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Bu6i hoc 86 1 (Thtt 3, 29/07/2025) va budi hoc s6 2 (Thtt 4, 30/07/2025) c6 nhiéu noi dung
tuong dong va ké thita nhau nén nhém minh sé téng hop lai thanh 4 no6i dung chinh:

e Phan 1: Gidi thiéu
« Phan 2: Nhdc lai kién thic co bin (Recap)

e Phan 3: Cdc kij thudt ndng cao trong phdn tich d@ liéu vdi Pandas

e Phan 4: Kij thudt ndng cao trong truc quan héa dit liéu
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Phan 1: Gigi thiéu

Tw Bai Toan Phan Loai Spam dén TAm Quan Trong ctia EDA va
Gi6i Thiéu Pandas

Trong Module 2 chiing ta da lam quen véi du 4n phéan loai email Ham/Spam sit dung Naive Bayes
va co 56 dit liéu vector, mot minh hoa dién hinh cho bai todn phéan loai van ban (text classification)
trong Machine Learning. Dy 4n nay sit dung c& phuong phap truyén théng (Naive Bayes) 1an céach
tiép can hién dai (dai dién tin nhin duéi dang vector nhiing va tra ctiu trong co s& dit liéu vector),
nham x4c dinh mot tin nhin c6 phai spam hay khéng. Thuc té, Naive Bayes 1a thuit todn thong
dung dugc st dung trong loc thu rac (spam filtering). Phén loai spam/ham chinh 1& mét vi du tiéu
biéu clia phan loai vian ban, gitip ngudi dung tu dong nhan biét va loai bé nhitng noéi dung khong
mong muon.

Van dé di liéu ban dau

Néu bd qua bude xit 1y va phan tich dit liéu ban dau, ta sé giap phai nhiéu vin dé tiém an trong bd
dit liéu thu thap dugce. Céc khé khin dién hinh gdm cé:

o Dt liéu mAt can bang: Ti 1¢ tin nhén spam va ham thudng khéng déu, khién mé hinh dé
thién vi vé 16p chiém wu thé. Vi du, néu 90% tin nhin 14 ham va chi 10% 1 spam, m6 hinh
c6 thé dodn tit ca tin nhin 14 ham ma vAn dat d6 chinh xéc cao, nhung lai bo s6t hau hét
spam.

o Dit liéu nhiéu va khoéng nhit quén: Tin nhin spam thuong chtia cic ky tu dic biét,
16i chinh t& hodc cach viét la (nhu viét chit in hoa sai quy téc, ding ky tu thay thé), giy
kho6 khin cho mé hinh khi trich xuit dic trung. Ngoai ra, spammer c6 thé thay “free” thanh
“fr€e”, “click” thanh “cllck” dé danh lita bo loc.

« Ban ghi trung lip va du thira: Trong bo dit liéu thu thap, c6 thé xuat hién nhiéu tin
nhén gidng hét nhau (tring lip) ho#ic théng tin thita thai. Nhitng ban ghi triing lam sai léch
phan phéi dit liéu, tén thém bd nhé va lam gidm hiéu qua huan luyén.

« Dic trung chua ré nghia: Dit liéu vian ban thé chua duge phan loai, bién déi thanh dic
trung hitu ich nén ching ta chua hiéu ré dit liéu dang chita thong tin gi. Néu khong nim duge
¥ nghia céc trudng dit liéu (vi du, cdc cot chita chi s6, danh muc chua gidi ma), sé rat khé dé
chon céch xi 1y va trich xuat dic trung phi hap.

Vi dy: Gia stt mot tin nhin spam viét: “Hurry up! fr€e clcK dimg b 16”. Viéce st dung ky
tu la (“fr€e”, “clcK”) c6 thé khién bo loc spam dua trén tit khod khé nhan ra day 1a spam.
Ngugc lai, mét tin nhin binh thudng nhu “G&p ban ldc 3 gi tai quan” c¢é thé bi du dodn sai
thanh spam néu mé hinh chua duge xi 1y ngit canh day di. Nhitng van dé trén cho thay viéc
kiém tra va lam sach dit liéu (truc khi xdy dung mé hinh) 13 rat quan trong.
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Khai niém Kham pha Dt liéu (EDA)

Dé gidi quyét cic van dé dit litu trén, buéc Kham pha Dit licu (Exploratory Data Analysis, viét
tat EDA) trd nén can thiét. EDA 14 cong doan dau tién gitip chiing ta hiéu r6 bo dit liéu trude khi
xdy dung mo hinh hoc may. Theo tai lieu Machine Learning co ban cla tac gia Vi Hitu Tiép,

“Buéc EDA nay gitp chiing ta c6 cai nhin dau tién ve dit litu. Ban can cé mot cam gidc nhat
dinh vé nhitng gi minh cé trong tay truéc khi c6 nhitng chién luge xay dung mo hinh”.

Ciing vi viy, EDA dugc xem 13 mot bude quan trong khong thé thiéu trong pipeline ML.
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Minh hoa cac buéc EDA
Trong qua trinh EDA ching ta thuong thuc hién cac cong viéc chinh sau:

« Kiém tra phan phdi dit lidu: Xem s6 luong mau (hang), s6 truong (cot), phan bd nhan
(spam/ham).

-

df ['label'].value_counts ()

o Xit Iy gia tri thidu (NaN):

1 df .isnull () .sum()

o Loai bo ban sao (trung lap):

1 df .drop_duplicates ()

o Chuin héa va lam sach dit liéu: Vi du chuin hod chit hoa thanh thuong, loai bé ky tu
dac biét (“fr€e” — “free”), 4p dung stemming/lemmatization.

« Phat hién diém bat thudng (outliers): Dung biéu do, boxplot, Z-score.
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Nhitng buéec EDA trén gitup hiéu vé do phitc tap clia bai toan va xéc dinh budce xit 1y tiép theo.
EDA khéng chi thue hién mot 1an ma nén lip lai xuyén sudt qué trinh phat trién: trude khi
trich xuat dic trung, sau khi tao diic trung, tham chi sau khi huin luyén dé ddm bao di liéu
dau vao da sach.

Thu vién Pandas

Trong Python, mot trong nhitmg cong cu dic luc nhat hd trg EDA 13 thu vién Pandas. Theo tai
liéu Description ctia TA Thai,

“Pandas 14 mot thu vién trong Python v6i wu diém 13 nhanh, manh, linh dong, dé st dung, ma
nguoén md, ding dé phan tich va thao tac di liéu.”

Pandas dudc xdy dung trén NumPy, cung ciAp nhi¢u ham tién ich giip lam sach, phan tich, mo
hinh hod dit liéu — ddc biét hiéu qua véi dit liéu bang (SQL table hoac Excel spreadsheet).
Véi Pandas, ching ta c6 thé:

« Doc/ghi nhiéu dinh dang dit liéu (CSV, Excel, JSON, SQL, ...).
o Xit Iy gid tri thiéu: fillna(), dropna().

e Loai bd trung 1p: drop_duplicates().

« Loc, truy van, nhém dit liéu: groupby, mean, sum, count.

e Tbc do cao, tich hgp t6t v6i NumPy, Matplotlib, Seaborn.

Vi du:
Output
import pandas as pd
df = pd.read_csv('emails.csv') ham 4825
3 print (df ['label'].value_counts()) spanm 7

Name: label, dtype: int64

Doan code trén doc file emails.csv vao DataFrame va in ra s6 lugng nhan mdi loai (spam/ham).
Tuong tu ¢ thé dung:

df .drop_duplicates (inplace=True)
dé loai bé gid tri thiéu va
df .dropna(inplace=True)

dé xo4 ban ghi tring.

Nhu vay, Pandas 14 nén tdng manh mé cho moi cong doan tién xtt 1y va kham pha dit liéu trong
Pipeline ciia Machine Learning. Viéc hoc Pandas gitip thuc hién cac budc EDA hiéu qué, dam
béo dit liéu sach, chat luong trude khi dua vao moé hinh.
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Phan 2: Cac kién thitc ¢ ban vé Pandas

Pandas 13 thu vién cung cap hai cau tric dit liéu chinh: Series va DataFrame, trong dé:

Series 1a mang 1 chiéu c6 nhan, bao gom mot gia tri va mot chi muc (index) cho mdi phan
ti. DataFrame 13 bang dit liéu 2 chiéu, dudc tao tit nhiéu Series ghép theo cot, v6i nhan dong
(index) va nhan cdt (column).

DataFrame ho trg nhiéu phép todn nhu loc dieu kién, thong ké, nhém (groupby), néi bang...
dé phan tich dit liéu.

1. Series Pandas

Tao Series: Ding pd.Series([...]). Vi du khéi tao Series v6i chi s6 mic dinh (0,1,...):

Output
import pandas as pd

s = pd.Series([3, -5, 7, 4]) o 3
3 print (s) ! -5
2 7

3 4

N

dtype: int64

Mic dinh Pandas tu tao index dang s6 nguyén. Ta cling ¢é thé tuy chinh index thi céng:

Output
s = pd.Series([3, -5, 7, 4], index=['a',
lbl’ 'C', 'd']) a 3
print(s) b -5
c 7
d 4

dtype: int64

Véi index thi cong, ta c6 thé truy xudt dit liéu bang tén nhan thay vi vi tri sb.

Truy cip phan tir: Cé thé lay gid tri bang vi trf hoic nhan. Vi du:

print(s[2]) # Lay phan tu thu 2 (vi tri thu 2): 7
print(s['b']) # Lay phan tu nhan 'b': -5

Trong Pandas, Series hoat dong gidng tit dién c6 gan nhan, nén c¢6 thé ding ct phap s ['nhan"']
dé lay gié tri.

Ham tinh toan co ban: Series hd trg cac ham théng ké nhu min(), max (), sum(), mean(),
std() .. Vi du véi Series sb:
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data = pd.Series([1, 7, 5, 6, 51) . Qutput
print ("min:", data.min()) # 1 min: 1
print("max:", data.max()) # 7 max:
print("sum:", data.sum()) # 24 sum: 24
print("mean:", data.mean()) # 4.8 mean: 4.8
. print("std:", data.std()) # -2.28 ( std: 2.280350850198276

standard deviation)

Ngoai ra, idxmax () va argmax() trd vé vi trf hodc nhin ctia phan tit 16n nhat trong Series.

Thao tac v&i chudi: Néu Series chita dit liéu chudi (string), ta c6 thé ding thudc tinh .str
dé thao téc. Vi du:

Output
langs = pd.Series(['Java', 'C++', 'Python

', 'Java', 'C#'])
print (langs.str.count('a'))
print (langs.str.upper ())
print (langs.replace('Java', 'C#'))

S W N+~ O
O O O -

dtype: int64

0 JAVA
1 C++
2 PYTHON
3 JAVA
4 C#

dtype: object

0 C#

1 C++

2 Python
3 C#

4 C#

dtype: object

— str.count('a') dém s6 lan xuat hién clia chit “a” trong mdi chudi.
— str.upper () chuyén mdi chudi thanh chit hoa. replace('Java','C#') thay thé tat ca
phan t& 'Java' thanh 'C#'.

Phép toan giita cic Series: Hai Series cé thé dugc cong/trit nhan chap tu dong dua trén
nhan. Vi du:

Output
sl = pd.Series([10, 20, 30], index=['a','
b','c']) a 11
s2 = pd.Series([1, 2, 3], index=['a','b', P 22
'c']) c 33
print (sl + s2) dtype: int64

Trong truong hop index khéc nhau, Pandas sé can chinh theo nhan va nhiing gia tri khong
khép sé thanh NaN.
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2. DataFrame Pandas

« Tao DataFrame: DataFrame 1a bang 2D véi cdc cot ¢6 thé khac kiéu dit liéu. Vi du tao
DataFrame tu dict:

Output
1 data = {'Name': ['Anh', 'Thai', 'Hoa'l,
2 'Country': ['Brazil', 'Vietnam', Name Country
'Vietnam']} 0 Anh Brazil
3 df = pd.DataFrame(data, columns=['Name', 1 Thai Vietnam

'"Country']) 2 Hoa Vietnam

4 print (df)
(M&i cot ctia DataFrame 1a mot Series, c6 thé 1a int64, float64, object (chudi), v.v.)

e Truy xuit di liéu:

— LAy cot: df ['Name'] hodc df .Name tra vé mot Series.
— LAy nhiéu c6t: df [['Name', 'Country']] trd vé DataFrame con.

— LAy dong (bang index miic dinh): c6 thé ding df .iloc[i] hodic df.iloc[i:j] dé
lay theo chi sb vi trf, ho#ic df .1oc[1abel] néu index ctia bang 1a nhan dinh san. Vi du:

Output
| print (df ['Name'])
2 print (df.iloc[0]) # dong dau tien 0 Anh
1 Thai
2 Hoa

Name: Name, dtype: object

Name Anh

Country Brazil

Name: O, dtype: object
Ta ciing c6 thé dung slicing: df [1:3] 14y dong 1 dén 2.

e Loc diéu kién: Dung biéu thtc diéu kién trén DataFrame. Vi du: gid st DataFrame vé
Pokémon (xem phan 2) c6 cot 'HP', ta loc cac Pokémon c6 HP > 50:

Output
1 df _poke = pd.DataFrame({'Name':['A','B',"
c'l, 'HP':[30, 60, 451}) SRR it
> print (df_poke[df_poke['HP'] > 501) 1 B 60

Két qua:chi gitt cAc hang théa méan diéu kién. D4y 14 cach chon nhanh céc ban ghi theo diéu
kién.

« Nhém dit liéu (GroupBy): Diing df . groupby () dé phan nhém r6i tinh todn théng ké cho
mdi nhém. Vi du: nhém theo cot “Type 17 va tinh tong “Attack”:
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Output
1 df = pd.DataFrame ({'Typel':['Fire', 'Grass
','Fire', 'Water'], Typel
2 "Attack' Fire 112
: [562,49,60,481}) Grass 49
3 print (df.groupby ('Typel') ['Attack'].sum() Water 48
) Name: Attack, dtype: int64

Tuong tu c6 thé ding .mean(), .count(), .max(), v.v. dé liy trung binh, dém, gia tri 16n
nhat clia titng nhém.

. Sép xép (sort_values): Dung df.sort_values('cot', ascending=True) hodc df.sort_values('cot'
ascending=False) dé sip xép. Vi du: sap xép DataFrame Pokémon theo cot "Speed":

Output
1 df = pd.DataFrame({'Name':['X','Y','Z'],"
Speed': [90,45,1001}) e Epece
2 print (df .sort_values('Speed', ascending= 2 Z 100
False)) 0 X 20
1 Y 45

Ct phép df .sort_values() cho phép sip xép tiang/giam dan hoic theo nhicu cot.

« Thao tac chi muc: C6 thé dimg df .set_index('cot') dé bién cot thanh index mdi, hodc
df .reset_index () dé hoan nguyén. Vi du:

Output
df2 = df.set_index('Name')

print (df2) Country

w N e

print (df2.loc['Anh']) # truy xuat bang Name .
nhan index Anh. BraZII
1 df3 = df2.reset_index () Thai Vietnam

Hoa Vietnam

Country Brazil
Name: Anh, dtype: object

« Thém/Xéa cot: Dé dang thém cot méi bang cach gan. Vi du:

— Thém cot:
Output
1 df = pd.DataFrame({'A':[1,2], 'B':[3,4]})
> df['C'] = df['A'] + df['B'] # them cot & B C
C 0O 1 3 4
3 print (df) 12 2 €
— Dé xba cot, dung df .drop('col', axis=1). Vi du:
Output
1 df2 = df .drop('C', axis=1) ]
2 print (df2.columns) Index(['A', 'B'], dtype='object')

-
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3. Thyc hanh véi bo dit liéu Pokémon

Bo dit litu Pokémon (CSV) chita thong tin vé cic Pokémon véi cdc thudc tinh nhu Name, Type 1,
Type 2, HP, Attack, Defense, Sp. Atk, Sp. Def, Speed, Generation, Legendary, Total. Duéi day
la cac buée thyc hanh co béan:

Poc file CSV:

import pandas as pd
pd.read_csv("Pokemon.csv")
print (df .head (3))

1
2 df =
3

Gia sit dit liéu da load, df .head(3) hién thi 3 dong dau:

# Name
0 1 Bulbasaur
1 2 Ivysaur

2 3 Venusaur

Type 1 Type 2 Total

Grass Poison 318

Grass Poison 405

Grass  Poison 525

Kham pha du liéu:

HP Attack
45 49
60 62
80 82

Defense Sp. Atk Sp. Def Speed Generation Legendary

49
63
83

65 65
BO 80
100 100

45
60
80

Dung df .describe(), df .tail(), v.v. dé nam thong tin téng quan. Vi du:

1 print (df.describe())

count
mean
std
min
25%
50%
75%

max

#
800.000000
362.813750
208.343798

1.000000
184.750000
364.500000
539.250000

721.000000

Total
800.00000
435.10250
119.96304
180.00000
330.00000
450.00000
515.00000

780.00000

HP
800.000000
69.258750
25.534669
1.000000
50.000000
65.000000
80.000000

255.000000

Attack
800.000000
79.001250
32.457366
5.000000
55.000000
75.000000
100.000000

190.000000

Defense
800.000000
73.842500
31.183501
5.000000
50.000000
70.000000
90.000000

230.000000

# Thong ke mo ta cho cac cot so

Sp. Atk
800.000000
72.820000
32.722294
10.000000
49.750000
65.000000
95.000000

194.000000

Sp. Def
800.000000
71.902500
27.828916
20.000000
50.000000
70.000000
90.000000

230.000000

Ham describe() cho biét cac gid tri trung binh, min, max... clia cic cdt so.

Truy xuit cot:

LAy cac cot cu thé bang ky hiéu df ['col']. Vi du:

1
1

1

Speed
800.000000
68.277500
29.060474
5.000000
45.000000
65.000000
90.000000

180.000000

False
False

False

Generation
800.00000
3.32375
1.66129
1.00000
2.00000
3.00000
5.00000

6.00000
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Output
1 print (df ['Name']) # Cot )
Name (Series) 0 Pikachu
> print (df [['Name', 'HP','Attack']]) # Nhieu 1 Bulbasaur
cot 2 Charmander
3 Squirtle
4 Mew

Name: Name, dtype: object

Name HP Attack

0 Pikachu 35 55
1 Bulbasaur 45 49
2 Charmander 39 52
3 Squirtle 44 48
4 Mew 100 100

Ta ciing c6 thé chon cot bang df .Typel (néu tén cot hop 18) hodic chon theo chi s6 cot bang
df.iloc[:, [0, 3, 5]11].

Loc duw liéu:

Stt dung diéu kién boolean. Vi du, liy céc Pokémon c6 téng diém (Total) 16n hon 300:

Output
| strong = df[df['Total'] > 300]

2 print (strong[['Name','Total']]) Wes Uil

0 Pikachu 320
1 Bulbasaur 318
2 Charmander 309
3 Squirtle 314
4 Mew 600

Mew la Legendary nén Total rat cao. Loc theo dic¢u kién cho phép xem nhanh céc ban ghi
thoa man yéu cau.

Sip xép di liu:

Dung df .sort_values(). Vi du, sip xép bang theo cot Speed gidm dan:

Output
1 sorted_df = df.sort_values('Speed’',
ascending=False) Name Speed
2 print(sorted_df [['Name', 'Speed']]) 4 Mew 100
0 Pikachu 90
2 Charmander 65
1 Bulbasaur 45
3 Squirtle 43

Vi du trén cho thidy Mew c6 Speed cao nhat. Cti php df . sort_values('col', ascending=False)
s&p xép theo cot chi dinh.

10
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Thém va xbéa cot:

o Thém cot méi, vi du tinh téng chi s6 tAn cong va phong thi:

Output
1 df ['Attack_Defense']l = df['Attack'] + df[

'Defense '] Name Attack Defense Attack_Defense

2 print (df [['Name', 'Attack','Defense’," 0 Pikachu 55 40
Attack_Defense']]) 95
1 Bulbasaur 49 49
98
2 Charmander 52 43
95
3 Squirtle 48 65
113
4 Mew 100 100
200
e Xoa cOt mdi tao:
Output
1 df = df .drop('Attack_Defense', axis=1)
> print (df.columns) Index (['Name', 'Type 1', 'Type 2', 'HP',
'Attack', 'Defense', 'Sp. Atk',
'Sp. Def', 'Speed', 'Generation',
'Legendary', 'Total'l,

dtype='object')

Cot Attack_Defense da dugc loai bd, chi con cac cot ban dau.

Nhém dit liéu va tinh tong diém:

Gio ta nhém cic Pokémon theo loai chinh Type 1 va tinh téng Total ctia mdi nhém:

Output
I print (df.groupby('Type 1')['Total'].sum()
) Type 1
Electric 320
Fire 309
Grass 318
Psychic 600
Water 314

Name: Total, dtype: int64

Trong d6 Mew thudc Psychic véi Total=600. Tinh téng theo nhém gitip so sdnh siic manh tong
quat cia ting loai Pokémon. Viéc diing groupby va cdc ham nhu sum() 1 vi du dién hinh ctia ki
thudt GroupBy trong Pandas.

Truc quan héa don gian:

Pandas tich hgp san kha ning vé dd thi tit DataFrame. Vi du, biéu dién sb lugng Pokémon theo
moi Type 1:
1 df ['Type 1'].value_counts().plot(kind="'bar')

11
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Doan code trén sit dung value_counts () dé dém mdi loai va vé bi¢u do cot (bar chart). Két qua 1a
hinh cot thé hién sb lugng Pokémon thuoc méi type, gitip so sanh tric quan (vi du Electric, Grass,
Fire, Water, Psychic... mdi loai ¢6 bao nhiéu con).
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Type 1

Tém lai, phan thuc hanh véi bo dit liéu Pokémon minh hoa cic bude co ban clia cong doan lam
viéc v6i Pandas: doc dit liéu, kham phé (describe, head, tail), lay cot, loc didu kién, sap xép,
thém/x6a cot, nhém va tinh todn (groupby, sum) va truc quan héa. Cdc ham head(), tail(),
describe().. 14 nhitng cong cu nhanh dé hiéu so bo dit liéu. Viéc thie hién tuan tu cic bude nay
cho phép sinh vién thuc hanh Pandas mot céch ro rang, dé tiép can va chuan bi t6t cho cic budc
phan tich tiép theo.

12
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Phan 3: Cic k¥ thuit ning cao trong phin tich dit liéu
v6i Pandas

1. Cac ky thuat nang cao trong phan tich dw liéu v6i Pandas

1.1. Van dé thuong gip khi thao tic véi dataset

Trong 1y thuyét hodc cic vi du minh hoa nhoé, dit liéu thudng dude trinh bay dudéi dang “sach sé”
va hoan chinh. Tuy nhién, khi budc ra cdc bai toan thuc té, dic biét 1a trong linh vic phan tich dit
liéu va hoc méy, chiing ta gan nhu luén phai déi mat véi nhitng khé khan phét sinh tit chat lugng
dit litu. Néu khong xi Iy can than, cic van dé nay cé thé lam sai léch két qua phan tich, dan dén
nhitng két ludn thiéu chinh xéc hodc thaim chi phan téc dung.

( A

Mbét s6 van dé phé bién nhat thudng gip khi thao téc véi dataset 1a:

« Thiéu dir liéu (Missing Data): xut hién khi mot sé quan sat khong duge ghi nhan,
dan dén cac 6 bi bo tréng hoiic chita gia tri NaN/null. Vi du, trong dit liéu y té, khong
phai bénh nhan nao ciing cung cap du tat ca thong tin can thiét.

o Dit liéu nhiéu (Noise): bao gom céc gia tri bat thuong (outlier) hodc sai s6 do thiét
bi do ludng, nhap liéu thi céng. Nhitng diém dit liéu nay néu khéng dude phét hién va
xtt Iy c6 thé lam méo mé phan phdi va anh hudng tiéu cuc dén mo hinh diy doan.

«+ Dit liéu khong ddng nhét: cic cot c6 thé chita ca chudi 1an sb, dinh dang ngay thing
khong théng nhat (vi du dd-mm-yyyy va yyyy/mm/dd ciing xuit hién). Diéu niy khién
viéc phan tich hoac truc quan héa gap khé khan.

+ Dit liéu phan bd theo thdi gian (Time-dependent data): véi nhitng bo dit licu
dang chudi thoi gian, yéu t6 thtt tu xuat hién 14 cuc ky quan trong. Khong thé hoan déi
céc quan sit mot cach tiy y, béi vi thong tin vé xu huéng, mua vu hodc su kién bat
thuong déu phu thudce vao thoi diém ghi nhéan.

| J

Viéc nhan dién va hiéu ré nhiing vin dé nay 1a budc dau tién quan trong trudc khi tién hanh céc
ky thuat nang cao v6i Pandas.

1.2. Xit ly dit liéu thiéu (Missing Data)

Loai bé dit liéu thiéu

Khi thao téc v6i dit liéu thuc té, mot trong nhitng van dé dau tién ma nha phan tich thuong
gdp phai 14 st xuat hién clia cac gid tri bi thiéu (NaN). C4ch xi Iy don gidn va tric quan nhat
chinh 14 loai bé hoan toan céc quan sat hoic thuoc tinh chita gia tri thiéu.
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Output
import pandas as pd

# Tao DataFrame don gian c6 gia tri thieu
df = pd.DataFrame ({

"A":[1, 2, None, 4],

"B":[5, None, 7, 8]

w o
L
o ow
o o
o O

b

# Loai bo toan bo dong co gia tri NaN
df _clean = df.dropna()
print (df _clean)

Két qua cho thiy chi con lai nhitng dong hoan toan khong cé gid tri bi thiéu (trong vi du nay la
dong 0 va dong 3).

( A

Phuong phap dropna() dac biét hitu ich khi:

o S6 lugng ban ghi rat 1én, viéc mat di mot vai dong khong dnh hudng dang ké dén phan
tich.

o Céc cot chita gia tri thiéu khong thuc su quan trong doéi véi bai todn.
Tuy nhién, céch tiép can nay ciing c6 nhiéu han ché:

o MAt mat théng tin: néu ti 1é dit liéu bi thiéu cao, viéc loai bé c6 thé lam dataset bi
thu hep nghiém trong, tham chi gy mét can bang dit liéu.

e Sai 1éch mAu: néu dit liéu bi thiéu khong ngau nhién (vi du: nhém khach hang c6 thu
nhéap cao thudng bé tréng thong tin do tudi), thi viéc loai bé cé thé lam sai léch phan
phdi va dan dén thién léch trong phan tich.

. J

Vi vy, loai bé dit liéu thiéu chi nén coi 1a Iya chon cudi ciing trong xit 1y dit liéu, 4p dung
khi ti 1¢ missing nhd va khong gay anh hudng nhiéu dén két qua nghién citu.

Pién gia tri thay thé va Noi suy (Fillna & Interpolation)

Khi gip dit liéu thiéu, ngoai viéc loai boé hodic dién bang cac gid tri théng ké don gidn (trung binh,
trung vi, mode), Pandas con ho trg ky thuidt ndi suy (interpolation). Ky thuit nay u6c lugng
gid tri bi thiéu duya trén cdc quan sat 1an can, gitp dit liéu tré nén muct hon va phan anh xu huéng
thuc té t6t hon so v6i viéc ding mot hang s6 ¢b dinh.

+ Dién bang gia tri théng ké (Fillna v4i mean/median):

Output

1 import pandas as pd

) 0 2.000000

3 # Series co gia tri thieu . 21200000

i s = pd.Series([2.0, 2.2, None, 2.7, 4.91) 2 2.950000

. 3 2.700000

6 # Dien gia tri thieu bang trung bibinh : 4.900000

7 s_filled = s.fillna(s.mean()) dtype: float64

8 print(s_filled)
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O day gid tri thiéu dugc thay bing trung binh cia toan bo Series (2.95). Cach nay gitt nguyén

kich thuéc dit liéu nhung c6 thé lam gidm do bién thién tu nhién.

« Nbi suy tuyén tinh (Linear Interpolation):

Noi suy tuyen tinh

1
2 s_linear = s.interpolate(method='linear') 0 2.00
3 print(s_linear) L 2020
2 2.45
3 2.70
4 4.90

dtype: float64

Output

Phuong phap tuyén tinh tinh todn gia tri bi thiéu dua trén 2 diém lién ké theo cong thitc dudng
thdng. Két qua & vi tri thit 2 1 trung binh cong cia 2.2 va 2.7, tic 2.45.

V1 Uy

@ @

Minh hoa néi suy tuyén tinh trén do thi (dudng thing nbi gitta hai diém da biét)

o Noi suy theo thoi gian (Time Interpolation):

1 import pandas as pd

2 2023-01-01 2
3 # Series co chi muc thoi gian 2023-01-02 2
| dates = pd.date_range("2023-01-01", 2023-01-03 2
periods=5, freq="D") 2023-01-04 2

5 s_time = pd.Series([2.0, None, None, 2.7, 2023-01-05 4
4.9], index=dates) Freq: D, dtype:

7 # Noi suy theo thoi gian

8 s_interp_time = s_time.interpolate(method
='time')

9 print(s_interp_time)

Output

.000000
.233333
.466667
.700000
.900000

float64

Khi dit liéu c¢6 chi muc thoi gian, interpolate(method='time') sé phan bo gid tri dua trén
khoang céach thoi gian. Trong vi du trén, 2 ngay tréng (02/01 va 03/01) dude ndi suy theo ti 18

tuyén tinh gitta ngay 01/01 (2.0) va 04/01 (2.7).

Cac phuong phap ndi suy khac:

e Polynomial: noi suy theo da thiic bac n, vi du method='polynomial', order=2.

« Spline: dung spline bac n dé udc lugng, mugt hon linear.
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o Pad/ffill, bfill: vé ban chat cling 14 mdt dang nodi suy dic biét, 1iy gid tri trude (forward

fill) hoac sau (backward fill).

Noi suy gitip tai tao dit liéu thiéu mot cach tu nhién va giit duge xu huéng. Tuy nhién, néu dit
liéu gbc nhiéu hodic c¢6 quéa nhiéu missing lién tiép, ndi suy c6 thé tao ra gia tri khong phan dnh

ding thuc té.

Forward Fill vi Backward Fill

Mot trong nhitng cdch xi ly dit liéu thiéu don gian nhung hitu ich 13 Forward Fill (ffill) va
Backward Fill (bfill). Thay vi diing mét hang s6 hay gid tri trung binh, ta tdn dung chinh céc

gid tri quan sat 1lan can dé thay thé cho 6 bi thiéu:

« Forward Fill (ffill): dién gi4 tri bi thiéu bang gid tri gan nhdat phia trudc.

« Backward Fill (bfill): di¢n gia tri bi thiéu bang gid tri gan nhdt phia sau.

Phuong phép ndy dic biét hitu ich trong dit liéu chudi thoi gian (time series), noi ma gia tri 6 cac

thoi diém lién tiép thudng cé méi lién hé chat ché.

import pandas as pd

Output

Forward Fill:

So sanh:

# Vi du Series voi gia tri thieu 0 250
s = pd.Series([2.0, None, None, 2.7, Nomne 1 2.0
, 4.91) 2
3 2.7
, # Forward fill va Backward fill 4 2.7
s_ffill = s.fillna(method='ffill') 5 4.9
s _bfill = s.fillna(method='bfill') dtype: float64
print ("Forward Fill:\n", s_f£fill) Backward Fill:
print ("\nBackward Fill:\n", s_bfill) 0 2.0
1 2.7
2 7.7
3 2.7
4 4.9
5 4.9
dtype: float64

o V6i ££i11, gid tri thiéu & index 1 va 2 dugc dién bang 2.0 (gié tri & index 0), con gid tri thiéu

& index 4 dugc dien bang 2.7.

o« V6ibfill, gié tri thiéu & index 1 va 2 dugc dién bang 2.7 (gi4 tri ¢ index 3), con gid tri thiéu

§ index 4 duge dién bang 4.9.
Uu diém:
o Gift dugc mdi lién két thoi gian trong dit lidu.

« Don gidn, tinh toidn nhanh, dé& hiéu.
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Nhugc diém:

« Khong phu hop véi dit lieu khéng tuan tu hodc khong ¢ ¥ nghia theo thdi gian.

Minh hoa Forward Fill va Backward Fill

Index Original Forward Fill Backward Fill
0 2.0 2.0 2.0
1 NaN 2.0 2.7
2 NaN 2.0 2.7
3 2.7 2.7 2.7
4 NaN 2.7 4.9
5 4.9 4.9 4.9

1.3. Gidm nhiéu dit liéu (Noise Reduction)
Trung binh trugt (Moving Average): SMA, EMA va TMA

 Néu khoang missing kéo dai nhiéu budc, viéc dién bang mot gia tri 1an can c¢6 thé gay sai léch
16n so véi thuc té.

-

&

Muc tiéu. Moving Average (MA) 14 nhém ky thudt lam mugt chudi tin hi¢u nham: (i) gidm
nhiéu ngau nhién (noise), (i) lam noéi bat xu huéng ngan/trung han, va (iii) chuan bi dit liéu
cho phan tich tiép theo (phét hién bat thudng, du bao). Ba bién thé pho bién: SMA (Simple),
EMA (Exponential), TMA (Triangular).

N

J

Gia stt chudi quan sat {s;}, cita sd trugt kich thuéc k € N, tai thoi diém ¢:

o« SMA (Simple Moving Average):

1 k—1
SMAt(k}) = E Zst_i.
=0

Mbi diém trong ciia s6 c¢6 trong s bang nhau.
EMA (Exponential Moving Average):

EMA{(a) = ast+ (1 —a)EMA:_1(a), «a€(0,1].

Thuc hanh thudng 1y o = k%_l dé so sanh tuong ting véi cita s6 k ciia SMA.

TMA (Triangular Moving Average): trung binh c¢é trong sé tam gidc, 16n nhat &
gitta, nhé dan vé hai bién.

k—

i:ol Wi St—i

TMA(k) = ZT,
D imo Wi
Mot céch thitc hién phd bién: SMA clia SMA (4p dung SMA hai 1an) tao ra phan bd

trong s6 tam giac.

v6i w; tang tuyén tinh 16i gidm (dang tam gidc).

17
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« SMA lam mugt manh nhung giy tré (lag) ddng ké; EMA phan ting nhanh hon nhd trong
s6 16n cho sy;

o TMA cén bang gitta muot va tré, gidm nhiéu t6t hon SMA cting & nhd nhdn manh viing
trung tam cita so.

(a) SMA — Simple Moving Average

( )

Khi dung SMA:
« Chon k nhé (3-7) dé muogt nhe, git nhip bién déng ngin han.
« Chon k trung binh (7-21) dé xem xu huéng tuan/thang (tiy mién: thai tiét, kinh té...).

« Céanh bdo: k cang 16n thi tré cang nhic¢u; min_periods gitp kiém soét s6 diém tdi thicu
trong ctta so.

import pandas as pd

# Vi du: chuoi nhiet do theo ngay (gia dinh da co cot 'Temp' va index dang
DatetimeIndex)
# df = pd.read_csv("Daily-min-temp.csv", parse_dates=["Date"], index_col="Date")

# SMA voi cua so 7 ngay va 14 ngangay
sma_7 = df["Temp"].rolling(window=7, min_periods=1, center=False).mean()

sma_14 = df ["Temp"].rolling(window=14, min_periods=1, center=False).mean()

df _out = pd.DataFrame ({"Temp": df["Temp"], "SMA_7": sma_7, "SMA_14": sma_14}) .head(10)
print (df_out)

So sanh Temp, SMA_7, SMA_14 (60 ngay dau)

29 A

28 A

27 A

26 A

25 A

Nhiét d6 (°C)

24 1

23 A
— Temp

—— SMA_7
—— SMA_14

22 A

21 4

2024-01-01 2024-01-08 2024-01-15 2024-01-22 2024-02-01 2024-02-08 2024-02-15 2024-02-22  2024-03-01
Ngay

So sdnh Temp, SMA_ 7, SMA_ 14 cho 60 ngay dau (minh hoa)
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 center=True vé SMA “cin giita” cita s6 (giam tré thi gidc), d6i lai cubi chudi sé thiéu
gid tri.

e min_periods kiém soat sb mau t6i thiéu dé tinh trung binh (tranh NaN dau chudi).

(b) EMA — Exponential Moving Average

Uu diém: phan ting nhanh véi thay déi méi (trong s6 16n cho s;), tré nhé hon SMA cing “do

mugt”.

Thuyc hanh: chon span=k dé tuong duong truc gidc véi cita s6 k; adjust=False ding dang dé

quy chuén trong phan tich dong thai gian.

1 ema_7 = df["Temp"].ewm(span=7, adjust=False).mean()

2 ema_14 = df["Temp"].ewm(span=14, adjust=False) .mean ()

3

4 df _out = pd.DataFrame ({"Temp": df["Temp"], "EMA_7": ema_7, "EMA_14":

5 print (df _out)

So sanh Temp, EMA_7, EMA 14 vd&i SMA (60 ngay dau)

Nhiét do (°C)

NONNONNN

A& 0 o N o ©
N

-

N
w
T

22

ema_141}) .head (10)

— Temp

=== EMA_7

-=-=- EMA 14
SMA_7
SMA_14

21 b . I i
2024-01-012024-01-082024-01-152024-01-22
Ngay

2024-02-012024-02-082024-02-152024-02-22 2024-03-01

So sdnh Temp, EMA_ 7, EMA_ 14 v6i SMA cho 60 ngay dau (minh hoa). EMA phéan tmg nhanh

hon véi bién dong dit lidu.

Cong thic tuong duong: véi span = k, o =

(hodc trung binh vai diém dau).

- EMA khdi tao thuong ldy EMAg = so
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(c) TMA — Triangular Moving Average

Y tudng. TMA ding trong sé tam gide: nhd & bién, 16n dan vé gitta clta s3, roi gidm dan. Didu
nay lam mugt manh hon SMA (cing k) nhung van git duge do “trung tam” ctia khu vie 1an
can, thudng cho dudng mugt & it méo pha hon & bién so v6i SMA thuan.

o Ciach 1 — TMA la SMA ciia SMA (don gian, khong phu thudc géi ngoai).

1 # TMA bang cach ap dung SMA 2 lan (k co dinh)

2k =7

3 sma_once df ["Temp"].rolling(window=k, min_periods=1) .mean()
1

tma_sma = sma_once.rolling(window=k, min_periods=1) .mean ()

6 df _out = pd.DataFrame({"Temp": df["Temp"], "TMA_via_SMA": tma_sma}).head(10)
7 print (df _out)

So sanh Temp vs TMA via_SMA va SMA 7 (60 ngay dau)

N
o
T

N
o)
T

[\ ]
~
T

N
[=)]
T

Nhiét do (°C)
N
[

24+
23 ¢
Temp
22+ SMA_7
21 —— TMA via SMA
2024-01-012024-01-082024-01-152024-01-22 2024-02-012024-02-082024-02-152024-02-22 2024-03-01

Ngay

So sénh Temp v6i TMA (qua SMA) va SMA_ 7 cho 60 ngay dau. TMA mugt hon SMA.

« Céach 2 — TMA véi trong sd tam gidc tudng minh.

— Véi k 1&, trong s6 tam gidc ¢6 dang w = [1,2,...,m,...,2,1] v6i k = 2m — 1;

— V6i k chin, dung cip trung tAm cdn xtng. C6 thé hién thuc bang
rolling() .apply().

import numpy as np

def triangular_weights(k: int):
if k¥ \% 2 == 1: # k le: dinh o chinh giua
m=(k+ 1) // 2
W np.r_[np.arange(l, m+1), np.arange(m-1, 0, -1)]
RILEE 8 # k chan: hai dinh giua bang nhau

k // 2

=]
]

20
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w = np.r_[np.arange(1, m+1), np.arange(m, 0, -1)]
return w / w.sum()

def tma_triangular(x):
# x la numpy array do dai k; co the chua NaN -> bo NaN tuong ung trong trong so
w_all = triangular_weights(len(x))
mask = ~np.isnan(x)
if mask.sum() ==
return np.nan
w = w_all[mask]
return np.dot(x[mask], w) / w.sum()

k=17
tma_tri = df["Temp"].rolling(window=k, min_periods=1) .apply(tma_triangular, raw=True)

df _out = pd.DataFrame ({"Temp": df["Temp"], "TMA_Tri": tma_tri}).head(10)
print (df_out)

So sanh Temp, TMA_Tri va TMA_via_SMA (60 ngay dau)
29}
28}
27}
26 L s

[ RN S A W' St CER V.
251 , ~~q et ma e i , ,

Nhiét dd (°C)
T
!
!

24}

23}
Temp
221L [ \-/ f / TMA_Tri (Triangular)
N ——- TMA via SMA
2024-01-012024-01-082024-01-152024-0122 _ 2024-02-012024-02-082024-02-152024-02-22 2024-03-01
Ngay

D6 thi Temp v6i TMA_ Tri (trong s6 tam gidc) va TMA_via_ SMA (60 ngay dau). Hai cdch cho
két qua tuong dong.

( A

So sanh nhanh:
e SMA: d& hiéu, muot vita phai, tré 16n khi k ting.
o« EMA: phan (ing nhanh, tré nhé hon, phu hgp dit liéu nhay cdm theo thdoi gian.

« TMA: mudt hon SMA cung k, trong sd tdp trung ving trung tAm = thudng 6n dinh
hon trude nhiéu cuc bo.
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Thyc hanh vA meo chon tham sé

( )

Chon % (hosic span) theo mién bai toan:

o Dit liéu thoi tiét/ngay: k = 7 (chu ky tuan) dé mugt nhidu ngay-ngay; k = 14,21 dé nhin
xu huéng dai hon.

« Dit liéu cdm bién nhiéu cao: thit TMA hoiic EMA span nhé dé giit phan @ing nhanh.
Tuy chon trién khai:

center=True dé vé dudng mugt “can gita” cita s6 (dep khi minh hoa), nhung luu y gid
tri cudi chudi sé thiéu.

e min_periods dé tranh NaN & dau cita s6 (vi du min_periods=1).

Két hgp lam sach truée (drop/ffill/interpolate) gitip MA 6n dinh hon.

1 ax = df ["Temp"].plot(alpha=0.35, linewidth=1.0, label="Temp (raw)")
2 sma_14.plot(ax=ax, linewidth=2.0, label="SMA 14")

3 ema_14.plot(ax=ax, linewidth=2.0, label="EMA 14")

| tma_tri.plot(ax=ax, linewidth=2.0, label="TMA 7 (triangular)")

5 ax.legend ()

So sdnh Temp (raw) vdi SMA 14, EMA 14 va TMA 7

Temp (raw)
SMA 14
30 | =—— EMA 14
= TMA 7 (triangular)
_. 28
5
Zé
o 26
@
<
=
24t
22
Jan Feb Mar Apr
2024

Ngay
Do thi chong Temp (raw), SMA 14, EMA 14 vA TMA 7 dé so sanh d6 mugt va do tré.

1.4. Nhém va téng hgp dit liéu nang cao (Advanced GroupBy & Aggregation)

Khi thao tac v6i dit liéu thuc té, viéc chi tinh trung binh (mean()) hay téng (sum()) la chua du.
Trong nhiéu trudng hop, ta can tong hgp nhiéu chi sé cting lic, hodic tu viét ham tuy chinh dé tinh
toan phitc tap hon. Pandas cung cip cong cu manh mé thong qua groupby () két hop véi agg().
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Mot so diem noi bat:

C6 thé ap dung nhiéu ham théng ké ciing lic cho cic cot khic nhau.

H& tro viét ham tuy chinh bang lambda hodc dinh nghia riéng.

Két qua tra veé c6 cau tric bang gon gang, dé dang xuat bdo cdo.

Vi du 1 — Phan tich doanh sé quang céo

Gia sl ta ¢6 bang dit liéu advertising_simple gom 2 cOt: Sales (doanh s6) va Budget (ngin
séch), kém theo kénh Channel. Ta muén biét trung binh va gid tri 16n nhat ctia doanh s6 theo timg
kénh, dong thoi tinh tong ngan sich (quy déi nghin don vi).
df . groupby (' Channel') .agg({

'Sales': ['mean', 'max'],

'Budget': lambda x: x.sum()/1000
b

Channel Sales_mean Sales_max Budget_sum_k
online 296.6666666666667 310 6.15
Radio 116.66666666666667 130 1.65
™ 223.33333333333334 250 33

Bang tong hop: Sales (mean, max) va Budget (tdng chia 1000) theo ting Channel.
Giai thich:
e (o0t Sales dugc ap dung cd mean va max.

« Cot Budget 4p dung ham lambda dé chia téng cho 1000.

Diéu nay cho phép ta vita thong ké co ban, vita tiy bién theo nhu cau bao céo.

Vi du 2 — Pém sb lugng ban ghi theo nhan

Vé6i tap dit liéu Tweets dataset, gid sit mdi ban ghi c6 nhan label (nhu positive, negative,
neutral), ta muén dém sb lugng tweet thudc timg nhan:

| tweets.groupby('label')['text'].count ()
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label text
negative 2
neutral 3
positive 4

S6 lugng tweet theo titng nhan: positive, negative, neutral.

Y nghia: Day 1a thao téc thudng gip trong phan tich dit liéu viin ban (text mining). Khi lam
sentiment analysis, budc dau tién chinh 1a théng ké s6 lugng dit liéu cho mdi loai nhan dé xem tap
dit liéu c6 can bang hay khong. Néu dit liéu léch (vi du positive qua nhidu so véi negative), ta
can can nhéc ky khi huan luyén mé hinh hoc méy.

Vi du 3 — Ap dung nhiéu phép thdng ké phiic tap

Khong chi géi gon trong mean hay max, ta cé thé két hgp: do léch chuan (std), gia tri dau tién
(first), gid tri cudi cing (last), hodc tham chi viét riéng ham dé phat hién bat thudng:

def iqr(x):
ql, 93 = x.quantile([0.25, 0.75])
return 93 - qil

5 df . groupby ('Channel') .agg ({
'Sales': ['mean','std',iqr],
'Budget': ['sum', 'min', 'max']

s B

('Channel’, "'} ('Sales’, ‘mean’} ('Sales’, "std'] (*Sales’, "igr') ('Budget’, 'sum’) ("'Budget’, 'min’'} {'Budget’, 'max"

Online 296 6666666666667 15.275252316519461 15.0 6150 2000 2100

Radio 116 66666666666667 15.275252316510465 15.0 1650 500 600

™ 223.33333333333334 25.166114784235834 5.0 300 1000 1200

Bang tong hop: Sales (mean, std, IQR) va Budget (sum, min, max) theo tiing Channel.
Nhan xét:
« Dung igr dé phat hién kénh c6 phan phéi doanh sb bién dong manh.

o C6 thé d& dang md rong sang nhiéu chi sé khac ma khong can chinh sita dit lieu gbc.
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1.5. Xit 1y va phan tich dit liéu chudi thdi gian (Time Series)

Khai niém Time Series

( )\
Time Series (chudi thoi gian) 1 tap dit litu ma cdc quan sat duge thu thap theo thit tu thoi
gian. Khac véi dit liéu bang thong thudng, & day vi tri (index) déng vai tro rat quan trong vi
né gin lién véi mbe thoi gian.
Vi du:

o Nhiét d6 hang ngay tai Ha Noi.

« Gi4 c6 phiéu Apple theo timg phiit.

« Luong tweet lién quan dén mot hashtag theo ting gid.

Pac diém cot 16i cua Time Series:

e Xu huéng (Trend): xu huéng ting hosic gidm kéo dai, vi du gid nha dat tang dan qua
cic nam.

o Mua vu (Seasonality): su lap lai theo chu ky, vi du doanh thu ban 1é tang manh vao
dip Tét/Noel.

o Nhiéu (Noise): bién dong ngau nhién khé du dodn, vi du do 16i cAm bién, bién ¢ bat

N
ngo.
|\ J
Minh hoa Time Series véi Trend, Seasonality, va Noise
22 F — Time Series (Téng hap)
=== Trend (Xu hudng)
—=—=- Trend + Seasonality
20} Noise (Nhiéu) -
y I /|-~
[l Pt
18} e
\ I e
N V‘ e \\ ’
RN 1. -~
16 & Y _ ( /|
= A AR~ /
pid =7 '
9 1af p et
A A f"’
12} N Y (
\\,r”/ i /)
oo / ,
101 £
\
8 L
2020-01 2020-02 2020-03 2020-04 2020-05 2020-06 2020-07

Thai gian

Hinh 1: Vi du minh hoa ba thanh phan chinh ctia Time Series: trend, seasonality va noise.

Thao tac cd ban véi Time Series trong Pandas

1 import pandas as pd

2
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3 # Doc du lieu nhiet do toi thieu hang ngay
1 df = pd.read_csv("Daily-min-temp.csv",
5 parse_dates=['Date'], index_col='Date')

7 # In 5 dong dau
¢ print (df .head())

10 # Lay du lieu 6 thang dau nam 1981

11 df ['1981-01"':'1981-06"]

Nhiét dé téi thi€u hang ngay (gia 1ap)

—— Daily Min Temp

Nhiét do (°C)
= = N
%) o w o

o

1981-01 1981-04 1981-07 1981-10 1982-01 1982-04 1982-07 1982-10 1983-01
Thoi gian

Trite quan hoéa dit liéu nhiét d6 téi thicu hang ngay (gia 1ap).

Trong Pandas, viéc dit Date lam index gitp ta c6 thé:
o Truy xuat theo khodng thoi gian, vi du df ['1981-01":'1981-06"'].
o Tinh todn truc tiép dua trén khodng thoi gian (time-aware).

« D& dang resample, rolling, ho#c két hgp nhiéu miic tan sut.

Resampling (Thay ddi tan suit quan sat)

1 df ['Temp'].resample('W') .mean() # Lay trung binh nhiet do theo tuan

So sanh dir liéu géc (daily) va sau resample (weekly average)

Daily Temp
— Weekly Avg Temp

Nhiét do (°C)
= = N
o w o

w

1981-01 1981-04 1981-07 1981-10 1982-01 1982-04 1982-07 1982-10 1983-01
Thoi gian

So sdnh dit liéu nhiét do gdc theo ngdy va dit liéu trung binh theo tuan (resample).
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Resampling gom hai huéng:

« Downsampling: gidm tan suét, vi du tit ngdy — tuan. Can chi rd ham téng hgp (mean,

).

« Upsampling: tang tan suat, vi du tit ngdy — gio. Thuong phai di kem ££i11() hodc
interpolate() dé dién gia tri.

20.0} = Weekly (Downsample)

15.0f
12.5¢

10.0

16|

14}

12

10L

Vi du minh

f)’ng dung

« Weather data: Dit liéu thoi tiét (vi du: Daily-min-temp) thudng cé tinh chu ky 16 rang
theo mua. Ta c6 thé resample theo thang hoic niam dé phat hién xu huéng bién déi khi hau
dai han. Ngoai ra, viéc phan tich d6 léch chuan giita cidc ndm gitp nhén dién mic do bién

Downsampling: Daily - Weekly (mean)
Daily

1981-01-01 1981-01-15  1981-02-01 1981-02-15 1981-03-01 1981-03-15  1981-04-01 1981-04-15
Upsampling: Daily —» Hourly (interpolate)

Daily
—— Hourly (Upsample + Interpolate)

1981-01-01 1981-01-05 1981-01-09 1981-01-13 1981-01-17 1981-01-21 1981-01-25 1981-01-29

hoa Downsampling (daily — weekly) va Upsampling (daily — hourly véi interpolate).

thuyc té

dong nhiét do.

 Financial data: Chudi gid ¢ phiéu hodc chi sb chimg khodn thudng nhiéu nhiéu. Cac ky
SMA (Simple Moving Average) va EMA (Exponential Moving Average) dugce dung dé:

thuat

— Lam muot di liéu ngén han.

— So sanh duong SMA va EMA dé phat hién tin hiéu mua/ban (crossover).

e Social media data: Véi dit liéu tweet hodc lust xem video, ta thudng dém sd luong su
kién theo ngay. Tuy nhién, dit liéu gbc cé thé nhiéu va bién déng manh theo gid hoic ngay.
Resample sang tuan (downsampling) sé& gidm nhiéu, gitip nhin rd xu huéng dai han (vi du:

st kién néng dan theo tiing tuan).
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Daily Minimum Temperature — Xu huéng va mua vu (minh hoa)

—— Daily Min Temp

251 ——— Trend (365-day SMA)

201

| m \ i I L i{ M” W
Tl y W M i H,vluwrm vt ik

5t |

Nhiét do (°C)

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
Nam

Case study v6i Daily-min—temp: tric quan héa dit liéu nhiét do t6i thiéu hang ngay, kem xu huéng
dai han qua SMA 365 ngay. Pudng SMA gitp phat hién xu huéng khi hdu dang tang nhe theo thoi
gian, trong khi dit liéu géc dao dong manh theo mua.

2. Ung dung vao case study thuc té

Case study: Dy béo thsi tiét (Temperature Forecasting)

( B
Bbi canh & muc tiéu. Ta sit dung dit liéu Daily minimum temperature (nhiét do tdi thiéu
hang ngay) dé xay dung mét quy trinh di bdo ngan han theo phong cich baseline. Quy trinh
bao gdm: (i) nap & ra soat chat lugng dit liéu, (ii) xit Iy thiéu & gidm nhiéu bang Moving
Average (SMA/EMA), (iii) kham phd xu huéng (trend) & mua vu (seasonality), (iv) tao dac
trung lag/rolling, (v) chia tap theo thoi gian va ddnh gid cdc mo hinh co sé (persistence, SMA).

2.1. Nap dw liéu va kiém tra ban dau

import pandas as pd

# 1) Nap du lieu: cot Date -> datetime, dat lam index theo thoi gian

df = pd.read_csv("timeseries_daily-minimum-temperatures.csv", parse_dates=["Date"])

df = df.set_index("Date").sort_index ()

# Dat ten cot nhiet do (neu khac Temp thi lay cot cuoi)
temp_col = "Temp" if "Temp" in df.columns else df.columns[-1]

# 2) Ra soat nhanh

print (df .head (5)) # 5 dong dau
print (df.tail(5)) # 5 dong cuoi
print (df.info ()) # kieu du lieu, so dong

print (df.isna() .sum())# dem missing
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5 dong dau tién

Date Temp
1981-01-01 00:00:00 20.7
1981-01-02 00:00:00 17.9
1981-01-03 00:00:00 18.8
1981-01-04 00:00:00 14.6
1981-01-05 00:00:00 15.8

5 déng cudi cung

Date Temp
1990-12-27 00:00:00 14
1990-12-28 00:00:00 13.6
1990-12-29 00:00:00 13.5
1990-12-30 00:00:00 15.7
1990-12-31 00:00:00 13

Thoéng tin DataFrame & Missing values

<class 'pandas.core.frame.DataFrame'>

DatetimeIndex: 3650 entries, 1981-01-01 to 1990-12-31
Data columns (total 1 columns):

# Column Non-Null Count Dtype
0 Daily minimum temperatures 3650 non-null object
dtypes: object(1l)

memory usage: 57.0+ KB

Missing values:
Daily minimum temperatures 0

Bang 5 dong dau & 5 dong cudi 4+ summary info

Ly do: Véi chudi thoi gian, chi muc thdi gian (Datetimelndex) cuc ky quan trong: gitip
slice theo mbc, resample, rolling, v.v. Viéc sort_index() didm béo thi tu thsi gian chinh
Xac.

2.2. X1t ly dit liéu thiéu (Missing): ffill/bfill vs. interpolate

Chién lugc. Néu NaN rai rdc, interpolate (method="time") thudng mudt va trung thic hon
so v6i dien hang s6. Néu NaN xudt hién thanh cum ngén, ££fi11/bfill 1a lya chon don gidn va
on dinh.

1 # Vi du pipeline xu ly thieu:

2 df ["Temp_fill_££i11"] df [temp_col].£f£fil1 ()

3 df ["Temp_fill_bfill"] df [temp_col].bfill ()

4 df ["Temp_£fill_time"] df [temp_col].interpolate (method="time")

6 # So sanh tren mot doan ngan
7 window = df.iloc[:200] [[temp_col, "Temp_ f£fill ffill", "Temp_£fill_bfill", "
Temp_£fill_time"]]
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print (window.head (10))

So sanh xt ly missing: ffill, bfill, interpolate

25¢ —— Original (with NaN)
—— Forward Fill
—— Backward Fill
—— Interpolate (time)
20
4
£
E 15|
o
Q
5
F 10t
5 F

1981-01 1981-02 1981-03 1981-04 1981-05 1981-06 1981-07
Date

Db thi doan ngin: duong gbe vs. flill/bfill vs. interpolate

2.3. Giam nhidu bing Moving Average (SMA/EMA)

Nguyén tic. SMA lam mugt manh nhung tao d6 tré; EMA phan tng nhanh hon vi dit trong
s6 16n cho quan sat gan nhat. Chon cita s6 k theo chu ky tu nhién (vi du k = 7 cho tuan).

s = df ["Temp_£fill_time"] # Su dung cot da dien thieu theo thoi gian

# SMA k=7, 30; EMA span=7, 30

df ["SMA_7"] = s.rolling(window=7, min_periods=1) .mean()
df ["SMA_30"] s.rolling(window=30, min_periods=1) .mean ()
df ["EMA_7"] = s.ewm(span=7, adjust=False).mean()

df ["EMA_30"] = s.ewm(span=30, adjust=False) .mean()

print (df [[temp_col, "SMA_7", "EMA_7"]].head(15))

So sé&nh SMA va EMA trén chubdi nhiét dé (400 ngay dau)

25

20

15

10

Temp (original)
SMA 7
SMA 30
EMA 7
—— EMA 30

1981-01 1981-03 1981-05 1981-07 1981-09 1981-11 1982-01

5F—

Do thi chdng: Temp gdc, SMA_ 7, SMA_ 30, EMA 7, EMA_ 30 dé so sanh do mugt & do tré
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2.4. Kham pha xu huéng (Trend) va muia vu (Seasonality)

Y tuéng. Ding rolling dai han (vd. 365 ngiy) dé quan sit xu huéng; ding groupby theo
thang dé quan sat mua vu (climatology theo thang).

# Trend dai han: trung binh truot 365 ngay (xap xi 1 nam)
s.rolling(window=365, center=True, min_periods=1) .mean ()

df ["Trend_365"]

# Mua vu theo thang:

monthly_clim =

print (monthly_clim)

251

201

150N

10F

1981

1982 1983

Daily Min Temp + Long-term Trend (365-day SMA)

\

WAL
Tl L L

r‘ N -lnr\
us -

trung binh nhiet do theo thang trong nam
s.groupby(s.index.month) .mean () . round (2)

——— Original ‘i’emp
= 365-day Trend

Jan

Mar

i H i 1
1984 1985 1986 1987

Average Monthly Temperature (Seasonality)

|
1988

1989 1990 1991

Apr May Jun Jul Aug

Sep

Oct Nov

(1) @5 thi chudi gbc + Trend_ 365; (2) biéu dd cot trung binh theo 12 thang dé thiy seasonality

2.5. Tao dac trung du bao (Feature Engineering)

Nguyén tic thdi gian: tranh data leakage. Moi dic trung lag/rolling phai dung qud khit
dé du bao tuong lai.

# Lags: hom qua
df ["lag_1"] =
df ["lag_7"]
df ["lag_14"]

>

S.
.shift (7)
S.

S

tuan truoc
shift (1)

shift (14)

# Rolling features (7 ngay gan nhat)
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df ["roll_mean_7"] s.rolling(7) .mean ()
df ["roll_std_7"] = s.rolling(7).std()

# EMA nhu dac trung phan ung nhanh
df ["ema_7"] = s.ewm(span=7, adjust=False).mean()

# Seasonality flags
df ["month"] df . index.month
df ["dayofyear"] = df.index.dayofyear

print (df [[temp_col,"lag_1","lag _7","roll_mean_7","ema_7","month","dayofyear"]].head

(12))
)ajly minimum temperatu lag_1 lag_7 roll_mean_7 ema_7 month dayofyear
20.7 nan nan nan 20.7 1.0 1.0
17.9 20.7 nan nan 20.0 1.0 2.0
18.8 17.9 nan nan 19.7 1.0 3.0
14.6 18.8 nan nan 18.42 1.0 4.0
15.8 14.6 nan nan 17.77 1.0 5.0
15.8 15.8 nan nan 17.28 1.0 6.0
15.8 15.8 nan 17.06 16.91 1.0 7.0
17.4 15.8 20.7 16.59 17.03 1.0 8.0
21.8 17.4 17.9 17.14 18.22 1.0 9.0
20.0 21.8 18.8 17.31 18.67 1.0 10.0
16.2 20.0 14.6 17.54 18.05 1.0 11.0
133 16.2 15.8 17.19 16.86 1.0 12.0

Bang nh6 12 dong minh hoa cic dic trung da tao

2.6. Chia tap theo thdi gian & thiét 14p baseline

Ly do. Chudi thsi gian phai chia theo mdc thoi gian (khong xdo tron). Hai baseline phd bién:
Persistence (hom nay = hom qua) va SMA__7 (trung binh 7 ngay).

import numpy as np

# Chia 80% dau lam train, 20% cuoi lam test
split_time = int(len(df) * 0.8)
train, test = df.iloc[:split_time].copy(), df.iloc[split_time:].copy()

# Baseline 1: Persistence
test ["pred_persist"] = test["lag_1"] # du bao hom nay = hom qua

# Baseline 2: SMA_7 (duong trung binh 7 ngay gan nhat)
test["pred_sma7"] = test["roll_mean_7"]

# Ham danh gia
def mae(y, yhat): return np.mean(np.abs(y - yhat))
def rmse(y, yhat): return np.sqrt(np.mean((y - yhat)**x2))

y_true = test["Temp_fill_time"]

mae_p, rmse_p = mae(y_true, test["pred_persist"]), rmse(y_true, test["pred_persist"
n

mae_s7, rmse_s7 = mae(y_true, test["pred_sma7"]), rmse (y_true, test["pred_sma7"])

print ("Baseline-Persist MAE/RMSE:", round(mae_p,3), "/", round(rmse_p,3))

print ("Baseline-SMA7 MAE/RMSE:", round(mae_s7,3), "/", round(rmse_s7,3))
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Baseline MAE RMSE
Persistence 1.953 2.481
SMA_7 1759 2.237

Bang so sinh MAE/RMSE ctia 2 baseline

# Minh hoa truc quan tren tap test
y_true.plot(label="Actual (test)", alpha=0.55, linewidth=1.2)
label="Baseline: Persistence",
label="Baseline: SMA_7",

ax =
test["pred_persist"].plot (ax=ax,
test["pred_sma7"].plot (ax=ax,
ax.legend ()

linewidth=1.5)
linewidth=1.8)

20 .
\ }l | L\ ' }
| T M ) f ' {
=Y il W i
| Mi)p aly i .'k
| i I
A O LA M s N
I | ‘ | | ll i | A \ b
’ \ \ 1 | 'I'
57 ) r ]" Actual (test)
| —— Baseline: Persistence
ol —— Baseline: SMA_7
Jan Ar g ot gan  Apr o oct
1989 1990
Date

D6 thi: Actual vs. Baseline Persistence vs. Baseline SMA__7

2.7. Minh hoa: biéu @b dy bio/tham chiéu bing SMA
import matplotlib.pyplot as plt

# Ve toan chuoi voi duong SMA 7 ngay

ax = df ["Temp_fill_time"].plot(label="0Original", alpha=0.35,

df ["SMA_7"].plot (ax=ax, label="7-day SMA", linewidth=2.0)
plt.legend ()
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Daily Minimum Temperature with 7-day SMA

Original
25¢ —— 7-day SMA

= N
v o

=
o

Temperature

ot

(Y
'\9%3 '\9% '\9%6 '\9‘2’6 '\9‘2’,\ \9%% \9%q \990 \99\'
Date

L

TGN S

A9

Biéu dd du béo/tham chiéu v6i SMA; duong SMA mugt, thé hién xu huéng ngdn han

2.8. Téng két
( R
Tém tit: (1) ddt chi muc thai gian, (2) xit Iy thiéu bang interpolate hoiic f£fill/bfill,
(3) gidm nhiéu v6i SMA/EMA theo chu ky thuec té, (4) khdm ph4 trend/mua vu, (5) tao dic
trung lag/rolling, (6) chia theo thdi gian, (7) danh gid baseline bang MAE/RMSE.
Gdi ¥ m& rong: Thit TMA (trong sb tam gidc) dé mugt hon SMA, va cdc md hinh chuyén biét
(ARIMA/ETS, Prophet) khi can dy bdo ning cao.
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Phan 4: K¥ thuit nang cao trong truc quan héa dit liéu

Sau khi da lam chii cic thao tac tién xit Iy va phan tich dit liéu bang Pandas (Phan 3), budc tiép
theo dé bién nhitng con s6 khé khan thanh cdu chuyén tryc quan chinh 13 truc quan hoa.

Néu coi dit liéu 13 “nguyén liéu”, thi triuc quan héa chinh 1a “ngén ngit” gitp ching ta nhin ra xu
huwéng, so sianh mdi quan hé, va phat hién diéu bat thuwdng ma cic phép tinh thuan tiy
khé lam 16 ro.

Trong phan nay, ta sé di xa hon céc biéu dd co ban, kham pha ba huéng chinh:

+ Truc quan héa da bién (Multivariate Visualization): khi mot bi¢u d6 khong chi ké cau
chuyén ctia mot cot dit lidu, ma ctia cd nhiéu chiéu ciing lic (vi du bo dit liéu Iris).

« Phét hién bt thudng qua tryc quan héa (Anomaly Detection): khi mat ngudi chinh
1& “bo loc anomaly” dau tién va manh mé nhat.

« Tiy bién va két hop biéu dé: ghép nhiéu géc nhin vao mot canvas dé tao nén bitc tranh

dit liéu toan canh.

1. Tryc quan héa da bién véi Iris (Multivariate Visualization)
Bo dit liéu Iris gom 150 quan sat véi 4 dic trung dinh lugng:

o sepal_length, sepal_width (chiéu dai, rong dai hoa).

o petal_length, petal_width (chiéu dai, rong canh hoa).

o species (loai: setosa, versicolor, virginica).

Muc tiéu: khdm ph4 quan hé gitta cdc cap bién, su khac biét phan phdi theo species, va bic
tranh da bién téng thé.

Gdi y thyc hanh: vé6i dit liéu day (nhiéu diém chong) hiy dung alpha nhé, hexbin, hoic kde
dé tranh overplotting.

1.1. Chuén bi dit liéu & thiét lap phong cach

import pandas as pd
import seaborn as sns

;3 import matplotlib.pyplot as plt

4
5
6

3

# Tai Iris (2 cach: sklearn hoac CSV cua ban)
from sklearn.datasets import load_iris

7 iris_bunch = load_iris(as_frame=True)

iris = iris_bunch.frame.rename (columns={
"sepal length (cm)":"sepal_length",
"sepal width (cm)":"sepal_width",
"petal length (cm)":"petal_length",
"petal width (cm)":"petal_width",
"target":"species_id"

b

iris["species"] = iris["species_id"].map(dict(enumerate(iris_bunch.target_names)))
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Tuy chon hien thi
18 sns.set(context="notebook", style="whitegrid")
sepal_length sepal_width petal_length petal_width species_id species
5.1 3.5 1.4 0.2 0 setosa
4.9 3.0 1.4 0.2 0 setosa
4.7 3.2 1.3 0.2 0 setosa
4.6 3.1 1.5 0.2 0 setosa
5.0 3.6 1.4 0.2 0 setosa

Béng head () 5 dong dau ctia Iris (cdc cot da chuan hod tén).

1.2. Jointplot — phén tich tuong quan cip bién (kém phan b bién)

r

Khi dung jointplot:

 kind="scatter": phan tan co ban; thém alpha dé giam chdong diém.

e kind="kde": dudng ding mat do (contour), phu hgp xem cum; dep v6i £i11=True.

e kind="reg": hoi quy tuyén tinh kem CI; hitu ich khi kiém tra xu thé tuyén tinh.

1 #
2 g

7 #
5 g2

13 #
11 g3

1) Scatter + hue theo species

= sns.jointplot (
data=iris, x="sepal_length", y="sepal_width",
hue="species", kind="scatter", alpha=0.7, height=5

2) KDE (mat do) de thay cum ro rang

= sns.jointplot (
data=iris, x="petal_length", y="petal_width",
hue="species", kind="kde", fill=True, thresh=0.05,

3) Hoi quy tuyen tinh cho mot cap bien

= sns.jointplot(
data=iris, x="sepal_length", y="petal_length",
kind="reg", height=5
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m I
Joint Scatter: sepal_length vs sepal_width Joint KDE (contours): petal_length vs petal_width
4.5
species
X setosa 2.5
4.0 x  versicolor
x < % virginica
2.0 u
S35 ¢ S
° X XXX X o
2 x . 215 =
230 x S = ]
8 N ( L
X ’ Z,/
2.5
2.0 0.0
5 6 7 8 2 4 6
sepal_length petal_length

petal_length

sepal_length

a) Joint Scatter: sepal_length vs sepal_width theo species.
b) Joint KDE (contours): petal_length vs petal_width cho ting species.
c) Joint Regression: sepal_length vs petal_length (dudng hoi quy).

1.3. Stripplot, Swarmplot & Boxplot — so sdnh phin bd theo nhém

Chon biéu d6 phit hop:

 stripplot: thé hién ting diém; diing jitter=True, alpha<1i.
« swarmplot: sap xép diém tranh deé; dep nhung cham khi dit liéu rat 16n.

« boxplot: tém tit phan vi, median, outlier; bé chi tiét diém don 1é.

fig, axes = plt.subplots(l, 3, figsize=(13, 4), sharey=True)

1
3 sns.stripplot(data=iris, x="species", y="sepal_length",
| alpha=0.6, jitter=True, ax=axes[0])

5 axes [0].set_title("Stripplot")

7 sns.swarmplot (data=iris, x="species", y="sepal_length",
8 ax=axes[1])

9 axes[1].set_title("Swarmplot")

11 sns.boxplot(data=iris, x="species", y="sepal_length",
12 ax=axes [2])
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13 axes [2] .set_title("Boxplot")
14
15 plt.tight_layout ()

Stripplot Swarmplot Boxplot
8.0 5
- ..:l
7.5
. 4
1.0 - . . = P
£ e :!o e
2 6.5 % &2 o! 2o
@ . - o .!!: ..8..
—16.0 ..
g & . .g .I!: :!o
%55 . o o f#it
- .m. .
L ] .
08 # i 4 . —= 5
45 -o: 02
setosa versicolor virginica setosa versicolor virginica setosa versicolor virginica
species species species

Ba biéu db song song (strip, swarm, box) cho sepal_length theo species.

1.4. Violin & Boxen — hinh dang phan phdi & dudi day

Violinplot hién thi wéc lugng mat do kernel (KDE) theo chidu doc; boxenplot (letter-value
plot) cho chi tiét phan vi & dudi phan phdi, hitu ich khi can xem duoi day.

1 fig, axes = plt.subplots(l, 2, figsize=(12,4), sharey=True)
2 sns.violinplot(data=iris, x="species", y="petal_length",

3 inner="quartile", ax=axes[0])

4 axes[0].set_title("Violinplot petal_length")

¢ sns.boxenplot(data=iris, x="species", y="petal_length",
7 ax=axes [1])

¢ axes[1] .set_title("Boxenplot petal_length")

o plt.tight_layout ()

Violinplot petal_length Boxenplot petal_length

petal_length
B w

w
petal_length

g —

setosa versicolor virginica setosa versicolor virginica
species species

violinplot va boxenplot petal_length theo species.
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1.5. Pairplot & Heatmap — toan canh da bién

Pairplot tao luéi scatter/hist cho moi cip bién; heatmap cho ma tran tuong quan.
o Vi dit liéu day, dung diag_kind="kde", plot_kws={"alpha":0.6}.

o C6 thé chon tap bién con dé tap trung vao cip cé ¥ nghia.

# Pairplot cho 4 bien, to mau theo species

g = sns.pairplot(
data=iris,
vars=["sepal_length","sepal_width","petal_length","petal_width"],
hue="species", diag_kind="kde",
plot_kws={"alpha":0.7, "s":35}

# Heatmap tuong quan

corr = iris[["sepal_length","sepal_width","petal_length","petal_width"]].corr ()
ax = sns.heatmap(corr, annot=True, fmt=".2f", cmap="vlag", vmin=-1, vmax=1)
ax.set_title("Correlation Matrix")
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Pairplot Iris: 4 bién, phan biét theo species.
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Heatmap ma tran tuong quan.

1.6. FacetGrid & Subplots — so sanh theo nhiéu diéu kién

Facet chia nhd khong gian vé theo nhém (nhu species) dé so sanh canh nhau. Rat hitu ich
khi muén dit cdc phan phéi/cum tuong ting & cting mot ti 1é truc.

# FacetGrid: histogram phan phoi sepal_length theo species
g = sns.FacetGrid(iris, col="species", sharex=True, sharey=True, height=3)
g.map_dataframe(sns.histplot, x="sepal_length", bins=15, kde=True)

# Subplots tuy bien: 2x2 bon scatter khac nhau

fig,

sns

sns

sns.

sns

plt.

axes = plt.subplots(2, 2, figsize=(10,8), sharex=False, sharey=False)
.scatterplot(data=iris, x="sepal_length", y="sepal_width", hue="species", ax=axes
[0,01)
.scatterplot(data=iris, x="petal_length", y="petal_width", hue="species", ax=axes
[o,11)
scatterplot (data=iris, x="sepal_length", y="petal_length", hue="species", ax=axes

[1,01)

.scatterplot (data=iris, x="sepal_width", y="petal_width", hue="species", ax=axes

[1,1]1)
tight_layout ()

species = setosa species = versicolor species = virginica

Count

sepal_length sepal_length sepal_length

Histogram sepal_length theo species (FacetGrid).
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Scatterplot 2x2 cho cac cap bién Iris.

1.7. PCA 2D — “nén chiéu” dé truc quan hoi cum

PCA (Principal Component Analysis) gitip chiéu dit liéu 4 chiéu xudng 2D, vita gidm chiéu,
vita t6i da héa phuong sai theo truc méi, dé tric quan hod cum species.

from sklearn.decomposition import PCA

PCA(n_components=2, random_state=42)

X =

y = iris["species"].values
pca =

X2 = pca.fit_transform(X)
pca_df =

pd.DataFrame (X2,

pca_df ["species"] =y

ax =

columns=["PC1","PC2"])

sns.scatterplot (data=pca_df, x="PC1", y="PC2",

iris[["sepal_length","sepal_width","petal_length","petal_width"]].values

hue="species")

ax.set_title(£"PCA 2D (explained variance: {pca.explained_variance_ratio_.sum():.2f})"

)
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PCA 2D (explained variance: 0.98)
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scatter PCA 2D t6 mau theo species

1.8. Thyc hanh tét (Best practices) & meo trinh bay

Gé&n nhan day du: tiéu dé, truc, don vi; legend 16 rang (title ciia legend nén ngén).

e Tranh overplotting: dung alpha, markersize nho, hodac hexbin/kde.

So sanh cong bang: giit sharex/ sharey khi d#t nhiéu subplot canh nhau.

Ké chuyén: méi hinh nén tra 16i mot cau héi cu thé (vi du: “bién nao phéan tach loai tot
nhét?”).

2. Phat hién bit thudng qua tryc quan héa (Anomaly Detection)

Tiép theo, mdt trong nhitng wu thé 16n cla triuc quan héa dit lieu 1a kha ning phat hién nhanh
chéng céc quan sat bat thudng (outlier). Khi nhin vao biéu d6, mat ngusi thudng dé dang nhan
ra cac diém “lac 16ng” so véi xu thé hodc cum chinh ciia dit liu. Day chinh 1 tin hiéu quan trong
dé nha phan tich chid ¥ va dit cau hoi.
Viéc phét hién bat thudng (outlier detection) 1a budc quan trong, vi outlier c6 thé:

o LA 16i nhap liéu (vi du: g6 nham don vi ho#ic s6 4m khong hgp 1y).

o La céc quan sat hiém nhung c¢6 ¥ nghia (vi du: mot bénh nhan dic biét, hay mot loai hoa lai

hiém).
« Géay anh huéng manh dén théng ké va mo6 hinh (trung binh, hoi quy, PCA déu nhay cdm véi

outlier).

Tryuc quan héa 14 cong cu nhanh nhat dé phét hién bat thuong: bang mét thuong, ta cé thé nhan
ra diém “khac biét” ngay ca khi céc chi s6 théng ké chua thé hién 16.
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2.1. Boxplot — tim diém ndm ngoai khoang IQR

Boxplot hién thi median, phan vi Q1-Q3, va IQR (Interquartile Range). C4c diém nam ngoai
[Q1 - 1.5%IQR, Q3 + 1.5*IQR] dudc coi la outlier.

1 sns.boxplot(x="species", y="petal_length", data=iris)

Boxplot petal_length theo species (highlight outliers)
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setosa versicolor virginica
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=

boxplot petal_length, highlight outlier.
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Vi du: v6i loai wversicolor, c6 vai diém cao bat thuong so v6i cum chinh.

2.2. Scatterplot — nhéan dién diém léch cum

Scatterplot cho phép quan sit tuong quan hai chiéu. Céc diém ndm xa khoi ddm méy diém (cluster)
thuong la outlier.

1 sns.scatterplot(x="sepal_length", y="petal_width",
2 hue="species", data=iris)

Scatterplot sepal_length vs petal_width (highlight outl
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scatterplot sepal_length vs petal_width.

Mot s6 diém setosa c6 sepal_length bat thudng dai/rong hon cum chinh, c6 thé 1a outlier.
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2.3. Két hgp v6i PCA hoic Heatmap
Ngoai boxplot va scatter, ta con c6 thé dung:
« PCA 2D: truc quan hoéa dit liéu sau khi nén chiéu, diém léch cum hién ré.
« Heatmap tuong quan: phit hién bién nao cé mbi lién hé la, gdi ¥ nguyén nhan outlier.

Tém lai: triuc quan héa gitip phat hién bat thudng dé dang, sau d6 ta can quyét dinh: zi lyf outlier
(loai bé, Winsorize, hodc thay thé) hay git lai (néu outlier mang théng tin quan trong).

3. Tuy bién va két hgp nhiéu biéu dd

Trong thuc té, viéc truc quan héa dit liéu khong chi dimg lai & ting biéu do don 1é. Dé khai théac
t6i da thong tin, ta can két hop nhiéu loai biéu do khac nhau hodc tuy bién chiing sao cho phit hop
v6i muc dich phan tich.

3.1. Subplot nhiéu biéu dd trong ciung Figure

Y tuéng: Ding subplots() clia matplotlib dé tao ludi nhiéu truc (axes), sau d6 vé céc loai biéu
d6 khac nhau lén ting truc. Diéu nay gitip so sanh tric quan hai (hodc nhiéu) diic trung khac nhau
trong ciing mot khung hinh, thay vi phai mé nhiéu biéu do roi rac.

import matplotlib.pyplot as plt
fig, axes = plt.subplots(l, 2, figsize=(12,5))

# Boxplot: tom tat phan vi va outlier

sns.boxplot (x="species", y="sepal_length", data=iris, ax=axes[0])
axes [0] .set_title("Boxplot sepal_length")

# Violinplot: phan phoi muot va median

sns.violinplot (x="species", y="petal_length", data=iris, ax=axes[1])

axes[1].set_title("Violinplot petal_length")

plt.tight_layout ()

Boxplot sepal_length Violinplot petal_length
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setosa versicolor virginica setosa versicolor virginica
species species

subplot boxplot (sepal length) + violinplot (petal length).
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3.2. Overlay nhiéu 16p théng tin trén ciing biéu do

Y twdng: Nhiéu khi ta mudn bidu dd hién thi khong chi mot loai truc quan, ma két hop céc 16p
khac nhau (layering). Vi du: histogram dé thay phan phdi tong quan, két hgp thém rugplot dé hién
thi vi tr{ tiing quan sat gbc.

sns.histplot(iris["sepal_length"], kde=True, color="skyblue", bins=15)
sns.rugplot (iris["sepal_length"], color="black")
plt.title("Histogram + Rugplot sepal_length")

Histogram + Rugplot sepal_length

20
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Count

0 1 Y

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0
sepal_length (cm)

histogram + rugplot sepal_length (diu vach nhé dudi truc X).

3.3. Két hgp nhiéu yéu t6 thim my (Customization)
Ngoai viéc két hop nhiéu loai biéu do, ta con c6 thé tuy bién:
« Mau sac (palette, hue) dé phan biét nhém.
« Chu thich (legend, annotation) dé nhan manh outlier hosic cum quan trong.

« Kiéu déng (linewidth, marker, alpha) dé kiém soat truc quan.

Vi du:

ax = sns.scatterplot(data=iris, x="sepal_length", y="petal_length",
hue="species", style="species", s=60)

ax.axhline (5, 1ls="--", color="red", alpha=0.7)

ax.set_title("Scatter 8vi dudng tham é&chiu")

Két qua: Biéu do scatter khong chi phan biét 3 loai, ma con c6 dudng ngang (threshold) gitip
phén tich r6é hon.
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