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Phan I: Ly Thuyét
1. Giéi thiéu
1 Bb6i canh va Pong luc

Trong thoi dai biing né dit lieu hién nay, cac td chiic va doanh nghiép déu déi mat véi khoi lugng dit
lieu ngay cang ting lén mot cach nhanh chéng. Viéc khai thac, phan tich va td chitc dit liéu tré thanh
yéu t6 then chdt giup dua ra cac quyét dinh chién luge, t6i uu héa hoat dong va nang cao trai nghiém
khach hang. Tuy nhién, dit lieu tho thuong khong c¢6 cau tric ré rang hodic khong ¢6 nhan phan loai,
khién viéc phan nhém hodc nhan dién cdc mau dit lieu trd nén phic tap.

Vi dy, gia sit ban ¢6 mot co sd dit lieu 16n chita thong tin chi tiét vé hang ngan khach hang, nhung
khong c6 thong tin phan loai cu thé vé nhém khach hang. Lam thé nao dé ban c6 thé:

e Phan chia khach hang thanh cdc nhém c6 hanh vi tiéu diing tuong dong nhu nhém VIP va nhém
khach hang thong thuong?

e Phan loai cic san pham dua trén diac diém chung nhim phuc vu t6t hon cho viéc tiép thi va phét
trién san pham?

e Phét hién ra cac mau hodc xu hudéng an trong dit lieu ma khong can dua vao dit lieu da duge gan
nhan trude?

Day chinh 1a luc cac thuat toan hoc may khong giam sat (unsupervised learning) nhu K-means
clustering tré nén rat hitu ich. Thuat toan nay cho phép tit dong phan nhém dit liéu dya trén sy tuong
dong giita cac diém dit lieu ma khong can thong tin nhan tir truée. Nho vay, K-means gitp phét hien
cAu tric tiém an trong dit lieu va hd trg cac bude phan tich tiép theo.

2  VAan dé cot 16i

Dé minh hoa cho bai toan phan nhém khong giam sat, hiy xem xét mot vi du don gian véi dit lieu vé
tudi va chi tieu hang thang ctia 9 khach hang nhu sau:

Index | Tudi | Chi tiéu (USD)
1 18 80
2 20 90
3 22 85
4 30 50
5 34 64
6 40 60
7 60 30
8 66 40
9 70 25

Bang 1: Dit lieu mau vé khach hang

Muc tiéu cta bai toan la phan chia tu dong 9 khach hang nay thanh 3 nhém khéc nhau, vi du nhu
nhém Tré, Trung nién va Cao tudi, dua trén diac diém tudi tac va chi tieu, ma khong can biét trude
nhém nhan phan loai. Viéc nay sé gitip doanh nghiép hiéu dugc cau tric phan khic khach hang mot
cach khach quan va hiéu qué hon, phuc vu cho cac chién luge marketing va cham séc khach hang ca
nhan hoa.




Al VIETNAM aivietnam.edu.vn

Bai toan trén la vi du dién hinh cho viéc tng dung k§ thuat clustering trong khai pha dit lieu, dac
biét 1a thuat toan K-means clustering, mot trong nhitng phuong phap phan nhém phd bién va don
gian nhat hién nay.

2. Ly thuyét K-Means

1 Dinh nghia va Khai niém co ban

K-Means la thuat todn hoc khong giam sat (unsupervised learning) thuoc nhém phan cum (clustering),
nhim chia tap dit lieu gom n diém di lieu {1, xa,...,2,} v6i 2; € R? thanh k cum {Cy,Cy, ..., Ck}
sao cho:

e Cohesion (Tinh gin két): Céc diém trong ciing mot cum cé do tuong ti cao nhat cé thé

e Separation (Tinh phan tach): Cac diém thuoc cum khac nhau c6 do tuong tu thap nhéat co
thé

e Completeness (Tinh day di): Moi diém dit lieu déu duge gan vio ding mot cum

2 Khai niém Centroid va Cluster

Centroid p; ctia cum C; 1a trung tam hinh hoc (geometric center) clia tat ca cac diém trong cum do:

doa (1)

1
,LLZ' = —
|C zeC;

i

Trong dé |C;| 1a s6 lugng diém trong cum C;.
Cluster Assignment la viéc gan diém x; vao cum C; duge thue hién dya trén nguyén tac khoang
cidch gan nhat:
label(x;) = ar min  d(xj, 2
( J) gie{l,Q,...,k} ( s Hi) (2)

Trong d6 d(z;, w;) 1a ham khoang cach gitta diém z; va centroid ;.

3 Cong thicc Toan hoc

Cho tap dit lieu {x1, 29, ...,2,} v6i z; € R%
Muc tieu ctia K-Means 1a tim k& cum S = {Sp, S1,...,Sk_1} dé minimize:
k—1
WCSS =) "> flz —ail? (3)
=0 z€S;
Trong doé:

e ¢; la centroid ctia cum S;
e ||z — ¢;||? 1a khodng cach Euclidean binh phuong

e WCSS (Within-Cluster Sum of Squares) 1 tong binh phuong khodng cich trong cum




Al VIETNAM aivietnam.edu.vn

4 Thuat toan K-Means

Thuat toan K-Means hoat dong nhu sau:

1. Dau vao: Tap dit lieu X = {z1,29,...,2,} V& s6 lugng cum k.
2. Dau ra: Tap cic centroid {c1, ¢z, . . ., cx} va nhan cum tuong tng cho mdi diém dit lieu {11, 1s, ..., 1, }.

3. Khdi tao: Chon ngau nhién k centroid ban dau.

Hinh 1: Chon k centroid ban dau

4. Khéi tao bién converged bing false dé kiém soat vong lip.
5. Lap cho dén khi hoi tu hoic dat sb lan lap tbi da:

e Budc gan nhan (Assignment Step): Mdi diém dit liéu x; duge gan nhan cum /; bing
cach chon centroid gan nhét:
l; = argmin ||z; — ch2
J

Hinh 2: Bu6c gan nhéan
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e Budc cap nhat centroid (Update Step): Tinh lai vi tri centroid cho méi cum j dua trén
trung binh cac diém thuoc cum:

C§t+1) _ 1 Z -

®)
‘Sj ‘ xESJ(t)
Hinh 3: Cap nhéat centroids

e Cap nhat bién converged dua trén sy thay ddi ciia centroid. Néu céc centroid khong thay
déi hodc thay doéi rat nhé, dit converged = true.

Repeat_step.png

Hinh 4: Quay lai bu6e 5

Két thuac khi thuat toan hoi tu hodc dat s6 lan lap t6i da, tra vé centroid va nhan cum cta céc diém
du liéu.
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5 Cac thudc tinh ciia thuat toan K-means Clustering

Hay xem mot vi du khac vé thuat toin phan cum K-means. Ching ta sé ding vi du vé mot ngan hang
mudén phan doan khach hang ctia minh. Dé don gian, gia s ngan hang chi ding thu nhap va no dé
phan nhém khach hang. Ho thu thap dit lieu khach hang va diing biéu do phan tan dé tryc quan hoa:

Truc X thé hien thu nhap khach hang, truc Y la sb tién no. O day, ching ta c6 thé dé dang nhan
thay khach hang duge phan thanh 4 nhém khac nhau, nhu hinh duéi:

Day chinh 1a céch clustering (phan cum) gitp tao ra cac nhém (cum) tit dit licu. Ngan hang c6 thé
dimg céc cum nay dé xay dung chién luge va dua ra uu dai cho khach hang. Bay gio hiy cliing tim hiéu
céac thuodc tinh ciia cdc cum nay.

5.1 Thudc tinh thit nhat ctia thuat toan K-means

Tat ca cac diém dit liéu trong mot cum nén cé tinh tuwong dong véi nhau. Vi du véi truong hgp trén:
Néu khach hang trong mot cum khong gidng nhau, thi nhu cau ctia ho ciing khac nhau, ding khong?
Néu ngan hang ap dung ciing mot chuong trinh wu dai cho tat ca khach hang d6, c6 thé ho sé khong
hai long, va sy quan tam dén ngan hang sé giam di. Diéu nay khong ly tudng.
Viéc ¢6 cac diém dit lieu tuong dong trong cting mot cum gitp ngan hang thuc hién céc chién dich
tiép thi muc tiéu hiéu qua hon. Ban c6 thé lien tudng cac vi du tuong tu trong cudc séng va xem
clustering anh huéng nhu thé nao dén chién luge kinh doanh.

5.2 Thudc tinh thi& hai cia thuat toan K-means

Cac diém dit lieu thuoc cac cum khac nhau nén khac biét cang nhiéu cang t6t. Diéu nay c6 thé dé hiéu
néu ban da hiéu thudc tinh dau tien. Cung lay lai vi du trén dé minh hoa:

vl E L
z 150 I R =N [
E i I.rr . Y I.
(=, LI
100 LEERY | L
5 L]
o ]
0 200 A0 B0 BOOD 100D RNOD L4000 ] 200 00 G0 B0 10000 LO00 14000
ncome: Income:
Case- | Case-ll

Ban nghi trudng hop nao sé cho két qua phan cum t6t hon? O truong hop I:
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00
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Incomea

Case - |

Cac khach hang trong cum dé va cum xanh kha giéng nhau. 4 diém & cum do c6 diic tinh tuong tu
v6i 2 diém & cum xanh. Ho déu c6 thu nhap va ng cao. 0 day, ching ta phan cum sai léch khi nhém
cac khach hang nay riéng biét. Con trong trudng hgp 1I:

30
250

200

150 ]
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0 200 4000 B0 BOOD 10000 1000 14000
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Case- ll

Cac diém & cum dé khac hoan toan so v6i cum xanh. Tat ca khach hang trong cum dé c6 thu nhap
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va ng cao, trong khi cum xanh c¢6 thu nhap cao nhung ng thap. R6 rang cum phan chia trong truong
hgp II hgp 1y hon.

Nhu vay, cac diém dit lieu tit cdc cum khac nhau nén khéc biét nhidu nhét c6 thé dé tao thanh cac
cum c6 ¥ nghia hon. Thuat toan K-means diing phuong phap lap dé tim phan cum t6i wu bang cach
giam thiéu téng binh phuong khoang cach giita cac diém va centroid ciia cum.

5.3 Tai sao ching ta can phan cum?
Chiing ta da hiéu phan cum 1a gi va cac thudc tinh khac nhau ctia cum. Vay tai sao phai diing phan
cum? Phan tiép theo sé giai dap thic mic nay va gidi thieu mot s ting dung thuyc té.

6 Ung dung ctia phan cum trong thuc té

Phan cum dudc st dung rong rai trong nhiéu linh vie, tit ngan hang, hé thong dé xuat, dén phan cum
van ban va phan doan anh.

e Phan doan khach hang: Day la ing dung pho bién nhat ciia phan cum, khong chi trong ngan
hang ma con trong vién thong, thuong mai dién ti, thé thao, quang cdo, ban hang....

e Phan cum vin ban: Néu ban c6 nhiéu tai lieu va muén nhém céc tai lieu tuong ty lai v6i nhau,
phan cum gitip gom cac tai liéu gidng nhau vao cling mot nhom.

e Phan doan Anh: Phan cum ciing ding dé phan doan anh bang cach nhém cac diém anh giéng
nhau vao cung mot cum.

e Hé théng dé xuat: Vi dy, mudn dé xuat bai hat cho ban be, ban ¢6 thé xem nhitng bai ho thich
rdi diing phan cum dé tim nhitng bai tuong tu, tit d6 dua ra dé xuat phit hgp.

Ngoai ra con rat nhiéu tng dung khac ma ban c6 thé chia sé them.

7 Danh gia chat lugng cum

Muc tiéu ctia phan cum khong chi 13 tao cum ma con phai tao cdc cum c6 ¥ nghia va chat lugng tot.
Vi du dudi day minh hoa:

0
.
m @
= 19 n "
F: e s ¢ A iy
[ | n
LR | ]
5 ]
o
a 200 4000 000 BOOD 100040 2000 14000 (1] 2000 4000 B0 000 10000 000 18000
noome Income:
Case- | Case-ll

Trong vi du nay chi ¢6 2 dic trung nén dé dang tryc quan va danh gia cum.

Tuy nhién, trong thuec té, ta c6 thé c6 rat nhiéu dac trung (thu nhap, nghé nghiép, tudi, gidi tinh,...).
Viéc triyc quan héa va danh gia cum trd nén khoé khan. Lic ndy, ta can cac chi s6 danh gia chat lugng
cum.
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e Inertia (d6 quan tinh): Danh gid khoang cich gitta cac diém trong cum véi centroid cum.
Thuong diing khoang cach Euclid cho dit lieu s6. Inertia 1 tong cac khoang cach nay trong tat ca
cum. Gi4 tri inertia cang nhé thi cum cang tot (cac diém cang gan nhau).

Intra cluster distance

e Dunn Index: Ngoai khodng cach ndi cum, Dunn index con xem xét khodng cach gitta cac cum
(kho&ng cach gitta cic centroid). Day la ti 1¢ gitta khodng cach nhé nhat gitta hai cum véi khoang
céch 16n nhat trong mot cum. Gia tri Dunn index cang cao cang t6t, thé hién cac cum vita tach
biét r6 rang vira chat ché.

min(Inter cluster distance)

Dunn Index =
max(Intra cluster distance)

Intra cluster distance Inter cluster distance

e Silhouette Score (diém silhouette): Do miic do tuong dong ctia mot diém véi cum ctia né so
v6i cac cum khac. Diém silhouette cao thé hién cum ré rang, phan tach tot. Diém gan 0 hofic am
cho thay cum c6 thé chong lan hoidc phan cum kém.

8 Vi du Thuc té Chi tiét
8.1 Budc 1: Khdi tao Centroids

Véi dit lieu khach hang trén va k = 3, ta khéi tao ngau nhién 3 centroids:

Co = (22,85) (4)
C = (30,50) (5)
CQ = (34,64) (6)
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8.2 Budc 2: Gan nhan cho ting diém

Tinh khodng céch tit diém dau tien (18, 80) dén cac centroids:

d(Py,Cy) = /(18 — 22)% + (80 — 85)2 = /16 + 25 = 6.4 (7)
d(Py,C1) = /(18 — 30)2 + (80 — 50)2 = /144 + 900 = 32.31 (8)
d(Py,Cy) = /(18 — 34)% + (80 — 64)2 = /256 + 256 = 22.62 (9)

Vi d(P1, Cy) nhé nhat, diém P; duge gan cho cum 0.
Tiép tuc tuong tu cho tat cd diém, ta dugc:

Index | Tuoi | Chi tiéu | D to CO | D to C1 | D to C2
1 18 80 6.4 32.31 22.62
2 20 90 5.39 42.43 30.41
3 22 85 0.0 35.36 24.17
4 30 50 36.4 0.0 14.56
5 34 64 25.0 14.56 0.0
6 40 60 29.15 14.14 7.21

Bang 2: Khoang cach tit cac diém dén centroids ban dau

8.3 Budc 3: Cap nhat Centroids

Sau khi gan nhan, ta tinh centroids mdi:
Cum 0: Chia diém (18,80), (20,90), (22,85)

— <18+20+22 80 + 90 + 85
new _

. , ; > = (20,85)

Cum 1: Chita diém (60,30), (66,40), (70,25), (30,50)

Cnew_<60+66+70+30 30+40+ 25450
1 - )
4 4

> = (56.5, 36.25)

Cum 2: Chia diém (34,64), (40,60)

4+ 40 64
Cgew:<3 +40 64+ 60

g, ):(37,62)

8.4 Iteration tiép theo

Lap lai qua trinh assignment va update cho dén khi centroids khong thay doi hodic thay doéi rat nhd.
Két qua cudi cling:

e Nhém Tré (Cum 0): (18,80), (20,90), (22,85)
e Nhém Trung nién (Cum 2): (30,50), (34,64), (40,60)

e Nhém Cao tudi (Cum 1): (60,30), (66,40), (70,25)

10
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9 Trién khai v6i NumPy

9.1 Implementation cc ban

I import numpy as np
2 import matplotlib.pyplot as plt

i1 class KMeans:
5 def init

6 self .k

7 self .max_iters

__(self,

=k

9 def fit(self, X):
10 # Initialize centroids randomly

11 self.centroids

k

=3, max_iters=100) :

max_iter

X[np.random.choice(X.shape [0],

S

13 for i in range(self.max_iters):
14 # Assignment step

self .k,

replace=False)]

15 distances = np.linalg.norm(X[:, np.newaxis, :] - self.centroids, axis=2)
16 labels = np.argmin(distances, axis=1)
17
18 # Update step
19 new_centroids = np.array([X[labels == j].mean(axis=0) for j in range(self.
k1)
20
21 # Check for convergence
22 if np.all(self.centroids == new_centroids):
23 break
24
25 self .centroids = new_centroids
26
27 return labels
28
29 def predict(self, X):
30 distances = np.linalg.norm(X[:, np.newaxis, :] - self.centroids, axis=2)
31 return np.argmin(distances, axis=1)
32
33 # Usage example
34 X = np.array([[18, 80], [20, 90], [22, 85], [30, 501,
35 (34, 641, [40, 601, [60, 301, [66, 401, [70, 2511)
3¢
37 kmeans = KMeans (k=3)
38 labels = kmeans.fit (X)
30 print ("Final centroids:", kmeans.centroids)
10 print ("Labels:", labels)
9.2 Tinh toan WCSS (Within-Cluster Sum of Squares)
| def calculate_wcss (X, labels, centroids):
2 wcss = 0
3 for i in range(len(centroids)):
A cluster_points = X[labels == 1i]
5 if len(cluster_points) > O:
6 wcss += np.sum(np.square(cluster_points - centroids[i]))

7 return wcs

S

9 # Calculate WCSS for the results
10 wecss = calculate_wcss (X,

11 print (£"WCSS:

{wcss}")

labels,

kmeans .centroids)

11
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3. Ung dung nang cao
1 X ly D lieu Hinh anh
K-Means c6 thé dugc ap dung dé phan cum hinh anh bing cach:
1. Phing héa hinh anh: Chuyén tir (224, 224, 3) thanh (224x224x3,)

2. Ap dung K-Means: Phan cum cac pixel hodc cac dic trung

3. Feature Extraction: Stt dung "Magic Function"dé gidm chiéu tir (224x224x3,) xudng (512,)

| def image_clustering(image_path, k=2):

2 from PIL import Image

4 # Read and preprocess the image
5 img = Image.open(image_path)

6 img_array = np.array(img)

8 # Flatten into 2D array

9 pixel_data = img_array.reshape(-1, 3) # RGB channels

11 # Apply K-Means
12 kmeans = KMeans (k=k)
13 labels = kmeans.fit(pixel_data)

15 # Reconstruct image with centroids
16 clustered_img = kmeans.centroids[labels]
17 clustered_img clustered_img.reshape (img_array.shape)

19 return clustered_img.astype(np.uint8)

2 X ly Dw liéu Van ban
D6i v6i dit ligu van ban, ta sit dung Bag of Words (BoW):

1 from sklearn.feature_extraction.text import CountVectorizer

3 # Sample documents

i documents = [

5 "gop gio gat bao",

6 "co lam moi co an",

7 "dat lanh chim dau",

8 "an chao da bat",

9 "gay ong dap lung ong",
10 "qua cau rut van"

13 # Create Bag of Words vectors

14 vectorizer = CountVectorizer ()
vectorizer.fit_transform(documents)
vectorizer.get_feature_names_out ()

15 bow_matrix
16 vocabulary

18 print ("Vocabulary:", vocabulary)
19 print ("BoW matrix shape:", bow_matrix.shape)

21 # Apply K-Means clustering

12
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22 kmeans_text = KMeans (k=2)
23 labels = kmeans_text.fit(bow_matrix.toarray())
24 print ("Text clustering labels:", labels)

4. Cac ky thuat nang cao
1 Luya chon K téi vu - Elbow Method

| def elbow_method (X, max_k=10):
wcss_values = []
3 k_range = range(l, max_k + 1)

N

5 for k in k_range:

6 kmeans = KMeans (k=k)

7 labels kmeans.fit (X)

8 wcss = calculate_wcss (X, labels, kmeans.centroids)

9 wcss_values.append (wcss)

11 # Plot the Elbow graph

12 plt.figure(figsize=(10, 6))

13 plt.plot (k_range, wcss_values, ’bo-’)
14 plt.xlabel (’ Number of clusters (k)?’)

15 plt.ylabel (*WCSS’)
16 plt.title(’Elbow Method to select optimal k’)

17 plt.grid (True)

18 plt.show ()

19

20 return wcss_values

22 # Use the Elbow Method
23 wcss_values = elbow_method (X, max_k=8)

2 K-Means-+-+ Initialization

Cai thien viéc khdi tao centroids dé tranh local minima:

1 def kmeans_plus_plus_init (X, k):
2 centroids = []

4 # Randomly select the first centroid
5 centroids.append (X [np.random.randint (X.shape[0])])

7 for _ in range(1l, k):

8 # Calculate distance to the nearest centroid for each point

9 distances = np.array([min([np.linalg.norm(x - c)**2 for c in centroids]) for x
in X1)

11 # Select the next point with probability proportional to its distance

12 probabilities = distances / distances.sum()
13 cumulative_probabilities = probabilities.cumsum()
14 r = np.random.rand()

16 for j, p in enumerate(cumulative_probabilities):
17 if r < p:

18 centroids.append(X[jl)

19 break

13
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return np.array(centroids)

3 # Using

K-Means++

class KMeansPlusPlus (KMeans) :

def

k)1)

fit (self, X):
# Use K-Means++ initialization
self.centroids = kmeans_plus_plus_init (X, self.k)

# Continue as in regular K-Means
for i in range(self.max_iters):

distances = np.linalg.norm(X[:, np.newaxis, :] - self.centroids, axis=2)
labels = np.argmin(distances, axis=1)
new_centroids = np.array([X[labels == j].mean(axis=0) for j in range(self.
if np.all(np.abs(self.centroids - new_centroids) < le-4):

break
self.centroids = new_centroids

return labels
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Phan II: Trién khai Thuit toan K-Means tit dau trong Python

Bay gio 1a lic khdi dong Jupyter notebooks (hosic IDE nao ban sit dung) va bat tay vao lam viec v6i
Python!

Ching ta sé lam viec véi bo dit lieu du doan vay von ma ban cé thé tai xudng. Toi khuyén khich
ban doc thém vé bo dit lieu va bai toan dy doan vay von. Diéu nay sé gitip ban hinh dung nhiing gi
chiing ta dang lam (va tai sao chiing ta lam diéu nay). Day 1a hai cau héi kha quan trong trong bat ky
du an khoa hoc dit liéu nao.

1 Budc 1: Import cac thu vién can thiét

Dau tién, import tat ca cac thu vién can thiét:

import pandas as pd

import numpy as np

import random as rd

import matplotlib.pyplot as plt

Listing 1: Import cac thu vién

2 Buéc 2: Doc va kham pha diw liéu

Bay gio, chiing ta sé doc file CSV va xem nam hang dau tién cia dit lieu:

data = pd.read_csv(’clustering.csv’)
data.head ()

Listing 2: Doc dit liéu

Loan IR Gendar Married Dependents Education Self Empleyed ApplicamtInceme CoapplicantIncoma  LoamAmeunt  Loam smount Tarm

o LPIQ1003 Male Y5 1 Graduats MNE 4583 15048.0 128.0 3G0.0

1 LPOa1gdes Male o5 0 Graduate b i) 30000 0.0 LiL Rl 3nG.0

2 LPOO1adE Male -1 o Hax Mo 2583 2358.0 12:0.0 360.0
Graduats

I L PO Male i [+] N Graduate i) [a1aluls] (.0 141.0 ELTHRN]

4 LPOO1a13 Male Yes o p Mo 2333 1516.0 a95.0 360.0

Gracduate

Hinh 5: Doc file

Déi véi bai viét nay, ching ta sé chi 14y hai bién tir dit liéu - "LoanAmount"va "ApplicantIncome".
Diéu nay sé gitp dé dang hinh dung cac budc cling nhu thie hién. Hay chon hai bién nay v hinh dung
cac diém di lieu:
import pandas as pd

import numpy as np
import matplotlib.pyplot as plt

data = pd.read_csv(’clustering.csv’)
data.head ()

X = datal[["LoanAmount", "ApplicantIncome"]]

# Visualize the data points

plt.scatter (X["ApplicantIncome"], X["LoanAmount"], c=’black’)
plt.xlabel (’Annual Income’)
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plt.ylabel (’Loan Amount (Thousands)’)
plt.show ()

Listing 3: Chon bién va tric quan héa dit lieu

(=1 [=
=) =
[=] [=]

—
=
=

Loan Amount {In Thousands)

20

D 2000 4000 5000 BO0D 10000
Annuallncome

3 Buéc 3: Chon sé cum va khdi tao centroids

Buée 1 va 2 ciia K-Means 1a vé viéc chon s6 lugng cum (k) va chon cac centroids ngadu nhién cho méi
cum. Ching ta sé chon 3 cum va sau d6 chon cac quan sat ngdu nhién tit dit liéu lam centroids:

# Step 1 and 2 - Choose the number of clusters (k) and randomly select centroids for
each cluster

# number of clusters
K =3

# Randomly select observations as centroids

Centroids = X.sample (n=K)

plt.scatter (X["ApplicantIncome"], X["LoanAmount"], c=’black’)
plt.scatter (Centroids ["ApplicantIncome"], Centroids["LoanAmount"], c=’red’)
plt.xlabel (’Annual Income’)

plt.ylabel (’Loan Amount (Thousands)’)

Listing 4: Chon s6 cum va khéi tao centroids

0 day, cac cham dé dai dieén cho 3 centroids ctia mdi cum. Luu § réing ching ta da chon nhitng diém
nay mot cach ngdu nhién, vi do dé méi lan ban chay ma nay, ban c¢6 thé nhan dugce cac centroids khac
nhau.

= =
L -
[=] [=]

=
[
(=]

Loan Amount {In Thousands)

20

0 2000 4000 B000 8000 10000
Annuallncome
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4 Buéc 4: Trién khai thuat toan K-Means chinh

Tiép theo, chiing ta sé dinh nghia mot s6 diéu kien dé trién khai thuat toan K-Means Clustering. Hay
xem ma trudc:

I # Step 3 - Assign all points to the nearest cluster centroid
2 # Step 4 - Recalculate the centroids of the newly formed clusters
# Step 5 - Repeat steps 3 and 4

diff =1
j =0
while diff != O:
XD = X.copy(Q)
i=1
for indexl, row_c in Centroids.iterrows():
ED = []
for index2, row_d in XD.iterrows():
dl = (row_c["ApplicantIncome"] - row_d["ApplicantIncome"]) **2
d2 = (row_c["LoanAmount"] - row_d["LoanAmount"]) *x*2
d = np.sqrt(dl + d2)
ED. append (d)
X[i] = ED
i +=1
c = [1
for index, row in X.iterrows():
min_dist = rowl[1]
pos = 1

for i in range (K):
if row[i + 1] < min_dist:
min_dist = rowl[i + 1]
pos =i + 1
C.append (pos)
X["Cluster"] = C
Centroids_new = X.groupby (["Cluster"]) .mean() [["LoanAmount", "ApplicantIncome"]]

17 5 =e @

diff = 1

j +=
else

diff = (Centroids_new[’LoanAmount’] - Centroids[’LoanAmount’]).sum() + (
Centroids_new[’ApplicantIncome’] - Centroids[’ApplicantIncome’]) .sum()

print (diff.sum())

Centroids = Centroids_new

Listing 5: Trién khai thuat toan K-Means

Nhiing gia tri nay c6 thé thay déi mdi lan chiing ta chay. 0 day, ching ta dimg qué trinh huan luyen

khi céc centroids khong thay ddi sau hai lan Lip. Day la tiéu chi hoi tu pho bién nhéat dugce sit dung cho
thuat toan K-Means clustering. Chiing ta da dinh nghia diff ban dau 1a 1, va bén trong toan bo vong
lap, ching ta tinh toan diff nay nhu 1a syt khac biét gitta cac centroids & 1an lap trude va lan lip hién
tai.

Khi sy khéc biét nay bang 0, chiing ta ding qua trinh huan luyén.

5 Buéc 5: Truc quan héa két qua

Bay gio hay truc quan héa cac cum chung ta da c6 dugc:
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color = [’blue’, ’green’, ’cyan’]
for k in range (K):
data = X[X["Cluster"] == k + 1]

plt.
.xlabel (’Income ’)
.ylabel (’Loan Amount (Thousands) ’)

plt
plt

plt.

plt.scatter(data["ApplicantIncome"],
scatter (Centroids ["ApplicantIncome"],

show ()

data["LoanAmount"],

Centroids ["LoanAmount"],

c=color [k])
c=’red’)

Listing 6: Triic quan héa két qua phan cum

Cudi cling thi ching ta c6 thé thay ré rang ba cum. Cac cham dé dai dién cho centroid ctia médi

cum. Toi hy vong bay gid ban da hiéu ré cach thitc hoat dong ctia K-Means.
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