Module 2 - Tuan 1 - Tong hop kién thiic Buoi
hoc s6 4

Time-Series Team

Ngay 4 thang 7 nam 2025

-

Budi hoc s6 4 (Thtt 6, 04/07/2025) bao gom bén ndi dung chinh:
e Phan I: Vector & Matriz — Nén ting dai sé tuyén tinh
e Phéan II: Background Subtraction — Trich xzudt déi twong tw dnh

e Phan III: Cosine Similarity — Po dé twong déng gitta cdc vector

e Phan IV: Ung dung thuc tién — T nhdn dién giao thong dén KNN

J

Phan I: Phan I: Vector Matrix — Nén tang dai sé tuyén

tinh

1 Phan tich tir dit lidu thuc té

Trong thuc té, dit litu thuong ton tai duéi dang bang, trong dé6 moi hang dai dién cho mot ddi tuong
(sample), va mbi cot 1a mot dic trung (feature). Dé dua vao cdc md hinh hoc méy, dit liéu nay can dugc

biéu dién duéi dang vector va ma tran.

Vi du 1: Dt liéu gia nha

Dién tich (m?) | Gia (nghin $)
4.6 5.9
6.7 9.1

Bang 1: Dit liéu don bién vé gid nha
Mo hinh tuyén tinh don gidn:

price =a -area + b

Bieu dién bang vector:

o
— o

8
1
SN N
<y
1
© o

Vi du 2: Dt liéu quang cao

Mb hinh hoi quy tuyén tinh:

Sales = a1 - TV + a9 - Radio + a3 - Newspaper + b
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Newspaper | Sales

TV | Radio
230.1 37.8
44.5 39.3
17.2 45.9

69.2 22.1
45.1 10.4

69.3 12.0

Bang 2: Dit liéu da bién vé quing cdo va doanh sb

Biéu dién ma tran - vector

Dt liéu dac trung:

230.1 37.8 69.2

445 393 45.1 )
X= 1172 459 69.3] (Matranmx3)

Vector hé so:

ai
w = as
as
Vector két qua (nhan):

22.1
~|104
¥=112.0

Mo hinh téng quét:
X W=y

Tém tat

Thanh phan thyc té | Biéu dién toan hoc

Mot dong dit liéu
Toan b bang dit liéu
Cot nhan

M5 hinh tuyén tinh

Vector

Ma tran X
Vector
y=Xw+b

Bang 3: Tuong quan gitta dit liéu va dai s6 tuyén tinh
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Tai sao can ding ma trin trong bai toan thuc té?

Trong chuong trinh phé thong, ta hoan toan cé thé gidi cidc hé phuong trinh tuyén tinh nhé (vi du 2
hodc 3 an) bang céc phuong phap nhu thé, thé hodc dinh thitc Cramer. Tuy nhién:

Khi bai todan mé rong véi hang chuc, hang tram, tham chi hang nghin bién (nhu trong dit
liéu hinh &nh, van ban, hay tin hiéu am thanh), cdc phuong phéap giai tay trd nén khong
kha thi. Lic nay, phép toadn ma tran trd thanh céng cu bat budc dé xit Iy hiéu qua.
Cu thé, hé phuong trinh tuyén tinh nhiéu an c6 thé duge viét lai dudi dang:
A-Z=b
Trong dé:
o Ala ma tran hé s6 (kich thusc m x n)
o i la vector an can tim (kich thuée n x 1)
e b la vector két qué (kich thuée m x 1)
V6i biéu dién nay, ta c6 thé ap dung céc thuit todn tuyén tinh hiéu qua va st dung thu vién tinh toin
nhu NumPy, TensorFlow, hoic PyTorch dé gidi nhanh chéng — diéu ma phuong phap thii cong khong
thé dap tng trong thuc té.
2 Vector va Ma Tran
2.1 Vector
Vector 1a mot day s6 thire c6 thit ti, biéu dién cho cac ddc trung ctia mot d6i tugng.
e Vi du: Mot cén nha cé thé duge mé ta bai vector dic trung:
# = [dién tich, s6 phong, vi tri] = [80, 3, 1]
« Mot diém anh (pixel) mau RGB cé thé duge biéu dién bai:
v =[R,G, B] = [120, 200, 75]

2.2 Ma tran (matrix)

Ma tran 1a mét tap hop cic vector duge sip xép theo dang bang. M&i hang (ho#ic cot) 1a mot vector.
1 2
=l
Trong hoc may:

« Tap dic trung dau vao: ma tran X € R™*"?

 Vector nhan: i € R™*1



V]

V)

3 scaled = a * x

V]
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2.3 Cac phép toan co ban

Cong va trir vector: Véi hai vector ciing chiéu 7,3 € R, phép cong va trit dude thuc hién theo ting

phan ti:
Vi du:

x = [1, 2,

y = [4, 5,

3]
6]

Z=rxy=[x1ty, xatye, ..., Tn Yy

—

=[1,2,3], 7=[4,56]=7+§=15,79

z_add = [x[i] + y[i] for i in range(len(x))]
print (z_add)

# Output:

(s,

7,

9]

import numpy as np

x = np.array([1, 2, 3])
y = np.array([4, 5, 6])

z_add = x + y
print (z_add)
[6 7 9]

# Output:

Nhéan véi vd huéng: V6i mot vector £ € R™ va mot s6 thuc a € R:

a-F=la-x1, a Ty ..., a- Ty
Vi du
a=2 =I[1,3,5=a 7=][26,10]
a = 2
x = [1, 3, 5]
scaled = [a * xi for xi in x]

print (scaled)

# Output:

x = np.array([1, 3, 5])

a = 2

2,

print (scaled)

# Output:

[ 2

6,

6

10]

10]

Tich Hadamard (theo titng phan ti): Vi hai vector ciing chiéu Z, 7 € R™:

Vi du:

x = [1, 2,
y = [4, 5,
3 hadamard =

# Output:

3]
6]

—

fog:[ajl‘yla T2 Y2y -, xnyn]

=[1,2,3],

7 =[4,5,6] = Foy=[4,10,1]

[x[i] * y[i] for i in range(len(x))]
print (hadamard)

4,

10,

18]



N
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x = np.array([1, 2, 3])
y = np.array([4, 5, 6])
hadamard = x * y

print ("hadamard)

# Output: [ 4 10 18]

2.4 Tich v6 huéng (dot product):
Véi hai vector 2,y € R™:

n
z-y= E Ti - Yi
i=1

Vi du:

F=[1,2,3], §=[4,56=F §=1-4+2-5+3-6=32

X = [1, 2; 3]
y = [4, 5, 6]

3 dot = sum([x[i] * y[i] for i in range(len(x))1)

V)

print ("dot)
# Output: 32

x = np.array([1, 2, 3])
y = np.array([4, 5, 6])

3 dot = mp.dot(x, y)

V]

print ("dot)
# Output: 32

2.5 Norm — do dai cta vector:

Do dai (norm) ctia vector & € R™ duge dinh nghia:

12l = \Ja? +ad+ -t a2
Vi du:

=034 = |7 =V32+42=5

import math
x = [3, 4]

3 norm = math.sqrt(sum([xi**2 for xi in x]))

N

print (norm)
# Output: 5.0

x = np.array([3, 41)
norm = np.linalg.norm(x)

3 print (norm)

# Output: 5.0
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2.6 Cac phép toan cd ban véi ma tran

Téng quat: Ma tran cing c6 thé thuc hién cic phép toan tuong tu nhu vector, bao gom:

o CoOng/trit hai ma tran: cling kich thudc, cong hofic trit titng phan tit.
« Nhin Hadamard: phép nhan titng phan tit gitta hai ma tran ciing kich thuéc.

« Chia Hadamard: chia ting phan ti tuong ing giita hai ma tran.

Cong/trit ma tran: Téng quat: Vii A, B € R™*"™:

C:A:EB vii cij:aijj:bij

Vi du:
4 9 1 3 5 12
A_[2 8]’ B_[Q 4]2>A+B_[4 12]
3 6
a-s=5
1 A = [[4, 9], [2, 8]]
2B = [[1, 3], [2, 4]]
3 C_add = [[A[il[j] + B[il[j]l for j in range(2)] for i in range(2)]

1 C_sub = [[A[i][j] - B[il[j] for j in range(2)] for i in range(2)]
5 print (C_add)

6 # Output: [[5, 12], [4, 12]]

7 print (C_sub)

g # Output: [[3, 6], [0, 4]]

np.array ([[4, 9], [2, 811)
np.array ([[1, 3], [2, 4]11)
add = A + B

_sub = A - B

print (C_add)

6 # Output:

7# [[ 5 12]

s # [ 4 12]]

9 print (C_sub)

10 # Output:

11 # [[3 6]

2 # [0 4]]

[
Q Q@ >=

o W

Nhan Hadamard (element-wise product): Téng quét:
C=A0oB vbi Cijzaij-bi]‘
Vi du:

12 5 6 512
A:{:f, 4]’ BZ[? 8]2>AOB_[21 32]
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Chia Hadamard (element-wise division): Téng quat:

C=ApB vii cij:%
bij
Vi du:
B e feaen [ ]
. C_mul = [[A[i]1[j] * B[il[j] for j in range(2)] for i in range(2)]

2 C_div = [[A[i]l[j] / B[il[j] for j in range(2)] for i in range(2)]
3 print (C_mul)

+ # Output: [[4, 27], [4, 32]]

5 print (C_div)

6 # Output: [[4.0, 3.0], [1.0, 2.0]]

| C_mul = A * B
2> C_div = A / B
3 print (C_mul)

. # Output:

s # [[ 4 27]

o # [ 4 32]]

7 print (C_div)
s # Output:

o # [[4. 3.]
o # [1. 2.]1]

2.7 Nhan ma tran véi mot sé vé huéng (Scalar Multiplication)

Téng quat: Cho mot ma tran A € R™*™ va mot s6 thuc ¢ € R, phép nhan ma tran v6i vo huéng duge
dinh nghia nhu sau:

C-ajql ... CtQ1n
c-A=

C Qmi ... C+Qmn

Tic 1a, moéi phan t& clia ma tran déu duge nhan véi c.

1 ¢c =2
2 scaled = [[c * A[i]l[j] for j in range(2)] for i in range(2)]
3 print(scaled)

. # Output: [[8, 18], [4, 16]]

1 scaled = c * A
2 print(scaled)
3 # Output:

4+ # [[ 8 18]

s # [ 4 16]]
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2.8 Phép nhan ma tran — vector

Téng quat: Cho ma tran A € R™ ™ va vector cot ¥ € R™, phép nhan dude dinh nghia nhu sau:

dong 1 ctia A - 7]
A-G= |dong2cia A-T| —pcr™
Vi du: ]
12l . [ L [1-1+2-2] [5
A—[S 4}’ ”_[2]:“4 ”‘_3-1+4.2]_[11]

2.9 Phép nhan hai ma tran

Téng quat: Cho hai ma tran A € R™*" va B € R™*?, tich C = A - B 1a m6t ma tran C € R™*P, véi
mdi phan tit ¢;; duge tinh bang:

n
Cij = E aik - bij
k=1
Vi du:

I 2 2 C[1-2+43-3 1-243-1] _[11 5
A_[2 4}’ B_{:a 1]:”1 B_[2-2+4-3 2-2—1—4-1}_[16 8]

Nhéan xét: vector cung 1a mot ma tran véi chi 1 hang (hodc 1 ¢dt) nén phép nhan ma tran - vector
cung tuong tu phép nhan hai ma tran.

A = [[1, 31, [2, 4]1]

> B = [[2, 2], [3, 1]1]

s result = [[sum([A[i][k] * B[k][j] for k in range(2)]) for j in range(2)] for i in range(2)]
i print (result)

5 # Output: [[11, 5], [16, 8]]

I A = np.array ([[1, 3], [2, 4]1)
2 B = np.array([[2, 2], [3, 111)
3 result = A @ B

. print (result)

5 # Output:
6 # [[11 5]
7 # [16 8]]

2.10 Ma tran chuyén vi
Téng quat: Cho ma trdn A € R™*™, ma tran chuyén vi AT 13 ma tran kich thuéc n x m véi:
Al = Aji

Tt 13 hodn ddi hang thanh cot va ngudce lai.

Vi du:
12l o 13
A=13 4]:“4 _[2 4}




o N
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A= [[1, 2], [3, 4]]

transpose = [[A[j]1[i] for j in range(2)] for i in range(2)]
print (transpose)

# Output: [[1, 3], [2, 4]1]

A = np.array([[1, 2], [3, 411)

transpose = A.T
print (transpose)
# Output:

# [[1 3]

#  [2 4]1]

Vi du: Chuyén anh mau sang anh xam bing dot product

Anh mau (RGB) c6 thé duge chuyén sang anh xdm bang cich st dung tich vo huéng giita vector mau
va vector trong s6 do sang ciia ting kénh:

0.213
Gray=[R G B]-|0.715
0.072

D4y 1a cong thitc chuan theo khuyén nghi ITU-R BT.601 trong xit 1y 4nh.

Vi du: Cho mét pixel ¢6 gid tri RGB 1a [120, 200, 75], ta tinh dugc gia tri &nh xdm nhu sau:

Gray = 120-0.213 + 200 - 0.715 4 75 - 0.072 = 172.535

import cv2
import numpy as np
import matplotlib.pyplot as plt

image_path = 'sample. jpg'

bgr_img = cv2.imread(image_path)

rgb_img cv2.cvtColor (bgr_img, cv2.COLOR_BGR2RGB)

12 #dot product

3 weights = np.array([0.213, 0.715, 0.072])

gray_dot = np.dot(rgb_imgl[...,:3], weights).astype(np.uint8)

#0penCV
gray_cv2 = cv2.cvtColor (bgr_img, cv2.COLOR_BGR2GRAY)

# show
plt.figure(figsize=(15, 5))

plt.subplot(l, 3, 1)
plt.imshow (rgb_img)
plt.title('Anh mau &gc (RGB)')
plt.axis('off"')
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plt.subplot (1, 3, 2)
plt.imshow(gray_dot, cmap='gray')
plt.title('Grayscale (Dot Product)')
plt.axis('off"')

plt.subplot (1, 3, 3)
plt.imshow(gray_cv2, cmap='gray')
plt.title('Grayscale (OpenCV)')
plt.axis('off"')

plt.tight_layout ()
plt.show ()

Anh mau géc (RGE)

Grayscale (Dot Product)

Vi du: Lat va xoay anh bang bién d6i ma tran

Céc phép bién déi hinh hoc nhw 14t va xoay anh déu c6 thé duge biéu dién bang ma tran bién d

tuyén tinh:

o Xoay anh quanh gbc mét géc # sit dung ma tran:

o Lat anh theo truc doc/ngang:
A |-1 0
— Lat ngang: [ 0 1]

A |1 0
— Lat doc: [0 _1]

R(0) = [

cosf —sinf
sinff cosf

|

Grayscale (OpenCV)

« Viéc zoay dnh thuc chit 1a nhan timg diém toa do (z,y) v6i ma tran xoay:

|

>

oi

o Lat anh 14 phép co gian c¢d dinh hudng dm, tic 13 nhan véi ma tran c6 gia tri &m dé dio chiéu truc.

import cv2
import numpy as np
import matplotlib.pyplot as plt

10
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# Poc 4nh va &chuyn sang RGB
img = cv2.imread('sample. jpg')
img_rgb = cv2.cvtColor(img, cv2.COLOR_BGR2RGB)

# 4Lt anh
flip_x = cv2.flip(img_rgb, 0) # &Lt odc
flip_y = cv2.flip(img_rgb, 1) # &Lt ngang

# Xoay &nh quanh t&m &nh

(h, w) = img_rgb.shapel[:2]

center = (w // 2, h // 2)

angle = 45

M = cv2.getRotationMatrix2D(center, angle, 1.0)
rotated = cv2.warpAffine(img_rgb, M, (w, h))

# éHin ith anh
plt.figure(figsize=(12, 6))
plt.subplot (1, 4, 1)
plt.imshow (img_rgb)
plt.title("Anh &gc")
plt.axis('off"')

plt.subplot (1, 4, 2)
plt.imshow (flip_x)
plt.title("aLt odc")
plt.axis('off"')

plt.subplot (1, 4, 3)
plt.imshow (flip_y)
plt.title("4Lt ngang")
plt.axis('off')

plt.subplot(1l, 4, 4)
plt.imshow(rotated)
plt.title("Xoay 45°")
plt.axis('off"')

plt.tight_layout ()
plt.show ()

Anh géc Lat doc Lat ngang Xoay 45°

Nhan xét: Day la tng dung truc tiép ciia kién thitc ma tran dé bién ddi toa do khong gian cia timg
diém &nh. Trong cdc mang nd-ron tich chap (CNN), viéc hiéu céc phép bién d6i hinh hoc nay 1a rat
quan trong cho data augmentation va spatial reasoning.

11
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2.11. Ham 4p dung ting phan t& (Hadamard operation)

Phép toan Hadamard 13 phép todn 4p dung tirng phan ti riéng 1é trén vector hoiic mang. Vi du:
e /7 — can bac hai ting phan tit
e €% — ham mil ting phan ti

. 3312, ;Ef — luy thita timg phan tit

import numpy as np
3 data = np.array([1, 2, 3, 4])

print (np.sqrt(data))
# Output: [1. 1.41 1.73 2. 1]

g print (np.exp(data))
o # Output: [2.71 7.39 20.08 54.60]

print (data *x 2)
2 # Output: [ 1 4 9 16]

Ké&t nbi kién thitc: Céc phép toan nhu \/z, €%, 22,... 1a vi du dién hinh ciia phép todn Hadamard —
nghia 14 4p dung doc lap lén ting phan ti clia vector hosic mang. Trong hoc may, day 1a co sG cho viéc
ap dung ham kich hoat (activation functions) nhu ReLU, sigmoid, tanh, v.v. trén moi neuron mot céch
song song.

2.12 argmin, argmax vs min, max

e min(), max() trd vé gia tri cuc tri

e argmin(), argmax() tra vé vi tri phan t& cyc tri

a = np.array([4, 7, 1, 5])

3 print(np.min(a))
# Output: 1

print (np.argmin(a))
7 # Output: 2

9 print (np.max(a))
# Output: 7

print (np.argmax(a))

3 # Output: 1

Két ndi kién thitc: Ham argmin va argmax thuong dugce sit dung dé chon dau ra c6 xac suat 16n
nhat trong md hinh phan loai (vi du: chon 16p du doén trong softmax). Ching ciing rat quan trong
trong cac bai todn t6i wu hod nhu tim vi trf ctia gid tri mat mat nho nhat.

12
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2.13 Téng va trung binh

« Tong:

e Trung binh:

data = np.array([6, 5, 7, 1, 9, 21)

3 print (np.sum(data))

6

# Output: 30

print (np.mean(data))
# Output: 5.0

Két nbi kién thic:

Téng va trung binh 1a cic phép todn co ban duge sit dung lién tuc trong phan

tich dit liéu, théng ké mo t4, chuan hoa dit liéu (mean normalization), va tinh todn cac loai loss function
nhu MSE (mean squared error). Hiéu ban chat ctia chting gitip hiéu sau hon vé cidch may hoc danh gis

va dieu chinh mo hinh.

13
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Phan II: Background Subtraction — Trich xuit déi tugng
tw anh

Mot anh mau la gi ”vé mat ma tran”?

Anh sb (digital image)
Mot anh mau (RGB) c6 thé biéu dién bang 3 ma tran kich thuéc H x W:
Anh mau = R + G + B
Ma tran d6 Ma trdn luc  Ma tran lam
Noi céch khéc, &nh I 1a mot tensor 3 chiéu:

I c RHXWX?»

Madi pixel 1a mot vector [R, G, BJ, vi du:

Pixel; ; = [124, 200, 50]

Quy trinh tich déi tugng (Background Subtraction)

1. Tinh sai khac giita Anh gbc va 4nh nén

Cho hai &nh mau B (background) va I (frame), cung kich thuéc H x W x 3:

D(‘T’y7c):|I(x7y7c)_B(xayac)|7 CE{R7G)B}

Tic la phép tri duge thuc hién doc lap trén tung kénh mau.
Trong code, ta viét:

diff = cv2.absdiff (frame, background)

2. Ngudng hoa mask foreground

Sau khi tinh sai khac trén ting kénh mau, ta 4p dung ngudng truc tiép lén toan bo tensor D bang cach
threshold timg phan ti:

éu D <T
M(z,y,¢) = {O neu D(z,y,c) <

255 néu D(z,y,c) > T
Trong code:

_, diff_binary = cv2.threshold(diff, 5, 255, cv2.THRESH_BINARY)

3. Ghép dbi tugng vao nén méi

St dung dicu kién lua chon timg phan tit trong toan bo tensor anh RGB dé xdc dinh pixel nao gitt lai
tit 4nh gbe, pixel nao thay bang nén méi:

output = np.where(diff_binary == 0, new_bg, img)
Lénh nay sé lay diém &anh tit new_bg néu tuong tmg la pixel nén (gia tri 0), hodc tit img néu c6 thay

doi (gid tri khac 0).

14
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Thuc thi

Ta can tach déi tuong trong I ra khoi nén B va ghép vao nén F mdi.

(a) FakeBackground F

import cv2
import numpy as np

(b) Background B

bg = cv2.imread('background.jpg', 1)
img = cv2.imread('IMG_0053.JPG', 1)

7 diff = cv2.absdiff (bg, img)
diff_gray = cv2.cvtColor (diff,
_, diff_binary = cv2.threshold(diff_gray, 15, 255, cv2.THRESH_BINARY)

Thu dugc:

cv2.COLOR_BGR2GRAY)

Hinh 2: Mask

15

(c¢) Coming image I
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Sau d6 thuc hién

I new_bg = cv2.imread('background_color.jpg', 1)
2

3 output = np.where(diff_binary[..., Nonel == 0, new_bg, img)

thu dugc output:

16
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Phan III: Cosine Similarity — Po d6 tuong dong giita cic
vector

1. Tt Tich V6 Huéng dén Hinh Chiéu

Trong dai s6 tuyén tinh, tich vé6 huéng (dot product) khéng chi 1a mdt phép tinh s6 hoc — né la mot
phép chiéu hinh hoc:

a-b=|al- o] - cos(a)

Trong dé:

o d, b 1a hai vector trong khong gian R"
e « la gbc gitta ching

o cos(a) la ty 1& cosin ctia géc

Nhu vay, tich vo6 huéng 1& phép ha hinh chiéu ciia vector ndy lén vector kia, sau dé nhan véi do
dai ctia vector bi chiéu lén.

2. Hiéu Bing Truc Quan Hinh Hoc

Ta ¢6 2 vector nhu sau:

..................................................................
....................................................

______________

— Khi ta chiéu vuéng géc vector ¥ xudng ¥, doan dai nhat nim trén ¢ chinh la:
[|Z]] - cos(6)

Tic 1a phan déng gép cilia & 1én huéng cia 7.

17
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Cosine La Hinh Chiéu Trén Pudng Tron Luong Gidc

Puodng tron lugng giac la gi?

Nh&c lai kién thiic phé théng:
« Dudng tron lugng gidc la dudng tron don vi c6 ban kinh R = 1, tam 1a gbc toa do (0,0).
e Mot diém P chuyén dong trén dudng tron sé tao véi truc Ox mot géc .

e Vi mdi géc a, toa do diém P la:
P(cosa, sina)

Hinh 3: Pudng tron lugng giac

Cosine la hinh chiéu trén truc Ox

Khi ta nbi tit gbc toa dd6 O dén diém P, ban tao ra mot vector OP c6 chidu dai 1 (do P nim trén dudng
tron don vi).

e Neéu ban chiéu diém P vubéng goéc xuong truc Ox, diém chieu d6 chinh la:
(cosa,0)

Ttic 1a: Gié tri cos(d) chinh la ”dd dai hinh chiéu citia vector don vi 1én truc Ox.”’
Noéi cach khac:
Cosine do mttc dd6 "nam theo hudng Oz” ctia mot vector don vi tao géc 6 véi truc Ox.
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Anh xa sang Cosine Similarity

Gia sit ta c6 hai vector chuan hoéa Z, ¢, v6i gbc gitta ching 1a 6.
Giéng nhu diém P & trén, ta c6 thé nghi vector # dang dugc chiéu lén phuong clia ).
Cosine Similarity ltc nay chinh la:

cos(#) = do dai hinh chiéu ctia & 1én ¢
— Ta quay lai hinh 4nh quen thudc: vector tit gbc O t6i diém P trén duong tron don vi.
— D vector xoay theo bat ky huéng nao, ta luén c¢é thé chiéu né vé truc don vi can so sanh.
Y nghia cua Cosine

Hai cong thic tinh tich vé huéng

Theo dai sb:
n
Ty = Z LiYi
i=1
« D&y 1a phép nhan timg phan tit rdi cong lai.
o D@ tinh todn, thudng dung trong lap trinh.

Theo hinh hoc:

-y = ||Z]| - | - cos(0)
Phu thuc vao:

e Do dai cla ting vector

e Gbc gitta hai vector

Suy ra cong thitc Cosine Similarity

Bang cach két hop hai biéu thtc trén:

n
> @iy = || - 7]l - cos(0)
i=1

Ta suy ra:

cos(0) = 72?:1 Libi
2] - 17l

Va day chinh la:

Cosine Similarity(Z, ) =

19
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Vay Cosine Similarity la gi?

La mot dai luong do ludng “d6 hudng ciing chiéu” giita hai vector.

Y nghia:
o Néu hai vector cting huéng: 6 = 0° = cos(f) = 1
o Néu vuodng géc: 0 = 90° = cos(f) =0
o Néu ngugc huéng: 6 = 180° = cos(f) = —1

= Cosine Similarity khong do d6 16n, ma do huéng tudng dbi giita hai vector.
Gia si:
LYyeR", a,b>0

Cosine Similarity:
(aZ) - (b3])
laZ|[ - [[b7]
__ab(Z-9)

al[Z]| - bl|7]

ab}_ iyi

aby/ 3 w7 /27

Z TiYi

Rat gon: = = cos(Z, ¥)

DR

cos(aZ, by) =

Cosine khoéng phu thudc vao d6 dai

|Z||, [|7]|, chi phu thudc vao gbc gitta hai vector.

IV. Tai sao Cosine Similarity do dugc “d6 twong dong”?

Vector cang “gan huéng” = cang giéng nhau
(g6c nhé -> cos 16n)
« Néu Z va i chi khic d6 dai nhung cting huéng = Cosine van bang 1

« Ngudc lai, néu khac huéng = Cosine gidm

Khoéng bi Anh hudng bdi “mic d6”

« Rét hitu ich khi dit liéu c6 do 16n khic nhau, nhung ban chi quan tdm dén “néi dung” hoiic “xu
huéng dac trung”.

Anh xa tryc tiép sang do tuong déng
Vi Cosine la thuéce do tuyén tinh va nam trong doan [—1,1], nén ta c6 thé:

« Dumng truc tiép nhu chi s6 tuwong dong

e Dung 1 — Cosine Similarity lam khodng cdch Cosine cho thuédt todn phan cum hodac KNN
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Xét bo 4 anh:

déu cung 13 1 ngudi, nhung véi do sang khac nhau thi cic vector tuong tmg ciing khac nhau.
Nhung v6i Cosine Similarity thi do sang ctia 4nh (do 16n vector tuéng ting) khong anh hudng dén

do sai khac ctia anh.

Tinh Cosine Similarity theo dai s6 (diing numpy)

import numpy as np

def cosine_similarity_numpy(vectorl, vector2):
dot_product = np.dot(vectorl, vector2)
norml = np.linalg.norm(vectorl)
norm2 = np.linalg.norm(vector2)
return dot_product / (norml * norm2)

Tinh Cosine Similarity dung math

import math

def cosine_similarity_manual(vectorl, vector2):

sumxy = sum(vl * v2
sumxx = sum(vl * vi
sumyy = sum(v2 * v2

return sumxy / math.

for vl, v2 in zip(vectorl, vector2))
for vl in vectorl)
for v2 in vector2)
sqrt (sumxx * sumyy)
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Test

vectorl = np.array([5, 3, 2, 71)
2 vector2 = mnp.array([2, 9, 4, 11)
3 print ("Cosine similarity (NumPy):", cosine_similarity_numpy(vectorl, vector2))

5 vectorl = [5, 3, 2, 7]

5 vector?2

[2, 9, 4, 1]
7 print ("Cosine similarity (manual):", cosine_similarity_manual(vectorl, vector2))

Cosine similarity (NumPy): 0.552005787925351
Cosine similarity (manual): 0.552005787925351
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Phan IV: Ung dung thuc tién

Distance Between Two Vectors — Khoadng cdch gitia hai vector
1. Muc tiéu

Cho hai vector Z,y € R", khoadng céch giita chiing la:

—

dist (7, §) = || — ¥l

= Day 1a d6 dai clia vector hiéu & — ¢, titc 1a khodng cach “thuc su” tit diém nay dén diém kia
trong khong gian.

2. Suy dan dén céng thic Euclid
Bat dau véi:
dist(Z, §) = [|Z — 7|
Vector hiéu:
'f_?j: [.Tl —Y1,x2 _y27--',xn_yn]

Do dai ciia vector nay la chuan L2 (norm bac 2):

1Z = 7l = V(21— 91)? + (22 = 92)? + - + (w0 — yn)?

bay chinh 1a cong thitc khoang cach Euclidean trong R".

3. Vi du 2D don gian
Cho:
Hiéu:

Khoang cach:

dist(Z,7) = V/(-3)2 + (—4)2=v9+ 16 = V25 =5

= D4y la chiéu dai canh clia tam gidc vudng = ding truc gidc hinh hoc.
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1 So sanh d6 sai khac gitta cac anh

Ta c6 3 anh bién bio giao thong sau:

@0

Sign 1

Sign 3

Chuyén mbdi anh thanh vector

1 import
2 import
3 import
4

5 imgl =
6 imgl =

s img2 =
9 img2 =

11 img3 =
12 img3 =

14 imgd =
15 imgd =

cv2
numpy as np
matplotlib.pyplot as plt

cv2.imread('signl.png')
cv2.resize(imgl, (300, 300))

cv2.imread('sign2.png')
cv2.resize(img2, (300, 300))

cv2.imread('sign3.png')
cv2.resize (img3, (300, 300))

cv2.imread('sign4.png')
cv2.resize(img4, (300, 300))

24

Sign 2

Sign 4



N

N

w N

AI VIETNAM

Dung Distance (Do gitta Sign2 va cdc anh con lai)

abs21 = np.mean(np
print (abs21)
abs23 = np.mean(np
print (abs23)
abs24 = np.mean (np
print (abs24)

Két qua:

92.63648518518518
171.33612962962962
94.00288148148148

Dung Cosine Similarity (Po giita Sign2 va cac anh con lai)

.abs (imgl - img2))
.abs (imgl - img3))

.abs(imgl - img4))

from numpy.linalg import norm

def cos_sim(a, b):
a = a.flatten ()
b = b.flatten()

a = a.astype(np.float64)

b

Két qua:

0.3123484650319436
0.9494836679384685
0.938305923592088

b.astype(np.float64)
return np.dot(a, b) / (norm(a) * norm(b))
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= Két qua so sanh

So véi sign2 Cosine Similarity (1 cang gidng) L1 Distance (| cang giéng)

sign3 0.312 (thip nhat) 171.33 (16n nhat)

sign4 0.949 (cao nhat) 94.00

signl 0.938 92.63 (nhoé nhat)
Nhan xét

« sign3 la anh khic biét 16n nhat véi sign2:

— Cosine thap nhat (0.312) = khéac huéng vector dic trung

— Distance 16n nhat (171.33) = khac biét manh veé pixel
= sign3d la dnh khéc loai 16 rét

« sign4 va signl déu tuong tu véi sign2, nhung:

— Cosine: signd ~ sign2 hon (0.949 vs 0.938)

— Distance: signl gan hon (92.63 vs 94.00)
= signd giéng vé huéng tong thé
= signl giéng hon vé chi tiét pixel

Két luan

C4 hai phuong phap déu dong thuin rang sign3 1a anh khéac biét nhat.
signl va sign4 déu gan sign2, nhung theo tiéu chi khac nhau:

« Cosine dénh gi4 sign4 giéng hon
« Distance danh gi4 signl gan hon

= Tuy vao muc tiéu (so sdénh noéi dung hay do léch pixel), ban chon Cosine hoac L1.

2 Thuat toan K-Nearest Neighbors (KNN)

1. Dinh nghia
KNN (K-Nearest Neighbors) 13 mot thuit toidn hoc méy khong tham s, dude st dung dé phan loai
hoiic hdi quy. Y tudng chinh 1a: vdi mét diém di liéu mdi, thudt todn sé tim k ldng giéng gan nhat
trong tap hudan luyén va dua ra du dodn dva trén cdc ldng gieng dé.
2. Cac bubc caa KNN

1. Chuin bij dit liéu: c¢6 tip hudn luyén va chon sb k.

2. Tinh khoang cach:

dist(Frests ) = [Tt — il = \/Z@céiit a2l
J
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3. Chon k diém gan nhéit: sip xép theo khoang cich ting dan, chon k diém gan nhét.
4. Dy doan dau ra:
« V&i phan loai: chon nhan chiém da s6.

« V&i hdi quy: lay trung binh gi4 tri clia cic lang giéng.

3. Vidu
Gid st dit lidu test 1a iest = 2.4.
e Néu k = 1 thi ldng giéng gan nhat c6 nhan 1 = dy doan 1a 1.

e Néu k = 3 thi 3 lang giéng c6 nhan da s6 1a 0 = du doan 1a 0.

4. Lién hé v6i khoang cach Euclid

Thuét toan KNN hoat dong dua trén khai niém “gan” trong khéng gian vector, vi vy khoang céch
déng vai tro rat quan trong.

« Khoang cach Euclid (chuan L2):

o Ngoai ra c6 thé dung:

— Khoéng cich Manhattan (L1)

— Cosine Similarity (cho dit liéu chuan héa, sparse)

5. Uu va nhugc diém

Uu diém Nhugc diém

Don gidn, dé cai dat Cham vd6i dit liéu 16n
Khéng can huan luyén mo hinh Nhay v6i nhiéu, outliers
Linh hoat v6i nhiéu loai khodng céch Can chon k phit hop

6. Két luan

KNN 14 mot thuit toan dya trén khoang cich — khong hoc ham sb, ma st dung truc tiép dit liéu
huan luyén dé du dodn. Khoang cich Euclid 1a lia chon phd bién gitp do do gan, trong khi Cosine
Similarity c6 thé thay thé néu mudn do huéng vector thay vi do dai.
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