2:6], anh sach, diu goc gitr nguyén. Shape score biang bao nhiéu?

A +1
B +0.5
c 0

D -1

So hai model biang ciing mdt can thiép

Ta do accuracy ¢ anh nguon binh thuong va anh déi goc. Cung seed nhiéu, cung huéng
nét, chi d6i n6i dung dau goc, nén khac biét c6 mot nguyén nhan duge kiém soat trong

bo dir liéu nay.
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Python

def predict_both(images):
corner, shape = features(images)

return model_a.predict(corner), model_b.predict(shape)

for name, images in [("normal", normal_images), ("changed corner", changed_images)]:
pred_a, pred_b = predict_both(images)
print(name, "A/B accuracy:",
round(np.mean(pred_a == labels), 3),

round(np.mean(pred_b == labels), 3))

pred_a, pred_b = predict_both(changed_images)
print("A correct, B wrong:", int(np.sum((pred_a == labels) & (pred_b != labels))))
print("B correct, A wrong:", int(np.sum((pred_b == labels) & (pred_a != labels))))

Trén normal, ca hai dung; trén changed corner, A thit bai con B gitr két qua. Hai dong
dém theo tiing dnh cho thdy moi khac biét di mot chiéu: 40 anh B diing ma A sai, khong

anh nao ngugc lai. Ta c6 bang chiing A phu thudc dau goc trong dit liéu da viét.

Chua suy ra dugc B bén v6i moi camera: B dung filter & vi tri ¢ dinh, nén nét dich chd
hoac déi kich thuée co6 thé lam shape score mit y nghia. Muc “Tim 16i ¢6 hé thong” do

diéu nay.

Trén model that, mot can thiép hgp 1€ c6 thé la thay background, che watermark hoéc
déi sang trong muc hop ly. Ta bat dau bang gia thuyét, gitr nhan, chay cting mau
trudce/sau va ghi ti 1é déi nhan cung muc déi score. Néu can thiép lam anh xa phan phoi

that, két qua noi vé diéu kién ay, chua truc ti€p ndi vé sir dung thuong ngay.
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HOI NHANH
Trén tdp changed corner, A c6 accuracy 0.0 ch khdng phai khoang 0.5. Con s6 nay

noi 1én diéu gi?
Quyét dinh cla A di theo dau goéc trén moi anh
A doan gan nhu ngu nhién khi gap anh la
Nhan cUa tap changed corner da bi dao nham

A hoc dudc hudng nét, nhung theo chiéu ngudc lai

HOI NHANH
Néu sinh changed_images bang seed nhiéu 3 thay vi seed 2 nhu normal_images,

phép so trude va sau mat di diéu gi?
Khéng mat gi, vi nhiéu chi cé dé l1éch chuan 0.02
Nhan cua hai tap khéng con khép nhau theo tung ID
Model B khéng con du doan dugc trén anh mdi

Mat phép so cap, vi mdi cap khac nhau ca nhiéu l1an diu géc

Occlusion: che ving roi xem score ddi

Occlusion thay mot vung anh bang gia tri nén hodc mau khac, chay lai model va xem
score clia cing 16p thay déi. N6 gan véi thir bd mot dic trung: néu score gidm nhiéu,

vung ay c6 anh hudng theo phép thay da dung.

Ta chon mot anh ngang, 16p 1. Che goc va che vung nét riéng. Code doc xac suit cta 16p

1 cho ca hai model, ca truéce lan sau khi che.
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Python

example = normal_images[1].copy()

without_corner = example.copy()

without_corner[:2, :2] = 0O

without_shape = example.copy()

without_shape[2:6, 2:6] = 0

batch = np.stack([example, without_corner, without_shapel])
corner, shape = features(batch)

score_a = model_a.predict_proba(corner)[:, 1]

score_b = model_b.predict_proba(shape)[:, 1]

print("rows: original, cover corner, cover shape")

print("A probability of class 1:", score_a.round(4).tolist())
print("B probability of class 1:", score_b.round(4).tolist())
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xac suat 16p 1 (ngang) trudc va sau khi che

Che goc lam A d6i hin du doan; che nét lam B déi du doan.

Nhin dong A khi che goc (0.891 — 0.1057) va dong B khi che nét (0.9589 — 0.4995). M&i

model chi phan (g v6i ving n6 doc; che ving con lai khong déi score dén chir s6 thi
tu. Che nét dong thoi bo doi tugng quyét dinh nhan, nén anh &y khong phai mot mau

validation gitr nguyén nhan; n6 chi phuc vu do d phu thudc ctia score.
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HOI NHANH
Che goc lam A d6i argmax tir 16p 1 sang 16p 0. Vi sao ta van doc xac suat ctia 16p 1,

ca trudce lan sau khi che?
A Dé model khéng thé déi nhan du doan sau khi che
8 Pé so clng mét dai lugng trudc va sau khi che
¢ Vixac suat hai I8p ludn bang nhau sau khi che

D Vildp argmax mdi luén c6 score thap hon I18p ci

Chon mau che dnh huéng két qua. O den trong anh rat sang c6 thé ty 1a tin hiéu la.
Muon két ludn viing hon, thir nhiéu baseline, nhiéu kich thuéc ctra s6 va nhém anh; kiém
score c6 gidm vi viing can thiét hay vi tao nhiéu ngoai phan phdi. Mot ctra sé do tac dong
khi moi viing khac gitt nguyén, nén khi nghi model c6 hai tin hiéu thay thé& nhau, che ca

t6 hgp vung.

Trén anh 16n, occlusion map trugt ctra s6 khap anh, méi vi tri mot lugt forward. Chi phi
tang theo s6 vi tri nhan s6 anh; gop cac dnh da che thanh batch nhu code trén, va chi

chay trén mot mau anh chon theo tiéu chi.

anh ngang model A model B
H =
1T Sl

gidm t6i da 0.79 gidm t6i da 0.13

mbi 6: score I8p 1 gidm bao nhiéu khi che clia s6 2x2 bat dau & do

Ban do occlusion: A chi nhay véi 6 goc, B nhay v6i ving nét.
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che 6 hang 1, c6t 5: che 6 hang 4, c6t 13: che 6 hang 10, c6t 13: vung che lam p(“espresso”)
p("espresso”) = 0.50 (gbc 0.85) p("espresso”) = 0.90 (goc 0.85) p(“espresso”) = 0.93 (g6c 0.85) giam manh nhat dugc gill sang:
mat tach ca phé

Che tung ving anh: vung nao lam xac suét 16p gidm nhiéu thi cang cam.

HOI NHANH
Anh 224 x 224, ctra sé che 16 x 16, buéc truct 8 theo ca hai chiéu, khong padding.

Khong ké anh géc, mdt anh can bao nhiéu lugt forward dé vé occlusion map?

A 196
B 729
c 784
D 50176

Saliency va Grad-CAM thém goc nhin nao?

Saliency dung gradient ctia score 16p theo input d€ do nhay cam cuc bd: thay mat pixel
rat nho co thé déi score thé nao. Occlusion can mot lugt forward cho méi ving; saliency

chi can mot luot forward va mot lugt backward cho ca anh.

Cai gia la n6 chi nhin thay déi vo cung nho: gradient 16n khong luoén nghia pixel d6 la
nguyén nhan ngi nghia quan trong, va gradient c6 thé bao hoa hodc nhay véi noise. Qua
ReLU hay max pooling, gradient bang 0 & cac nhanh khéng dugc chon, nén mot vung co

ich van c6 thé c6 saliency bang 0.

Hai model ctia bai doc pixel biang phép tinh viét lai dugc trong torch, nén autograd tinh
saliency truc ti€p. Ta lay gradient ctia logit (score truéc sigmoid) theo 64 pixel ctia anh
ngang dung & muc occlusion, do phan gradient ndm & 6 goc, roi so véi map ctia mot anh

ding.

Al Canuc80k - Bai 5.9 - Phan tich hanh vi model 10/22



Python

import torch

shape_filter = torch.tensor(orientation_filter)
readers = {
"A": (model_a, lambda pixels: pixels[:2, :2].mean()),
"B": (model_b, lambda pixels: (pixels * shape_filter).sum()),

def saliency(name, image, use_probability=False):
model, read_feature = readers[name]
pixels = torch.tensor(image, requires_grad=True)
score = (float(model.coef_[0, 0]) * read_feature(pixels)
+ float(model.intercept_[0]))
if use_probability:
score = torch.sigmoid(score)
score.backward()

return pixels.grad.abs().numpy()

corner = np.zeros((8, 8), dtype=bool)
corner[:2, :2] = True
for name in ["A", "B"]:
horizontal_map = saliency(name, normal_images[1])
vertical_map = saliency(name, normal_images[0])
print(name, "corner:", round(Chorizontal_map[corner].sum() / horizontal_map.sum(), 3),

"| max:", round(horizontal_map.max(), 4),
"| same on vertical:", np.allclose(horizontal_map, vertical_map))

print("B max grad of probability:", round(saliency("B", normal_images[1], True).max(), 4))

A don toan bo gradient vao 6 goc, B khong c6 chit nao & doé: khép véi occlusion. S6
1.0688 tinh tay dugc: logit ctia A 1a hé s6 ctia A nhan trung binh bén 6 goc, nén dao ham

theo méi 6 bang hé s¢ ay chia 4.

Cot same on vertical cho thdy giéi han: v6i model tuyén tinh theo pixel, gradient chinh
la trong s0, giong hét nhau cho &nh ngang va anh dang. Saliency néi model nhay & dau,

chua no6i &nh nay c¢6 gi & do.

Dong cudi la bao hoa: 1ay gradient ctia xac sudt thay cho logit, moi gia tri nhan thém

p(1 — p) v6i p = 0.9589, nén map nhd di khoang 25 lan dtng & anh model rat tu tin.
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saliency ctia A saliency cia B

anh ngang anh dung anh ngang anh dung

model tuyén tinh: gradient chinh 1 trong sé, giéng nhau trén moi anh

Saliency: A don vao 6 goc, B don vao viing nét.

HOI NHANH
Saliency ctia B trén anh ngang va trén anh ding trung nhau tiing 6. Piéu do6 cho
bi€t gi?

A Model tuyén tinh cé gradient khéng phu thudc anh
8 Hai anh c6 néi dung giéng nhau & ving giia
¢ Autograd chua bat nén map tra vé gia tri mac dinh

D B da hoc ding hudng nét trén moi anh co thé gap

Grad-CAM dung feature map 6 mot 16p convolution thay cho pixel. Vi score s, va
feature map A*, 14y trung binh gradient theo khong gian dé c6 trong sé oy, roi cong cac

map:

1 0s
= c M. = ReLU AF
= EW 2 o4 U2

k 1a kénh, 4, 5 1a vi tri. Kénh c6 o am lam gidm score 16p ¢, va ReLU chi gilt nhiing vung

day score lén.

Chon 16p nao dé€ tinh la mdt quyét dinh: 16p néng git chi tiét vi tri nhung feature con la

canh, goc; 16p conv cudi mang nglt nghia ctia 16p nhung v6i anh 224 x 224 c6 thé chi con
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7 x 70, moi 6 ting v6i mot vung 32 x 32 pixel. Phong map 1én kich thuéc anh lam n6d

mugt, khong lam n6 chinh xac hon.

Grad-CAM téng quat hoa CAM gdéc. CAM chi dung dugc khi mang két thic bing global
average pooling roi mot 16p linear: map ctia 16p c khido la Y, w. ;A" v6i w la trong s6
ctia 16p linear. Grad-CAM thay w,.; bang oy 1dy tir gradient nén dung dugce véi kién truc

bit ky, khong phai sira va train lai mang.

Trén CNN that, Grad-CAM giit A va gradient theo A* & 16p da chon béng hook; bai bao
Grad-CAM mo ta phuong phap, va Captum c6 san cai dat.

HOI NHANH

Lép duge chon co6 hai kénh 2 x 2. Kénh A = B (1)] c6 moi gradient bing 0.5.

0 3
A 2 _ ’ .
Kénh A* = [1 O] co gradient [ 0

_01] . Map Grad-CAM M, bang bao nhiéu?

(0.5 1.5]
1.5 0.5

(0.5 0]
1 0.5

0.5 0]
0.5 0.5]

(0.5 —1.5
05 0.5

1 0 0 3 cely 0.5 0

a = trung binh gradient theo khdng gian

0.5-A' - 0.5-A% = (0.5, -1.5; 0.5, 0.5) > RelLU

Grad-CAM trén lu6i nhoé: 6 goc trén phai ra -1.5, ReLU dua vé 0.
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https://arxiv.org/abs/1610.02391
https://arxiv.org/abs/1610.02391

Heatmap tao mot gia thuyét dé kiém, chang han model nhin watermark. N6 chua chiing
minh nhan qué. C6 thé kiém bang che watermark gitr d6i tugng, thay vi tri hoac lam thir
nghiém nhiéu anh. Vi Transformer, attention map cling khong tu thay thé can thiép

nay.

Tim 10i c6 hé thong

Mot két qua tét 6 mot phép thir chua noi gi vé cac phép thir khac. Vi ing dung nét
phan, ta 1ap ma tran kiém: mdi hang la mot diéu kién (ddu goc, vi tri nét, do day, sang
toi), moi cot mot model, moi 0 la accuracy trén cung 40 dnh goc. Ham shift_strokes
dich phan anh tir hang 2, ¢6t 2 tré di xuong dudi (hang tran quay vong 1én trén, & d6 chi

c6 nhiéu), gitt nguyén 6 goc, d€ mdi hang chi d6i mot yéu to.

Python

def shift_strokes(images, rows):
shifted = images.copy()
shifted[:, 2:, 2:1 = np.roll(images[:, 2:, 2:]1, rows, axis=1)

return shifted

conditions = {
"normal": normal_images,
"changed corner": changed_images,
"shift 1 row": shift_strokes(normal_images, 1),
"shift 2 rows": shift_strokes(normal_images, 2),

F
print("condition A B")
for name, images in conditions.items():
pred_a, pred_b = predict_both(images)
print(f"{name:15s} {np.mean(pred_a == labels):.3f} {np.mean(pred_b == labels):.3f}")

Ma trédn cho thiy mét con lai ctia bic tranh. A khdng hé bi anh huéng béi dich nét vi chi
nhin goc; B roi xudng 0.775 ro6i 0.5. Dich mot hang dua shape score ctia anh ngang vé
khoang 0, nén v6i dnh ngang B quyét dinh theo nhiéu; dich hai hang lam score am va B

goi moi anh ngang la dang.
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A"

M6i model thing 6 mot hang, nén khong 6 nao cho phép ndi “model bén” chung chung.
Nhiing diéu kién chua c6 hang, nhu nét day hon hay sang t6i, van la diéu chua biét; diém

téng va phan tich theo nhom cting can thiét.

A (doc goc) B (doc nét)
normal 1.000 1.000
changed corner 0.000 1.000 moi model thang
6 mot hang khac
shift 1 row 1.000 0.775
shift 2 rows 1.000 0.500

A sup khi déi 6 goc; B gitr duge nhung tut khi nét dich ché.

HOI NHANH
Hay doan truéc mot hang chua c6 trong ma tran: dich nét hai hang va déi dau goc

cung ltc. Accuracy ciia A va B 1an lugt la bao nhiéu?

A A10,BO0.5
& A0.0,B1.0
¢ A0.5,BO0S5
b A0.0,BOS5

Mot dang tim 16i khac la anh adversarial (dnh doi khang): thay d6i nho c6 cht dich lam
model d6i quyét dinh. Fast Gradient Sign Method (FGSM) di mét buéc § = esign(V, L),
thda rang budc mdi pixel ddi khong qua e, titc ||8]o < €. V6i logit tuyén tinh z = w'x +
b, bu6c ngugc ddu w lam z giam dang e||w||1: moi pixel d6i rat it nhung moi pixel cing

ddy mot chiéu. Anh cang nhiéu pixel c6 trong s6, téng luc ddy cang 16n.

Trong nhiém vu “tim anh 1am model sai”, tranh chi t6i tu mot mau roi goi do 1a danh gia

téng quat. Xac nhian nhan, gitt ngan sach truy van néu c6, luu input chinh xac va seed.
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Sau méi budc, chiéu nhiéu vé gigi han dé cho va vé mién pixel hgp 1€, roi kiém lai model

con sai khong. Boc dé cu thé trude khi truy van hoac dung dir liéu ngoai.

bit phép che ding cho

HOI NHANH

Pipeline dua dnh trong [0, 1] qua Normalize theo mean (0.485, 0.456, 0.406) va

std ctia ImageNet, roi vao model. Code occlusion gan 0 vao viing che sau buéc

Normalize. Vung che thuc chat c6 mau gi?
A Mau trung binh cua ImageNet, mét mau xam hai am
B Mau den, vi gia tri 0 ludn 13 pixel t6i nhat
¢ Mau trdng, vi Normalize dao dau gia tri pixel

D Khéng xac dinh dudc, vi Normalize 1a phép phi tuyén

gan O truéc Normalize gan O sau Normalize

sau Normalize, 0 Ung vGi
mean ImageNet:

(124, 116, 104)

che den phai gan = -2.1
3 kénh R

Gan 0 tru6c Normalize cho 6 den; gan 0 sau Normalize cho 6 mau trung binh.

Khi di thi

e Luu prediction theo ID tir baseline d€ so model méi trén ting anh.
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o MObi lan thtr chi d8i mot yéu td, do bing cung scorer trén cting anh.

» Heatmap dung dé chon thi nghiém, khéng thay cho bang chiing.

Tém tit

Diém téng che khuat 16i theo nhom; so hai model bang bang chéo dung /sai trén
cung mau.

» Kiém mot gia thuyét bang can thiép: déi diing mot yéu to, gitr nhan, chay ciing mau
truéc va sau.

» Occlusion do tac dong ctia viéc che mot vung; saliency do do nhay cuc bo; Grad-CAM

cho ban do6 thoé 6 mét 16p conv. Heatmap chi la gia thuyét, chua phai bing chiing.

¢ Ma tran kiém cho thdy mot model co thé thing & diéu kién nay va thua & diéu kién
khac.

Al Canuc80k - Bai 5.9 - Phan tich hanh vi model 17/22



Kiém tra cudi bai

CAU 1
Mot model phat hién anh 16i doan ngau nhién. N6 khong nhin anh, ctt méi anh goi
“16i” v6i xac suat 1/2. Camera X c¢6 50% anh 16i that, camera Y ¢6 10%. Dai lugng

nao khac nhau giira hai camera?
Recall, tuc ti 1& anh 16i that dudc goi la 16i
False positive rate, tuc ti 1& &nh t6t nhung bi goi 13 16
Precision, tuc ti 1€ 16i that trong cac anh bi goi 12 16i

Ti I& anh bi model goi 1a 16i trén toan nhom

PHONG THEO ) CMU 10-601 - Exam 2 Practice - Q5.3

CAuU 2
Lam occlusion trén mot anh. Che riéng viing nét thi score ctia 16p dung gidm chua
t6i 0.02. Che riéng watermark cting vdy. Nhung che ca hai cuing lac thi score roi tir

0.95 xuong 0.10. Két qua nay cho thiy gi?
Model khéng dung vung nao trong hai vung da che
Hai vung thay thé dugc cho nhau, chi can con mét vung la gitt dugc score
Che ca hai lam anh qua la, nén cé thé bd con sé nay di

Phai che 1an lugt tiing pixel thi score mdi cé y nghia
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https://www.cs.cmu.edu/~mgormley/courses/10601/handout/exam2_practice_problems.pdf#page=21

CAu 3
Logit z = w'x + b, trong d6 w ¢6 16 phan tir bang 0.5, con lai bang 0. Nhiéu thda

|6]|00 < 0.1 va khong cham bién mién pixel. z giam dugc nhiéu nhat bao nhiéu?
0.05
0.2
0.8

1.6

CAU 4
Gilr nguyén nét va nhan that, chi thay watermark, thi score ctia 16p ding gidm
manh trén 200 anh validation. Di liéu nay cho phép két luin diéu gi?

Moi 16i cia model trén test déu do watermark gay ra

Model khac cung kién tric ciing sé phu thudc watermark

Watermark la nguy&n nhan khién anh cé nhan “ngang”

Model nay phu thudc watermark trén loai anh da kiém
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CAuU S5
Mot mang mdt chiéu gom mot filter convolution cho ra z1, . . ., 24, cac gia tri khac
nhau, roi g = o(max; z;). Anh c6 pattern & hai vi tri: 23 16n nhat, 27 16n nhi. Saliency

theo z cho két qua nao?
Chi 8g/dz3 khac 0, va bang g(1 — g)
Chi 8g/0z3 khac 0, va bang 1
0g/0z3 va 0g/0z; cung khac 0

0g9/0z = g(1 — g) v6i moi 1

PHONG THEO ) MIT 6.036 - Final, Spring 2022 - Q8(d)

CAU 6

Dé phan loai hinh tron, tam giac va chi nhat trén nén trang. Vi tri, c3, goc xoay va
mau cda hinh déu ngau nhién, va chi c6 200 anh c6 nhan. Model dat macro-F1 0.90
trén validation, nhung hau hét 16i 1a &nh hinh mau do bi goi la tam giac. Thi nghiém

nao kiém nhanh nhat gia thuyét “model ding mau”?
Vé Grad-CAM cho vai anh tam giac dé va xem vung sang
P6i mau hinh bang code, gilr hinh dang, réi so du doan theo ID
Train thém epoch rdi so lai macro-F1 trén validation

B& kénh R khoi moi &nh rdi train lai model tif dau cho chac

PHONG THEO ) USA-NA-AIO 2026 - Vong 2 - Ngay 2 - Problem 4
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https://introml.mit.edu/_static/fall22/final/review/6036_final_sp22.pdf#page=21
https://www.usaaio.org/attachments/past-problems/2026/usaaio-2026-round-2-day-2-problems.pdf#page=7

CAu 7
Anh xe trong train luén chup ngang, dau xe quay sang phai, cting kich thuéc va vi
tri. MOt doi dung 16p khong chia sé trong s6: moi vi tri c6 mot bo filter riéng, giong

template c¢6 dinh ctia model B. Can kiém gi truée khi tin model nay?
Khéng can kiém, vi I8p khéng chia sé trong s6 ludn tét hon convolution
Khéng can kiém, cu dbi sang convolution vi né luén tét hon
Kiém xem test co gill vi tri va hudng nhu train khéng, bang cach thi dich va 1at

Tang s6 epoch dé model tu hoc bat bién véi phép dich

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

CAu 8
Heatmap sang & watermark trén vai anh. Thi nghiém nao kiém gia thuyét “model

dung watermark” tot nhat?
Xem thém heatmap clia 20 anh khac va dém sé anh sang 6 watermark
Chon anh c6 heatmap ré nhat dé dua vao bao cao cudi
Che toan bd anh réi coi muc giam la tac déng cua watermark

Che hoéc thay watermark trén nhiéu anh, réi so score cta cung mét I16p
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https://www.cs.cmu.edu/~mgormley/courses/10601/handout/exam3_practice_problems.pdf#page=8

CAu9
C6 100 frame lién ti€p tir cung mot video, va 100 anh tir 100 budi chup khac nhau.
Vi sao khong thé coi hai tdp nay nhu nhau, cung 1a 100 quan sat doc 1ap?

A Cac frame cung video c6 chung canh va anh sang, nén phu thudéc nhau
B S6 frame qua nhiéu nén metric khéng tinh dugc trén tap video
c model.eval() lam cac frame video dbc lap véi nhau

D Shuffle ID trudc khi cham sé lam mat moi tuong quan gilta cac anh

CAuU 10
bé cho phép méi pixel do6i ti da 8/255. Ta tim duge mot anh lam model sai, nhung
co pixel léch 12/255 so v6i d&nh goc. Phai x1r Iy thé nao?

A Nop ludn, vi model d4 sai va do l&ch rat nho, khé thay bdng mat
B Chiéu nhiéu vé trong gidi han, roi kiém lai xem model con sai khéng
¢ Gilr &nh nhung déi nhan dé model bi tinh 1a du doan sai

D NGi gi6i han Ién 12/255 cho moi anh dé két qua nhat quan

Poc thém

 Selvaraju va cong su — Grad-CAM: xem gradient trén feature map va giéi han do phan giai.

» PyTorch — Adversarial Example Generation: doc vi du c6 gi6i han thay doi, kiém nhan va
gradient.

e Captum — Occlusion: déi chi€u baseline, sliding window va target khi &p dung occlusion cho
model that.
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https://arxiv.org/abs/1610.02391
https://docs.pytorch.org/tutorials/beginner/fgsm_tutorial.html
https://captum.ai/api/occlusion.html

