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Chll’()'llg 1. Téng quan Vé khai phé dir liéll — Chapter 1. Introduction

to data mining

Muc tiéu chwong — Chapter objectives

* Phan bi¢t dir li€u, thong tin va tri thirc; phan bi¢t KDD vdéi khai pha dir li¢u va néu
nam budc cua qua trinh.
Distinguish data, information and knowledge; distinguish KDD from data mining and state
the five steps of the process.

« M6 ta sau pha CRISP-DM va 4p vao du 4n chim diém tin dung ctia Cong ty Tai chinh
TNHH Phu Sa.
Describe the six CRISP-DM phases and apply them to the credit scoring project of Phu Sa
Finance Company Limited.

« Xép mot cau hoi kinh doanh vao bai toan khai pha (phan 16p, hdi quy, phan cum, luat
két hop, bat thuong, chudi, vin ban) va kiéu hoc twong tng.
Place a business question under a mining problem (classification, regression, clustering,
association rules, anomalies, sequences, text) and the matching learning type.

* Poc bang dir liéu nho, dém, tinh ty 1¢ va chAm mot quy tic phan 16p don gian bang tay
va bang ma Python.
Read a small data table, count, compute rates and score a simple classification rule by hand
and in Python code.

* Phan bi¢t kho dir liéu, OLAP véi khai pha dir li¢u; néu thach thuc cua dy &an va cac
quy dinh vé dit liéu ca nhan, bi mat thong tin khach hang.
Tell a data warehouse and OLAP from data mining; state the challenges of a project and the
rules on personal data and customer information confidentiality.

1.1. Dix li€u, thong tin va tri thitxc — 1.1. Data, information and knowledge

Dir liéu (data) 1a gia tri ghi lai vé mot dbi twong hay mot su kién, chwa gin véi cau hoi
nao. Dong "KHO03, 34, Gido vién, Vang" trong bang khach hang cua Cong ty Tai chinh
TNHH Phua Sa (TP. Can Tho) 1a dit liéu. Thong tin (information) 1 dir liéu di duogc t6
chtrc va dat vao ngit canh dé tra 1oi mot cu hoi cy thé, chang han "12 khach hang, trong
d6 7 ngudi c6 nha". Tri thirc (knowledge) 1a mau hay quy luat rat ra tir nhiéu thong tin,
ding dugc dé quyét dinh cho trudng hop chua gip, chang han "hd so ¢6 lich st tin dung
T6t hiém khi thanh ng x4u". Ba cip nay la phian dudi ciia md hinh DIKW (data,
information, knowledge, wisdom). Khai phé dir liéu dung thuét toan dé di tir cap tht nhét
1én cép thir ba.

Data is a recorded value about an object or an event, not yet tied to any question. The row
"KHO03, 34, Teacher, Gold" in the customer table of Phu Sa Finance Company Limited (Can Tho
City) is data. Information is data that has been organised and placed in context to answer a
specific question, for example "12 customers, 7 of whom own a house". Knowledge is a pattern
or rule drawn from many pieces of information and usable for a decision on a case not yet seen,
for example "applications with a Good credit history rarely become bad debt". The three levels
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form the lower part of the DIKW model (data, information, knowledge, wisdom). Data mining
uses algorithms to climb from the first level to the third.

Pic di€ém

Feature

Vidu ¢ Phu Sa
Example at Phu Sa

Gia tri tho, chua c6 ngir canh, doc
mot minh chura tra 161 duoc cau hoi

Dt liéu .

Data nao
Raw value without context; read alone
it answers no question
Dit lidu da dém, téng hop, so sanh
dé tra 101 cau hoi "bao nhiéu, & dau,

Thong tin khi nao"

Information Data counted, summarised and
compared to answer "how many,
where, when"

Mau, quy luat hodc mé hinh khai
quat dugc cho dir liéu mai, dung dé

Tri thirc quyét dinh

Knowledge A pattern, rule or model that

generalises to new data and supports a
decision

Dong cuia KHO7: 45 tudi, kinh doanh tu
do, thiéu thu nhap

The row of KHO7: aged 45, self-employed,
income missing

7 trong 12 khach c6 nha (58,3%)
7 of 12 customers own a house (58.3%)

Lich str tin dung X4u di cing ty 18 no
xau 80%, lich sir Tot di ciing 0%

A Bad credit history goes with an 80% bad-
debt rate, a Good one with 0%

Mai sau doc 12 dong bang khach hang (dir kién dé bai rit gon con nim cot) va dém. Moi

dong in ra 1a mot mau thong tin.

The following code reads the 12 rows of the customer table (a problem statement reduced to five
columns) and counts. Each printed line is one piece of information.

from collections import Counter

khach = [
("KHO1"™, 25, 9,
("KHO2", 29, 12,
("KHO3", 34, 15,
("KHO4"™, 41, 22,
("KHO5", 23, 8,
("KHO6", 38, 18,

("KHO7", 45, None,

(

(

(

(

(

"Céng nhan", 0),

"Gido vién", 1),
"Kinh doanh ty do", 1),
"Céng nhan", 0),

"KHO8", 31, 14, "Gido vién", 0),
"KHOO", 27, 11,
"KH10", 36, 16,
"KH11", 50, 20,
120,

"Cébng nhéan", 1),
"Gido vién", 1),
"KH12", 47,
]
n = len (khach)
print ("sé khach:", n)
print ("Thiéu thu nhadp:",
for nghe, ¢ in Counter (k[3]
print (f" {nghe}: {c} khéch")
co nha = sum(k[4] for k in khach)
print (£"Cé nha: {co nha}/{n} =

[k[O]

for k in khach)
print ("Nhém tudi:", dict (tuoi))

"Nhdn vién v&n phoéong", 0),

"Nhdn vién v&n phoéong", 1),
"Kinh doanh tu do", 1),

"Nhdn vién v&n phoéong", 0),

"Kinh doanh tuy do", 1),

for k in khach if k[2]
for k in khach).items () :

tuoi = Counter ("<30" if k[1l] < 30 else "30-39"

# (ma, tudi, thu nhidp triéu/thang, nghé&, cé nha)

is None])

{co nha / n:.1%}")
if k[1] < 40 else ">=40"
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Két qua chay / Output

S6 khach: 12
Thiéu thu nhdp: ['KHO07']

Céng nhéan: 3 khéch

Nhdn vién vdan phong: 3 khéach

Gido vién: 3 khach

Kinh doanh tu do: 3 khéch
Cé nha: 7/12 = 58.3%
Nhém tudi: {'<30': 4, '30-39': 4, '>=40': 4}
Béang c6 12 khéach, mdt 6 thiéu (thu nhap cua KHO7), moi nghé 3 khach, 7 trén 12 khach
(58,3%) c6 nha, moi nhom tudi 4 khach. Cac con s6 md ta bang nhung chua giai thich vi
sao khach nay c6 nha con khéch kia thi khong; do 1a vi¢c cua cac budc sau.
The table has 12 customers, one missing cell (the income of KH07), 3 customers in each
occupation, 7 of 12 customers (58.3%) owning a house, and 4 customers in each age group. The
figures describe the table but do not explain why one customer owns a house and another does

not; that is the job of the later steps.

Bai miu 1. Tir thong tin dén quy tic — Worked example 1. From information to a rule

Dé bai: bang 14 hd so vay g6m lich st tin dung (Tét, XA4u, Chua c0) va nhan ng XAu (5
hd so ¢6 no xau). Tinh ty 1é ng xdu timg nhom, dé xut quy tic phan 16p ding mot thudc
tinh, tinh 6 chinh xac va so voi cach ludn doan 16p dong nhat.

Problem: a table of 14 loan applications with credit history (Good, Bad, None) and a bad-debt
label (5 applications with bad debt). Compute the bad-debt rate of each group, propose a

classification rule using one attribute, compute its accuracy and compare it with always
guessing the largest class.

# (lich su tin dung, ng xiu: 1 = cb) cua 14 hd so HSO01l d&én HS14

ho so = [("x&u", 1), ("Chuwa c6é6", 1), ("X&u", 1), ("Xau", 1),
("x&u", 1), ("X&u", 0), ("Tét", 0), ("Tét", 0),
("tét", 0), ("Tét", 0), ("Té6t", 0), ("Chua cé", 0),
("Chua cdé", 0), ("Chua cé", 0)]

nhom = {}
for 1ls, xau in ho_so:
n, x = nhom.get(ls, (0, 0))
nhom[ls] = (n + 1, X + xau)
for 1s, (n, x) in nhom.items() :
print (f"{1s:8s} hd so: {n}, no xau: {x}, ty 1l& {x / n:.0%}")
tong = sum(x for , x in nhom.values())
print (£"Chung {tong}/{len(ho so)} = {tong / len(ho so):.1%}")
dung = sum(max(x, n - x) for n, x in nhom.values())
print (f"Poan theo da sb cua nhém: {dung}/{len(ho so)}")
mac_dinh = max(tong, len(ho so) - tong)
print (f"Luén doadn 1lép déng nhét: {mac dinh}/{len (ho so)}")

Két qua chay / Output

X&u hd so: 5, no x&u: 4, ty 1é 80%
Chua cé hd so: 4, no x4u: 1, ty 1& 25%
Té6t hé so: 5, no x&u: 0, ty 1lé& 0%

Chung  5/14 = 35.7%
Poan theo da sb cua nhém: 12/14
Ludn dodn 1lép déng nhit: 9/14
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T 0 hd s o ; Poin
Nhom lich sw jo li(;asz(zim No xau Lop doan (da so0) ddin
History group L Bad debt Predicted class (majority) g

s Correct
Xau No xau

4 0 ' 4

Bad > 80% Bad debt
Chua c6 Khong no xau

4 1 259 ;
None 3% No bad debt 3
Tét 0 Khong no xiu
Good > 0 0% No bad debt >
Cong 14 5 35,7% 12
Total

1. Bém s hd so va sb hd so ng x4u cua tung nhom: Xau5va4, Chuaco4val, Tots
va 0. Téng 14 ho so, 5 ng x4u.
Count the applications and the bad-debt applications in each group: Bad 5 and 4, None 4
and 1, Good 5 and 0. In total 14 applications, 5 with bad debt.

2. Tinh ty 1€ tirng nhom: 4/5 = 80%, 1/4 = 25%, 0/5 = 0%. Ty 1€ chung 5/14 = 35,7%.
Compute each group's rate: 4/5 = 80%, 1/4 = 25%, 0/5 = 0%. The overall rate is 5/14 =
35.7%.

3. Lap quy tic: mdi nhom doan theo 16p chiém da s6. Nhém Xau doan ng x4u; hai nhom
con lai doan khong ng XAu.
Form the rule: each group is predicted as its majority class. The Bad group is predicted as
bad debt; the other two groups as no bad debt.

4. S6 o so doan dung 1a 4 + 3 + 5 =12 trén 14, do chinh xac 85,7%. Cach ludn doan
"khong no xau" (9 ho so) dang 9/14 = 64,3%.
The number of correct predictions is 4 + 3 + 5 = 12 out of 14, an accuracy of 85.7%.
Always guessing "no bad debt" (9 applications) is right 9/14 = 64.3% of the time.

100

80% (4/5)

fois}
(=]
1

(=)
(=}
L

B
(=1

1 Chung: 35,7%

25% (1/4)

Ty 1¢ hd so no xau (%)

20 1

0% (0/5)

Tét Chua c6 Xau
Lich st tin dung

Hinh 1.1. Ty 1& hd so no x4u theo lich st tin dung trong 14 ho so vay; dudng nét dut 1a ty 18
chung
Figure 1.1. Share of applications with bad debt by credit history among 14 loan applications; the dashed
line is the overall share
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Quy tic trén hon cach doan mic dinh 21,4 diém phén trim (85,7% so véi 64,3%). Mau
chi c6 14 ho so nén két luan nay méi 1a gia thuyét; Chuong 7 trinh bay cach kiém trén dit
liu chua dung dé lap quy tac.

The rule beats the default guess by 21.4 percentage points (85.7% against 64.3%). With only 14
applications this is still a hypothesis, Chapter 7 shows how to test it on data not used to build the
rule.

PHAI THUQC / MEMORISE — Dit liéu 12 gia trj tho. Thong tin la dit liéu da tong hop dé
tra 101 mot cau hoi. Tri thirc 1a mau hay quy luat dung dugc cho dir liéu méi va phai dugc
kiém trén dir liéu chwa dung khi l4p né.

Data is a raw value. Information is data summarised to answer a question. Knowledge is a pattern or
rule usable on new data, and it has to be tested on data not used to build it.

LOI HAY GAP / COMMON MISTAKE — Goi moi con s6 in ra 1a tri thire. "C6 12 khach"
va "tong du no 415 triéu dong" 1a thong tin; chi khi con s chuyén thanh quy tic ding cho
khach méi (vi du lich sir Tét thi it rti ro) va qua kiém tra thi méi 13 tri thirc.

Calling every printed number knowledge. "There are 12 customers" and "total debt 415 million dong'
are information; only when a figure becomes a rule for new customers (for example a Good history
means low risk) and passes a test is it knowledge.

’

1.2. Khai pha dir liéu va qua trinh KDD — 1.2. Data mining and the KDD process

Khai pha dit liéu (data mining) 13 qué trinh dung thuét toan dé tim mau va moé hinh c6 ich
trong tap dir liéu 16n, thay cho viéc nguoi phan tich tu néu ting gia thuyét roi kiém timg
cai. Tén goi dé gay hiéu nham: thir duoc khai pha 14 tri thirc ndm trong dir liéu, giéng nhu
khai thac vang tir quang. Kham pha tri thirc trong co s¢ dir liéu (knowledge discovery in
databases, KDD) 1a ca qué trinh tir dit liéu ngudn dén tri thire; khai pha dir liéu 1a budc
thir tur trong nam budc. Nhiéu tai liéu ding hai tén nhu nhau, nhung khi dé thi hoi phan
biét thi khai pha dir li€u chi 1a m¢t budc cua KDD.

Data mining is the process of using algorithms to find useful patterns and models in large data
sets, instead of the analyst stating each hypothesis and testing them one by one. The name is
misleading: what is mined is the knowledge lying in the data, as gold is mined from ore.
Knowledge discovery in databases (KDD) is the whole process from source data to knowledge;
data mining is the fourth of its five steps. Many texts use the two names interchangeably, but
when an exam asks for the difference, data mining is only one step of KDD.
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Di liéu
nguon

Dir li¢u
da chon

Dir li¢u
da sach

Dit liéu
da bién ddi

MAu,

mo hinh Tri thire

1. Chon
dir liéu

2. Lam sach,
tich hop

4. Khai pha

3. Bién dbi,
thu giam

dit ligu

5. Danh gia,
trinh bay

Két qua chwa dat thi quay lai cac budc trude

Hinh 1.2. Qua trinh KDD: sau dang dit liéu nbi nhau bang nim budc, budc thir tu 1 khai pha dix

liu

Figure 1.2. The KDD process. six forms of data joined by five steps, the fourth being data mining

Buéc

Step

1. Chon dir liéu
1. Select data

2. Lam sach,
tich hop
2. Clean,
integrate

3. Bién d6i, thu
giam

3. Transform,
reduce

4. Khai pha dir
liéu
4. Data mining

5. Danh gia,
trinh bay

5. Evaluate,
present

Viéc lam
What is done

Xac dinh bang, cdt, khoang thoi
gian lién quan dén bai toan

Identify the tables, columns and period
relevant to the problem

Xtr 1y gié tri thiéu, nhiéu, tring;
ghép nhidu nguon vé mot bang
Handle missing values, noise and
duplicates; merge several sources into
one table

Chuén hoa, roi rac hoa, tao thudce
tinh méi, giam s6 chiéu
Normalise, discretise, derive new
attributes, reduce dimensions

Chay thuat toan phan l6p, phan
cum, luat két hop dé tim mau

Run classification, clustering or
association algorithms to find patterns

Loai miu tim thuong, do d6 chinh
xac, trinh bay bang bang va hinh dé
nguoi ding quyét dinh

Discard trivial patterns, measure
accuracy, present with tables and
figures for the user to decide

Vidu ¢ Phu Sa
Example at Phu Sa

Léy thu nhap, nghé, hang thé, lich st
tra ng; bo cdt ghi chu tu do

Take income, occupation, card tier and
repayment history; drop the free-text note

Dién thu nhap thiéu cua KHO7; ghép
bang khach véi bang khoan vay theo
ma khach

Fill the missing income of KHO7; join the
customer and loan tables on customer
code

Tinh DTI (ng trén thu nhap); chia thu
nhép thanh ba muc

Compute DTI (debt over income), split
income into three levels

Duyng m hinh doan ng xau cho ho so
moi

Build a model that predicts bad debt for a
new application

Béo cdo cho khéi tin dung: ngudng
diém duy¢t, ty 1€ bd sot ng xau
Report to the credit division: the approval

score cut-off and the share of missed bad
debts

Mot mau tim duge chi co gia tri khi dat bon diéu kién: hop 1é trén dir liéu méi (valid),
chua biét trudc (novel), co thé dung vao viéc cu thé (potentially useful) va ngudi ding
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hiéu duoc (understandable). Quy tic "khach c6 khoan vay thi ¢ du no" hop 1é nhung
tam thuong, nén bi loai ¢ budce 5.

A pattern found has value only if it meets four conditions: valid on new data, not known
beforehand (novel), usable for a concrete task (potentially useful) and understandable to the
user. The rule "a customer with a loan has outstanding debt" is valid but trivial, so it is
discarded in step 5.

Khai pha dir liéu khéc truy van SQL (mdn Co s¢ dit lidu) & loai cau hoi. Truy vén tra 1oi
cau hoi nguoi dung da biét cach dién dat; khai pha tim diéu nguoi ding chua nghi téi dé
hoi. Cung mot bang khach hang, cau truy van sau dém sd khach va tong du ng theo hang
thé:

Data mining differs from an SOL query (the Databases course) in the kind of question. A query
answers a question the user can already phrase; mining finds what the user has not thought to

ask. On the same customer table, the following query counts customers and total debt by card
tier:

SELECT hang the, COUNT(*) AS so khach, SUM(du no) AS tong no
FROM khach hang
GROUP BY hang the;

Tiéu chi Truy vin SQL Théng ké mb ta Khai pha dir liéu
Criterion SOL query Descriptive statistics Data mining
Da biét, viét thanh Da biét, hoi vé dic Chua biét trude; thudt toan
Cau hoi diéu kién trung cua tap di liéu dé xuat miu
Question Known, written as a Known, about the features = Not known beforehand; the
condition of the data set algorithm proposes patterns

Céc dong hay s tong Quy tic, mo hinh, nhém,

Trung binh, d phan tan,

Két qua hop bidu dd diém dy doan
Result Rows or aggregate Rules, models, groups,
Means, spread, charts i
figures predicted scores
Vidu o Phit  Pém khach hang Thu nhap trung vi 15 Dy doan hd so méi co
Sa Vang triéu dong thanh ng x4u khong
Example at Count Gold-tier Median income 15 million = Predict whether a new
Phu Sa customers dong application becomes bad debt

M3 sau chay lai ca nim budc trén bang 12 khach ¢ thu nho: chon ba cot, lam sach bang
cach dién thu nhap thiéu bang trung vi, bién doi thu nhap thanh ba mtrc, rdi khai pha bang
cach dém khach c6 nha theo mirc.

The following code runs the five steps again on the 12-customer table in miniature: select three
columns, clean by filling the missing income with the median, transform income into three levels,
then mine by counting house owners per level.

import statistics

# (ma, thu nhdp triéu/thang, cé nha); KHO7 thiéu thu nhap

du lieu = [("KHO1", 9, 0), ("KHO2", 12, 0), ("KHO3", 15, 1),
("KHO4", 22, 1), ("KHO5", 8, 0), ("KHO6", 18, 1),
("KHO7", None, 1), ("KHO8", 14, 0), ("KHO9", 11, 0),
("KH10", 16, 1), ("KH11", 20, 1), ("KH12", 120, 1)]

# Lam sach: dién 6 thiéu bing trung vi cua céc 6 cé gid tri
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co gia tri = [t for , t, in du lieu if t is not None]
tv = statistics.median(co gia tri)
sach = [(m, tv if t is None else t, h) for m, t, h in du lieu]

# Bién ddi: roi rac héa thu nhadp thanh ba muc
def muc (t):
return "Thip" if t < 12 else "Trung binh" if t < 20 else "Cao"

# Khai pha: d&m khach cé nha theo mic thu nhép

dem = {}

for m, t, h in sach:
n, ¢ = dem.get (muc(t), (0, 0))
dem[muc(t)] = (n + 1, ¢ + h)

print ("Trung vi dung d& d&ién:", tv)
for k in ("Thip", "Trung binh", "Cao"):
n, ¢ = dem[k]
print (f"{k:10s} {n} khéach, {c} cé nha ({c / n:.0%})")

Két qua chay / Output

Trung vi dung d& dién: 15

Thép 3 khach, 0 cé nha (0%)
Trung binh 6 khéach, 4 cé nha (67%)
Cao 3 khéach, 3 cb6 nha (100%)

Trung vi ctia 11 thu nhap c6 gia tri 1 15 triéu dong, nén 6 thiéu cia KHO7 dugc dién 15.
Két qua cho mot mau c6 thé doc ra: ty 1& c6 nha ting theo muc thu nhap, 0 trén 3, 4 trén 6
(67%) va 3 trén 3. Vi 12 khach, day 1a goi y can kiém, chua phai két luan. Chuong 2 va
3 tinh tirng budc nay ky hon.

The median of the 11 observed incomes is 15 million dong, so the missing cell of KHO7 is filled
with 15. The run yields a readable pattern: the house-ownership rate rises with the income level,
0of 3, 40f 6 (67%) and 3 of 3. With 12 customers this is a lead to be tested, not a conclusion.
Chapters 2 and 3 work through each of these steps in more detail.

PHAI THUQC / MEMORISE — KDD la ca qua trinh nim budc; khai pha di liéu 1a budc
thir tr. Mau c6 gié tri khi hop 18, méi, hiru ich va hiéu duoc.

KDD is the whole five-step process; data mining is the fourth step. A pattern has value when it is
valid, novel, useful and understandable.

LOI HAY GAP / COMMON MISTAKE — Viét "khai ph4 dit liéu gdm 1am sach, chon,
bién d6i va tim mau". D6 1a md ta KDD. Khai ph4 dit liéu theo nghia hep chi 1a budc chay
thuat toan tim mau; cac bude con lai 1a chuan bi va danh gia.

Writing "data mining consists of cleaning, selecting, transforming and finding patterns". That
describes KDD. Data mining in the narrow sense is only the step that runs the pattern-finding
algorithm, the other steps are preparation and evaluation.

1.3. CRISP-DM va du 4n cham diém tin dung ciia Phii Sa — 1.3. CRISP-DM

and Phu Sa's credit scoring project

CRISP-DM (Cross-Industry Standard Process for Data Mining) 1a quy trinh chudn cho du
an khai pha dir liéu, gdm sau pha xép thanh vong. Khac véi KDD ta ludng bién ddi cua
dit liéu, CRISP-DM ta viéc ctia nhom du 4n va nhan manh nghiép vu & dau va cubi vong.
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Vong lap 1a chu y: gap dir liéu khong du thi quay lai pha hiéu nghiép vu dé doi muc tiéu,
m6 hinh chua dat thi quay lai pha chuan bi dit liéu.

CRISP-DM (Cross-Industry Standard Process for Data Mining) is the standard process for a
data mining project, with six phases arranged in a cycle. Where KDD describes how the data is
transformed, CRISP-DM describes the work of the project team and puts the business at both the
start and the end of the cycle. The loop is deliberate: when the data turns out to be insufficient
the team returns to business understanding to change the goal, and when a model falls short it
returns to data preparation.

1. Hiéu nghiép vu
Business understanding

6. Trién khai 2. Hiéu dir ligu
Deployment Data understanding

4. Mé hinh héa
Modelling

Hinh 1.3. Vong CRISP-DM: sau pha quanh dit liéu, c6 thé quay lai pha trudc
Figure 1.3. The CRISP-DM cycle: six phases around the data, with the option to return to an earlier

5. Déinh gid 3. Chuéin bi dir ligu
Evaluation Data preparation

phase

Ap vao Phu Sa: khéi dir liéu do giam doc Pham Thu Ha phu trach xdy mo hinh cham
diém tin dung cho khoan vay tién mat trén tng dung "Phua Sa". Chuyén vién phan tich Bd
Quang Huy dung bang dit liéu va chay mé hinh; thyc tap sinh Lé Ngoc Tram kiém ddi
chiéu nhin no xau véi s6 thu hdi no. Bang sau ghi viéc cua tig pha.

Applied to Phu Sa: the data division led by director Pham Thu Ha builds a credit scoring model
for cash loans on the "Phu Sa" mobile app. Analyst Po Quang Huy builds the data table and

runs the models; intern Lé Ngoc Tram checks the bad-debt labels against the collections ledger.
The table records the work of each phase.

Chuon

Pha Viéc chinh O Phui Sa

Phase Main tasks At Phu Sa 8
Chapter

Néu muc tiéu kinh doanh,
1. Hiéu nghiép  tiéu chi thanh cong, rang  Giam so khoén vay thanh no xau ma

vu budc khong tir chdi nhiéu khéch t6t 19

1. Business State the business goal, Reduce loans turning into bad debt ’

understanding success criteria and without rejecting many good customers
constraints
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Pha

Phase

2. Hiéu dit liéu

Viéc chinh

Main tasks

Thu thip, mé ta, soat chét
luong dir li¢u

O Phu Sa
At Phu Sa

Théng ké thu nhap, du ng; phat hién
thu nhap thiéu va ngoai lai

Chuon

g

Chapter

2. Data . Collect, describe and check  Summarise income and debt; find 2
understanding ) o ]

the quality of the data missing incomes and outliers

Lam sach, tich hop, bién
3. Chuan bidir  ddi, chon thudc tinh, chia  Dién thu nhap thiéu, tinh DTI, chuin
liéu tap huan luyén va kiém tra  hoa, chia tip hd so 3
3. Data Clean, integrate, transform, Fill missing income, compute DTI,
preparation select attributes, split into normalise, split the applications

training and test sets

Chon k¥ thuat, dung va Cay quyét dinh, Naive Bayes, kNN,
4. Mb hinh héa  diéu chinh mé hinh hoi quy logistic 5
4. Modelling Choose techniques, build Decision tree, Naive Bayes, kNN, logistic =~

and tune models regression

Do mo hinh trén tap kiém

tra, d6i chiéu véi tiéu chi ~ Ma tran nhdm 13n, ROC, chi phi bo
5. Danh gia nghiép vu sOt ng xau 7
5. Evaluation Measure the model on the Confusion matrix, ROC, cost of missed

test set and compare with the = bad debt

business criteria

Pua mo hinh vao hé

thorAlg, g'1amAsat, I}uanl Cham diém ho so trén ung dung, theo
6. Trién khai igten laf, AR PRAD. | o0 45 én dinh didm theo thang .

6. Deployment

Put the model into the
system, monitor it, retrain it,
comply with the law

Score applications in the app and track
score stability month by month

Chia dit liéu thudc pha 3 va phai lam trude khi dung mé hinh: mé hinh hoc trén tap huan
luyén va chi duoc cham diém trén tap kiém tra ma n6 chua thidy. Ma sau chia 14 ho so
vay thanh tap kiém tra 4 hd so bang bd sinh sé ngiu nhién c6 hat giéng 2026, nén lan
chay nao ciing ra cung két qua.

Splitting the data belongs to phase 3 and must be done before the model is built: the model
learns on the training set and is scored only on a test set it has not seen. The following code
splits the 14 loan applications into a test set of 4 using a random generator with seed 2026, so
every run gives the same result.
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import random

ma = [f"HS{i:02d}" for i in range(l, 15)]

nhan = dict(zip(ma, [1] * 5 + [0] * 9)) # 1 = ng xau
rng = random.Random (2026)

kiem tra = sorted(rng.sample (ma, 4))

huan luyen = [m for m in ma if m not in kiem tra]

print ("Kiém tra:", kiem tra)

print ("Huén luyén:", len(huan luyen), "hd so")

for ten, tap in (("huin luyén", huan luyen), ("kiém tra", kiem tra)):
xau = sum(nhan[m] for m in tap)

print (f"No x&u trong tap {ten}: {xau}/{len(tap)}")

Két qua chay / Output

Kiém tra: ['HS02', 'HS06', 'HS09', 'HS12']

Hudn luyén: 10 hd so

No x&u trong tap hudn luyén: 4/10

No x&u trong tap kiém tra: 1/4
Tap kiém tra gdm HS02, HS06, HS09 va HS12; tap huan luyén c6 10 hd so. S6 ho so ng
xXau 1a 4 trong tap huin luyén va 1 trong tap kiém tra, cong lai da 5. Véi tap nhd nhu vay,
phép chia ngiu nhién c6 thé 1am 1éch ty 1& 16p giita hai tap; Chuong 3 va 7 trinh bay cach
chia phan tang.
The test set holds HS02, HS06, HS09 and HSI12; the training set has 10 applications. Bad-debt
applications number 4 in the training set and 1 in the test set, adding up to 5. With a set this
small a random split can skew the class ratio between the two sets; Chapters 3 and 7 show
stratified splitting.

PHAI THUQC / MEMORISE — Sau pha CRISP-DM theo thit tu: hiéu nghiép vu, hiéu dir
lidu, chudn bi dir liéu, mé hinh hoa, danh gia, trién khai. Qua trinh lip, khong di mot chiéu.
The six CRISP-DM phases in order: business understanding, data understanding, data preparation,
modelling, evaluation, deployment. The process iterates, it does not run in one direction.

LOI HAY GAP / COMMON MISTAKE — Vo thing mé hinh hoa ma chua c6 tiéu chi

thanh cong. Khi chua néi "tot" nghia 13 gi (giam bao nhiéu ng x4u, bo sét téi da bao nhiéu),
khong thé quyét dinh mo hinh nao dat & pha dénh gia.

Jumping into modelling without a success criterion. Until "good" has been defined (how much bad

debt is to be cut, how many misses are tolerable), the evaluation phase cannot decide which model

passes.

1.4. Nhiém vu mo ta, nhiém vu du doan va cac bai toan khai pha — 7.4

Descriptive and predictive tasks and the mining problems

Nhiém vu khai pha chia 1am hai nhom. Nhiém vu mo ta (descriptive) tim dac trung chung
ctia dir liéu hién c6: cac nhoém khach gidng nhau, cac san pham hay mua cing nhau, diém
khac thuong. Nhiém vu du doan (predictive) ding dir liéu da biét két qua dé suy ra gia tri
chua biét cua dir liéu mai: khach nay co tra no dung han khong, du ng thang sau 1a bao
nhiéu. Bang sau xép bay bai toan thuong gip theo cau hoi kinh doanh; thuat toan trong
c¢ot bon dugc trinh by ¢ cac chuong ghi cot cudi.

Mining tasks fall into two groups. Descriptive tasks find general features of the existing data:
groups of similar customers, products bought together, unusual points. Predictive tasks use data
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with known outcomes to infer the unknown value for new data: whether this customer will repay
on time, what next month's outstanding debt will be. The table sets out seven common problems
by business question, the algorithms in column four are covered in the chapters named in the
last column.

Cau héi kinh
doanh
Business
question

Ho6 so nay co
thanh no xau

Bai toan
Problem

Thuét toan tiéu

biéu
Typical algorithms

Cay quyét dinh,
Naive Bayes,

Vidu ¢ Phu Sa
Example at Phu Sa

Poan nhan To6t hoac Xau

khéng? Phanlép kNN, hdi qu A y
W?;;f . Classi ;32” lowisti quy cho ho so vay méi 5.6
! ) lS, . i 0g1§ .lc Predict the label Good or Bad ’
application ion Decision tree, .
for a new loan application
become bad Naive Bayes, kNN,
debt? logistic regression
Du no thang Du bao du ng toan cong ty
sau la bao Ho6i quy  HOoi quy tuyén cho thang 10/2026
nhiéu? Regressio  tinh Forecast the company's 6
What will next n Linear regression  outstanding debt for October
month's debt be? 2026
Khéch ndo k-means, phan
gibng khach ; P Chia khéch theo sé giao dich
R N cap, DBSCAN e en
nao? Phéan cum va chi tiéu
. . k-means, 8
Which customers = Clustering . . Group customers by
bl ; hierarchical, ) . J di
resemble eac DBSCAN ransactions and spending
other?
San phdm nao Khach tra gop xe may déu
hay mua cung Luatket  Apriori, FP- mua kém bao hiém khoan
nhau? hop growth vay (3 trén 3 giao dich) 4
Which products ~ Associatio  Apriori, FP- Every motorbike instalment
are bought n rules growth customer also buys loan
together? insurance (3 of 3 transactions)
Giao dich thé 4.200 nghin
. . . A z-score, IQR, N . ) ..
Giao dichnao  Phat hi¢n \ , dong gitra cac giao dich vai
| . . khoang céch, - .
khac thuong? bat . . tram nghin
. \ isolation forest .
Which thuong 10R A card transaction of 4,200 9
Lo z-score, :
transaction is Anomaly . - . thousand dong among
) distance, isolation ) :
unusual? detection transactions of a few hundred

forest

thousand
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Cau hoi kinh
doanh

Thuét toan tiéu

Bai toan Vi du & Phu Sa

biéu ,
Business Problem ) ) Example at Phu Sa
. Typical algorithms

question
Khéch thuong
dung san phim ., T VPP G
th gth ) tﬂ Khai pha Vay tién mdt, o1 thé, ro1 bao

€0 thu X X A . R

s o ) chuoi Mau tuan tu hiém
nao: .

Sequence  Sequential patterns =~ Cash loan, then card, then
In what order do . .
mining insurance

customers take
products?
Khach néi gi vé ,

) g . ., TF-IDF, cosine, , Yy A A~ A
dich vu? Khai pha N Nhom phan hoi ve 1ai suat

’ ; e . phan tich cam o
What do van ban il va thu tuc 9
customers say Text . Group feedback about interest

L. TF-IDF, cosine,
about the mining ) ) rates and procedures
o sentiment analysis

service:

Hai bai toan dau 1a dy dodn, nim bai toan sau 1a mo ta. Phan 16p va hdi quy gidng nhau &
chd can dir liu da c6 dap an; chiing khac nhau ¢ kiéu dap an: phan 16p tra vé mot nhan
101 rac, hoi quy tra vé mot s lién tuc. Phan 16p va phan cum thudng bi nham vi két qua
clia ca hai déu 1a cac nhom.

The first two problems are predictive and the other five are descriptive. Classification and
regression are alike in needing data with known answers, they differ in the kind of answer:
classification returns a discrete label, regression a continuous number. Classification and
clustering are often confused because both produce groups.

Phan cum
Clustering

Tiéu chi
Criterion

Phén 16p

Classification

Co, moi dong huan luyén c6 nhan

Nhin c6 sin
Labels given

Hoc theo kiéu
Learning type

Piu ra
Output

Vidu ¢ Phu Sa
Example at Phu
Sa

Tét hodc Xau
Yes, each training row has the label
Good or Bad

Co gidm sat

Supervised

Nhin cho dong méi; c6 thé do ding
hay sai

A label for a new row; right or wrong
can be measured

H6 so vay méi 1a Tt hay Xau
Is a new loan application Good or Bad

Khong, nhém do thuat toan tao ra
No, the groups are created by the
algorithm

Khong giam sat

Unsupervised

Phan hoach dir liéu thanh cum; chét
luong do gian tiép

A partition of the data into clusters;
quality measured indirectly

Chia khach theo murc giao dich va chi
tiéu rdi dat tén nhom

Group customers by activity and
spending, then name the groups
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PHAI THUQC / MEMORISE — Phén 16p va hdi quy can nhén (c6 giam sat), mot tra nhan
roi rac, mot tra s6. Phan cum, luat két hop, phat hi¢n bAt thuong khong cAn nhin.
Classification and regression need labels (supervised), one returning a discrete label and the other a
number. Clustering, association rules and anomaly detection need no labels.

LOI HAY GAP / COMMON MISTAKE — Dung phan 16p khi chua c6 nhan. Néu Pht Sa
chwa ghi nhan khoan vay nao 14 ng xau hay khong, khong c6 dit liéu huan luyén dé phan 16p;
viéc dau tién 1a dinh nghia va gin nhén, hodc ding phan cum dé kham pha.

Using classification when no labels exist. If Phu Sa has not recorded which loans became bad debt,
there is no training data for classification, the first job is to define and attach the labels, or to use
clustering to explore.

1.5. Hoc ¢06 giam sat, khong giam sat va ban giam sat — 1.5. Supervised,

unsupervised and semi-supervised learning

Céch thuat toan hoc phu thudc vao viéc dir liéu c6 nhan hay khong. Hoc c6 gidm sat
(supervised learning) dung cac dong di biét dap an, goi 1a nhan, dé hoc quy tic tir thude
tinh ra nhan; phan 16p va hdi quy thuéc nhém nay. Hoc khong giam sat (unsupervised
learning) chi c6 thude tinh, khong c6 nhan, va tim cAu tric trong dir li¢u: phan cum, luat
két hop, phat hién bat thudng. Hoc ban giam sat (semi-supervised learning) dung mot
phan nhé dong c6 nhin cing nhidu dong chua cé nhan.

How an algorithm learns depends on whether the data is labelled. Supervised learning uses rows
with a known answer, called the label, to learn a rule from attributes to label; classification and
regression belong here. Unsupervised learning has attributes only, no labels, and looks for

Structure in the data: clustering, association rules, anomaly detection. Semi-supervised learning
uses a small share of labelled rows together with many unlabelled ones.

Phu Sa gap cé ba tinh huéng. HO so vay da ddo han c6 nhan Tét hodc Xau, du dé hoc co
giam sat. Dit liéu giao dich thé khong c6 nhan gian 1an sin nén phai dung phuong phap
khong giam sat dé tim giao dich khac thuong. Khoan vay vira giai ngan chua biét s&
thanh no xau hay khong, nén 1a dong chua c6 nhan; khi nhin khan hiém va viéc gin nhan
tdn cong, hoc ban gidm sat tdn dung ca hai loai dong.

Phu Sa meets all three situations. Loan applications that have matured carry the label Good or
Bad, enough for supervised learning. Card transaction data has no ready-made fraud label, so
unsupervised methods are needed to find unusual transactions. A loan just disbursed is not yet

known to become bad debt, so it is an unlabelled row,; when labels are scarce and costly to
attach, semi-supervised learning makes use of both kinds of rows.

Tiéu chi C6 giam sat Khong giam sat Ban giam sat

Criterion Supervised Unsupervised Semi-supervised

it dong c6 nhin, nhiéu dong
khong

Few rows labelled, many not

D1t liéu Moi dong c6 nhan Khong c6 nhan
Data Every row labelled No labels
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Tiéu chi C6 giam sat Khong giam sat Ban giam sat

Criterion Supervised Unsupervised Semi-supervised

Doéan nhan cho dong  Tim nhém, quy ludt, Poan nhan, dung cAu trac cua

Muc tiéu moi diém la dong chua nhan

Goal Predict the label of a Find groups, rules, odd = Predict labels, using the structure
new row points of unlabelled rows
Cay quyét dinh, k-means, Apriori,

Thuat toan kNN, hdi quy DBSCAN Tu gén nhén, lan truyén nhan

Algorithms Decision tree, kNN, k-means, Apriori, Self-training, label propagation
regression DBSCAN

Vidu 6 Pht  Poan no xau tir hd E;EE l\(llil?g;;hzzg Kl}oén vay chua du ky han dé

Sa so da dao han biét nhan

Example at Predict bad debt from dung Loans too young for the label to be

- . Group customers by
Phu Sa matured applications known

app behaviour

Vi du nho nhét ctia hoc c6 giam sat 14 quy tic mot ngudng. Mudi hd so cia bo dir lidu ¢
Chuong 6 ¢6 thu nhap, ty 1& no trén thu nhap (DTI, tinh bang phan trim) va nhan Tét hay
X4u. Quy tac: DTI 16n hon 40 thi doan Xau, ngugc lai doan Tét. M3 sau 4p quy tic cho
ca mudi ho so, dém bén 6 cta bang ding sai va so v6i cach ludn doan 16p déng nhat.

The smallest example of supervised learning is a one-threshold rule. The ten applications of the
Chapter 6 data set carry income, debt-to-income ratio (DTI, in percent) and the label Good or
Bad. The rule: DTI above 40 means predict Bad, otherwise predict Good. The following code
applies the rule to all ten, counts the four cells of the right-and-wrong table and compares with
always guessing the largest class.

Bai miu 2. Cham quy tic ngwong DTI trén 40 — Worked example 2. Scoring the rule
DTI above 40

# (md&, thu nhdp triéu/théang, DTI %, nhan théat)
td = [("TDO1", 9, 52, "X&u"), ("TDO2", 11, 46, "X&u"),
("TDO3", 14, 40, "Tét"), ("TD04", 16, 30, "Tb6t"
("TDO5", 20, 25, "Tét™), ("TDO6", 26, 18, "Tbt"
("TDO7", 13, 44, "X&u"), ("TDO8", 18, 38, "X&u"
("TDO9", 22, 33, "Tét™), ("TD1O", 10, 35, "Tbt"

def quy tac(dti):
return "X&u" if dti > 40 else "T6t"

bang = {"'

dung = 0

for ma, thu, dti, that in td:
doan = quy tac(dti)

'TP": 0, "FN": 0, "FP": 0, "TN": 0}

dung += doan == that
if that == "X4u":
bang["TP" if doan == "X&u" else "FN"] += 1
else:
bang["FP" if doan == "X&u" else "TN"] += 1
if doan != that:
print ("Sai:", ma, "DTI", dti, "doan", doan, "that", that)
print (bang)
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Sai: TDOS8
{'Tp': 3,
Pung 9/10
Ludén doéan

nhan = [x

print (£"Pang {dung}/{len (td) }
[3] for x in td]
print ("Ludén doan T&t:",

Két qua chay / Output

= {dung / len(td):.0%}")

nhan.count ("Té6t") / len(td))

DTI 38 doan T6t that Xiu
1, 'FP': 0, 'TIN': 6}

'FN':
= 90°

Tot:

Ma ° Nhan that Quy tic doan Két qua
Xéu X4u

™2 46 P 3‘;2%
™G 40 o o Dine
w0 o pine
wos 25 1 o Dine
™S 18 o o R
w7 @ P Dine
TDO8 38 Z(j;'l giid sViiong
™ 33 o o Dine
o3 o pine

1. Vi timg hd so so DTI v6i 40: TDO1 (52), TD02 (46) va TDO7 (44) 16n hon 40 nén bi
doan Xau; bay hd so con lai bi doan Tt (TD03 c6 DTI dtng bang 40, khong 16n

hon).

For each application compare DTI with 40: TDO01 (52), TD02 (46) and TDO07 (44) exceed 40
and are predicted Bad, the other seven are predicted Good (TD03 has a DTI of exactly 40,
not above it).

2. So véi nhan that: ba hd so bi doan Xau déu that sy X4u; sau hd so Tt déu duge doan
Tét; riéng TDOS (DTI 38) that sy Xau nhung bi doan Tot.
Compared with the actual labels: the three predicted Bad are all truly Bad; all six Good
applications are predicted Good, only TDOS (DTI 38) is truly Bad but predicted Good.
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3. Goi X4u 14 16p can tim: TP = 3 (doan Xau, that X4u), FN = 1 (doan Tét, that X4u), FP
=0 (doan Xau, that Tét), TN = 6.
Take Bad as the class to find: TP = 3 (predicted Bad, truly Bad), FN = I (predicted Good,
truly Bad), FP = 0 (predicted Bad, truly Good), TN = 6.

4. P06 chinh xac = (TP + TN) / 10 = (3 + 6) / 10 = 90%. Céach ludn doan Tt ding 6/10 =
60% (dung 0,6 trong két qua chay). Quy tac hon 30 diém phan trim.
Accuracy = (TP + TN) /10 = (3 + 6) / 10 = 90%. Always guessing Good is right 6/10 =
60% (0.6 in the run output). The rule is ahead by 30 percentage points.

DTI (%)

551

50 A

45

40 1

354

30 A

25 A

20 A

15 1

Vung doan Xau

TDO06

@ T5t(6)
B Xu® ¢

7,5 10,0 12,5 150 17,5 20,0 225 250 275
Thu nhép (triéu dong/thang)

Hinh 1.4. Mudi hd so theo thu nhap va DTL; ving t6 13 noi quy tic doan Xau, TDOS 14 ho so

XAu bi sot

Figure 1.4. Ten applications by income and DTI; the shaded area is where the rule predicts Bad, and

TDOS is the Bad application the rule misses

Po chinh xac 90% do trén chinh muoi hd so dung dé chon ngudng, nén lac quan.
Ngudng 36 ciing cho 90% trén muoi hd so nay (boé s6t 0 hd so Xau nhung doan nhim
TDO03), tirc dit liéu chua du dé phan biét hai ngudng. Chuong 6 va 7 trinh bay cach chon
ngudng va do trén tap kiém tra tach riéng.

The 90% accuracy is measured on the same ten applications used to choose the threshold, so it
is optimistic. A threshold of 36 also gives 90% on these ten (missing no Bad application but
misjudging TD03), so the data cannot separate the two thresholds. Chapters 6 and 7 show how
to choose a threshold and measure on a separate test set.

PHAI THUQC / MEMORISE — C6 giam sat: ¢6 nhan, hoc anh xa tir thudc tinh ra nhan.
Khong giam sat: khong nhén, tim c4u trac. Ban giam sat: it nhan, nhiéu dong chuwa nhén.
Supervised: labels exist, learn the mapping from attributes to label. Unsupervised: no labels, find

structure. Semi-supervised: few labels, many unlabelled rows.

LOI HAY GAP / COMMON MISTAKE — B4o d6 chinh xac do trén chinh dir liéu da
dung dé chon ngudng hay dung mé hinh. Con s6 90% & trén chi n6i quy tic khop véi mudi

Tai
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hd so; kha ning doan hd so méi phai do trén tap kiém tra.

Reporting accuracy measured on the same data used to choose the threshold or build the model. The
90% above says only that the rule fits the ten applications, the ability to predict new applications must
be measured on a test set.

1.6. Cac loai dir liéu dwoc khai pha — 1.6. Types of data that are mined

Dit liéu c6 ciu trac (structured) nam trong bang cd cot va kiéu cd dinh; dit liéu ban cau
truc (semi-structured) nhu JSON, XML c6 thé nhung d6 dai va thu tu thay ddi; dir liéu
phi céu tric (unstructured) nhu vin ban ty do, anh, 4m thanh khong c6 khung sin. Theo
cach t6 chire, nam loai sau gap nhiéu trong khai pha dir li¢u tai chinh.

Structured data sits in tables with fixed columns and types; semi-structured data such as JSON
and XML has tags but variable length and order, unstructured data such as free text, images and
audio has no ready frame. By how it is organised, the following five types are common in
financial data mining.

Chuon

g
Chapter

Cich tb chire

Vidu ¢ Phu Sa
Example at Phu Sa

Bai toan hay dung

Organisation Typical problem

Moi dong 1a mot

Bing quan  dbi twong, mdi c6t  Bang 12 khach hang; 14 Phan 16p, phan cum,
hé la moét thudce tinh ho so vay hoi quy > dén 8
Relational Each row an object, = The 12-customer table; the = Classification, clustering,
table each column an 14 loan applications regression
attribute
Moi ban ghi 1a mot . . X .
) g . " 10 giao dich, moi giao
1Em s Gl iy dich 1a cac san pham
Giaodich  nhau en e P Luat két hop
. , khach dung o 4
Transaction | Each record is a set - Association rules
) . 10 transactions, each the
of items occurring
products a customer uses
together
Gid tri do 1dp theo  Du ng cudi thang tir s s
X R p ’ . & Du bao, phat hién bat
Chuoi thoi  thir ty thoi gian 10/2025 dén 9/2026 thuromn
gian Values measured Month-end debt from g . 6,9
. . L Forecasting, anomaly
Time series repeatedly in time October 2025 to detection
order September 2026
Chudi tir, cantach .. 5. . ..
. , Bon phan hoi cua khach . e
tlr va vecto héa N ims At Phén nhém, tim tuong
. 1. v€ 1ai suat va thu tuc , )
Vin ban Sequences of words, tu, cam xuc
. Four customer comments . o
Text requiring Grouping, similarity,

tokenisation and
vectorisation

on interest rates and
procedures

sentiment
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T S Lo Ne o . Chuon
Cach to chire Vidu ¢ Phu Sa Bai toan hay dung
Organisation Example at Phu Sa Typical problem g
Chapter
. Hai khéch cung dan
Dinh la thyc thé, | clacn eune Sane e
. . nhap tir mot thiét bi la Phat hién gian lan, lan
g canh la quan hé . z. N
Do thi . hai dinh ndi nhau truyén rii ro
Nodes are entities, o i ) 9
Graph J Two customers logging in | Fraud detection, risk
edges are
& . . from one device are two propagation
relationships .
linked nodes

Giao dich va chudi thoi gian ¢6 ma chay ngay ¢ day. Di lidu giao dich ghi mdi lan khach
mua g6i san pham; ma sau dém tan suat timg san pham trong 10 giao dich (BH: bao hiém
khoan vay; TD: thé tin dung; VM: vay tién mit; DM: tra gop dién may; XM: tra gop xe
may).

Transactions and time series have code that runs here. Transaction data records each time a
customer takes a bundle of products; the following code counts how often each product appears
in 10 transactions (BH: loan insurance; TD: credit card; VM: cash loan;, DM: electronics
instalment; XM: motorbike instalment).

from collections import Counter

giao dich = [
{"TD", "vM", "BH"}, {"TD", "BH"}, {"VM", "DM", "BH"},
{"TD", "VM", "BH"}, {"XM", "BH"}, {"TD", "DM"},
{"vM", "XM", "BH"}, {"TD", "VM"}, {"DM", "XM", "BH"},
{"TD", "VM", "BH"},

]

n = len(giao_dich)

dem = Counter (sp for g in giao dich for sp in g)

for sp, ¢ in sorted(dem.items (), key=lambda kv: (-kv[1l], kv[0])):
print (f"{sp}: {c}/{n} = {c / n:.0%}")

tb = sum(len(g) for g in giao dich) / n

print ("Sé san phdm mdi giao dich:", tb)

Két qua chay / Output

BH: 8/10 = 80%
TD: 6/10 = 60%
VM: 6/10 = 60%
DM: 3/10 = 30%
XM: 3/10 = 30%

S8 san phdm mdi giao dich: 2.6

Bao hiém khoan vay c6 mit trong 8 trong 10 giao dich (80%), thé va vay tién mit mdi
loai 60%, hai loai tra gop mdi loai 30%. Mdi giao dich cé trung binh 2,6 san phém. Dur
liéu nay khong c6 cdt thudc tinh, chi c6 tap muc, nén can thudt toan riéng (Chuong 4).

Loan insurance appears in 8 of 10 transactions (80%), the card and the cash loan 60% each, the

two instalment products 30% each. Each transaction holds 2.6 products on average. This data
has no attribute columns, only item sets, so it needs its own algorithms (Chapter 4).

Chudi thoi gian c6 thir ty 1a thong tin: doi chd hai thang 1a 1am mét xu huéng. Ma sau
doc 12 gia tri du no cudi thang (ty ddng) va tinh muc thay doi ting thang.
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A time series carries information in its order: swapping two months destroys the trend. The
following code reads 12 month-end debt values (billion dong) and computes the change in each
month.

thang = ["10/2025", "11/2025", "12/2025", "01/2026"™, "02/2026",
"03/2026"™, "04/2026", "05/2026", "06/2026", "07/2026",
"08/2026"™, "09/2026"]

du no = [820.5, 838.2, 851.7, 879.3, 884.1, 912.6,

925.8, 948.2, 951.7, 987.4, 1003.9, 1030.5] # ty ddng
chenh = [round(b - a, 1) for a, b in zip(du no, du no[l:])]

print ("Chénh léch tung thang (ty ddng):")

print (" ", chenh[:6])

print ("™ ", chenh[6:])

print ("Tédng ca ky:", round(du no[-1] - du no[0], 1))

print (f"T&ng tuong dbi: {du no[-1] / du no[0] - 1:.1%}")

print ("Trung binh mdi thang:", round(sum(chenh) / len(chenh), 2))

lon = max (chenh)

print ("Thang tang nhidu nhét:", thang[chenh.index (lon) + 1], lon)

Két qua chay / Output

Chénh léch tlung thang (ty ddng) :

[17.7, 13.5, 27.6, 4.8, 28.5, 13.2]

[22.4, 3.5, 35.7, 16.5, 26.6]
Tang ca ky: 210.0
Ta&ng tuong dbi: 25.6%
Trung binh méi thang: 19.09
Thang tdng nhiéu nhit: 07/2026 35.7
Du no ting tir 820,5 1én 1.030,5 ty dong, thém 210,0 ty dong (25,6%) trong 11 budc
thang, trung binh 19,09 ty dong mdi thang. Thang ting nhidu nhat 1a 07/2026 v&i 35,7 ty
d6ng. Chudi ludn di 1én nhung khong déu, nén du bao can mé hinh xu huéng (Chuong 6)
va phép lam tron (Chuong 9).
Debt rises from 820.5 to 1,030.5 billion dong, an increase of 210.0 billion dong (25.6%) over 11
monthly steps, 19.09 billion dong a month on average. The largest monthly rise is July 2026 at
35.7 billion dong. The series always rises but unevenly, so forecasting needs a trend model
(Chapter 6) and smoothing (Chapter 9).

Dir lidu 16n (big data) 1a dit liéu ma khéi luong, toc do hodc do da dang vuot kha ning
ctia cong cy thong thuong. M6 hinh 3V gdm khdi luong (volume), tc do (velocity), da
dang (variety); m6 hinh 5V thém d¢ tin cdy (veracity) va gia tri (value).

Big data is data whose volume, speed or variety exceeds what ordinary tools can handle. The 3V
model covers volume, velocity and variety,; the 5V model adds veracity and value.

5 Y nghia Biéu hién & Phi Sa

Meaning How it shows at Phu Sa

L . M&i 1an mé (mg dung, xem khoan vay, bAm
£ SO ban ghi va dung lugng 16n . ax g N & s . y.A

Khoi lugng . thanh toan déu thanh mot ban ghi sy kién

A large number of records and a ) )
Volume . ' Every app opening, loan view and payment tap

large size

becomes an event record

Dit liéu dén lién tuc, can xir ly Cham diém ho so ngay khi khach ndp trén
Toc do nhanh ung dung
Velocity Data arrives continuously and Scoring an application the moment the customer

must be processed fast submits it in the app
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Y nghia Biéu hién & Phi Sa

Meaning How it shows at Phu Sa

Nhiéu dang: bang, van ban, Bang khoan vay, phan hdi tu do, anh giéy to

Da dang anh, chudi su kién dinh danh
Variety Many forms: tables, text, images, = Loan tables, free-text feedback, images of identity
event streams papers

Muc dung, du, nhit quan cua Thu nhép ty khai thiéu hodc sai, mad khach

Tin cay dir liéu trung
Veracity How accurate, complete and Self-declared income missing or wrong,
consistent the data is duplicated customer codes

Dir li¢u phai dem lai lgi ich
Gia tri kinh doanh do dugc
Value The data must bring a

Tién no xau tranh dugc nho cham diém tot
hon

Bad debt avoided by better scori
measurable business benefit e aeot avoraea by Detter scormg

PHAI THUQC / MEMORISE — Ba V gbc: khéi luong, toc do, da dang; hai V thém: do tin
cdy, gia tri. Dir liéu giao dich 1a tdp muc, chudi thoi gian c6 thir ty 1a thong tin, vin ban can
tach tur.

The three original Vs: volume, velocity, variety; the two added Vs: veracity, value. Transaction data is
a set of items, a time series carries information in its order, text needs tokenising.

LOI HAY GAP / COMMON MISTAKE — X#o tron hay chia ngiu nhién chudi thoi gian
nhur dit liéu bang. Thang tuong lai lot vao tap hudn luyén lam két qua dep gia; v6i chudi thoi
gian, tap kiém tra phai 1a cac thang sau tap huén luyén.

Shuffling or randomly splitting a time series as if it were a table. Future months leaking into the
training set produce a falsely good result; for a time series the test set must be the months after the
training set.

1.7. Kho dir liéu, OLAP va su khac biét voi khai pha dir liéu — 1.7. Data
warehouse, OLAP and how they differ from data mining

Hé thng giao dich (OLTP, online transaction processing) ghi timg nghiép vu nhu giai
ngan, thu no; dir liéu thay doi lién tuc va téi wu cho ghi nhanh. Kho dir liéu (data
warehouse) 1a noi gom dir li€u lich su tu nhiéu hé théng OLTP dé phan tich, co bon dic
diém: hudng chii dé (subject-oriented), tich hop (integrated), theo thoi gian (time-variant)
va 6n dinh (non-volatile, ghi thém chir khong stra). Viéc dua dir 1i€u vao kho goi 1a ETL
(extract, transform, load: trich, bién ddi, nap), twong tmg budc lam sach va tich hop cua
KDD.

A transaction system (OLTP, online transaction processing) records each operation such as a
disbursement or a repayment, its data changes continuously and is tuned for fast writes. A data
warehouse gathers historical data from several OLTP systems for analysis and has four
features: subject-oriented, integrated, time-variant and non-volatile (appended to, not edited).
Loading data into the warehouse is called ETL (extract, transform, load), matching the cleaning
and integration step of KDD.
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OLAP (online analytical processing) 1a cach hoi dap nhanh trén kho dir li¢u theo céac
chiéu. Chiéu (dimension) 1a goc nhin nhu nghé, hang thé, thang; s do (measure) 1a con
s0 dugc tong hop nhu s khach, du ng. Nam phép thao tac thuong gip: roll-up (gop lén
mirc tong quat hon, vi du tir thang 1én quy), drill-down (xudng muc chi tiét hon), slice
(cat mot gia tri ctia mot chiéu), dice (cat theo nhiéu chiéu), pivot (xoay truc dé dbi cach
nhin).

OLAP (online analytical processing) is fast question answering on a warehouse along
dimensions. A dimension is a viewpoint such as occupation, card tier or month, a measure is a
summarised figure such as customer count or outstanding debt. Five common operations: roll-up
(aggregate to a more general level, for example from month to quarter), drill-down (go to a finer
level), slice (fix one value of one dimension), dice (select on several dimensions), pivot (rotate
the axes to change the view).

M3 sau dyng khdi hai chiéu nghé va hang thé tir 12 khach, in s khach timg 6 roi thuc
hién roll-up theo nghé dé co6 du no theo hang thé (triéu déng).

The following code builds a two-dimensional cube of occupation and card tier from the 12
customers, prints the customer count in each cell, then rolls up over occupation to get debt by
card tier (million dong).

from collections import Counter

khach = [ # (nghé&, hang thé, du ng triéu ddng)
("Céng nhan", "Chuin", 12), ("Nhan vién vin phoéong", "Chuin", 18),
("Gido vién", "Vang", 20), ("Kinh doanh tu do", "Vang", 45),
("Céng nhan", "Chuin", 10), ("Nhan vién vin phong", "vang", 30),
("Kinh doanh tu do", "Vang", 40), ("Giédo vién", "Chuan", 16),
("Nhan vién vin phong", "Chuidn", 14), ("Cdébng nhan", "vang", 25),
("Gido vién", "Bach kim", 35), ("Kinh doanh tu do", "Bach kim", 150),
1
hang = ["Chudn", "Vang", "Bach kim"]

nghe = sorted({k[0] for k in khach})
dem = Counter ((k[0], k[1l]) for k in khach)

print(f"{‘Nghé':ZZs}" + "".join(f"{h:>10s}" for h in hang))
for ng in nghe:
print (f"{ng:22s}" + "".Jjoin (f"{dem[ (ng, h)]:>10d}" for h in hang))
# Roll-up: gdép moi nghé&, céng du no theo hang thé
no = Counter ()
for , h, d in khach:

no[h] += d
print ("Du n¢g theo hang:", {h: no[h] for h in hang})
print ("Téng du no:", sum(no.values()), "triéu ddng")

Két qua chay / Output

Nghé Chuén Vang Bach kim
Cébng nhan 2 1 0
Gido vién 1 1 1
Kinh doanh tu do 0 2 1
Nhén vién van phong 2 1 0

Du ng theo hang: {'Chudn': 70, 'Vang': 160, 'Bach kim': 185}
Téng du ng: 415 triéu doéng

Hang Bach kim c6 2 trong 12 khach (16,7%) nhung giit 185 trong 415 triéu dong du no
(44,6%). P6 1a cau tra 16i OLAP: né cho biét du no tap trung ¢ dau. N6 khong néi khach
Bach kim nao s& tra cham; cau hoi d6 cAn mo hinh du doan & Chuong 5 va 6.
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The Platinum tier has 2 of 12 customers (16.7%) but holds 185 of 415 million dong of debt
(44.6%). That is an OLAP answer: it says where the debt is concentrated. It does not say which
Platinum customer will pay late; that question needs the predictive models of Chapters 5 and 6.

Tiéu chi OLAP Khai pha dir liéu
Criterion OLAP Data mining

Ngudi ding chon chiéu va phép toan,

Hudng tiép N A Thuat toan tu tim mau tir dir liéu
A h¢ thong tong hop . . .
can i . The algorithm finds patterns from the
The user chooses dimensions and . ’ '
Approach . data itself
operations; the system aggregates
Vi sao, ai s€, nhdm nao, cai gi di cung
Cau hoi Bao nhiéu, ¢ dau, khi nao cai gi
Question How many, where, when Why, who will, which group, what goes
with what
Két qua Béng tong hop, khéi dit liéu Quy tic, md hinh, cum, diém dy doan
Result Summary tables, cubes Rules, models, clusters, predicted scores
Vidu ¢ Phu , L, 4 £
. Khach nao c¢6 xac suat ng xau cao
Sa Du no theo hang thé va quy . . .
, : Which customers have a high probability
Example at Phii | Debt by card tier and quarter
S of bad debt
a

PHAI THUQC / MEMORISE — OLAP tong hop theo chiéu do ngudi dung chon va tra 10
"bao nhiéu, & dau". Khai pha dir liéu tu tim mau va tra 1oi "vi sao, ai s&". Kho dit liéu 1a
ngudn thuan loi cho ca hai nhung khong bit budc phai co.

OLAP aggregates along dimensions the user chooses and answers "how many, where". Data mining
finds patterns itself and answers "why, who will". A warehouse is a convenient source for both but is
not mandatory.

LOI HAY GAP / COMMON MISTAKE — Cho rang c6 kho dir liéu va biéu d6 OLAP la
d3 khai pha dit liéu. Biéu do roll-up chi téng hop; thiéu budc tim mau va kiém mau trén dit
liéu mai thi chua phai khai pha.

Believing that having a warehouse and OLAP charts amounts to data mining. A roll-up chart only
aggregates,; without a step that finds patterns and tests them on new data it is not mining.

1.8. Ung dung trong tai chinh va céng cu khai pha dir liéu — 1.8. Applications in

finance and data mining tools

Sau tmg dung sau 13 cac bai toan Phu Sa gip hang ngay; mdi bai toan quy vé mot hay
nhiéu bai toan & muc 1.4.

The following six applications are problems Phu Sa meets every day, each reduces to one or
more of the problems in section 1.4.

Tai liéu nay dugc bién soan boi ddi ngii ctia website: https://globalmarket.vin
Trang 28



DPé cuong Khai pha dit liéu / Data Mining

ffng dung

Application

Cham diém

Cau héi
Question

Khéch nay co tra ng
diang han khong?

officer's review?

Bai toan
Problem

Phan 16p, xac
suat

Dir liéu dung
Data used

Thu nhap, DTI, lich st tra
ng

tin dung o e 5,6,7
: ) Will this customer Classification, = Income, DTI, repayment
Credit scoring . o .
repay on time? probability history
Chéng gian  Giao dich hay ho so  Phat hién bat ~ Gia tri, thoi diém, thiét bi
lan nao khac thuong? thuong giao dich 9
Fraud Which transaction or Anomaly Value, time and device of
prevention application is unusual?  detection transactions
Khéch nay nén dugc o 2o
. y; L .k Gi06 san pham cua tung
Ban chéo moi san pham nao? Luat ket hop Khach
. Which product should | Association , 4
Cross-selling i Each customer's product
this customer be rules
. basket
offered?
C6 may nhom khach,
i mdi nhom can chinh A S6 giao dich, chi tiéu, thoi
Phan khic 'Oh ‘0 0 can ¢ Phan cum, ) gt‘ lk. Py
r \ 4 1an tu lan cuo1
khach hang Sacii nao RFM & _
How many customer . Number of transactions, 8
Customer th d Clustering, spending, time since the last
segmentation groups alie Pt RFM P &
what policy does each one
need?
o Du ng va tién thu Hbi quy,
Du bao dong R ﬂ y‘.
o thang toi ra sao? chuoi thoi 2 ,
tién What will next ” ) Du ng, tién thu theo thang 6.9
t 4 . 5
Cash-flow arwrnex m.on § glan ) Monthly debt and collections
L debt and collections Regression,
forecasting ] ]
be? time series
Giao dich nao cin
Phong chong  chuyén vién tuan thi  Bat thuong,  Chudi giao dich, quan h¢
rira tién kiém tra? luat canh bao  gitra céc tai khoan 9
Anti-money Which transaction Anomalies, Transaction sequences, links
laundering needs a compliance alert rules between accounts

Ung dung cudi c6 nguoi trong vong quyét dinh: mo hinh chi dé& xuét canh bao, chuyén
vién tuén thi quyét dinh c6 bao cio hay khong. Ngudng canh bao dit thip thi bit nhiéu
giao dich la nhung tao nhiéu canh bdo sai, dit cao thi nguoc lai; danh doi nay noi tiép o
Chuong 7 va 9.

The last application keeps a person in the loop: the model only proposes alerts and a compliance

officer decides whether to report. A low alert threshold catches many unusual transactions but

raises many false alerts, a high one does the reverse; this trade-off is taken up in Chapters 7 and
9.
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V& cong cuy, sach nay viét thuat toan thuan Python bang thu vién chuan dé ngudi hoc tinh
tay va kiém lai ting budc. Trong dy 4n that, nhém dung thu vién c6 sin; mdi cong cu &
bang sau chi dugc mo ta cach dung, khong so sanh hon kém.

As for tools, this book writes the algorithms in plain Python using the standard library so that

learners can compute by hand and check each step. In a real project the team uses ready-made
libraries; each tool in the table is described by how it is used, not ranked.

Cach dung

How it is used

Thanh phan nhic
dén trong sach
Components named
in this book

Ngon ngir lap
trinh va thu vién

Python, scikit-
Programming

learn, pandas
language and

libraries

Ngon ngit thong
R ké
Statistical language

Phan mém co
giao dién dd hoa,
viét bang Java
Graphical software

Weka

written in Java

Phan mém lap

trinh tryc quan
Orange Visual
programming
software

Viét ma dung quy trinh tir lam sach
dén mo hinh; pandas giir bang di
ligu, scikit-learn cung cap thuat
toan

Code builds the pipeline from cleaning
to model; pandas holds the data table,
scikit-learn supplies algorithms

Phan tich thong ké va dung mo
hinh bang géi va ham viét sdn
Statistical analysis and modelling with
ready-made packages and functions

Nap tép dit liéu, chon thuat toan
trong menu, doc két qua ma khong
can viét ma

Load a data file, pick an algorithm

from a menu, read the results without

writing code

Kéo va nbi céc khoi thao tc thanh
quy trinh, c6 thé mé rong bang
Python

Drag and connect operation blocks
into a workflow, extensible with
Python

DecisionTreeClass
ifier, GaussianNB,
KMeans

Cac gobi thong ké
va phan cum
Statistics and
clustering packages

Cay quyét dinh,
Naive Bayes,
kNN, k-means,
Apriori

Decision tree, Naive
Bayes, kNN, k-
means, Apriori

Phan 16p, phan
cum, biéu dd kham
pha

Classification,
clustering,
exploratory charts

PHAI THUQC / MEMORISE — MJi g dung tai chinh quy vé bai toan khai pha: cham

diém 12 phan 16p, chéng gian 14n va rira tién 14 phat hién bat thuong, ban chéo 1a luat két hop,
phan khuc 1a phan cum, dong tién 1 hdi quy va chudi thoi gian.
Each financial application reduces to a mining problem: scoring is classification, fraud and money-

laundering control is anomaly detection, cross-selling is association rules, segmentation is clustering,

cash flow is regression and time series.

LOI HAY GAP / COMMON MISTAKE — Chon cong cu trude rdi méi tim bai todn. Cong
cu chi thyc thi thudt todn; bai toan va tiéu chi danh gia phai xac dinh tir pha hiéu nghiép vu
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(muc 1.3).
Choosing the tool first and the problem afterwards. A tool only executes algorithms, the problem and
the evaluation criterion must come from the business understanding phase (section 1.3).

1.9. Quy trinh dy an, vai tro nhan sw va thach thirc — 1.9. Project process, team

roles and challenges

Mot du an khai phé dir liéu ¢ cong ty tai chinh chay theo vong CRISP-DM nhung dugc
quan 1y nhu moi dy an khac: c6 pham vi, mdc ban giao, ngudi chiu trach nhiém timg pha.
Lan lap thuong quay vé pha 3 khi dir liéu chua du sach, va vong dau thuong chi can mot
mo hinh don gian 1am mdc so sanh. Sau vai tro sau tham gia dy an chidm diém tin dung
ctua Phu Sa.

A data mining project at a finance company runs on the CRISP-DM cycle but is managed like
any other project: it has a scope, delivery milestones and an owner for each phase. Iterations
often return to phase 3 when the data is not yet clean enough, and the first cycle usually needs

only a simple model as a baseline. The following six roles take part in Phu Sa's credit scoring
project.

O Phu Sa
At Phu Sa

Vai tro

Viéc chinh

Role Main work

bat muc ti€u, ti€u chi thanh cong, nhan két
qua vao quy trinh duyét vay
Sets the goal and success criteria, takes the

Lanh dao khdi tin dung
Head of the credit division

Chu nghiép vu
Business owner

result into the lending process

Phan viéc, giir tién d9, bao céo chu nghiép

Lanh dao khéi dit ek :
lidu i vu Giam d6c Pham Thu Ha
) Assigns work, keeps the schedule, reports to the = Director Pham Thu Ha
Head of data .
' business owner
Xay luéng ETL, kho dit liéu, bao dam dir
Ky su dir ligu li¢u cap nhat Nhoém ha tang dir licu

Data engineer

Nha phén tich dir
liéu
Data analyst

Chuyén vién tuan
thu
Compliance officer

Builds the ETL flow and warehouse, keeps data
up to date

Kham pha dir li¢u, chuén bj bang, dung va
danh gia mo hinh

Explores the data, prepares the table, builds
and evaluates models

Soat co so phap ly xur ly dir li€u c& nhan,
noi dung xin dong ¥

Reviews the legal basis for processing personal
data and the consent wording

The data infrastructure team

Chuyén vién D Quang
Huy; thuc tép sinh Lé Ngoc
Tram hd tro kiém nhan
Analyst P6 Quang Huy,
intern Lé Ngoc Trdm helps
check labels

Bo phan phap ché, tuan tha
The legal and compliance unit
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O Phu Sa
At Phu Sa

Vai tro
Role

Viéc chinh

Main work

Kiém doc 1ap mé hinh trude khi dua vao

Kiém dinh mo ) A A
hinh | dung, theo doi sau trién khai B0 phan quan tri rii ro

) Independently checks the model before use and ~ The risk management unit
Model validator

monitors it after deployment
Nam thach thire sau 13p lai & hau hét dy an. Mdi thach thirc ¢6 biéu hién cu thé & Phi Sa
va mot cach xur 1y.

The following five challenges recur in most projects. Each has a concrete form at Phu Sa and a

way of handling it.

Thach thire

Challenge

Chat luong dir
liéu
Data quality

Quyén riéng tu
Privacy

Giai thich duoc
Explainability

Qua khop
Overfitting

Thién 1éch

Bias

Biéu hién & Phi Sa
How it shows at Phu Sa

Thu nhap cua KHO7 thiéu;
thu nhap 120 triéu dong cia
KH12 cach xa nhom con lai
KHO7's income is missing;
KHI12's income of 120 million
dong lies far from the rest

HO so vay chira thong tin tai
chinh, tin dung cua khach
Loan files hold customers'
financial and credit
information

Khach bi tir chéi hoi 1y do;

nhén vién can n6i duge mod
hinh dva vao dau

A rejected customer asks why;
staff must say what the model

relied on

M5 hinh dting 99% trén hd
so cii nhung sai nhiéu trén
ho so méi

A model 99% right on old
applications but often wrong
on new ones

Nhén no xau chi c6 & khach
da dugc duyét, khach bi tur
chéi khong c6 nhan
Bad-debt labels exist only for
approved customers, rejected
ones have none

Cach xur ly
How to handle it

Soat, dién hodc loai; kiém ngoai lai
theo quy tic rd rang 53
Chectk, fill or drop, test outliers by an ’

explicit rule

Chi l4y cot can dung, dung méi khach
thay tén, gidi han nguoi truy cap

Take only the columns needed, use 9
customer codes instead of names, limit
access

Uu tién mo hinh doc dugc nhu cay
quyét dinh, hoi quy; ghi lai cac yéu
t6 anh huong 5.6.9
Prefer readable models such as trees

and regression; record the factors that

drive the score

Chia tap huan luyén va kiém tra,
kiém chéo

Split into training and test sets, cross-
validate

Nhan dién nhém thiéu dit lidu, kiém
tac dong theo nhom khach

Identify the groups with missing data
and test the effect by customer group
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PHAI THUQC / MEMORISE — Niam thach thirc: chat lugng dit liéu, quyén riéng tu, giai
thich duoc, qué khop, thién 1éch. Dy an chay theo vong, chu nghiép vu dat ti€u chi va nguoi
kiém dinh doc 1ap cham mo hinh.

Five challenges: data quality, privacy, explainability, overfitting, bias. The project runs in a cycle; the
business owner sets the criteria and an independent validator scores the model.

LOI HAY GAP / COMMON MISTAKE — Chi giao du 4n cho ngudi phan tich, bé chi
nghiép vu va phap ché khéi cudc hop dau. M6 hinh dep vé k¥ thuat nhung khong tra 10i ding
cau hoi kinh doanh, hodc dung cdt dir liéu ma cong ty khong dugc phép dung, phai lam lai tur
dau.

Giving the project to the analyst alone and leaving the business owner and legal staff out of the first
meeting. A model that is technically good but does not answer the business question, or uses a data
column the company may not use, has to be redone from the start.

1.10. Khung phap ly tom luwgc — 1.10. 4 short legal framework

Khai phé dir li¢u khach hang 1a xur Iy dit liu, va vdi cong ty tai chinh con la xur Iy dit lidu
ca nhan va thong tin khach hang. Bang sau tom tit bon nhom quy dinh nén tang, mdi
dong ghi Piéu dd dbi chiéu vai van ban. Chi tiét, kém Luat Tri tué nhéan tao, d¢ Chuong
9.

Mining customer data is data processing, and for a finance company also the processing of
personal data and customer information. The table summarises four groups of basic rules, each
row naming the Article checked against the text. Details, together with the Law on Artificial
Intelligence, are left to Chapter 9.

Vian ban Diéu N¢i dung Lién hé véi du an

Instrument Article Content Link to the project

Luat Dir liéu

60/2024/QH]15, Dit ligu 1a dit ligu sb vé su vat, hién

hiéu luc tugng, su kién; xtr Iy dir lidu gdm

01/7/2025 (ban tiép nhan, chuyén doi, to chirc ditr ~ Bang khach hang, kho
hop nhat Didu 3 liu va cac hoat dong khac; co s& dir liéu Yé cé}c bEr(’yc lam
42/VBHN- khoan 1,8, dirliéula tap hop dir liéu dugc sip  sach, bién doi deu la xir
VPQH ngay 9 xép dé truy cép, khai thac Iy dit liéu

16/3/2026) Article 3, Data means digital data on things, The customer table, the
Law on Data clauses 1, phenomena and events; data warehouse and the
60/2024/QH1 35, 89 processing covers receiving, cleaning and

effective converting and organising data and transformation steps are
01/7/2025 other activities; a database is a set of ~ all data processing
(consolidated text data arranged for access and

42/VBHN-VPQOH exploitation

of 16/3/2026)

Luat Bao vé dit  Diéu 2 Dit liéu c4 nhan gom dit liéu co Chi dung dir liéu khach
liéu c4a nhan khoan 1, 3, ban va nhay cam, sau khi khir nhan cho muc dich da néu; ma

91/2025/QH15, 11;Piéu3  dang khong con la dit liéu ca nhan;  khach con bang dbi
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Van ban
Instrument

N¢i dung

Content

Lién hé véi du an
Link to the project

hiéu luc
01/01/2026
Law on Personal
Data Protection
91/2025/QH135,
effective
01/01/2026

Nghi dinh
356/2025/Nb-
CP (31/12/2025,
hiéu luc
01/01/2026;
Nghi dinh
13/2023/ND-CP
hét hiéu Iyc)
Decree
356/2025/ND-CP
(31/12/2025,
effective
01/01/2026,
Decree
13/2023/ND-CP

ceased to be in

force)

Luat Céc t6 chic
tin dung, ban
hop nhét
143/2026/VBH
N-LQ-VPQH
ngay 23/9/2026
Law on Credit
Institutions,
consolidated text
143/2026/VBHN-
LQ-VPOH of
23/9/2026

khoan 2
Article 2,
clauses 1,
3, 11;
Article 3,
clause 2

Diéu 4
khoan 1
diém k;
Diéu 8
khoan 2
diém a;
Diéu 42
khoan 2
Article 4,
clause 1(k);
Article 8,
clause 2(a);
Article 42,
clause 2

Diéu 4
khoan 41;
Diéu 13
khoan 1, 2,
3

Article 4,
clause 41,
Article 13,

clauses 1,
2,3

dir liéu nhay cam thugc danh muc
do Chinh phu ban hanh; chi thu
thap, xtr ly diing pham vi, muc dich
cu thé, rd rang

Personal data comprises basic and
sensitive data and stops being
personal data once de-identified;
sensitive data is in a list issued by the
Government; collection and
processing must stay within a specific
and clear scope and purpose

Thong tin tai chinh, tin dung va
lich sur giao dich cua khach tai td
chuc tin dung la dit liéu ca nhan
nhay cam; khi xin d@)ng Y, t chirc
tai chinh, ngan hang phai néu rd
muc dich, gém chdm diém, xép
hang tin dung néu c6

Financial and credit information and
transaction history of customers at
credit institutions is sensitive personal
data; when seeking consent, financial
and banking organisations must state
the purposes, including credit scoring
and rating where applicable

Cong ty tai chinh 1 loai hinh t6
chure tin dung phi ngan hang.
Ngudi quan ly, nhan vién khong
dugc tiét 19 thong tin khach hang;
t6 chirc tin dung phai bao dam bi
mat thong tin khach hang va khong
cung cép cho to chirc, ca nhan
khac, trir yéu ciu cua co quan nha
nude c6 thAim quyén theo luat hoac
duogc khach hang chap thuan

A finance company is a type of non-
bank credit institution. Managers and
staff may not disclose customer
information; a credit institution must
keep customer information
confidential and may not provide it to
other organisations or individuals,

chiéu t6i nguoi that chua
phai 1a khir nhan dang
Use customer data only for
the stated purpose; a
customer code that still has
a lookup table to a real
person is not de-
identification

Dir liéu khoan vay cua
Phu Sa la dit liéu nhay
cam; ndi dung xin dong
¥ phai n6i 16 ¢6 chim
diém tin dung

Phu Sa's loan data is
sensitive data; the consent
wording must say that
credit scoring takes place

Gui dit liéu khach cho
nha thau hay cong cu
bén ngoai cong ty can co
can ctr nay; nhan vién
khong dugc tiét 16 thong
tin khach

Sending customer data to a
contractor or a tool outside
the company needs this
basis, staff may not
disclose customer
information
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Viin bin Picu Noi dung Lién hé véi dy 4n
Instrument Article Content Link to the project

except at the request of a competent
state body under law or with the
customer's consent

Hai diém can nhé khi lam bai. Thir nhat, Nghi dinh 356/2025 thay Nghi dinh 13/2023,
nén khong vién dan vin ban cii nhu dang hiéu lyc. Tht hai, ban hop nhat 143/2026 da
gbp Luat 23/2026/QH16 nhung phén do Luat nay stra chi c6 hi¢u luc tir 01/12/2026; biéu
13 néu ¢ bang 14 ndi dung ctia ban hop nhat hién hanh.

Two points to remember in an exam. First, Decree 356/2025 replaces Decree 13/2023, so the old
text is not cited as in force. Second, the consolidated text 143/2026 has merged Law
23/2026/QH16 but the parts amended by that Law take effect only on 01/12/2026; Article 13 in
the table is the content of the current consolidated text.

PHAI THUQC / MEMORISE — Théng tin tai chinh, tin dung ciia khach tai t6 chirc tin
dung 1a dir liéu ca nhan nhay cam (Nghi dinh 356/2025 Diéu 4 khoan 1 diém k). T chic tin
dung phai gitr bi mat thong tin khach hang (Luét Cac t6 chic tin dung Piéu 13).

Financial and credit information of customers at credit institutions is sensitive personal data (Decree
356/2025, Article 4, clause 1(k)). A credit institution must keep customer information confidential
(Law on Credit Institutions, Article 13).

LOI HAY GAP / COMMON MISTAKE — Goi moi bang c6 ma khach 13 dit liéu d4 4n
danh. Theo Luat Bao vé dit liéu c4 nhan Diéu 2 khoan 11, khir nhan dang 13 1am cho dit liéu
khong thé xac dinh hodc khong thé gitp xac dinh mot con ngudi cu thé; ma khach van ndi
dugc vé nguoi that qua bang dbi chiéu thi chua dat.

Calling every table with customer codes anonymised data. Under the Law on Personal Data
Protection, Article 2, clause 11, de-identification makes data unable to identify or help identify a
specific person, a customer code that can still be linked back to a real person through a lookup table
does not qualify.

1.11. Bang thuit ngir — 1.11. Glossary

Thuéat ngir Tiéng Anh Giai thich ngin
Term (Vietnamese) English Short definition

Gié tri ghi lai vé d6i tuong hay su kién, chua
gan cau hoi

D1t liéu data )
A recorded value about an object or event, not yet
tied to a question
Dir lidu da tong hop, dat trong ngir canh dé tra
N . . 161 mdt cau hoi
Thong tin information O1mot cau hot

Data summarised and placed in context to answer
a question
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Thuéat ngir

Tiéng Anh

Term (Vietnamese) English

Giai thich ngin
Short definition

Tri thirc knowledge

Khai pha dir li¢u data mining

Khéam pha tri thuc knowledge discovery
trong co s& dir li¢u in databases (KDD)
CRISP-DM CRISP-DM

MO hinh model

Thudc tinh attribute

Nhan label

Phan 16p classification

Hbi quy regression

Phéan cum clustering

Luat két hop association rule

Mau hay quy luat khai quat dugc cho dit lidu
moi
A pattern or rule that generalises to new data

Dung thuat toan tim mau va mé hinh c6 ich
trong dir li¢u 16n

Using algorithms to find useful patterns and
models in large data

Qua trinh nam budc tir dir liéu nguén dén tri
thire

The five-step process from source data to
knowledge

Quy trinh chudn sau pha cho dy 4n khai pha
dit liéu

The standard six-phase process for a data mining
project

Biéu dién toan hoc hoc tir dit liéu, dung dé dy
doan hodc md ta

A mathematical representation learned from data,
used to predict or describe

Mot cot mo ta ddi twong, vi du thu nhap, nghé
A column describing an object, for example
income or occupation

Pap an da biét cia mot dong, vi du Tbt hodc
Xau

The known answer for a row, for example Good or
Bad

Du doan nhan roi rac cho dong méi tir dong
da c6 nhan

Predicting a discrete label for a new row from
labelled rows

Du doan mdt gia tri soO lién tuc
Predicting a continuous numeric value

Chia dir liéu thanh nhém giéng nhau khi chua
c6 nhan

Dividing data into similar groups when no labels
exist

Quy tac n61 muc nay hay xuat hién cung muc
kia

A rule saying one item tends to occur with another
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Thuéat ngir

Term (Vietnamese)

Tiéng Anh

English

Giai thich ngin
Short definition

Phat hién bat thuong

Hoc c6 gidm sat

Hoc khong gidm sat

Hoc ban giam sat

Tap huén luyén

Tap kiém tra

Kho dir liéu

OLAP

ETL

Dir li¢u 16n

Khir nhén dang

anomaly detection

supervised learning

unsupervised learning

semi-supervised
learning

training set

test set

data warehouse

online analytical
processing (OLAP)

extract, transform,
load (ETL)

big data

de-identification

Tim diém di liéu khac han phan con lai
Finding data points that differ sharply from the
rest

Hoc tir dong c6 nhan dé doan nhan cho dong
moi
Learning from labelled rows to predict labels for

new rows

Tim cau tric trong dit liéu khong c6 nhin
Finding structure in data without labels

Hoc tir it dong ¢ nhin cung nhiéu dong chua
nhan

Learning from few labelled rows plus many
unlabelled ones

Phén dit li¢u ¢&& md hinh hoc
The part of the data the model learns from

Phan dit liéu mé hinh chua thiy, ding dé
cham diém
The part of the data the model has not seen, used

for scoring

Kho gom dit lidu lich st tir nhiéu hé thong dé
phan tich

A store gathering historical data from several
systems for analysis

Tdéng hop nhanh theo nhiéu chiéu trén kho dir
liéu

Fast multidimensional aggregation on a
warehouse

Trich, bién d61, nap dir liéu vao kho
Extracting, transforming and loading data into the
warehouse

Dir lidu vuot kha ning cong cu thudng vé
khdi luong, tde do hay da dang

Data beyond ordinary tools in volume, velocity or
variety

Thay d6i hodc x6a théng tin dé dir li¢u khong
con xac dinh dugce con ngudi cu thé

Changing or removing information so data can no
longer identify a specific person
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Thuéat ngir Tiéng Anh Giai thich ngin
Term (Vietnamese) English Short definition

Dit liéu ca nhan gén v6i quyén riéng tu, thudc
Dit liéu cd nhan nhay  sensitive personal danh muc do Chinh phii ban hanh
cam data Personal data tied to privacy, in a list issued by
the Government

1.12. Bai tap van dung c6 101 gidi — Applied exercises with solutions

Bai 1. Quy tiic theo ky han vay — Exercise 1. A rule based on loan term

Cong ty Tai chinh TNHH Phu Sa ghi lai 8 khoan tra gép dién may (dir kién dé bai): CO1
dén C04 ky han 6 thang, trong d6 chi C03 tré han; C05 dén CO8 ky han 12 thang, trong
d6 C05, CO7 va CO8 tré han. (a) Tinh ty 1¢ tré han cta ting ky han va ctia ca 8 khoan. (b)
Lap quy tac dung mot thude tinh 13 ky han, mdi ky han doan theo 16p chiém da sd. (c)
Tinh d6 chinh xac cta quy tic va so voi cach luén doan 16p dong nhat.

Phu Sa Finance Company Limited records 8 electronics instalment loans (problem data): CO1 to
C04 have a 6-month term and only CO03 is late; C05 to CO8 have a 12-month term and C05, C07
and CO8 are late. (a) Compute the late rate of each term and of all 8 loans. (b) Form a one-

attribute rule on the term, predicting each term by its majority class. (c) Compute the rule's
accuracy and compare it with always guessing the largest class.

1. Ky han 6 thang c6 4 khoan, 1 khoan tré: 1/4 = 25%. Ky han 12 thang c6 4 khoan, 3
khoan tré: 3/4 = 75%. Ca 8 khoan c6 1 + 3 = 4 khoan tré: 4/8 = 50%.
The 6-month term has 4 loans, 1 late: 1/4 = 25%. The 12-month term has 4 loans, 3 late: 3/4
=75%. All 8 loans have 1 + 3 = 4 late: 4/8 = 50%.

2. Quy tac: ky han 6 thang doan khong tré (16p da so, 3 trén 4); ky han 12 thang doan tré
(16p da s6, 3 trén 4).
Rule: the 6-month term is predicted not late (majority class, 3 of 4); the 12-month term is
predicted late (majority class, 3 of 4).

3. S6 khoan doan dang: 3 + 3 =6 trén 8, do chinh xac 6/8 = 75%.
Correct predictions: 3 + 3 = 6 out of 8, an accuracy of 6/8 = 75%.

4. Lop dong nhat: 4 khoan tré va 4 khoan khong tré bang nhau, nén luén doan mot 16p
dung 4/8 = 50%. Quy tic theo ky han hon 25 diém phan trim; véi 8 khoan, két luan
nay can kiém trén khoan vay moi.

The largest class: 4 late and 4 not late are tied, so always guessing one class is right 4/8 =

50%. The term-based rule is ahead by 25 percentage points,; with 8 loans the conclusion
needs testing on new loans.

Bai 2. Lam sach va roi rac hoa thu nhap — Exercise 2. Cleaning and discretising income
Bang 7 khach c6 thu nhép (triéu dong mdi thang, dir kién dé bai) 1a 10, 14, thiéu, 8, 20,
12, 16. (a) Pién 6 thiéu bang trung vi ctia cac 6 co gi tri. (b) Roi rac hoa thanh ba muc:
dudi 12 1a Thép, tir 12 dén dudi 18 1a Trung binh, tir 18 trd 1én 1 Cao. (c) Pém s khach
mdi mirc va noéi bude nay thudc budc nao ciia KDD.
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A table of 7 customers has incomes (million dong per month, problem data) of 10, 14, missing, 8,
20, 12, 16. (a) Fill the missing cell with the median of the observed cells. (b) Discretise into
three levels: under 12 is Low, from 12 up to under 18 is Medium, 18 and above is High. (c)
Count the customers in each level and say which KDD step each operation belongs to.

1. Cac 6 6 gia tri sap tang dan: 8, 10, 12, 14, 16, 20. Co 6 gid tri (s6 chan), trung vi 12
trung binh hai gia tri gitra: (12 + 14) / 2 = 13. O thiéu duoc dién 13.
The observed cells in ascending order: 8, 10, 12, 14, 16, 20. There are 6 values (an even
count), so the median is the mean of the two middle values: (12 + 14) /2 = 13. The missing
cell is filled with 13.

2. Day da dién: 10, 14, 13, 8, 20, 12, 16. Gan muc: 10 1a Thép; 14 1a Trung binh; 13 1a
Trung binh; 8 12 Thap; 20 1a Cao; 12 1a Trung binh; 16 14 Trung binh.
The filled series: 10, 14, 13, 8, 20, 12, 16. Assign levels: 10 is Low; 14 is Medium; 13 is
Medium; 8 is Low; 20 is High; 12 is Medium; 16 is Medium.

3. Bém: Thép 2 khach, Trung binh 4 khach, Cao 1 khach, tong 7. Mtrc Trung binh chiém
4/7 = 57,1%.
Count: Low 2 customers, Medium 4, High 1, total 7. The Medium level holds 4/7 = 57.1%.

4. Pién gia tri thiéu thudc budc 2 (Iam sach, tich hop); roi rac hoa thudc bude 3 (bién
d6i, thu giam); dém theo murc 13 viéc cta budc 4 (khai pha) & dang don gian nht.
Filling the missing value belongs to step 2 (clean, integrate); discretisation to step 3
(transform, reduce), counting by level is step 4 (mining) in its simplest form.

Bai 3. Dung lwgng dir li€u sw ki€n &ng dung — Exercise 3. Storage size of app event data
Mbi ngay cé 40.000 khach m& tmg dung "Pha Sa"; mdi khach sinh 5 ban ghi sy kién;
mdi ban ghi dai 200 byte (dit kién dé bai, 1 MB = 1.000.000 byte). (a) Tinh s6 ban ghi va
dung lugng mdi ngay. (b) Tinh dung luong sau 30 ngay va sau 365 ngay. (c) Chi ra chir
V nao cua dit liéu 16n the hién rd nhat va loai dit liéu theo cach t6 chic.

Each day 40,000 customers open the "Phu Sa" app; each customer generates 5 event records;
each record is 200 bytes long (problem data, I MB = 1,000,000 bytes). (a) Compute the number

of records and the storage per day. (b) Compute the storage after 30 days and after 365 days. (c)
Name the V of big data that shows most clearly and the type of data by organisation.

1. Sé ban ghi mdi ngay: 40.000 * 5 =200.000 ban ghi.
Records per day: 40,000 =5 = 200,000 records.

2. Dung lugng mdi ngay: 200.000 * 200 = 40.000.000 byte = 40 MB.
Storage per day: 200,000 = 200 = 40,000,000 bytes = 40 MB.

3. Sau 30 ngay: 40 * 30 = 1.200 MB = 1,2 GB. Sau 365 ngay: 40 * 365 = 14.600 MB =
14,6 GB (1 GB = 1.000 MB).

After 30 days: 40 30 = 1,200 MB = 1.2 GB. After 365 days: 40 * 365 = 14,600 MB = 14.6
GB (1 GB = 1,000 MB).

4. Chir V rd nhat 1a téc d6 (velocity): ban ghi dén lién tuc sudt ngay. Theo cach to chirc,
day 1a chudi su kién, dang dir liéu ban cAu trac. Dung luong 14,6 GB mdi nim vira
mot may tinh; "16n" & ¢y nam & nhip dén cta dir liéu hon 1a kich thuée.

The clearest V is velocity: records arrive continuously all day. By organisation this is an
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event stream, semi-structured data. 14.6 GB a year fits on one computer, the "big" here lies
in the pace of arrival more than in the size.

1.13. Cau hoi tu luan va dan y tra l0i — Essay questions and answer outlines

Cau 1. Phan biét dir li€u, thong tin va tri thirc; phan biét KDD véi khai pha dir li€u.
Minh hoa bing bang khach hang va bang ho so vay ciia Phu Sa.
Question 1. Distinguish data, information and knowledge, distinguish KDD from data mining.
Hllustrate with Phu Sa's customer table and loan application table.
« Dit liéu 1a gi tri tho (dong ctia KHO3); thong tin 13 dit liéu da tong hop tra 10i mot cau
héi (7 trong 12 khach c6 nha); tri thirc 1a mau khai quat dung cho dir liéu moi.
Data is a raw value (the row of KH03), information is summarised data answering a
question (7 of 12 customers own a house), knowledge is a general pattern usable on new
data.
« Vi dy tri thire: trong 14 ho so, lich sir X4u di cung ty 1& no xau 80%, lich sir Tét di
cung 0%; quy tac theo lich str dting 12/14 hd so (85,7%).
A knowledge example: among 14 applications a Bad history goes with an 80% bad-debt rate
and a Good history with 0%, the rule by history is right on 12 of 14 (85.7%).

* KDD la cé qué trinh nam budc: chon dir 1i€u, lam sach va tich hop, bién ddi va thu
giam, khai phé, danh gi4 va trinh bay.
KDD is the whole five-step process: select data, clean and integrate, transform and reduce,
mine, evaluate and present.

« Khai ph4 dir liéu theo nghia hep chi 1a budc thir tu, chay thuat toan tim mau; cac budc
con lai chuan bj va danh gia.
Data mining in the narrow sense is only the fourth step, running the pattern-finding
algorithm, the other steps prepare and evaluate.

« Mau c6 gia tri khi hop 1&, méi, hiru ich va hiéu dugc; tri thie phai kiém trén dir liéu
chua dung dé 1ap no.
A pattern has value when valid, novel, useful and understandable; knowledge must be tested
on data not used to form it.

Céu 2. Trinh bay sau pha CRISP-DM i#p vao du 4n chim diém tin dung ciia Phu Sa
va giai thich vi sao quy trinh mang tinh lap.
Question 2. Describe the six CRISP-DM phases applied to Phu Sa's credit scoring project and
explain why the process is iterative.
« Pha 1 hiéu nghiép vu: myc tiéu giam khoan vay thanh ng xau ma khong tir chdi nhiéu
khach t6t, kém tiéu chi thanh cong.
Phase I business understanding: the goal of cutting loans that become bad debt without
rejecting many good customers, with success criteria.
« Pha 2 hiéu dir liéu: thong ké thu nhap, du no, phat hién gi tri thiéu (KHO07) va ngoai
lai (KH12).
Phase 2 data understanding: summarise income and debt, find the missing value (KH07) and
the outlier (KH12).
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« Pha 3 chuan bi di liéu: dién thiéu, tinh DTI, chuan hoéa, chia tip huan luyén va kiém
tra.
Phase 3 data preparation: fill gaps, compute DTI, normalise, split into training and test sets.

« Pha 4 md hinh héa, pha 5 danh gia trén tap kiém tra theo tiéu chi nghiép vy, pha 6
trién khai va giam sat do on dinh diém.
Phase 4 modelling, phase 5 evaluation on the test set against the business criteria, phase 6
deployment and monitoring of score stability.

« Quy trinh 1ap vi két qua ctia mot pha c6 thé lam ddi pha trude: dit liéu khong du thi doi
muc tiéu, mo hinh chua dat thi quay lai chuén bi di liéu.
The process iterates because the result of one phase can change an earlier one: insufficient
data changes the goal, a model that falls short sends the team back to data preparation.

Cau 3. So sanh OLAP v¢i khai pha dir li€u; néu cac thach thirc va quy dinh phap
luat vé thong tin khach hang khi Phii Sa 1am dw 4n chim diém tin dung.

Question 3. Compare OLAP with data mining; state the challenges and the legal rules on
customer information when Phu Sa runs a credit scoring project.

* OLAP téng hop theo chiéu do nguodi dung chon, trd 101 "bao nhiéu, & dau" (du no theo
hang thé); khai pha dit liéu ty tim mau, tra 1di "vi sao, ai s&".
OLAP aggregates along dimensions the user chooses and answers "how many, where" (debt
by card tier); data mining finds patterns itself and answers "why, who will".

« Théach thtrc: chat lugng dir liéu, quyén riéng tu, giai thich dugc, qua khop, thién Iéch;
mdi thach thirc néu biéu hién & Phi Sa va cach xir 1y.

Challenges: data quality, privacy, explainability, overfitting, bias, for each give how it shows
at Phu Sa and how to handle it.

« Luat Céc t6 chirc tin dung (ban hop nhat 143/2026) Diéu 13: nhan vién khong tiét 16
thong tin khach hang; khong cung cap cho to chirc, c4 nhan khac, trir yéu cu cua co
quan c6 tham quyén theo luat hodc khach hang chéap thuan.

Law on Credit Institutions (consolidated text 143/2026) Article 13: staff may not disclose

customer information; no provision to other organisations or individuals except at the
request of a competent body under law or with the customer's consent.

« Luét Bao vé dit liéu ca nhan 91/2025 Diéu 2 khoan 1, 3, 11 va Nghi dinh 356/2025
Diéu 4 khoan 1 diém k: thong tin tai chinh, tin dung la dir li€u nhay cam; khir nhan
dang lam dir liéu khong con xac dinh dugc nguoi.

Law on Personal Data Protection 91/2025 Article 2, clauses 1, 3, 11 and Decree 356/2025
Article 4, clause 1(k): financial and credit information is sensitive data, de-identification
leaves data unable to identify a person.

« Nghi dinh 356/2025 Diéu 8 khoan 2 diém a: khi xin déng ¥ phai néu rd myc dich, gom
cham diém, xép hang tin dung néu co.

Decree 356/2025 Article 8, clause 2(a): when seeking consent the purposes must be stated,
including credit scoring and rating where applicable.
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1.14. Cau héi tric nghiém — Multiple-choice questions

1. Trong bang khach hang cua Phu Sa, phat biéu nao 1a tri thirc theo nghia khai pha dir
ligu?
In Phu Sa's customer table, which statement is knowledge in the data mining sense?
A. Dong ghi KHO3 13 34 tudi, gido vién, hang thé Vang, du ng 20 / The row KHO3
records age 34, teacher, Gold tier, debt 20
B. Bang c6 12 khach hang, mdi nghé c6 dung 3 khach hang / The table has 12
customers, exactly 3 customers in each occupation

C. Tong du no cua 12 khach hang 1a 415 triéu dong / The total debt of the 12

customers is 415 million dong

D. Lich sir Tét di cting no x4u thap, dung dé sang ho so méi / 4 Good history goes
with low bad debt, used to screen new applications

2. Dyng bang huén luyén tr nhiéu nguén, dién gia tri thiéu va chia tap huan luyén, tap
kiém tra thudc pha nao ctia CRISP-DM?

Building the training table from several sources, filling missing values and splitting training
and test sets belong to which CRISP-DM phase?

A. Hiéu nghiép vu / Business understanding
B. Hiéu dit liéu / Data understanding

C. M6 hinh hoa / Modelling

D. Chuan bi dit liéu / Data preparation

3. Bai toan nao sau day la phan cum?
Which of the following problems is clustering?
A. Du bao du no cudi thang 10/2026 tir chudi 12 thang trudc /| Forecasting the
month-end debt for October 2026 from the previous 12 months

B. Chia khach thanh nhom theo s giao dich va chi tiéu khi chwa c6 nhom cho trude
Dividing customers into groups by transactions and spending when no groups are
given
C. Poan hd so vay moi 1a Tét hay Xau tir cac hd so dd dao han / Predicting whether
a new application is Good or Bad from matured applications
D. Tim céc cdp san pham hay xut hién ciing nhau trong giao dich / Finding pairs of
products that often appear together in transactions

4. Trong 8 ho so ¢6 3 ho so ng xau. Quy tac ludn doan "khong ng xau" cé do chinh xéc
bao nhiéu?

Among 8 applications 3 have bad debt. What is the accuracy of the rule that always predicts
"no bad debt"?

A.37,5% / 37.5%
B. 50%
C.62,5% / 62.5%
D. 75%
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5. Tap dir li€u c6 cdt nhan ng x4u da biét; muc tiéu 1a doan nhin cho hd so méi. bay la

kiéu hoc nao?
A data set has a known bad-debt label column; the goal is to predict the label of new
applications. Which type of learning is this?

A. Hoc khong gidm sat / Unsupervised learning

B. Hoc ban gidm sat / Semi-supervised learning

C. Phan cum / Clustering

D. Hoc ¢6 gidm sat / Supervised learning

6. Mdi ngay tmg dung ghi 10.000 su kién, mdi sy kién 300 byte (1 MB = 1.000.000
byte). Dung luong sau 30 ngay la
Each day the app records 10,000 events of 300 bytes each (I MB = 1,000,000 bytes). The
storage after 30 days is

A.9MB
B.30 MB
C.90 MB
D. 900 MB

7. Ma Python "print(sum(x > 40 for x in [52, 46, 40, 30, 44]))" in ra gié tri nao?
Which value does the Python code "print(sum(x > 40 for x in [52, 46, 40, 30, 44]))" print?
A.2
B.4
C.3
D.5

8. Theo Luét Bao vé dit liéu ca nhan 91/2025 Diéu 2 khoan 1, dit liéu c4 nhan sau khi

khur nhan dang thi
Under the Law on Personal Data Protection 91/2025, Article 2, clause 1, personal data after
de-identification

A. van 1a dit liéu ca nhan nhay cdm / remains sensitive personal data

B. khong con 1a dir li€u cd nhan / is no longer personal data

C. phai dugc x6a ngay lap tic / must be deleted immediately

D. tré thanh bi mat nha nudc / becomes a state secret
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Chuong 2. Dir li¢u, thong ké mo ta va do do twong tw — Chapter 2.
Data, descriptive statistics and similarity measures

Muc tiéu chwong — Chapter objectives

« Phan loai thudc tinh theo kiéu (dinh danh, nhi phan, th bac, s khoang, s ty 18) va
theo tap gia tri (i rac, lién tuc), roi chon phép toan hop 18 cho timg kiéu.
Classify attributes by type (nominal, binary, ordinal, interval, ratio) and by value set
(discrete, continuous), then choose the valid operations for each type.

* Tinh tay trung binh, trung vi, mode, phuong sai, do I¢ch chuén, ta phan vi, IQR va
nam sb tom tit ctia thu nhap khach hang Phu Sa, phat hién ngoai lai theo quy tic 1,5 *
IQR.

Compute by hand the mean, median, mode, variance, standard deviation, quartiles, IOR and
five-number summary of Phu Sa customer income, and detect outliers with the 1.5 * IOR
rule.

« Poc hinh hép, histogram va do 1éch; tinh hé s6 twong quan Pearson giira thu nhap va
du no va néu gidi han cua no.
Read boxplots, histograms and skewness; compute the Pearson correlation between income
and balance and state its limits.

« Lap ma tran khoang cach sau chuan hoa min—max va tinh khoang cach Minkowski
(Manhattan, Euclid, Chebyshev); kiém tinh chit metric.
Build a dissimilarity matrix after min—max normalisation and compute Minkowski distances
(Manhattan, Euclid, Chebyshev); test the metric properties.

* Tinh SMC, Jaccard, cosine va khoang cach Gower cho dit liéu nhi phan, dinh danh,
thtr bac va hon hop.
Compute SMC, Jaccard, cosine and the Gower distance for binary, nominal, ordinal and
mixed data.

2.1. Poi twong, thudce tinh va kiéu thudc tinh — 2.1. Objects, attributes and attribute
types

Mot tap dir liéu gdm cac ddi twong (object; con goi 1a ban ghi, mau, diém dit liéu). Mbi
doi tuong dugc mo ta béng mot tap thudc tinh (attribute; con goi 1a bién, truong, cot, dac
trung). O Cong ty Tai chinh TNHH Phua Sa, mdi khach hang 1a mot ddi tuong, goi béng
ma KHOI dén KH12; mdi khach dugc mo ta b'fmg bay thudc tinh: tudi, thu nhap, nghé,
hang thé, du no, c¢6 nha va sb lan tré han. Trong co s¢ dir liéu quan hé cua hoc phan Co
s& dir lidu, dbi tuong 1a mot dong (bd), thudc tinh 1a mot cdt, va cac ham AVG, COUNT,
MIN, MAX ctia SQL cho cuing két qua voi cac do do & muc 2.2 va 2.3.

A data set consists of objects (also called records, samples or data points). Each object is
described by a set of attributes (also called variables, fields, columns or features). At Phu Sa
Finance Company Ltd, each customer is an object, named KHOI to KH12, and each customer is

described by seven attributes: age, income, occupation, card tier, outstanding balance, home
ownership and number of late payments. In the relational database of the Databases course an
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object is a row (tuple) and an attribute is a column, and the SQOL functions AVG, COUNT, MIN
and MAX give the same results as the measures in sections 2.2 and 2.3.

Thu
nhip

Income

Nghé Hang thé | Du ng . Tré han

Occupation Card tier Balance Late

Cong nhan Chuan

KHOL |25 |9 Factory worker Standard 2 0 2
KHp 29 1 GRS CWR 0
KHO3 34 15 g’;jfhgen \G’jzig 20 1 0
KHO4 41 22 Eﬁiﬁi?m) Zif 45 1 1
ks 235 gL MR 0 0
KHO6 38 18 1;}1(]1;; ij;{van phong \G’jfdg 30 1 0
KHO7 45  — E:;lln‘:;z)‘;lz;“ do \G’jzig 40 | 2
KHOS 31 14 QRO a6 00
Koo 27w EVEMERROE CWR w0
Ko 36 16 N e B 13
KHIT 50 20 Giao vién Bach kim 35 1 0
Teacher Platinum
KHI2 47 120 Kinh doanh tu do Bach kim 150 1 0

Self-employed Platinum

Thu nhap tinh bé‘mg triéu déng moi thang, du ng bé‘mg triéu déng; cOt ¢6 nha ghi 1 néu
khach s& hiru nha, 0 néu khong. O thu nhap cia KHO7 bj thiéu (dau gach), nén cac thong
ké vé thu nhap tinh trén 11 khach; cach xur 1y gia tri thiéu thugc Chuong 3. Khach KH12
c6 thu nhap 120 tri¢u déng, gép 8 1an trung vi, va s€ la ngoai lai dién hinh & muc 2.3.
Income is in VND million per month and balance in VND million; the home column is 1 if the
customer owns a home and 0 otherwise. The income cell of KH07 is missing (dash), so income
statistics are computed over 11 customers; handling missing values belongs to Chapter 3.
Customer KHI12 earns VND 120 million, 8 times the median, and is the typical outlier of section
2.3.
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Kiéu thudc tinh — Artribute types

Kiéu cta thudc tinh quyét dinh phép toan nao co nghia: tinh trung binh ma nghé 1a v6
nghia, con tinh trung binh du no thi c6 nghia. C6 hai nhém 16n, mdi nhém chia nhé nhu
Hinh 2.1: thudc tinh dinh tinh (gi4 tri 1a nhan) va thudc tinh dinh luong (gia tri 1a sb do).
The type of an attribute decides which operations are meaningful: the average of an occupation
code is meaningless, while the average balance is meaningful. There are two broad groups,

subdivided as in Figure 2.1: qualitative attributes (values are labels) and quantitative attributes
(values are measurements).

Thudc tinh
(attribute)

Pinh tinh Pinh lrgng
quahtatlve) quantltatlve)
Pinh danh Nhi phan Thir bic S6 khoing S6 ty 18
(nominal) (binary) (ordinal) (interval) (ratio)
. 7 - J U J
N\ N\ N )
. [ n}lé Fdéi )it'mg) , nim ky thu nlh?pz dlf no,
nghé c& san pham hang thé h " tuoi, so lan
L sk op dong X
(bat d6i xing) tre han
- o -’ - < \\ 7

O du6i mdi kiéu: vi du lay tir bang khach hang ciia Phi Sa

Hinh 2.1. Phén loai thudc tinh, vi du l4y tir bang khach hang ctia Phii Sa
Figure 2.1. Classification of attributes, with examples from the Phu Sa customer table

Pic di€ém

Characteristics

Phép c6 nghia

Meaningful operations

Vi du & Phu Sa
Phu Sa example

Gia tri 1a tén hodc nhén,

So sanh béng hoac khac;

Nghé: Giao vién, Cong

Dinh danh khong c6 thu ty dém; mode nhan
Nominal Values are names or labels = Equal or not equal; Occupation: Teacher,
with no order counting, mode Factory worker
Nhi phan d6i ~ Hai gia tri, hai gia tri c6
xung tam quan trong nhu nhau ~ Nhu dinh danh Co nha: 1 hoac 0
Symmetric Two values of equal As for nominal Home ownership: 1 or 0
binary importance
Hai gia tr1, gia tr1 1 (co
Nhi phan bit  xudt hién) méi mang Nhu dinh danh; so sanh  Co ding bao hiém khoan
d6i ximg thong tin tap hop (Jaccard) vay
Asymmetric Two values, only 1 As for nominal; set Flag for using loan
binary (present) carries comparison (Jaccard) insurance

information
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Pic diém Phép c6 nghia Vi du & Phu Sa

Characteristics Meaningful operations Phu Sa example

Co tht ty, khoang cach Thém so sanh 16n hon,

Hang thé: Chuén < V3
gitra hai bac khong xac nho hon; trung vi; tr phan ang the: Chuan < Vang

Thir bac . < Bach kim
. dinh vi _
Ordinal Card tier: Standard < Gold
Ordered, gap between Adds greater or less than; .
. < Platinum
ranks undefined median; quartiles
X , . . Thém cOng, trir; trun
Khoang cach c6 nghia, . N jg A g7 p
. ez N binh; d6 1€ch chuan; ty s < , A
£ \ khong c6 diém khong A Nam ky hgp dong: 2019,
S6 khoang fuvet déi v0 nghia 2024
Interval y o Adds addition, subtraction,
Differences are meaningful, o Contract year: 2019, 2024
mean, standard deviation,
no true zero . .
ratios are meaningless
C6 diém khong tuyét ddi, Moi phép toan, ké ca ty Thu nhap 18 triéu gap
S6 ty 1é ty s0 c6 nghia sO d6i 9 tridu
Ratio True zero, ratios are All operations, including Income of 18 million is

meaningful ratios twice 9 million

Céach phan chia khac theo tap gid tri: thudc tinh roi rac (discrete) nhan hitu han hoic dém
dugc gia tri, nhu sb 1an tré han (0, 1, 2, 3, 4), hang thé, nghé; thudc tinh lién tuc
(continuous) nhan gié tri thyc trong mot khoang, nhu thu nhap, du ng. Thude tinh nhi
phan 13 trudng hop riéng cua roi rac. Dir liéu may tinh chi luu s ¢6 hitu han chir s6 thap
phan, nén lién tyc 1a mot md hinh cia thudc tinh. Chuong trinh sau khai bao lai bang
khéach hang va dém sb gia tri khac nhau, s6 6 thiéu cua tung thudc tinh.

A second split is by the set of values: a discrete attribute takes finitely or countably many values,
such as the number of late payments (0, 1, 2, 3, 4), card tier or occupation; a continuous
attribute takes real values in an interval, such as income or balance. A binary attribute is a
special case of a discrete one. A computer stores only numbers with finitely many decimals, so
continuous is a model of the attribute. The following program declares the customer table again
and counts the distinct values and the missing cells of each attribute.

khach = [
("KHO1", 25, 9, "Cbng nhan", "Chuin", 12, 0, 2),
("KHO2", 29, 12, "Nhan vién vi&n phoéng", "Chuin", 18, 0, 1),
("KHO3", 34, 15, "Gido vién", "vang", 20, 1, 0),
("KHO4", 41, 22, "Kinh doanh tu do", "Vang", 45, 1, 1),
("KHO5", 23, 8, "Cbng nhan", "Chuin", 10, 0, 4),
("KHO6", 38, 18, "Nhdn vién van phong", "Vang", 30, 1, 0),
("KHO7", 45, None, "Kinh doanh tu do", "Vang", 40, 1, 2),
("KHO8"™, 31, 14, "Gido vién", "Chuin", 16, 0, 0),
("KHO9", 27, 11, "Nh&n vién van phong", "Chuén", 14, 0, 1),
("KH10", 36, 16, "Cbng nhén", "Vvang", 25, 1, 3),
("KH11", 50, 20, "Gido vién", "Bach kim", 35, 1, 0),
("KH12", 47, 120, "Kinh doanh tuy do", "Bach kim", 150, 1, 0),

ten = ["ma", "tuoi", "thu nhap", "nghe", "hang the", "du no",
"co nha", "so lan tre han"]
for j, t in enumerate (ten):
cot = [dong[]j] for dong in khach]

co gia tri = [x for x in cot if x is not None]
print (f"{t:<15}{len(set(co _gia tri)):>3} giéd tri kha&c nhau, "
f"thiéu {len(cot) - len(co gia tri)}")
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Két qua chay / Output

ma 12 giéd tri khac nhau, thiéu 0
tuoi 12 giéd tri khac nhau, thiéu 0
thu nhap 11 gi& tri kha&c nhau, thiéu 1
nghe 4 gia tri khac nhau, thiéu 0
hang the 3 gid tri khac nhau, thiéu 0
du no 12 giéd tri khac nhau, thiéu 0
co nha 2 gid tri khac nhau, thiéu 0
so _lan tre han 5 gia tri khac nhau, thiéu 0

Thu nhép c6 11 gia tri khac nhau va thiéu 1 6; nghé c6 4 gié tri, hang thé co6 3, sb lan tré
han c6 5. Ma khéch 1a dinh danh vi 12 gia tri khac nhau, nén khong dua vao tinh toan.
Income has 11 distinct values and 1 missing cell; occupation has 4 values, card tier 3 and late
payments 5. The customer code is a nominal identifier with 12 distinct values and is left out of
calculations.

PHAI THUQC / MEMORISE — Dinh danh chi dém; thr bac thém trung vi; ) khoang
thém trung binh; s6 ty 1¢ thém ty s6. Nhi phan bét d6i ximg dung Jaccard, nhi phan d6i ximg
dung khép don gian (muc 2.7).

Nominal only counts, ordinal adds the median; interval adds the mean; ratio adds ratios. Asymmetric
binary uses Jaccard, symmetric binary uses simple matching (section 2.7).

LOI HAY GAP / COMMON MISTAKE — M3 hoa hang thé thanh 1, 2, 3 r6i coi nhu s ty
1é: trung binh hang 2,0 khong c6 nghia I hang Vang, va hang Bach kim khéng phai gip ba
hang Chuan. Ciing khong tinh trung binh ma khach hang hay s dién thoai.

Coding card tier as 1, 2, 3 and treating it as a ratio attribute: an average rank of 2.0 does not mean
Gold, and Platinum is not three times Standard. Do not average customer codes or phone numbers
either.

2.2. Po xu huwdéng trung tam — 2.2. Measures of central tendency

Do do xu hudng trung tdm tra 10i cdu hoi gia tri dién hinh cta thudc tinh 13 bao nhiéu.
Véin gia tri x1, ..., xn, sap xép ting dan thanh x(1) < ... < x(n), cac d6 do gdm:

A measure of central tendency answers what the typical value of an attribute is. For n values x1,
..., xn sorted into x(1) < ... <x(n), the measures are:

x=(Ix)/n (2.1)

« Trung binh (mean) cong hét r6i chia n, cong thuc (2.1); dung duoc cho sé khoang va
s6 ty 18.
The mean adds everything and divides by n, formula (2.1); usable for interval and ratio
attributes.

Xa=(Zxw)/(n—2k),i=k+1,..,n—k k=|ax*n] (2.2)
« Trung binh cit tia (trimmed mean) bo k gi4 tri nho nhét va k gia tri 16n nhat roi lay
trung binh, cong thiic (2.2). Sach nay cit tia 10% mdi dau (o = 0,1).

The trimmed mean drops the k smallest and k largest values and averages the rest, formula
(2.2). This book trims 10% at each end (o. = 0.1).

trung vi = X((n+1)/2) khi n 1&; trung vi = (Xn/2) + Xn/2+1)) / 2 khinchan  (2.3)
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« Trung vi (median) 13 gia tri & gitra sau khi sap xép, cong thirc (2.3); dung dugc tir
thudc tinh thir bac trd 1én.
The median is the middle value after sorting, formula (2.3); usable from ordinal attributes
upward.

« Mode 1 gia tri xut hién nhiéu nhat; c6 thé c6 nhiéu mode hodc khong c6 mode nao;
dung dugc cho moi kiéu thudc tinh.
The mode is the most frequent value; there may be several modes or none; usable for every
attribute type.

midrange = (Xmin + Xmax) / 2 (2.4)

« Midrange 13 trung diém cua gia tri nho nhat va 16n nhat, cong thire (2.4); tinh nhanh
nhung bi ngoai lai chi phdi.
The midrange is the midpoint of the smallest and largest values, formula (2.4); quick to
compute but dominated by outliers.

import statistics as st
from collections import Counter

thu nhap = [9, 12, 15, 22, 8, 18, 14, 11, 16, 20, 120] # bd KHO7

tre han = (2, 1, O, 1, 4, O, 2, 0, 1, 3, 0, O] # ca 12 khach
n len (thu nhap)

X sorted (thu nhap)

k = int (0.1 * n) # cdt tia 10% méi dau

print ("n =", n, "| téng =", sum(x))

print ("trung binh =", round(st.mean(x), 2))

print ("trung binh cdt tia 10% =", round(st.mean(x[k:n - k]), 2))

print ("midrange =", (x[0] + x[-1]) / 2)

print ("thu nhdp, gid tri gdp nhiéu nhit:", Counter (x) .most common (1) [0])
mode, so_lan = Counter (tre han) .most common (1) [0]

print ("sé lan tré han: mode =", mode, "xudt hién", so lan, "1lan")

(
(
print ("trung vi =", st.median (x))
(
(

Két qua chay / Output

n =11 | tdéng = 265

trung binh = 24.09

trung binh cit tia 10% = 15.22

trung vi = 15

midrange 64.0

thu nhdp, gid tri gdp nhiéu nhét: (8, 1)
sb 1an tré& han: mode = 0 xudt hién 5 1lan

Trung binh thu nhép 1 24,09 triéu dong, con trung vi chi 15 triéu dong: KH12 kéo trung
binh 1én 1,6 1an trung vi. Trung binh cit tia 10% 1a 15,22, gﬁn trung vi vi da bé KHOS va
KH12 (hai dau). Midrange bing 64 triéu dong, khong dai dién cho khach nao. Thu nhap
khong c6 mode vi mdi gia tri chi xuét hién mot 1an; sd 1an tré han c¢6 mode 0 (5 khach).
Voi nghé, bon nghé déu xuit hién ding 3 lan, nén tap dir licu co bon mode; bd dém
Counter ctia Python tra vé Cong nhan chi vi d6 1a nghé gap dau tién trong danh sach.
Mean income is 24.09 million but the median is only 15 million: KH12 pulls the mean up to 1.6
times the median. The 10% trimmed mean is 15.22, close to the median because both ends
(KHO0S5 and KH12) are dropped. The midrange is 64 million and represents no customer. Income
has no mode because every value occurs once; late payments have mode 0 (5 customers). For
occupation all four occupations occur exactly 3 times, so the data set has four modes, the Python
Counter returns Factory worker only because it is the first occupation met in the list.
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PHAI THUQC / MEMORISE — Ngoai lai kéo trung binh va midrange 1éch nhiéu, con
trung vi gan nhu dimg yén. Phan phéi d6i xtng thi trung binh, trung vi tring nhau; 1éch phai
thi trung binh 16n hon trung vi.

Outliers drag the mean and the midrange far, and barely move the median. A symmetric distribution
has mean equal to median; a right-skewed one has mean above median.

Bai miu 2.1. Trung binh, trung vi, cit tia ciia dw ng — Worked example 2.1. Mean,
median and trimmed mean of balance

Pé bai: Bang khach hang c6 12 gia tri du no (triéu dong): 12, 18, 20, 45, 10, 30, 40, 16,
14, 25, 35, 150. Tinh trung binh, trung vi, trung binh cat tia 10% va midrange.

Problem: the customer table has 12 balances (VND million): 12, 18, 20, 45, 10, 30, 40, 16, 14,
25, 35, 150. Compute the mean, the median, the 10% trimmed mean and the midrange.

Thir tw Khach Du n¢ Thir tw Khach Du n¢
Rank Customer Balance Rank Customer Balance
1 10 7 25

KHO05 KH10
2 KHO1 12 8 KHO06 30
3 KHO09 14 9 KHI11 35
4 KHO08 16 10 KHO07 40
5 KHO02 18 11 KHO04 45
6 KHO03 20 12 KHI12 150

1. Trung binh: téng = 415, n = 12, nén trung binh = 415/ 12 = 34,58 triéu dong.
Mean: sum = 415, n = 12, so the mean = 415 / 12 = 34.58 million.

2. Trung vi: n = 12 chin, lay trung binh hai gia tri & vi tri 6 va 7 sau khi sap xép: (20 +
25)/2=225.
Median: n = 12 is even, so average the values at positions 6 and 7 after sorting: (20 + 25) /
2=225.

3. Cat tia 10%: k= [0,1 = 12| = 1, b6 gia tri nho nhét (10) va 16n nhat (150); trung binh
10 gia tri con lai = (415 — 10 — 150) / 10 = 25,5.
10% trimmed mean: k = [0.1 * 12/ = 1, drop the smallest (10) and the largest (150); mean
of the remaining 10 values = (415 — 10 — 150) / 10 = 25.5.

4. Midrange = (10 + 150) / 2 = 80.
Midrange = (10 + 150) / 2 = 80.

5. Nhan xét: trung binh 34,58 16n hon trung vi 22,5 vi KH12 ¢6 du ng 150; bo hai dau
thi trung binh vé 25,5. Du no khéng c6 mode.

Comment: the mean 34.58 exceeds the median 22.5 because KH12 owes 150; dropping both
ends brings the mean to 25.5. Balance has no mode.
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2.3. Do d6 phan tan va nam s0 tom tit — 2.3. Measures of dispersion and the five-

number summary

Hai tap thu nhap co cing trung binh van c6 thé rai rong khac nhau, nén can d6 do phan
tan. Khoang bién thién (range) 1a hiéu giita 16n nhat va nhoé nhét. Phuong sai do trung
binh binh phuong dd I¢éch so véi trung binh; do 1éch chuan 13 cin bac hai cia phuong sai
va c6 cung don vi véi dir lidu.

Two income sets with the same mean can still be spread differently, so a measure of dispersion is

needed. The range is the difference between the largest and smallest values. The variance is the
mean squared deviation from the mean, the standard deviation is its square root and has the

same unit as the data.

s2=3(xi—%)?%/(—1); o®>=T (xi—w?/n s=V(s?)  (25)

TEi—-X)*=Ix*—(Cx)*/n (2.6)
Pic diém Phwong sai miu s> Phwong sai tong thé ¢2
Feature Sample variance s? Population variance o?
Mau sb
. n—1 n
Denominator
Dir lidu 1a mau lay tir tong thé 16n
Dung khi hon Dir liéu 1a toan bo tong thé
Use when The data are a sample from a larger The data are the whole population
population
Ham Python . . . -y . -
Y ) statistics.variance, statistics.stdev statistics.pvariance, statistics.pstdev
Python function
Maic dinh cta thu
vién pandas (ddof = 1), Excel VAR.S numpy.var (ddof = 0), Excel VAR.P
Library defaults

Sach nay dung phuong sai va do 1éch chuan miu (miu s6 n — 1) cho moi chuong, trir khi
dé bai ghi o 1a tong thé. Cong thirc (2.6) cho phép tinh tay ma khong can timg d6 léch:
chi cin tong cac gia tri va tong binh phuong.

This book uses the sample variance and standard deviation (denominator n — 1) in every
chapter, unless the problem says population. Formula (2.6) allows hand computation without
each deviation: only the sum of values and the sum of squares are needed.

import statistics as st

thu nhap = [9, 12, 15, 22, 8, 18, 14, 11, 16, 20, 120]

n = len(thu nhap)

tb = sum(thu nhap) / n

tong bp = sum((x - tb) ** 2 for x in thu nhap)

print ("khoang bién thién =", max(thu nhap) - min(thu nhap))
print ("téng binh phuong léch =", round (tong bp, 2))

print ("phuong sai mdu =", round(tong bp / (n - 1), 2))

print ("phuong sai téng thé =", round(tong bp / n, 2))

print ("d® léch chudn miu =", round(st.stdev(thu nhap), 2))
print ("dé léch chudn téng thé =", round(st.pstdev(thu nhap), 2))
print ("hé sé bién thién =", round (st.stdev (thu nhap) / tb * 100, 1), "$")
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Két qua chay / Output

khoang bién thién = 112

tdng binh phuong léch = 10310.91
phuong sai mdu = 1031.09

phuong sai tdng thé = 937.36

@5 léch chudn mdu = 32.11

d6 léch chudn téng thé = 30.62
hé sbé bién thién = 133.3 %

Thu nhap c6 khoang bién thién 112, phuong sai mau 1.031,09, do 1éch chuan mau 32,11
trigu dong. Hé sb bién thién (d6 léch chuan chia trung binh) 1a 133,3%, nghia 1a do rai
16n hon ca murc trung binh, mot ddu hiéu cua ngoai lai. Phuong sai tong thé nhé hon
(937,36) vi chia cho n.

Income has a range of 112, a sample variance of 1,031.09 and a sample standard deviation of
32.11 million. The coefficient of variation (standard deviation divided by the mean) is 133.3%,

meaning the spread exceeds the mean itself, a sign of outliers. The population variance is
smaller (937.36) because it divides by n.

Tw phan vi, IQR va nam so0 tom tat — Quartiles, IOR and the five-number summary

T phan vi chia dir liéu d sap xép thanh bdn phan ¢ s phan tir xap xi bang nhau: Q1
(25%), Q2 (trung vi), Q3 (75%). Hiéu IQR = Q3 — Q1 la d6 rong cua nira gitra dir lidu.
Nam sb tom tat gém gia tri nhé nhét, Ql, trung vi, Q3 va gia tri lon nhéat.

Quartiles split the sorted data into four parts with roughly equal counts: Q1 (25%), Q2 (median)

and Q3 (75%). The difference IOR = Q3 — QI is the width of the middle half of the data. The
five-number summary lists the minimum, Q1, the median, Q3 and the maximum.

CANH BAO / WARNING — Quy udc tir phan vi ctia sach (c¢b dinh cho moi chwong): vi tr
ctia phan vi p 1a 1 + (n — 1) * p trong day da sap xép, ndi suy tuyén tinh giita hai gia tri ké;
trung voi statistics.quantiles(method="inclusive") ctia Python va ham QUARTILE.INC cua
Excel. Gido trinh khéc c6 thé dung quy udc khac va ra Q1, Q3 khéc; dé thi can ghi rd quy
udc.

Quartile convention of this book (fixed for all chapters): the position of percentile pis 1 + (n — 1) *p
in the sorted list, with linear interpolation between neighbours, it matches Python
statistics.quantiles(method="inclusive") and Excel QUARTILE.INC. Other textbooks may use another
convention and obtain different Q1 and Q3; an exam should state the convention.

vitri=14 (n— 1) *p; Q =x() + f * (Xg+1) — X(j)), v&i j la phdn nguyén, f1a phin
thap phan cua vi tri (2.7)

IQR=Q3 — Q1; hangrao dud¢i = Q1 — 1,5 * IQR; hangrao trén = Q3 + 1,5 * IQR
(2.8)

Gia tri ndm ngoai hai hang rao & cong thirc (2.8) bi coi 1a ngoai lai theo quy tic 1,5 * IQR
ctia Tukey. Ciing c6 thé kiém tra bang z-score (bai toan ning cao & Chuong 9).

A value outside the two fences of formula (2.8) is treated as an outlier under Tukey's 1.5 * IOR
rule. A z-score check is also possible (an advanced topic in Chapter 9).
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thu nhap =

thap, cao =

ngoai lai =

ngoai lai:

import statistics as st

12, 15, 22, 8, 18, 14, 11, 16, 20, 120]

x = sorted(thu nhap)
ql, g2, a3 =
igr = g3 - gl
gl - 1.5 * igr, g3 + 1.5 * iqgr
print ("ndm sbé:", x[0], gql, 92, g3, x[-1])

print ("IQR =",
[v for v in x if v < thap or v > cao]

print ("ngoai lai:", ngoai lai)

con lai = [v for v in x if v not in ngoai lai]

print ("trung binh bd ngoai lai =", round(st.mean(con lai), 2))

print ("quy udc exclusive:", st.quantiles(x, n=4, method="exclusive"))

st.quantiles (x, n=4, method="inclusive")

igr, "| hang rao:", thap, cao)

Két qua chay / Output

ndm sé: 8 11.5 15.0 19.0 120

IQR = 7.5 | hang rao: 0.25 30.25
[120]

trung binh bd ngoai lai = 14.5

quy udc exclusive: [11.0, 15.0, 20.0]

Nam s tom tit cta thu nhap 1a 8; 11,5; 15; 19; 120. IQR = 7,5; hang rao 1a 0,25 va
30,25, nén chi KH12 (120) 1a ngoai lai. B6 KH12, thu nhdp trung binh con 14,5 tri¢u
ddng, sat trung vi 15. V&i quy wéc exclusive (mau sén + 1), Q1 = 11 va Q3 =20, IQR =

9: két luan ngoai lai van nhu cii nhung hang rao di, vi vay phai ghi rd quy udc.

The five-number summary of income is 8, 11.5, 15, 19, 120. IOR = 7.5, the fences are 0.25 and
30.25, so only KHI2 (120) is an outlier. Without KH12 the mean income falls to 14.5 million,
close to the median 15. Under the exclusive convention (denominator n + 1), Q1 = 11 and Q3 =
20, IOR = 9: the outlier verdict is unchanged but the fences move, which is why the convention

must be stated.

Bai miu 2.2. Phwong sai va d9 1éch chuan cia thu nhap — Worked example 2.2.

Variance and standard deviation of income

Dé bai: Tinh phuong sai mau va do léch chuin mau cua 11 gia tri thu nhap (bé KHO07),

dung cong thuce (2.6).

Problem: compute the sample variance and sample standard deviation of the 11 income values

(KHO7 excluded), using formula (2.6).

Khach

Customer
KHO1
KHO02
KHO03
KHO04

KHO05

KHO06

Khach
Customer

9

12 144 KHO09 11 121

15 225 KH10 16 256

22 484 KHI11 20 400

8 64 KHI12 120 14400
Cong

18 324 265 16.695
Sum
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1. Tu bang: n= 11, £ xi = 265, X xi*> = 16.695.
From the table: n = 11, X xi = 265, X xi’ = 16,695.
2. Téng binh phuong I¢ch: X xi* — (X xi1)?/n = 16.695 — 2652/ 11 = 16.695 — 6.384,09 =
10.310,91.
Sum of squared deviations: X xi’ — (X' xi)?/n = 16,695 — 2652/ 11 = 16,695 — 6,384.09 =
10,310.91.
3. Phuong sai mau: s2=10.310,91 /(11 — 1) = 1.031,09.
Sample variance: s = 10,310.91 /(11 — 1) = 1,031.09.
4. o léch chuan mau: s =V1.031,09 = 32,11 triéu dong.
Sample standard deviation: s =\1,031.09 = 32.11 million.

Bai miu 2.3. Nim s6 tém tit va ngoai lai ciia thu nhap — Worked example 2.3. Five-
number summary and outliers of income

Pé bai: Tim nam sd tom tit, IQR va cic ngoai lai cia 11 gia tri thu nhap theo quy udc
cua sach.

Problem: find the five-number summary, the IOR and the outliers of the 11 income values under
the book's convention.

Position
& 9 11 12 14 15 16 18 20 22 120

Gia tri

Value

1. Sap xép tang dan (bang trén). Gia tri nho nhat 8, 16n nhat 120.
Sort ascending (table above). The minimum is 8 and the maximum is 120.

2.Ql:vitri=1+10 % 0,25 =3,5, gitra gia tri tha 3 (11) vatha 4 (12): Q1 =11+0,5 *
(1I2—-11)=11.5.
QlI: position = 1 + 10 *0.25 = 3.5, between the 3rd (11) and 4th (12) values: Q1 = 11 + 0.5
*(12—11)=11.5.

3. Trung vi: vitri=1+ 10 * 0,5 =6, gid tri thu 6 1a 15.
Median: position = 1 + 10 * 0.5 = 6, and the 6th value is 15.

4.Q3:vitri=1+10 x 0,75 = 8,5, gitra gia tri tha 8 (18) va tha 9 (20): Q3 =18 + 0,5 *
(20 —-18)=109.
Q3: position = 1 + 10 *0.75 = 8.5, between the 8th (18) and 9th (20) values: Q3 = 18 + 0.5
*(20 — 18) = 19.

5.IQR=19-11,5=17,5; 1,5 * IQR = 11,25. Hang rao dudi= 11,5 — 11,25 = 0,25; hang
rao trén = 19 + 11,25 = 30,25.
IOR=19—11.5=7.5; 15 *IQR = 11.25. Lower fence = 11.5 — 11.25 = 0.25, upper fence
=19+ 11.25=30.25.

6. Gia tri 16n nhat nam trong hang rao 1a 22; gia tri 120 vuot 30,25 nén 13 ngoai lai duy
nhat.
The largest value inside the fences is 22; the value 120 exceeds 30.25 and is the only outlier.
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PHAI THUQC / MEMORISE — Phuong sai mau chia n — 1, tong thé chia n. T phén vi
cua sach: vitri 1 + (n— 1) * p. Ngoai lai: ngoai [Q1 — 1,5 * IQR; Q3 + 1,5 * IQR].

Sample variance divides by n — 1, population variance by n. Book quartiles: position 1 + (n — 1) *p.
Outlier: outside [Q1 — 1.5 ¥IQR; Q3 + 1.5 xIQR].

LOI HAY GAP / COMMON MISTAKE — Chia cho n khi d& cho miu (hodc n — 1 khi dé
cho ca tong thé); tu tinh Q1 theo cach khac quy wdc dé; quén binh phuong trong cong thirc
phuong sai; 14y can rdi méi chia.

Dividing by n when the problem gives a sample (or n — 1 for a whole population),; computing Q1 by a
different convention from the problem, forgetting the square in the variance; taking the root before
dividing.

2.4. Hinh hop, histogram va do¢ léch — 2.4. Boxplots, histograms and skewness

Histogram chia truc gia trji thanh céc khoang lién tiép cung d6 rong va vé cot cao bang
sO quan sat trong mdi khoang. Hinh hp (boxplot) v& nam s6 tom tat: hop di tir Q1 dén
Q3, vach trong hdp 1a trung vi, hai rau kéo to1 gia tri xa nhét con nam trong hang rao, cac
diém ngoai hang rao vé& riéng. Hinh 2.2 v& hai biéu d6 cua thu nhap trén cling truc.

A histogram splits the value axis into consecutive intervals of equal width and draws bars whose
height is the number of observations in each interval. A boxplot draws the five-number
summary: the box runs from QI to Q3, the line inside is the median, the two whiskers reach the
farthest value still inside the fences, and points outside the fences are drawn separately. Figure
2.2 draws both charts of income on the same axis.

import statistics as st

thu nhap = [9, 12, 15, 22, 8, 18, 14, 11, 16, 20, 120]
dem = {}
for v in thu nhap:
khoang = v // 10 * 10
dem[khoang] = dem.get (khoang, 0) + 1
for a in range (0, 130, 10):
so = dem.get (a, 0)
print (f"[{a:>3}, {a + 10:>3}) {'#' * so} {so}")
n = len(thu nhap)
tb, s = st.mean (thu nhap), st.stdev(thu nhap)
m2 = sum((x - tb) ** 2 for x in thu nhap) / n
m3 = sum((x - tb) ** 3 for x in thu nhap) / n
print ("gl =", round(m3 / m2 ** 1.5, 2))
print ("3 (tb - trung vi)/s =", round(3 * (tb - st.median(thu nhap)) / s, 2))

Két qua chay / Output

[ 0, 10) ## 2
[ 10, 20) ####4# ©
[ 20, 30) ## 2
[ 30, 40) O

[ 40, 50) O

[ 50, 60) O

[ 60, 70) O

[ 70, 80) O

[ 80, 90) O

[ 90, 100) O
[100, 110) O
[110, 120) O
[120, 130) # 1
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gl = 2.75
3(tb - trung vi)/s = 0.85

77 trung vi 15
1
6 1
1
5 : trung binh 24,09
S I
24 i
i} I
@ 3 1
1
1
2 1
1
1 1
I
0 1
ngoai lai KH12 (120)
T

Ql=11,5 Q3=19
0 10 20 30 40 50 60 70 80 90 100 110 120 130
Thu nhép (triéu ddng/thang)

Hinh 2.2. Histogram (d¢ rong 10) va hinh hdp cta thu nhap 11 khach, don vi tri¢u déng/théng
Figure 2.2. Histogram (bin width 10) and boxplot of the income of 11 customers, VND million per month

Hop di tor 11,5 dén 19 voi vach trung vi ¢ 15; rau trai téi 8, rau phai téi 22 (gia tri lon
nhat con trong hang rao 30,25); KH12 1a diém tach riéng. Histogram cho thay 10 khach
don trong khoang 8 dén 22 va mot cot don doc & [120, 130).

The box runs from 11.5 to 19 with the median line at 15, the left whisker reaches 8 and the right

whisker reaches 22 (the largest value inside the fence 30.25); KHI2 is the separate point. The
histogram shows 10 customers packed between 8 and 22 and a lone bar at [120, 130).

Do léch (skewness) — Skewness

Do léch mo ta phan phdi can doi hay khong. Phan phéi léch phai (duong) cé dudi dai vé
phia gia tri 16n va trung binh 16n hon trung vi; 1éch trai (Am) nguoc lai; ddi xing thi hai
d6 do gan bang nhau. Hai hé sd hay dung 1a hé s6 moment gl va hé sé thir hai cia
Pearson:

Skewness describes whether a distribution is balanced. A right-skewed (positive) distribution
has a long tail towards large values and a mean above the median, left-skewed (negative) is the
opposite;, a symmetric one has the two nearly equal. Two common coefficients are the moment
coefficient gl and Pearson's second coefficient:

g1=[X(xi—%7%/n]/[Z(xi—%)*/n]*? 2.9)
Sk=3* (X —trungvi) /s (2.10)

Thu nhap c6 gl = 2,75 va h¢ sb thir hai cua Pearson 13 0,85. Ca hai duong, khop véi dd
thi: phan phéi léch phai manh do KH12. Gia tri gl 16n hon 1 thudng duge xem la léch
manh, nhung vé6i 11 quan sat thi hé s6 nay bat 6n va chi nén dung dé mo ta.

Income has gl = 2.75 and Pearson's second coefficient 0.85. Both are positive, matching the
chart: a strongly right-skewed distribution caused by KHI2. A gl above 1 is usually read as
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strong skew, but with 11 observations the coefficient is unstable and should only be used
descriptively.

PHAI THUQC / MEMORISE — Léch phai: trung binh > trung vi, dudi dai bén phai, hop
1éch vé phia nho. Léch trai ngugc lai. Hinh hop cho thay ngoai lai; histogram cho thay hinh
dang.

Right skew: mean > median, long right tail, box shifted to the small side. Left skew is the opposite. A
boxplot shows outliers; a histogram shows shape.

LOI HAY GAP / COMMON MISTAKE — Dbi d¢ rong khoang ctia histogram 1am hinh
dang thay d6i (10 so v&i 5 hay 20); két luan vé phan phdi tir histogram can néu d6 rong da
chon. Véi 11 diém, ding khang dinh phan phéi chuan hay 1éch dwa trén hinh.

Changing the bin width changes the shape (10 versus 5 or 20),; a conclusion drawn from a histogram
must state the width chosen. With 11 points, do not assert normality or skew from the picture alone.

2.5. Twong quan Pearson va biéu do phan tan — 2.5. Pearson correlation and the
scatter plot

Biéu d6 phan tan (scatter plot) dit mdi dbi tuong thanh mat diém theo hai thudc tinh sd.
H¢ s6 twong quan Pearson r tom tit muc tuyén tinh ciia dam diém bang mot s trong
doan [—1, 1]: r gan 1 1a cung ting, gin —1 1a mot ting mot giam, gan 0 1a khong c6 quan
hé tuyén tinh. Binh phuong r2 1a phan bién thién cta thudc tinh nay duoc thudc tinh kia
giai thich bang duong thang.

A scatter plot places each object as a point by two numeric attributes. The Pearson correlation
coefficient r summarises how linear the cloud is as a number in [—1, 1]: r near 1 means rising

together, near —1 means one rises as the other falls, near 0 means no linear relation. The square
r? is the share of variation in one attribute explained by the other through a straight line.

r=X—--9/VE&-0**Ly—-9)? (211

import math

thu nhap = [9, 12, 15, 22, 8, 18, 14, 11, 16, 20, 120]
du no = [12, 18, 20, 45, 10, 30, 16, 14, 25, 35, 150]

def pearson(x, y):
mx, my = sum(x) / len(x), sum(y) / len(y)
t = sum((a - mx) * (b - my) for a, b in zip(x, y))
m = sum((a - mx) ** 2 for a in x) * sum((b - my) ** 2 for b in y)
return t / math.sqgrt (m)

r = pearson(thu nhap, du no)

print ("r (11 khach) =", round(r, 4), "| r binh phuong =", round(r * r, 4))
giu = [1i for i, v in enumerate(thu nhap) if v < 100] # bo KH12

x = [thu nhap[i] for i in giu]

y = [du no[i] for i in giu]

print ("r (bd KH12) =", round(pearson(x, vy), 4))

Két qua chay / Output

(11 khéch) = 0.9898 | r binh phuong = 0.9797
(b6 KH12) = 0.9627

r
r
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Trén 11 khéach c6 du hai gia tri, r = 0,9898 va > = 0,9797. KH12 nam xa dam con lai
nhung cing huéng nén kéo r 1én; bé KHI12 thi r = 0,9627. Ca hai déu sat 1 (cling ting),
nhung dudng hdi quy & Hinh 2.3 thay d6i d6 déc nhiéu khi bé hodc giit mot diém, tirc hé
sd Pearson nhay véi ngoai lai.

Over the 11 customers with both values, r = 0.9898 and r*> = 0.9797. KH12 lies far from the rest

but in the same direction, so it lifts r; without KHI12, r = 0.9627. Both are close to 1 (rising
together), yet the regression line in Figure 2.3 changes its slope a lot when one point is kept or

dropped, so the Pearson coefficient is sensitive to outliers.

160 - ," KH12 (120; 150)
140 A

120 1

100 1

Du ng (triéu dong)
[ele]
S

(o)
(=]
1

N
(=]
1

20 —— dudng hdi quy, ca 11 khach
— ==+ duong hdi quy, bo KH12

0 20 40 60 80 100 120
Thu nhép (triéu dong/thang)

Hinh 2.3. Biéu d6 phan tan thu nhap va du no cta 11 khach (KHO7 thiéu thu nhap nén bi loai)
Figure 2.3. Scatter plot of income and balance of 11 customers (KHO7 has no income and is excluded)

Hai giéi han cin nhd. Mot 1a Pearson chi do quan hé tuyén tinh: mot duong cong chit U
c6 thé cho r gan 0. Hai 13 twong quan khong chtng minh nhan qua: du no 16n di cing thu
nhap cao vi chinh sach han murc cua cong ty phu thudc thu nhéap, khong phai vi du ng lam
thu nhap ting. Quan hé gitra hai thudc tinh dinh danh dugc kiém bang * (Chuong 3).

Two limits to remember. First, Pearson measures only linear relations: a U-shaped curve can
give r near 0. Second, correlation does not prove causation: a large balance goes with a high
income because the company's credit limits depend on income, not because the balance raises
income. The relation between two nominal attributes is tested with y? (Chapter 3).

Bai méu 2.4. Hé s6 Pearson trén 5 khach — Worked example 2.4. Pearson coefficient over
5 customers

Pé bai: Tinh r gitta thu nhap va du no cua KHO1, KHO03, KH05, KH06, KH11 (bang
khach hang, muc 2.1).

Problem: compute r between income and balance for KHO0I, KH03, KH05, KH06 and KHI1
(customer table, section 2.1).
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Khach ) .

KHO1 94 47,0 88,36
KHO3 15 20 1,0 ~1,4 ~1,4 1,0 1,96

KHOS 8 10 —60 “114 684 36,0 129,96
KHO6 18 30 40 8,6 34.4 16,0 73,96
KHI1 20 35 60 13,6 81,6 36,0 184,96
an?g 70 107 0 0 230,0 114,0 479,20

1. Trung binh: Xx=70/5=14;y=107/5=214.
Means: x=70/5=14; y=107/5 =21 4.

2. Pién bang: téng tich o 1éch = 230,0; téng binh phuong d6 léch cia x = 114,0, cua 'y
=479,20.

Fill the table: sum of products of deviations = 230.0; sum of squared deviations of x =
114.0, of y = 479.20.

3.r=230,0/ \/(1 14,0 * 479,20) = 230,0 / 233,73 = 0,9840.
r=230.0/\(114.0 x479.20) = 230.0/ 233.73 = 0.9840.

4. Két luan: r gan 1, hai thudc tinh cing ting theo quan hé tuyén tinh manh trén 5 khach
nay.
Conclusion: r is close to 1, the two attributes rise together in a strong linear relation over
these 5 customers.

LOI HAY GAP / COMMON MISTAKE — Két luan nhin qua tir r cao; bd qua ngoai lai
khi bao 1; tinh r trén cac cdp khong cung khach (1€ch thir tw dong, hodc quén loai KHO7 khi
thu nhap thiéu).

Concluding causation from a high r, ignoring outliers when reporting r;, computing r over pairs that
are not the same customer (shifted row order, or forgetting to drop KH07 when income is missing).

2.6. Ma tran dir liéu, ma tran khoang cach va khoang cach Minkowski — 2.6.

Data matrix, dissimilarity matrix and Minkowski distance

Céc thuat toan phan cum, kNN va phat hién bat thuong (Chuong 6, 8, 9) can mot con s6
do hai d6i tuong gidng hay khac nhau. Ma tran dir liéu X c6 n dong (d6i twong) va p cot
(thudc tinh). Ma tran khoang cach D 1a ma tran vudng n x n, phan tir dij 12 khoang cach
giita ddi twong i va j; D dbi xtmg va c6 duong chéo bang 0. Vi du véi bon khach va ba
thudc tinh s6 (tudi, thu nhép, s6 1an tré han):

Clustering, kNN and anomaly detection (Chapters 6, 8, 9) need a number measuring how alike
or different two objects are. The data matrix X has n rows (objects) and p columns (attributes).
The dissimilarity matrix D is an n X n square matrix whose entry dij is the distance between
objects i and j; D is symmetric with a zero diagonal. Example with four customers and three
numeric attributes (age, income, late payments):
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[ 34 15 0
dong: KHO03, KH06, KHOS,
X=| 38 18 0 |.'8
KH10
31 14 O

36 16 3
Ba thugc tinh ¢6 thang do khac nhau: thu nhap trai tur 8 dén 120, s6 1an tré han chi tir 0
dén 4. Néu tinh khoang cach trén s6 gdc, thu nhap chi phéi va sé 1an tré han gan nhu vo
hinh. Céach xtr 1y thong dung 1a chuin héa min—max dua moi thudc tinh vé [0, 1] (chi tiét
& Chuong 3), véi min va max ldy trén toan bo cot ctia 12 khach:

The three attributes have different scales: income spans 8 to 120, late payments only 0 to 4. On
raw numbers income dominates and late payments become almost invisible. The usual remedy is
min—max normalisation, mapping every attribute to [0, 1] (details in Chapter 3), with min and
max taken over the whole column of the 12 customers:

x' = (x — min) / (max — min) (2.12)

Khoang cach Minkowski bac h gitta hai d6i twong x va y ¢6 p thudc tinh la:
The Minkowski distance of order h between two objects x and y with p attributes is:

d(x,y) = (Z |t — ye|)/h; h = 1: Manhattan; h = 2: Euclid; h = co: Chebyshev =
max |x¢ — ytl (2.13)

Trong cong thirc (2.13) chir h 1a bac (nhiéu gido trinh goi 12 p, tring véi s6 thudc tinh nén
sach d6i sang h dé khoi nham). Béac cang 16n thi khoang cach cang bi thanh phan léch
nhiéu nhét chi phéi; khi h ting, d khong ting va tién téi Chebyshev. Hinh 2.4 vé tap cac
diém cach gdc ding 1 theo ba bac.

In formula (2.13) the letter h is the order (many textbooks call it p, which clashes with the
number of attributes, so the book uses h). The larger the order, the more the distance is
dominated by the component that differs most; as h grows, d does not increase and tends to the
Chebyshev distance. Figure 2.4 draws the set of points at distance exactly 1 from the origin for
three orders.
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X2
1 Manhattan: hinh thoi
Euclid: hinh tron h=2
Chebyshev: hinh vuéng
M3i dudng nbi
cac diém cach
gbc ding 1
0 .
h=w
-1
T T T
-1 0 1

Hinh 2.4. Tap diém cach gdc ding 1 theo khoang cach Manhattan, Euclid, Chebyshev
Figure 2.4. Points at distance exactly 1 from the origin under the Manhattan, Euclid and Chebyshev

distances

Pic diém
Characteristics

Khoang cach

Cong thire

Distance Formula

Khi nén dung

When to use

Cong cac chénh 1éch; it nhay
ngoai lai hon Euclid

Adds the differences; less
sensitive to outliers than Euclid

Manbhattan (h =

1 Z [xf— yf]

D6 dai duong thang; thuat
toan k-means dua trén no
Straight-line length, k-means is
built on it

Euclid (h=2) VE xf—yf)?)

Dit liéu nhiéu chiéu, thudc
tinh roi rac
High-dimensional data,
discrete attributes

Mic dinh cho thudc tinh sb
da chuan hoa

Default for normalised
numeric attributes

Khi mot thudc tinh 1éch qua
ngudng 1a du coi hai d6i

Chebyshev (h = max [xf— yf Chi lay chénh 1éch 16n nhat tuong khac nhau

0) Takes only the largest difference = When one attribute exceeding
a limit is enough to call two
objects different

lo = (23, 8, 0) # nho nhit cua tudi, thu nhiap, sb 1idn tr& han

hi = (50, 120, 4) # 16n nhit, 14y trén cad 12 khach

khach = {"KHO6": (38, 18, 0), "KH10": (36, 16, 3)}

def chuan (v) :

return [(x - a) / (b - a) for x, a, b in zip(v, lo, hi)]

a, b = chuan (khach["KH06"]), chuan (khach["KH10"])

print ("KHO6:", [round(x, 4) for x in a])

print ("KH10:", [round(x, 4) for x in b])

hieu = [abs(x - y) for x, y in zip(a, b)]

print ("Manhattan =", round(sum(hieu), 4))

print ("Euclid =", round(sum(h ** 2 for h in hieu) ** 0.5, 4))
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print ("Minkowski3 =", round(sum(h ** 3 for h in hieu) ** (1 / 3), 4))
print ("Chebyshev =", round(max(hieu), 4))

Két qua chay / Output

KHO6: [0.5556, 0.0893, 0.0]
KH10: [0.4815, 0.0714, 0.75]

Manhattan = 0.8419
Euclid = 0.7539
Minkowski3 = 0.7502
Chebyshev = 0.75

Gitra KHO6 va KH10: Manhattan 0,8419, Euclid 0,7539, Minkowski bac 3 0,7502,
Chebyshev 0,7500. Tht ty giam dan theo bac, va Chebyshev trung voi chénh léch cta sb
1an tré han (3 14n so v6i 0 1an, dd chuan hoa thanh 0,75), thanh phan 1éch nhiéu nhat.

Between KH06 and KHI10: Manhattan 0.8419, Euclid 0.7539, Minkowski of order 3 0.7502,

Chebyshev 0.7500. The values fall as the order rises, and Chebyshev equals the difference in late
payments (3 versus 0, normalised to 0.75), the component that differs most.

Tinh chit metric — Metric properties

Mot ham d 13 metric (khoang cach theo nghia toan hoc) khi thoa bon tinh chat voi moi
doi tuong x, y, z:

A function d is a metric (a distance in the mathematical sense) when it satisfies four properties
for all objects x, y, z:

* Khong am: d(x, y) > 0.
Non-negativity: d(x, y) > 0.
« Pong nhat: d(x, y) = 0 khi va chi khi x =y.
Identity: d(x, y) = 0 if and only if x = y.
« Béi xtng: d(x, y) = d(y, x).
Symmetry: d(x, y) = d(y, x).
« Bat dang thirc tam giac: d(x, z) < d(x, y) + d(y, 2).
Triangle inequality: d(x, z) <d(x, y) + d(y, z).
Manbhattan, Euclid, Chebyshev va Minkowski bac tir 1 tré 1én déu 1a metric. Bac nhé hon
1 vi pham bat dang thirc tam giac; 1 — cosine ciing khong thoa tinh chat nay néi chung.
Chuong trinh sau dung ma tran khoang cach Euclid ctia bon khach ¢ ma tran X va thir bat
dang thirc tam giac trén moi bo ba.
Manhattan, Euclid, Chebyshev and Minkowski of order 1 or more are all metrics. An order less
than 1 violates the triangle inequality; 1 — cosine also fails it in general. The following program

builds the Euclid dissimilarity matrix of the four customers in matrix X and tests the triangle
inequality on every triple.

from itertools import permutations

lo, hi = (23, 8, 0), (50, 120, 4)
khach = {"KHO3": (34, 15, 0), "KHOe": (38, 18, 0),
"KHO8": (31, 14, 0), "KH10": (36, 16, 3)}

def chuan (v) :
return [(x - a) / (b - a) for x, a, b in zip(v, lo, hi)]
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def d(u, v):
a, b = chuan(khach[u]), chuan(khach[v])
return sum((x - y) ** 2 for x, y in zip(a, b)) ** 0.5

ten = list (khach)

print (" "+ "M . Join(f"{t:>8}" for t in ten))
for t in ten:
print (£"{t:<6}" + "".Jjoin(f"{d(t, u):8.4f}" for u in ten))

dung = all(d(a, c) <= d(a, b) + d(b, c) + le-12
for a, b, ¢ in permutations(ten, 3))
print ("bdt ddng thtc tam gidc ding véi moi bd ba:", dung)

Két qua chay / Output

KHO3 KHO6 KHO8 KH10
KHO3 0.0000 0.1506 0.1115 0.7537
KHO6 0.1506 0.0000 0.2617 0.7539
KHO8 0.1115 0.2617 0.0000 0.7727
KH10 0.7537 0.7539 0.7727 0.0000

bt ddng thtc tam gidc ding vdi moi bd ba: True

[ 0,0000 0,1506 01115 0,7537 |
dong, cot: KHO03, KHO6,

D=| 0,1506 0,0000 0,2617 0,7539 KHO08, KH10

0,1115 0,2617 0,0000 0,7727
0,7537 0,7539 10,7727 0,0000

Ma tran D d6i xtmg, dudng chéo bang 0, va phan tir gitta KHO06 va KH10 13 0,7539, khép
v6i két qua ¢ trén. KHO8 gan KHO3 nhét (0,1115), con KH10 cach xa ba khach kia vi sd
1an tré han 1a 3 trong khi ba khach con lai 14 0.

Matrix D is symmetric with a zero diagonal, and the entry between KH06 and KHI10 is 0.7539,
matching the result above. KH0S is closest to KH03 (0.1115), while KH10 is far from the other

three because its late payments are 3 against 0 for the rest.

Bai miu 2.5. Khoang cach giira KH06 va KH10 sau khi chuin hé6a — Worked
example 2.5. Distance between KH06 and KH10 after normalisation

Pé bai: Tinh khoang cach Manhattan, Euclid va Chebyshev giita KHO6 va KH10 theo ba
thudc tinh tudi, thu nhap, s6 1an tré han, sau khi chuan héa min—max trén ca 12 khach.

Problem: compute the Manhattan, Euclid and Chebyshev distances between KH06 and KH10
over age, income and late payments, after min—max normalisation over all 12 customers.
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KHO06 KH10 —
Thugc tinh . chuin héa chuin héa 1eu
; Differen
Attribute KHO06 KHI0 ce
scaled scaled
Tuor 23 50 38 0,5556 36 0,4815 0,0741
Age
Thitnbap 8 120 18 0,0893 16 0,0714 0,0179
Income
S0 lan tre han 0 4 0 0,0000 3 0,7500 0,7500
Late payments

1. Chuén héa timg gia tri theo (x — min) / (max — min), vi dy tui KH06: (38 — 23) / (50

—23)=15/27=0,5556; thu nhap KH10: (16 —8) /(120 -8)=8/112=0,0714; sO
1an tré han KH10: 3 /4 =0,75.
Normalise each value with (x — min) / (max — min), for example KHO06 age: (38 — 23) / (50
—23)=15/27=0.5556; KHI10 income: (16 —8) /(120 —8) =8 /112 = 0.0714;, KHI0
late payments: 3 /4 = 0.75.

2. Lay gia tri tuyét dbi cua hiéu timg thudc tinh: 0,0741; 0,0179; 0,7500.

Take the absolute difference per attribute: 0.0741; 0.0179; 0.7500.

3. Manhattan = 0,0741 + 0,0179 + 0,7500 = 0,8419.
Manhattan = 0.0741 + 0.0179 + 0.7500 = 0.8419.

4. Euclid = (0,07412 + 0,01792 + 0,7500?) = V0,5683 = 0,7539.
Euclid = N(0.07417 + 0.0179% + 0.7500%) = N0.5683 = 0.7539.

5. Chebyshev = max(0,0741; 0,0179; 0,7500) = 0,75.
Chebyshev = max(0.0741; 0.0179; 0.7500) = 0.75.

PHAI THUQC / MEMORISE — Chuén hoa min—max bang min, max ciia ca cot trudc khi
tinh khoang cach. Thir tu: Chebyshev < Minkowski bac 3 < Euclid < Manhattan. Metric can
da bén tinh chét, trong d6 ¢ bat dang thirc tam giac.

Apply min—max with the min and max of the whole column before computing distances. Order:
Chebyshev < Minkowski of order 3 < Euclid < Manhattan. A metric needs all four properties,
including the triangle inequality.

LOI HAY GAP / COMMON MISTAKE — Quén chuin hoa nén thu nhap (8 dén 120) lin
at s6 1an tré han (0 dén 4); 14y min, max cta chi hai khach dang so sanh thay vi cua cé cot;
nham Manhattan v&i Euclid khi d& cho bac h (hay p).

Forgetting to normalise, so income (8 to 120) swamps late payments (0 to 4); taking min and max of
only the two customers being compared instead of the whole column; confusing Manhattan with
Euclid when the problem gives the order h (or p).
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2.7. P twong tu cia thudc tinh nhi phan: SMC va Jaccard — 2.7. Similarity of
binary attributes: SMC and Jaccard

Véi p thudc tinh nhi phan, so sanh hai ddi twong i va j bang bang tiép lién 2 x 2 dém sd
thudc tinh theo ting cap gi tri: q 1a s6 thudc tinh ca hai cung bang 1; r 1a i bang 1 con j
bang 0; s 1a i bang 0 con j bang 1; t 1a ca hai cung bang 0; q + r + s + t = p. Vi KHO2 va
KHO5 trén sau cd san pham (thé tin dung, vay tién mait, tra gop dién may, tra gop xe may,
bao hiém khoan vay, dung tng dung), KHO2 dung thé, vay tién mit, bao hiém va ung
dung; KHOS5 dung thé, xe may va ing dung:

For p binary attributes, compare objects i and j with a 2 x 2 contingency table that counts the
attributes by value pair: q is the number of attributes where both equal 1; r where i is 1 and j is
0; s where i is 0 and j is 1, t where both are 0, q + r +s + t = p. For KH02 and KHO05 over six
product flags (credit card, cash loan, electrical-appliance instalment, motorbike instalment, loan
insurance, app use), KHO02 uses the card, cash loan, insurance and app, KHO0S5 uses the card,
motorbike instalment and app:

Khéch KHO5 = 1 KHO5 =0 Cong
Customer Total

q = 2 (thé, ing dung) r =2 (vay tién mat, bao hiém)

KHO02 =1

q = 2 (card, app) r =2 (cash loan, insurance)
_ s =1 (xe may) t=1 (dién may)
EUA=0 s = 1 (motorbike) t = 1 (appliance) 2
Cong
Total 3 3 6

SMC=(q+t)/(q+r+s+t);J=q/(q+r+5) (2.14)

H¢ s6 khép don gian SMC (simple matching coefficient) tinh moi thudc tinh khép nhau,
ké ca cap 0-0. Hé s6 Jaccard bo qua cdp 0-0. Khoang cach twong tng 1a 1 — SMC va 1 —
J. Chon SMC cho thudc tinh nhi phan ddi xtng (c4 hai gi4 tri déu mang thong tin, nhu c6
nha); chon Jaccard cho nhi phan bat d6i xing (chi gia tri 1 mang thong tin, nhu cd ding
san pham).

The simple matching coefficient (SMC) counts every attribute where the two agree, including 0-
0 pairs. The Jaccard coefficient ignores 0-0 pairs. The matching distances are 1 — SMC and 1 —

J. Choose SMC for symmetric binary attributes (both values informative, like home ownership);
choose Jaccard for asymmetric binary attributes (only 1 informative, like product-use flags).

Criterion

Cap 0-0 Tinh la khép Bo6 qua

0-0 pairs Counted as a match Ignored

Loai thudc tinh Nhi phéan d6i xting Nhi phén bat ddi ximg
Attribute type Symmetric binary Asymmetric binary
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Tiéu chi

Y SMC Jaccard
Criterion
Khi thém nhiéu thudc N o al
i A ; Tang vé 1, che mat khac biét that n 2.
tinh c4 hai cung 0 . . Khong doi
- Rises towards 1, hiding real
When many attributes are 0 o Unchanged
, differences
for both
KHO02 va KHO05 3/6=0,5 2/5=0,4
KH02 and KHOS 3/6=0.5 2/5=04
a=1[1, 1, 0, 0, 1, 1] # KHO2: thé, vay tién mit, bao hiém, tng dung
b=1[1 0, 0, 1, 0, 1] # KHO5: thé, xe mdy, Ung dung
def do tuong tu(a, b):
g = sum(l for x, y in zip(a, b) if x == 1 and y == 1)
r = sum(l for x, y in zip(a, b) if x == 1 and y == 0)
s = sum(l for x, y in zip(a, b) if x == 0 and y == 1)
t = sum(l for x, y in zip(a, b) if x == 0 and y == 0)
return q, r, s, t, (@ + t) / len(a), 9/ (@ + r + s)
q, r, s, t, smc, jac = do tuong tu(a, b)
print("gq, r, s, t =", g, r, s, t)
print ("SMC =", round(smc, 4), "| Jaccard =", round(jac, 4))
az, b2 =a + [0] * 10, b + [0] * 10 # thém 10 san phdm cd hai khéng dung
q, r, s, t, smc, jac = do tuong tu(a2, b2)
print ("thém 10 cdp 0-0: SMC =", round(smc, 4), "| Jaccard =", round(jac, 4))

Két qua chay / Output

q, r, s, t =22 11
SMC = 0.5 | Jaccard = 0.4
thém 10 cdp 0-0: SMC = 0.8125 | Jaccard = 0.4

Két qua khop bang tiép lién:q=2,r=2,s=1,t=1, SMC = 0,5 va Jaccard = 0,4. Khi
gia str c6 thém 10 san phdm ma ca hai khach déu khong dung, SMC nhay 1én 0,8125
trong khi Jaccard van 0,4: hai khiach khong gidng nhau hon chi vi cing khong dung
nhirng san pham ho chwa ting biét dén, nén Jaccard hop véi c& dung san pham.

The result matches the contingency table: q = 2, r =2, s = 1, t = 1, SMC = 0.5 and Jaccard =
0.4. When 10 more products that neither customer uses are assumed, SMC jumps to 0.8125 while
Jaccard stays at 0.4: the customers are not more alike merely because both skip products they
have never met, so Jaccard suits product-use flags.

Bai miu 2.6. SMC va Jaccard ciia KHO02 va KHO5 — Worked example 2.6. SMC and
Jaccard of KH02 and KH05

Pé bai: Cho co san pham KHO2 = (1, 1, 0, 0, 1, 1) va KHO5 = (1, 0, 0, 1, 0, 1). Tinh
SMC, Jaccard va hai khoang cach tuong ung.

Problem: the product flags are KH02 = (1, 1, 0, 0, 1, 1) and KHO05 = (1, 0, 0, 1, 0, 1). Compute
SMC, Jaccard and the two matching distances.

1. So tung vi tri: (1,1) 6 vitri 1 va6nénq=2; (1,0) 6 vitri2 vaSnénr=2; (0,1) & vi
tri4néns=1;(0,0)6vitri3nént= 1.Kiém:2+2+1+1=6.
Compare position by position: (1,1) at positions 1 and 6 gives g = 2; (1,0) at positions 2 and
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5 gives r = 2; (0,1) at position 4 gives s = 1; (0,0) at position 3 gives t = 1. Check: 2 + 2 + 1
+1=6.
2.SMC=(q+t)/p=(2+1)/6=0,5; khoang cach 1 — SMC = 0,5.
SMC=(q+t)/p=2+1)/6=0.5 distance 1 — SMC = 0.5.
3.Jaccard=q/(q+r+s)=2/(2+2+1)=2/5=0,4; khoang cach 1 —J =0,6.
Jaccard=q/(q+r+s)=2/2+2+1)=2/5=04, distance 1 — J = 0.6.

PHAI THUQC / MEMORISE — SMC = (q + t) / p cho nhi phan d6i xtng; Jaccard =q/ (q
+ 1+ s) cho nhi phan bat d6i xting. Hai hé s6 chi tring nhau khi t = 0.

SMC = (q +t) / p for symmetric binary data; Jaccard = q/ (q + r + s) for asymmetric binary data.
The two coincide only when t = 0.

LOI HAY GAP / COMMON MISTAKE — Dung SMC cho c& san phdm nén d6 giéng bi
thoi phong; dé mau sb Jaccard 1a p thay vi q + r + s; nhdm hé sb twong ty véi khoang cach
(quén lay 1 trur).

Using SMC for product flags so similarity is inflated; putting p instead of q + r + s in the Jaccard
denominator, confusing a similarity coefficient with a distance (forgetting to subtract from 1).

2.8. Thugc tinh dinh danh, thir bac va do twong tw cosine — 2.8. Nominal and

ordinal attributes and cosine similarity

Thudc tinh dinh danh v6i nhiéu gia tri (nghé) so bang cach dém sb thudc tinh tring
khép m trong p thudce tinh: d(i, j) = (p — m) / p. Céch khéac 1a ma hoa one-hot (Chuong 3)
10i dung d6 do nhi phan. Thude tinh thit bac (hang thé) dugc ddi hang vé [0, 1] theo
cong thirc (2.15) roi dung khoang cach cua sb.

A nominal attribute with many values (occupation) is compared by counting the matches m
among p attributes: d(i, j) = (p — m) / p. Another way is one-hot encoding (Chapter 3) followed
by a binary measure. An ordinal attribute (card tier) is mapped to [0, 1] by formula (2.15) and
then compared as a number.

d@,j) =@ —m) /p; zr= (rir—1) / (Mr—1) (2.15)
Trong cong thirc (2.15), r 13 hang cua gia tri (1 dén M), M 1a s6 hang cta thudc tinh.
Hang thé c6 M = 3: Chuén c6 hang 1 (z =0), Vang hang 2 (z = 0,5), Bach kim hang 3 (z
=1).
In formula (2.15), r is the rank of the value (1 to M) and M is the number of ranks of the

attribute. Card tier has M = 3: Standard has rank 1 (z = 0), Gold rank 2 (z = 0.5), Platinum
rank 3 (z=1).

hang = {"Chuén": 1, "Vang": 2, "Bach kim": 3}
M = len (hang)

def z(h):
return (hang[h] - 1) / (M - 1)

def d thu bac(hl, h2):
return abs(z(hl) - z(h2))

print ("Chudn - Vang:", d_thu bac("Chuin", "Vang"))
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print ("Chudn - Bach kim:", d thu bac("Chudn", "Bach kim"))

kh06 = ("Nhén vién van phong", "Vang", 1) # nghé, hang thé, cé nha
kh10 = ("Céng nhan", "Vang", 1)

m = sum(l for x, y in zip(kh06, khl0) if x == y)

p = len(kh06)

print ("trung khép m =", m, "| d =", round((p - m) / p, 4))

Két qua chay / Output

Chudn - Vang: 0.5

Chudn - Bach kim: 1.0

trung khép m = 2 | d = 0.3333
Khoang cach hang thé giita Chuan va Vang 14 0,5, giita Chuan va Bach kim 1a 1. Vi ba
thudc tinh dinh danh (nghé, hang thé, c6 nha) xét theo kiéu chi so bang, KH06 va KH10
trung hai thudc tinh (cting Vang, cung c6 nha) va khac nghé, nénd = (3 —2) /3 =0,3333.
The card-tier distance between Standard and Gold is 0.5, between Standard and Platinum 1.

Treating three attributes (occupation, card tier, home ownership) by equality only, KH06 and
KH10 match on two (both Gold, both home owners) and differ in occupation, sod = (3 —2)/ 3
=0.3333.

Do twong tw cosine — Cosine similarity

Khi doi tugng 1a véc-to dém (s6 giao dich theo kénh, tan suat tir trong van ban ¢ Chuong
9), di€u can so la hudng cua véc-to; do dai khong quan trong. Cosine do goc gitra hai
véc-to; khoang céach cosine 1a 1 — cosine. V6i véc-to khong am, cosine nam trong [0, 1].
When objects are count vectors (transactions per channel, word frequencies in text in Chapter

9), what matters is the direction of the vectors, length is irrelevant. Cosine measures the angle
between two vectors, the cosine distance is 1 — cosine. For non-negative vectors the cosine lies

in [0, 1].
cos(x,y) = (x-y) / (Ixll * llyll); x-y=Zxexys x| =V(ExA)  (2.16)

import math

a=[3, 0, 2, 1, 4] # KHO2: sb giao dich theo 5 kénh
b= 1[1, 2, 0, 3, 2] # KHO5
tich = sum(x * y for x, y in zip(a, b))

na = math.sqgrt(sum(x * x for x in a))
nb = math.sqgrt(sum(y * y for y in b))

print ("a.b =", tich, "| lal =", round(na, 4), "| |b|l =", round(nb, 4))

cos = tich / (na * nb)

print ("cosine =", round(cos, 4), "| khoang cach =", round(l - cos, 4))

gap = [2 * x for x in a] # KHO2 giao dich gip d6i moi kénh

na?2 = math.sgrt(sum(x * x for x in gap))
tich2 = sum(x * y for x, y in zip(gap, b))
print ("cosine (2a, b) =", round(tich2 / (na2 * nb), 4))

Két qua chay / Output

4.2426
0.3975

a.b =14 | |a|l = 5.4772 | |Db]|
cosine = 0.6025 | khodng céch
cosine(2a, b) = 0.6025

KHO02 va KHOS5 cé cosine 0,6025 trén nam kénh giao dich, khoang cach cosine 0,3975.
Khi KHO02 giao dich gip doi trén moi kénh, cosine khong doi: do do chi nhin ty 1& giira
cac kénh, nén khac v6i khoang cach Euclid, vén ting khi véc-to dai ra.

Tai li€u nay dugc bién soan boi doi ngii cuia website: https://globalmarket.vin
Trang 68



DPé cuong Khai pha dit liéu / Data Mining

KHO02 and KHO5 have a cosine of 0.6025 over five transaction channels, a cosine distance of
0.3975. When KHO02 transacts twice as much on every channel the cosine is unchanged: the
measure sees only the ratios between channels, unlike the Euclid distance, which grows as the
vectors lengthen.

Bai miu 2.7. Cosine ciia hai véc-to giao dich — Worked example 2.7. Cosine of two
transaction vectors

Pé bai: S6 giao dich theo nam kénh caa KHO2 13 (3, 0, 2, 1, 4) va ciia KHO5 1a (1, 2, 0, 3,
2). Tinh cosine va khoang cach cosine.

Problem: the transactions over five channels are (3, 0, 2, 1, 4) for KH02 and (1, 2, 0, 3, 2) for
KHO05. Compute the cosine and the cosine distance.

Kenh a (KHO2) | b (KH05)
Channel
1 3 1 3 9 1

2 0 2 0 0 4
3 2 0 0 4 0
4 1 3 3 1 9
5 4 2 8 16 4
Sf’:g 14 30 18

1. Tich v6 hudng a - b = 14; lal*> = 30, Ibl*> = 18.
Dot product a - b = 14, lal® = 30, 1b1? = 18.

2. lal =30 = 5,4772; Ibl = V18 = 4,2426.
lal = N30 = 5.4772;: Ibl =18 = 4.2426.

3. cosine = 14/ (5,4772 * 4,2426) = 14/ 23,2379 = 0,6025.
cosine = 14/ (5.4772 % 4.2426) = 14/ 23.2379 = 0.6025.

4. Khoang cach cosine = 1 — 00,6025 = 0,3975.
Cosine distance = 1 — 0.6025 = 0.3975.

LOI HAY GAP / COMMON MISTAKE — Duing cosine khi d6 16n ciing quan trong
(khach giao dich gip dbi bi coi la giéng hét); tinh Ixl ma quén can bac hai; bao cosine nhu
khoang cach.

Using cosine when magnitude also matters (a customer who transacts twice as much is treated as
identical); computing |x| without the square root; reporting the cosine as a distance.

2.9. Thudc tinh hén hop va khoang cach Gower — 2.9. Mixed attributes and the

Gower distance

Béang khach hang tron sb, nhi phan, dinh danh va thir bac trong cuing mét dong. Khoang
cach Gower giai bai todn ndy bang cach tinh khoang cach thanh phan dij(f) cho ting
thuoc tinh f, déu dua vé [0, 1], rdi lay trung binh c6 trong sb. Trong sb &ij(f) bang 0 khi

Tai liéu nay dugc bién soan boi ddi ngii ctia website: https://globalmarket.vin
Trang 69



DPé cuong Khai pha dit liéu / Data Mining

mot trong hai gia tri bi thiéu (hoac cap 0-0 cua nhi phan bat dbi xung) va béng 1 trong
cac truong hop con lai.

The customer table mixes numeric, binary, nominal and ordinal attributes in one row. The
Gower distance handles this by computing a component distance dij(f) for each attribute f, all

scaled to [0, 1],

then taking a weighted average. The weight 0ij(f) is 0 when either value is

missing (or for a 0-0 pair of an asymmetric binary attribute) and I otherwise.

Kiéu thudc tinh

Attribute type

d(, j) =2 8;® x dy® / = 5O (2.17)

Khoang cach thanh phin

Component distance

Vi du
Example

S6 [xif — xjf] / (max — min)
Numeric absolute difference / (max — min)
Pinh danh, nhi phan

0 néu bang nhau, 1 néu khac
0 if equal, 1 if different

doi1 xtrng
Nominal, symmetric
binary

Nhi phéan bat d6i xéimg  Nhu trén, bo qua cip 0-0 (5 = 0)

Asymmetric binary As above, 0-0 pairs ignored (0 = 0) Product flags
Thtr bac |zif — zjf] v6i z d6i hang vé [0, 1] Hang thé
Ordinal absolute difference of ranks z mapped to [0, 1] = Card tier
lo = {"tuoi": 23, "thu nhap": 8, "du no": 10, "tre": 0}
hi = {"tuoi": 50, "thu nhap": 120, "du no": 150, "tre": 4}
bac = {"Chudn": 0, "Vang": 0.5, "Bach kim": 1} # (hang - 1) / (M - 1)
kh04 = {"tuoi": 41, "thu nhap": 22, "nghe": "Kinh doanh ty do",
"hang": "Vang", "du no": 45, "co nha": 1, "tre": 1}
kh07 = {"tuoi": 45, "thu nhap": None, "nghe": "Kinh doanh tu do",
"hang": "Vang", "du no": 40, "co nha": 1, "tre": 2}
tong, so = 0.0, O
for £ in kh04:
a, b = kh04[£f], khO7[f]
if a is None or b is None:
print (£"{f:<9} bd qua (thiéu gia tri)")
continue
if £ in lo:
dif = abs(a - b) / (hi[f] - lo[f])
elif £ == "hang":
dif = abs(bac[a] - bac[bl)
else:
dif = 0 if a == b else 1
tong += dif
so += 1
print (£f"{£f:<9} d = {dif:.4f}")
print ("Gower =", round(tong / so, 4), "trén", so, "thudc tinh")
Ket qua chay / Output
tuoi d = 0.1481
thu nhap bd qua (thiéu gia tri)
nghe d = 0.0000
hang d = 0.0000
du no d = 0.0357
co nha d = 0.0000
tre d = 0.2500
Gower = 0.0723 trén 6 thubdc tinh
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Vi du KH04 va KHO7: thu nhap cia KHO7 thiéu nén bi bo qua; nghé, hang thé va c6 nha
déu trung (0); tudi léch 4 / 27 = 0,1481; du no 1éch 5 / 140 = 0,0357; s6 1an tré han 1éch 1
/4=0,25. Téng 0,4339 chia 6 thudc tinh con dung duogc, d = 0,0723: hai khach gﬁn nhau.
Example KH04 and KHO7: the income of KHO7 is missing and is skipped; occupation, card tier
and home ownership all match (0); age differs by 4 /27 = 0.1481; balance by 5 / 140 = 0.0357;

late payments by 1 / 4 = 0.25. The total 0.4339 divided by the 6 usable attributes gives d =
0.0723: the two customers are close.

Thu vién scikit-learn ¢6 sdn ham tinh khoang cach theo cip trong mo-dun metrics, véi
caic d0 do manhattan, euclidean, cosine, jaccard; thu vién SciPy c6 md-dun
spatial.distance voi cityblock, chebyshev, minkowski. Khoang cach Gower thuong tu cai
dit hodc dung goi bo sung. Nén ty tay tinh mot vai cap nhu trén dé biét két qua cua thu
vién nghia la gi.

scikit-learn has a pairwise distance function in its metrics module, with the metrics manhattan,
euclidean, cosine and jaccard; SciPy has the spatial.distance module with cityblock, chebyshev

and minkowski. The Gower distance is usually written by hand or taken from an add-on package.
Compute a few pairs by hand as above to know what a library result means.

Bai miu 2.8. Khoang ciach Gower gitra KH04 va KH07 — Worked example 2.8. Gower
distance between KH04 and KHO7

Pé bai: Tinh khoang cach Gower giita KH04 va KHO7 trén bay thudc tinh ciia bang
khach hang; min va max lay trén ca 12 khach (tudi 23 dén 50, du no 10 dén 150, s6 lan
tré han 0 dén 4).

Problem: compute the Gower distance between KH04 and KHO7 over the seven attributes of the

customer table; min and max are taken over all 12 customers (age 23 to 50, balance 10 to 150,
late payments 0 to 4).

Thugc tinh KH04 KHO07 Khodng cach thanh phan
Attribute Component distance

Tudi 4/27=0,1481
Age
Thu nhép bo qua
Income 22 o L skipped
Nghé Kinh doanh ty do  Kinh doanh tydo | 0
Occupation Self-employed Self-employed
Hang thé Vang Vang 1 0
Card tier Gold Gold
Du no
45 40 1 5/140=0,0357
Balance
Co6 nha 1 1 1 0
Home

Tai liéu nay dugc bién soan boi ddi ngii ctia website: https://globalmarket.vin
Trang 71



DPé cuong Khai pha dit liéu / Data Mining

Tré han
Late

Thq()c tinh KH04 KHO07 Khoang cach thanh phan
Attribute Component distance
1 2 1 1/4=0,25

1. V6i mbi thudc tinh, xac dinh § (0 néu thiéu) va khoang cach thanh phan nhu bang
trén; hang thé giéng nhau nén z bang nhau va hiéu bang 0.
For each attribute decide o (0 if missing) and the component distance as in the table; the
card tiers are equal so the z values match and the difference is 0.

2. Tirs6 =0,1481 + 0,0357 + 0,25 = 0,4339; mau s6 = tong & = 6.
Numerator = 0.1481 + 0.0357 + 0.25 = 0.4339; denominator = sum of 6 = 6.

3. d(KH04, KHO07) = 0,4339 / 6 = 0,0723.
d(KH04, KH07) = 0.4339 /6 = 0.0723.

PHAI THUQC / MEMORISE — Gower = trung binh cac khoang cach thanh phan trong [0,
1], chi tinh trén thudc tinh ¢ gia tri & ca hai d6i tuong; mau sb 1a tong & chir khong phai p.
Gower = average of component distances in [0, 1], over the attributes that have a value in both
objects; the denominator is the sum of d, not p.

LOI HAY GAP / COMMON MISTAKE — Chia cho 7 thay vi 6 khi mot thudc tinh bi
thiéu; quén chia hiéu s6 cho (max — min); coi hang thé 1 dinh danh nén mat thong tin thi
bac.

Dividing by 7 instead of 6 when an attribute is missing, forgetting to divide the difference by (max —
min), treating card tier as nominal and losing the ordering.

2.10. Bang thuat ngivt — 2.10. Glossary

Thuéat ngir Tiéng Anh Giai thich ngin
Term (Vietnamese) English Short definition

Mot dong cua bang dir li€u, ¢ day 1a mot khach
Péi tugng Object hang
One row of the data table, here one customer

Mot cdt ctiia bang dir li¢u, mo ta mot dac diem
cua doi tugng

Thudc tinh Attribute . ,
One column of the data table, describing a feature of

the object

Gia tri 1a nhan khong co thir tu, chi so sanh béng
hoac khac

Thudc tinh dinh danh ~ Nominal attribute )
Values are labels with no order; only equal or not

equal

Hai gia tri, chi gi4 tri 1 mang thong tin, do bang
Nhj phan bat dbi xing Asymmetric binary Jageeie] o . .
Two values, only 1 is informative, measured with

Jaccard
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Thuéat ngir

Tiéng Anh

Giai thich ngin

Term (Vietnamese)

Thudc tinh thir bac

Thudc tinh s6 khoang

Thudc tinh sé ty 1¢

Trung binh

Trung vi

Mode

Phuong sai mau

Do léch chuin

T phan vi

IQR

Ngoai lai

Hinh hop

Do léch

English

Ordinal attribute

Interval attribute

Ratio attribute

Mean

Median

Mode

Sample variance

Standard deviation

Quartile

Interquartile range

Outlier

Boxplot

Skewness

Short definition

Co thu tu gitra cac gia tri nhung khoang cach
khong xac dinh

Values are ordered but gaps are undefined

Higu c6 nghia, khong c6 diem khong tuyét doi
Differences are meaningful, no true zero

Co diem khong tuyét doi, ty so co nghia
Has a true zero, ratios are meaningful

Tdng cac gié tri chia sb quan sat
Sum of the values divided by the number of
observations

Gié tri ¢ giira ddy da sap xép, khong bi ngoai lai
kéo léch
Middle value of the sorted list, not pulled by outliers

Gia tri xuat hién nhi€u nhat, c6 thé c¢6 nhiéu
mode
Most frequent value; there may be several

Tdng binh phuong léch chian — 1
Sum of squared deviations divided by n — 1

Can bac hai cia phuong sai, cung don vi véi dit
liéu
Square root of the variance, in the unit of the data

Q1, Q2, Q3 chia diy da sip xép thanh bén phan
01, Q2, Q3 split the sorted list into four parts

Hi¢u Q3 — Q1, d6 rong cua ntra gitra dir licu
The difference O3 — Q1I, the width of the middle half

Gia tri ndm ngoai [Ql — 1,5 * IQR; Q3 + 1,5 *

IQR]
A value outside [Q] — 1.5 *IQR; O3 + 1.5 #IQR]

Biéu d6 nam so tom tat kém cac diém ngoai lai
Chart of the five-number summary with outlier
points

Mirc bat dbi xtig cta phéan phdi; duong 14 léch
phai

Asymmetry of a distribution, positive means right-
skewed
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Giai thich ngin
Short definition

Thuit ngir Tiéng Anh
Term (Vietnamese) English

~ R Pearson correlation
He¢ s6 Pearson .
coefficient

Ma tran khoang cach ~ Dissimilarity matrix

Khoang cach . o
Mink k t
Minkowski inkowski distance
, Simpl tchi
Heé s6 khop don gian P © Aeng

coefficient (SMC)

Hé s6 Jaccard Jaccard coefficient

Do tuong tu cosine

Cosine similarity

Khoang cach Gower  Gower distance

Po quan hé tuyén tinh giira hai thudc tinh sd, tir
—1 dén 1

Measures the linear relation between two numeric
attributes, from —1 to 1

Ma trdn vudéng d6i ximg n x n, dudng chéo bang
0

Symmetric n X n square matrix with a zero diagonal

Ho khoang cach bac p: Manhattan (1), Euclid
(2), Chebyshev ()

Family of order-p distances: Manhattan (1), Euclid
(2), Chebyshev (x)

(q+1t)/(q+r+s+t), cho nhi phan ddi xing
(q+1)/(q+r+s+1), for symmetric binary data

q/(q+r+s), bod qua cip 0-0, cho nhi phan bét
d6i ximg

q/(q +r+s), ignores 0-0 pairs, for asymmetric
binary data

Cosin cua goc gitra hai véc-to, bo qua d¢ dai
Cosine of the angle between two vectors, ignoring
length

Trung binh cic khoang cach thanh phan da dwa
vé [0, 1], dung cho dit liéu hdn hop

Average of the component distances scaled to [0, 1],

for mixed data

2.11. Bai tap van dung c0 10i giai — Applied exercises with solutions

Bai 1. Thong ké mé ta khoan tra gép xe may — Exercise 1. Descriptive statistics of
motorbike instalment loans

Cong ty Pht Sa giai ngan 9 khoan tra gop xe may véi sb tién (triéu dong): 18, 22, 25, 25,
28, 30, 35, 40, 85 (dir kién dé bai). Tinh trung binh, trung vi, mode, Q1, Q3, IQR, hang
rao ngoai lai va dg 1éch chuan mau; cho biét khoan nao 1a ngoai lai va trung binh thay doi
thé nao khi bé khodn do.

Phu Sa disbursed 9 motorbike instalment loans of the following amounts (VND million): 18, 22,
25, 25, 28, 30, 35, 40, 85 (problem data). Compute the mean, median, mode, Q1, O3, IOR,

outlier fences and sample standard deviation, state which loan is an outlier and how the mean
changes when it is dropped.

1. Day da sap xép san, n = 9, tong = 308. Trung binh = 308 / 9 = 34,22 triéu dong.
The list is already sorted, n = 9, sum = 308. Mean = 308 /9 = 34.22 million.
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2. Trung vi: n =9 1€ nén 1a gia tri tha 5, béng 28. Mode 1a 25 (xuét hién 2 1an, cac gia tri
khac 1 lan).
Median: n = 9 is odd, so it is the 5th value, 28. The mode is 25 (twice; every other value
once).

3.QL:vitri=1+8%0,25=3, giatritha 312 25. Q3: vitri=1+ 8 * 0,75 =7, gia tri thi
71a35.IQR=35-25=10.
QlI: position = 1 + 8 *0.25 = 3, the 3rd value is 25. Q3: position =1 + 8 x0.75 = 7, the 7th
value is 35. IOR = 35 — 25 = 10.

4. Hang rao: du¢i =25 - 1,5 * 10 = 10; trén = 35 + 15 = 50. Khoan 85 vuot 50 nén la
ngoai lai; khoan 18 khong thap hon 10 nén khong phai.
Fences: lower =25 — 1.5 » 10 = 10; upper = 35 + 15 = 50. The loan of 85 exceeds 50 and
is an outlier; 18 is not less than 10 and is not.

5.2 x2=13.792, (£ x)*/ n=10.540,44, téng binh phuong I¢ch = 3.251,56; s> = 3.251,56
/ 8 =406,44; s = 20,16 triéu dong.
2x?2=13,792, (X¥x)?/n = 10,540.44, sum of squared deviations = 3,251.56, s* = 3,251.56 /
8 =406.44; s = 20.16 million.

6. B6 khoan 85: trung binh = (308 — 85) / 8 = 27,88, giam tur 34,22; trung vi chuyén tur
28 sang 26,5 (trung binh cua gia tri thu 4 va 5 1a 25 va 28).
Dropping the loan of 85: mean = (308 — 85) /8 = 27.88, down from 34.22; the median
moves from 28 to 26.5 (average of the 4th and 5th values, 25 and 28).

Bai 2. Chuan héa va so khodng cach ciia ba khach — Exercise 2. Normalisation and
distance comparison for three customers

Ba khach KH21 (30 tudi, thu nhap 16 triéu dong), KH22 (45 tudi, 26 triéu dong) va
KH23 (30 tudi, 36 triéu dong) (dir kién dé bai). Toan bo khach c6 tudi tir 20 dén 60 va
thu nhap tir 6 dén 46 triéu dong. Chuan hoa min—max roi tim khach gan KH21 nhat theo
Euclid, Manhattan va Chebyshev.

Three customers: KH21 (age 30, income VND 16 million), KH22 (age 45, VND 26 million) and
KH?23 (age 30, VND 36 million) (problem data). All customers have ages from 20 to 60 and

incomes from 6 to 46 million. Normalise with min—max, then find the customer closest to KH21
under the Euclid, Manhattan and Chebyshev distances.

1. Chuan héa: tudi (x —20) / 40, thu nhap (x — 6) / 40. KH21 = (0,25; 0,25); KH22 =
(0,625; 0,5); KH23 = (0,25; 0,75).
Normalise: age (x — 20) / 40, income (x — 6) /40. KH21 = (0.25, 0.25); KH22 = (0.6235,
0.5); KH23 = (0.25, 0.75).

2. Chénh léch tuyét dbi voi KH21: KH22 ¢6 (0,375; 0,25); KH23 ¢6 (0; 0,5).
Absolute differences from KH21: KH22 has (0.375, 0.25); KH23 has (0, 0.5).

3. Euclid: d(KH21, KH22) = V(0,375 + 0,252) = 0,4507; d(KH21, KH23) = 0,50. Gan
nhat 1a KH22.

Euclid: d(KH21, KH22) = \/(0.3752 +0.25%) = 0.4507; d(KH21, KH23) = 0.50. The closest
is KH2?2.
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4. Manhattan: d(KH21, KH22) = 0,375 + 0,25 = 0,625; d(KH21, KH23) =0+ 0,5 =0,5.
Gan nhat la KH23.
Manhattan: d(KH21, KH22) = 0.375 + 0.25 = 0.625,; d(KH21, KH23) = 0 + 0.5 = 0.5. The
closest is KH23.

5. Chebyshev: d(KH21, KH22) = max(0,375; 0,25) = 0,375; d(KH21, KH23) = max(0;
0,5) = 0,5. Gan nhat la KH22.
Chebyshev: d(KH21, KH22) = max(0.375, 0.25) = 0.375; d(KH21, KH23) = max(0, 0.5) =
0.5. The closest is KH22.

6. Nhan xét: khach gin nhét doi theo d6 do (KH22 véi Euclid va Chebyshev, KH23 véi
Manhattan), nén phai néu d6 do khi két luan vé lang giéng.
Comment: the nearest customer depends on the measure (KH22 under Euclid and
Chebyshev, KH23 under Manhattan), so the measure must be stated when concluding about
neighbours.

Bai 3. D) twong tw nhi phin va cosine cta hai khach — Exercise 3. Binary similarity
and cosine of two customers

Hai khach KH31 va KH32 c6 tdm co dich vu (1 1a dang dung): KH31 =(1,0,0, 1, 1, 0,
0, 0), KH32 = (1, 1,0, 0, 1, 0, 0, 0); s6 giao dich trén bon kénh 1a KH31 = (2, 0, 1, 3),
KH32 = (1, 1, 0, 2) (dit kién d& bai). Lap bang tiép lién, tinh SMC, Jaccard va cosine; cho
biét nén dung hé s6 nao cho co dich vu.

Two customers KH31 and KH32 have eight service flags (I means in use): KH31 = (1, 0, 0, 1, 1,
0,0,0),KH32=(1, 1, 0,0, 1, 0, 0, 0); their transactions over four channels are KH31 = (2, 0, 1,
3), KH32 = (1, 1, 0, 2) (problem data). Build the contingency table, compute SMC, Jaccard and
cosine, and say which coefficient to use for service flags.

1. Dém timg vi tri: ca hai bang 1 & vi tri 1 va 5 nén q =2; KH31 bang 1 con KH32 bang
06 vitri4nénr=1; KH31 bang 0 con KH32 bang 1 & vi tri 2 nén s = 1; ca hai bang
0 & bon vi tri con lai nén t=4. Kiém: 2+ 1+ 1 +4 =8,
Count by position: both are I at positions I and 5, so q = 2; KH31 is 1 and KH32 is 0 at
position 4, sor = 1; KH31 is 0 and KH32 is I at position 2, so s = 1; both are 0 at the other
four positions, sot =4. Check: 2 +1+1+4=38.

2.SMC=(2+4)/8=0,75.
SMC=2+4)/8=0.75.

3.Jaccard=2/(2+1+1)=0,5.
Jaccard =2/(2+ 1+ 1) =0.5.

4. Cosine: tich v6 hudng = 8; lal = V14; Ibl = V6; cosine = 8 / V84 = 8/ 9,1652 = 0,8729.
Cosine: dot product = 8; lal =14, 1bl =6, cosine =8 /N84 = 8/9.1652 = 0.8729.

5. Co dich vu 13 nhi phan bat d6i xtmg (chi gié tri 1 mang thong tin) nén dung Jaccard
(0,5); SMC bi day 1én 0,75 bdi bdn cip 0-0.
Service flags are asymmetric binary (only 1 is informative), so use Jaccard (0.5); SMC is
pushed up to 0.75 by the four 0-0 pairs.
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2.12. Cau héi ty ludn va dan y tra 161 — Essay questions and answer outlines

Céu 1. Phan biét nidm kiéu thudc tinh (dinh danh, nhi phan, thir bic, sé khoang, so
ty 18) va néu phép toin hop 1é ciia tirng kiéu. Lay vi du tir bang khach hang Phu Sa.
Question 1. Distinguish the five attribute types (nominal, binary, ordinal, interval, ratio) and
state the valid operations of each. Use examples from the Phu Sa customer table.
* Pinh danh (nghé): chi so bé‘mg hodc khac, dém, mode; khong c6 thir tu.
Nominal (occupation): only equal or not equal, counting, mode; no order.
« Nhi phan: d6i xtng (c6 nha) va bat d6i xtng (co dung san pham), kéo theo SMC hay
Jaccard.
Binary: symmetric (home ownership) and asymmetric (product-use flags), leading to SMC or
Jaccard.
* Thir bac (hang thé): c6 thir tu, thém trung vi va t phan vi, nhung khoang cach gitra
cac hang khong xac dinh.
Ordinal (card tier): ordered, adds the median and quartiles, but the gaps between tiers are
undefined.
« S6 khoang (nam ky hop dong): hiéu c6 nghia, thém trung binh va d6 1éch chuan, ty sd
v6 nghia vi khong c6 diém khong tuyét ddi.
Interval (contract year): differences are meaningful, adds the mean and standard deviation,
ratios are meaningless without a true zero.
« S ty 1é (thu nhap, du no): ¢6 diém khong tuyét d6i, moi phép toan ké ca ty sd; vi du
thu nhap 18 gip d6i 9.
Ratio (income, balance): true zero, all operations including ratios; for example income 18 is
twice 9.
« Lbi hay gip: ma hoa hang thé thanh 1, 2, 3 rdi tinh trung binh nhu s6 ty 18.
Common mistake: coding card tier as 1, 2, 3 and averaging it as a ratio attribute.

Cau 2. Vi sao khi dir liéu cé ngoai lai nén bao trung vi va IQR cung véi (hoac thay
cho) trung binh va d¢ léch chuian? Minh hoa bang thu nhip ciia 11 khach Phu Sa.
Question 2. Why should the median and IQR be reported together with (or instead of) the mean
and standard deviation when the data contain outliers? Illustrate with the income of 11 Phu Sa
customers.
* Trung binh va d¢ 1éch chuan dung moi gia tri nén mot ngoai lai kéo ching 1éch; trung
vi va IQR chi dya trén thir hang.
The mean and standard deviation use every value, so one outlier drags them; the median and
IOR rest on ranks only.
* S6 lidu: trung binh 24,09, trung vi 15; d6 1éch chuan 32,11 so véi IQR 7,5; b6 KH12
thi trung binh con 14,5.
Figures: mean 24.09, median 15, standard deviation 32.11 against IQR 7.5; without KH12
the mean falls to 14.5.
« Hinh hop va quy tic 1,5 * IQR chi ra KH12 13 ngoai lai (hang rao 30,25); histogram
cho thay phan phdi léch phai.
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The boxplot and the 1.5 * IQR rule flag KH12 as an outlier (fence 30.25), the histogram
shows a right-skewed distribution.

« Khong tu dong x6a ngoai lai: KH12 c6 thé 1a khach that c6 thu nhap cao hoic 13i
nhap; can d6i chiéu ngudn rdi méi quyét dinh.
Do not delete outliers automatically: KH12 may be a genuine high earner or a data-entry
error; check the source before deciding.

« Khi bao cao, néu ca hai nhém sd va quy ude tir phan vi di dung.
In a report, give both groups of figures and the quartile convention used.

Ciu 3. Cong ty Phui Sa cin do d9 giong nhau giira hai khach cé dir liéu hon hep (s,
nhi phin, dinh danh, thir bic, c6 6 thiéu). Trinh bay cich chon va tinh d¢ do.
Question 3. Phu Sa needs to measure how alike two customers are when the data are mixed
(numeric, binary, nominal, ordinal, with missing cells). Describe how to choose and compute the
measure.

« Vi riéng thudc tinh s6: chuan hda min—max (min, max cua ca cdt) roi dung
Minkowski; néu ro bac da chon.

For numeric attributes alone: min—-max normalisation (min and max of the whole column),
then Minkowski, state the order chosen.

« Vi riéng cd nhi phan bat d6i xtng dung Jaccard, nhi phan di xtmg dung SMC; véi
véc-to dém ma hudng quan trong hon d6 16n thi ding cosine.

For asymmetric binary flags alone use Jaccard, for symmetric binary use SMC; for count
vectors where direction matters more than magnitude use cosine.

* Vi thudc tinh hdn hop dung khoang cach Gower: mdi thudc tinh cho mot khoang
cach thanh phan trong [0, 1].

For mixed attributes use the Gower distance: each attribute gives a component distance in
[0, 1].

« Thudc tinh thiéu gia tri c6 trong s6 & bang 0 va bi loai khoi ca tir s6 1dn mau sb.

A missing attribute has weight 6 equal to 0 and is dropped from both numerator and
denominator.

« Thudc tinh thtr bac d6i hang vé [0, 1] bang (r — 1) / (M — 1) thay vi coi 12 dinh danh.
An ordinal attribute is mapped to [0, 1] by (r — 1) / (M — 1) instead of being treated as
nominal.

« Kiém lai: khoang cach phai thoa bat dang thirc tam gidc néu thuat toan phia sau doi hoi
metric.

Check: the distance should satisfy the triangle inequality if the downstream algorithm
requires a metric.
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2.13. Cau héi trac nghiém — Multiple-choice questions

9. Thudc tinh hang thé cua Phii Sa (Chuan, Vang, Bach kim) thudc kiéu nao?
Which type is the card tier attribute of Phu Sa (Standard, Gold, Platinum)?
A. Dinh danh / Nominal
B. Tha bac / Ordinal
C. S6 khoang / Interval
D.Séty1é / Ratio

10. Du ng cua 6 khoan (triéu déng): 12, 14, 18, 22, 30, 90. Trung vi l1a bao nhiéu?
The balances of 6 loans (VND million) are 12, 14, 18, 22, 30, 90. What is the median?
A. 18
B. 19
C.20
D. 31

11. Phuong sai mau cua ba gia tri 2, 4, 6 1a bao nhiéu?
What is the sample variance of the three values 2, 4, 67
A.2,67 / 2.67
B. 8
C.4
D.2

12. Biét Q1 = 12 va Q3 = 20. Hang rao ngoai lai trén theo quy tic 1,5 * IQR 14 bao
nhiéu?
Given Q1 = 12 and Q3 = 20, what is the upper outlier fence under the 1.5 * IQR rule?
A. 28
B. 32
C. 36
D. 44

13. Hé s6 Jaccard phu hop nhat véi loai thude tinh nao?
Which attribute type is the Jaccard coefficient best suited to?
A. Pinh danh nhiéu gi4 tri nhu nghé / A4 nominal attribute with many values, such as
occupation

B. S4 ty 18 da chuan héa vé doan tir 0 dén 1 / A ratio atiribute normalised to the range
0tol

C. Nhi phan d6i xtmg nhu ¢6 nha hay khong / A4 symmetric binary attribute such as
owning a home

D. Nhi phan bt d6i xtng nhu cd dung san pham / An asymmetric binary attribute
such as a product-use flag
14. Sau chuan hoa, hai khach 1a (0,2; 0,5; 0,9) va (0,6; 0,4; 0,1). Khoang cach Manhattan
gitra ho 1a bao nhiéu?
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After normalisation two customers are (0.2, 0.5, 0.9) and (0.6, 0.4, 0.1). What is the
Manhattan distance between them?

A.0,8 /0.8
B.09 / 0.9
C.13/ 1.3
D.2,1 /2.1

15. Vi st 1a module statistics cua Python, cau Iénh "print(round(st.pstdev([2, 4, 6]), 2))"

in ra gia tri nao?
With st as the Python statistics module, which value does "print(round(st.pstdev([2, 4, 6]),
2))" print?

A.2.0

B.1.63

C.2.45

D.4.0

16. Thu nhép c6 trung binh 24,09 va trung vi 15. Phan phdi ctia thu nhap nay nhu thé
nao?
Income has a mean of 24.09 and a median of 15. What is the shape of this distribution?
A. Béi xtng quanh trung binh / Symmetric around the mean
B. Léch phai / Right-skewed
C. Léch trai / Left-skewed
D. Hai dinh can bang / Bimodal and balanced
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Chuo ng 3. Tién xw l)” dir liéll — Chapter 3. Data preprocessing

Muc tiéu chwong — Chapter objectives

« Panh gia chat lugng dit liéu theo sau tidu chi va xép cac thao tac tién xir Iy vao bon
nhom: lam sach, tich hop, bién d6i, thu giam.
Assess data quality on six dimensions and place preprocessing operations into four groups:
cleaning, integration, transformation, reduction.

« X1r Iy gia tri thiéu (11 khach c6 thu nhap, KHO7 thiéu), lam tron nhiéu bang gié déu do
rong va déu tan s, phat hién ngoai lai bang IQR va z-score.
Handle missing values (11 customers with income, KH07 missing), smooth noise with equal-
width and equal-frequency bins, and detect outliers by IOR and z-score.

¢ Tich hop dir li¢u: nhan dién trung thuc thé, xung dot don vi, thudc tinh du thtra béng
tuong quan Pearson va kiém dinh 2 trén bang 2 x 2.
Integrate data: recognise entity duplicates, unit conflicts and redundant attributes through
Pearson correlation and the y? test on a 2 % 2 table.

« Bién ddi va thu giam: chuin hoa min—max, z-score, thap phan; one-hot va ma hoéa th
bac; DTI; chon thudc tinh; PCA hai chiéu tinh bang cong thirc dong.
Transform and reduce: min—max, z-score and decimal scaling,; one-hot and ordinal
encoding; DTI; feature selection, two-dimensional PCA by closed formula.

« LAy mau phan ting v6i random seed 2026, xir Iy mat can bang 16p (giam mAu, ting
mau, SMOTE) va tranh ro ri dit liéu khi chuan hoa.
Draw stratified samples with random seed 2026, treat class imbalance (undersampling,
oversampling, SMOTE) and avoid data leakage when normalising.

3.1. Chat lwgng dir li€u va cac bude tién xir ly — 3.1. Data quality and the
preprocessing steps

Mo hinh khai pha dir liéu hoc tir nhiing gi bang dir liéu chtra. Bang sai thi m6 hinh sai
theo, du thuat toan viét dang. Cong ty Tai chinh TNHH Phu Sa gom dir liéu tir ba noi: hé
thdng cho vay, tmg dung "Phi Sa" va hé thong ban bao hiém khoan vay. Mdi noi ghi don
vi, dinh dang ngay va cach bo tréng 6 theo kiéu riéng, nén bang gdp hiém khi dung dugc
ngay. Tién xur 1y dit liéu (data preprocessing) 1a nhom thao tic dua bang gop vé dang
thudt toan chay dugc va cho két qua dang tin.

A data mining model learns from what the table contains. A wrong table gives a wrong model
even when the algorithm is correct. Phu Sa Finance Co., Ltd. gathers data from three places: the
lending system, the "Phu Sa" app and the loan-insurance sales system. Each records units, date
formats and blank cells in its own way, so the merged table is seldom usable as it stands. Data
preprocessing is the set of operations that bring the merged table into a form the algorithms can
run on and give results worth trusting.

Chét luong di liéu duoc danh gia theo sau tiéu chi. Bang sau gin mdi tiéu chi véi cau hoi
kiém tra va mot tinh huéng & Phu Sa.

Data quality is judged on six dimensions. The table attaches to each one a check question and a
situation at Phu Sa.
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Tiéu chi
Dimension

Céu héi kiém tra
Check question

Tinh hudng & Phu Sa

Situation at Phu Sa

Chinh xac

Accuracy

Pay du

Completeness

Nhat quan

Consistency

Kip thoi

Timeliness

Tin cay
Believability

Dién gidi
duoc
Interpretabilit
y

Gié tri c6 dung véi thuc té
khong?

Is the value true to reality?

O ndo bi bo tréng?
Which cells are blank?

Cung mét thong tin ¢ hai noi c6
khop khong?

Does the same fact agree in two
places?

Dit li¢u c6 phan anh tinh trang
hién tai khong?

Does the data reflect the current
state?

Ngudi ding c6 tin ngudn dir ligu
khong?

Do users trust the source?

Ngudi doc c6 hiéu mbi cot nghia
gi khong?

Can a reader tell what each column
means?

Tudi ghi 245 do gd thira chir s6
Age recorded as 245 because of an extra typed
digit

KHO07 khong c6 thu nhap

KHO7 has no income

Hang thé "Vang" ¢ h¢ thong thé, "Gold" &
ung dung

Card tier "Vang" in the card system, "Gold" in the
app

Du ng chét cudi thang trude, khach da tra
thém trong thang

Balance fixed at last month's end, though the
customer has paid more since

Thu nhép tu khai khac thu nhép trong bang
luong
Self-declared income differs from payroll income

Cot s6 1an tré han khong ghi ky dém 1a 12 hay
24 thang

The late-payment count does not say whether it
covers 12 or 24 months

Bbn nhom cong viée xir Iy cac 16i d6 theo tht ty thuong gip trong du an: 1am sach, tich
hop, bién d6i, thu giam (Hinh 3.1). Thtr ty khong cing. Mudn chia gié hodc chuin héa
thi phai xur 1y gid tri thiéu trudc; mudn thu giam sb chiéu thi phai bién doi xong.

Four groups of work deal with those faults in the order usually met in a project: cleaning,
integration, transformation and reduction (Figure 3.1). The order is not rigid. Binning or
normalising needs the missing values dealt with first; reducing dimensions needs the
transformation finished.
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Di liéu thd tir nhiéu ngudn
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[ Dit liéu sach, nhét quén, sin sang khai pha ]

Hinh 3.1. B6n nhom cong viéc tién xir 1y dir liéu
Figure 3.1. The four groups of preprocessing work

Poan mi sau kiém chét luong bang 12 khach hang ¢ bdn khia canh: 6 thiéu, ma tring,
tudi ngoai mién hop 1¢ va thu nhap bat thuong.

The code audits the table of 12 customers on four points: missing cells, duplicate codes, ages
outside the valid range and unusual income.

khach = [
("Kuo1", 25, 9, 12), ("KHO2", 29, 12, 18), ("KHO3", 34, 15, 20),
("KHO4"™, 41, 22, 45), ("KHO5", 23, 8, 10), ("KHOe6", 38, 18, 30),
("KHO7", 45, None, 40), ("KHO8"™, 31, 14, 16), ("KHO9", 27, 11, 14),
("KH10", 36, 16, 25), ("KH11", 50, 20, 35), ("KH12", 47, 120, 150),
]
cot = ["ma", "tuoi", "thu nhap", "du no"]
thieu = {c: 0 for c in cot}
for dong in khach:
for ¢, v in zip(cot, dong):
if v is None:
thieulc] +=1
print ("sé & thiéu theo cét:", thieu)
o = len(khach) * len(cot)
ti_le = f"{sum(thieu.values()) / o * 100:.2f}%".replace(".", ",")
print ("Ty 1& &6 thiéu:", ti le, "cua", o, "&")

print ("Ma trung:", len(khach) - len({d[0] for d in khach}))
print("Tuéi ngoai 18-70:", [d[0] for d in khach if not 18 <= d[1l] <= 701])
print ("Thu nhdp trén 100 triéu, can soat:",
[d[0] for d in khach if d[2] and d[2] > 100])
Ket qua chay / Output
S6 & thiéu theo cét: {'ma': 0, 'tuoi': 0, 'thu nhap': 1, 'du no': 0}

Ty 1& 6 thiéu: 2,08% cia 48 &
Ma trung: 0

Tudi ngoai 18-70: []
Thu nhdp trén 100 triéu,

cdn soat: ['KH12']

Két qua: 1 trong 48 6 bi thiéu (2,08%), nam & cot thu nhap ctia KHO7; khong c6 ma
trung; khong co tudi ngoai khoang 18 dén 70; KH12 ¢6 thu nhap 120 triéu déng, vuot
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ngudng 100 tri¢u dat cho budc soat. "Can soat" khac véi "sai": KH12 c6 thé 1a cht doanh
nghiép that, va muc 3.4 cho thay cach xur 1y.

Result: 1 of 48 cells is missing (2.08%), in the income column of KHO7, there are no duplicate
codes and no ages outside 18 to 70; KHI2 has an income of 120 million dong, above the 100
million threshold set for review. "Needs review" is not the same as "wrong": KHI2 may be a
genuine business owner, and section 3.4 shows how to handle that.

PHAI THUQC / MEMORISE — S4u tiéu chi cht lugng: chinh xé4c, day du, nhit quan, kip
thoi, tin cdy, dién giai duoc. Bén nhom tién xtr 1y: lam sach, tich hop, bién ddi, thu giam.

Six quality dimensions: accuracy, completeness, consistency, timeliness, believability, interpretability.
Four preprocessing groups: cleaning, integration, transformation, reduction.

3.2. Lam sach: gia tri thiéu — 3.2 Cleaning: missing values

Gi4 tri thiéu (missing value) xuat hién vi khach khong khai, nhan vién quén nhép, hai hé
théng khong khép khoa hodc 6 khong ap dung. Nguyén nhan quyét dinh cach xir 1y.
Thiéu thuan ngiu nhién (MCAR) thi 6 trong khong lién quan dén gi tri nao. Thiéu ngau
nhién c6 diéu kién (MAR) thi kha nang thiéu phy thudc cot khac, chang han khach kinh
doanh ty do hay bo tréng thu nhap. Thiéu khong ngau nhién (MNAR) thi chinh gia trj
lam 6 bi bo tréng, chang han khach thu nhap thap ngai khai. V&i MNAR, dién trung binh
lam léch két qua; nén gitr thém mat cot cod "cod thiéu" 1am thudc tinh.

A missing value arises when the customer does not declare, staff forget to enter, two systems fail
to match on a key, or the cell does not apply. The cause decides the treatment. Missing
completely at random (MCAR) means the blank has nothing to do with any value. Missing at
random (MAR) means the chance of a blank depends on another column, for instance self-
employed customers often leave income empty. Missing not at random (MNAR) means the value
itself causes the blank, for instance low earners reluctant to declare. With MNAR, mean
imputation distorts the result; keep an extra "was missing” flag column as an attribute.

Ciachxirly | Lam gi Uu diém Han ché

Treatment What is done Strength Weakness

Mat mau; 1éch néu thiéu

Bo don . , oA 1t A .2 A X I
g Loai khach c6 6 thicu Don gian khong ngau nhién
Delete the . . . .
Drop customers with a blank  Simple Loses samples, biased if the
row ’
gaps are not random
Pién mot ma riéng, vidu 0
Hang so hodc "chua ro" Gitr co thiéu S6 0 bi hiéu la thu nhap that
Constant Fill a dedicated code such as = Keeps the flag A 0 is read as real income

0 or "unknown"

Nhay ngoai lai; thu hep do

. " . A Khong doi trung binh
Trung binh Dién trung binh cot £ g phan tan
. Leaves the mean o ) ]
Mean Fill the column mean Sensitive to outliers, shrinks
unchanged
the spread
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Cichxirly | Lam gi Uu diém Han ché

Treatment What is done Strength Weakness

Trung vi Dién trung vi cot Chiu duoc ngoai lai Van thu hep d6 phan tan
Median Fill the column median Resists outliers Still shrinks the spread

Dién trung binh ctia nhém

: : x Nhém nh thi khong on dinh
Theo nhom  twong tu Sat thuc té hon gond
. ' S . Unstable when the group is
By group Fill the mean of a similar Closer to reality small
group ]

Hoi quy hod rcot  Du hé IS A s
01 quy hoac kNN tir co ung dugc quan hé T s @ i T i

Du doan khac gitra cac cOt .
o . _ quan dep gia
Prediction Regression or kNN from Uses the relations . .
Costly, can inflate correlations
other columns between columns '

Thu nhap ctia KHO7 (hang thé Vang, nghé kinh doanh tu do, du no 40 triéu dong) bi
thiéu. Mudi mot khach con lai c¢6 thu nhap 9, 12, 15, 22, 8, 18, 14, 11, 16, 20 va 120 triéu
ddng. Poan ma tinh gia tri dién theo timg cach. Hoi quy dung 10 khach, bo KH12 dé mot
diém ngoai lai khong kéo dudng thang.

The income of KHO7 (Vang tier, self-employed, balance 40 million dong) is missing. The other
eleven customers earn 9, 12, 15, 22, 8, 18, 14, 11, 16, 20 and 120 million dong. The code

computes the fill value under each method. The regression uses 10 customers and leaves out
KH12 so that one outlying point does not drag the line.

import statistics as st

def vn (x):
return f"{x:.2f}".replace(".", ", ")
thu nhap = [9, 12, 15, 22, 8, 18, 14, 11, 16, 20, 120]

print ("Bé dong thiéu: con", len(thu nhap), "trén 12 khach")

print ("Pién trung binh:", vn(st.mean (thu nhap)))

print ("Pién trung vi:", vn(st.median (thu nhap)))

khong nl = [x for x in thu nhap if x != 120]

print("Dién trung binh sau khi bdé 120:", vn(st.mean(khong nl)))

print ("Theo nhém hang thé Vang:", vn(st.mean([15, 22, 18, 16]))

print ("Theo nhém nghé kinh doanh tu do:", vn(st.mean([22, 120])

# hdi quy: thu nhdp theo du ng, bd KH12 (ngoai lai)

x = [12, 18, 20, 45, 10, 30, 16, 14, 25, 35]

v = [9, 12, 15, 22, 8, 18, 14, S =ie, 20]

mx, my = st.mean(x), st.mean(y)

b = sum((u - mx) * (v - my) for u, v in zip(x, y))

b /= sum((u - mx) ** 2 for u in x)

a0 = my - b * mx

print("Héi quy: thu nhép =", vn(al), "+", f"{b:.4f}".replace(".", ","),
"x du no")

print ("Du dodn cho du ng 40:", vn(a0 + b * 40))

)
))

Két qua chay / Output

Bé dong thiéu: con 11 trén 12 khach

Pién trung binh: 24,09

Pién trung vi: 15,00

Pién trung binh sau khi bdé 120: 14,50
Theo nhém hang thé Vang: 17,75

Theo nhém nghé kinh doanh tu do: 71,00
HOi quy: thu nhdp = 5,57 + 0,3969 * du ng
Du doan cho du ng 40: 21,45
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Séau gia tri dién cho KHO7 trai tir 14,5 dén 71 triéu dong. Trung binh 24,09 bi KH12 kéo
1én vi mudi trong 11 khach kiém khéng qua 22 triéu. Trung binh nhém nghé cho 71 chi
vi nhém nay géom KHO04 (22) va KHI2 (120): nhom hai nguoi thi khong dung duoc.
Trung vi 15 va trung binh nhom hang thé Vang 17,75 sat hon véi 10 khach con lai, va hoi
quy cho 21,45.

The six fill values for KHO7 run from 14.5 to 71 million dong. The mean of 24.09 is pulled up by
KH12 because ten of the 11 earn at most 22 million. The occupation-group mean gives 71 only
because that group holds KH04 (22) and KHI12 (120): a two-person group is unusable. The
median of 15 and the Vang-tier mean of 17.75 sit closer to the other 10 customers, and the
regression gives 21.45.

Bai méu 3.1. Pién gia tri thiéu — Worked example 3.1. Filling a missing value

Dé bai: dién thu nhap cho KHO7 bang trung binh, trung vi, trung binh sau khi bé ngoai lai
va trung binh nhém hang thé Vang. Thu nhéap 11 khéch c6 gia tri: 8, 9, 11, 12, 14, 15, 16,
18, 20, 22, 120 (sap tang dan).

Task: fill the income of KHO7 by the mean, the median, the mean after removing the outlier and
the mean of the Vang tier. The 11 known incomes, sorted: 8, 9, 11, 12, 14, 15, 16, 18, 20, 22,

Bude Cach Phép tinh Két qua
Step Method Calculation Result

Trung binh @+9+11+12+14+15+16+18+20+ 24,09
Mean 22+ 120)/11=265/11
11 gié tri, s6 thu 11+1)/2= ia tri thu
Trung vi gia tri, so thir tu ( )/ 6, gia tri thor
2 . 6 15
Median
11 values, rank (11 + 1) / 2 = 6, the 6th value
B0 ngoai lai 120 B _
3 Without 120 (265—120)/10=145/10 14,5
4 Nhom hang thé Vang  KHO03, KH04, KHO06, KH10: (15 +22 + 18 + 17.75

Vang tier 16)/4=71/4

LOI HAY GAP / COMMON MISTAKE — Bién trung binh cho cot c6 ngoai lai. Vi 11
gia tri trén, trung binh 24,09 cao hon 10 trong 11 khach. Dé thi thuong cho mot gia tri cuc
doan dé kiém tra ban c6 chuyén sang trung vi (15) hay khong.

Filling the mean in a column that has an outlier. With the 11 values above, the mean of 24.09 is

higher than 10 of the 11 customers. Exams often include one extreme value to see whether you switch
to the median (15).

3.3. Lam sach: nhiéu, chia gi6 va 1am tron — 3.3. Cleaning: noise, binning and
smoothing

Nhiéu (noise) 1a sai sb ngau nhién trong gia tri do, vi du thu nhap khai 1am tron, du no
léch vai trim nghin do chét khac ngay. Chia gié (binning) lam tron nhidu bang cach sap
gia tri tang dan, chia thanh cac gio, roi thay moi gia tri bé‘mg mdt con sb dai dién caa gio.
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C6 hai cach chia. Gio déu d6 rong (equal-width) chia khoang tir gia tri nho nhat dén 16n
nhat thanh k doan bang nhau. Gio déu tan sd (equal-frequency) chia sao cho mdi gid co
sd phan tir gin bang nhau.

Noise is random error in a measured value, for example income declared in round figures or a
balance off by a few hundred thousand because of a different cut-off day. Binning smooths noise
by sorting the values, splitting them into bins and replacing each value with a representative
figure of its bin. There are two ways to split. Equal-width bins cut the range from the smallest to
the largest value into k equal segments. Equal-frequency bins are cut so that each holds a
similar number of elements.

w = (max —min) /k; biéngidi=min+i*w (3.1)

Vi 11 khach ¢6 thu nhap, min = 8, max = 120, k = 3 thi w = (120 — 8) / 3 = 37,33 va
bién gio 1a §; 45,33; 82,67; 120. Gid déu tan sd trong sach nay theo quy udc: 11 gia tri
chia 3 gi6, mdi gié nhan 11 // 3 = 3 phan tir, gié cudi nhan phan du nén c6 5 (3, 3, 5).
Quy uoc khac (vi du 4, 4, 3) cho dap an khac; dé thi can ghi 10.

With the 11 customers' incomes, min = 8, max = 120, k = 3, sow = (120 — 8) /3 = 37.33 and
the bin edges are 8; 45.33; 82.67; 120. Equal-frequency bins in this book follow one convention:
11 values into 3 bins, each bin takes 11 // 3 = 3 elements and the last bin takes the remainder, so
it holds 5 (3, 3, 5). Another convention (say 4, 4, 3) gives different answers, an exam must state
which one applies.

Lam tron theo trung binh gid thay moi gia tri bang trung binh cta gio. Lam tron theo
trung vi ding trung vi. Lam tron theo bién giir hai ddu mat cua gio va dwa mdi gid tri vé
dau mut gan hon.

Smoothing by bin means replaces every value with the bin mean. Smoothing by bin medians uses

the median. Smoothing by bin boundaries keeps the two end values of a bin and moves each
value to the nearer end.

import statistics as st

def vn(x):
return f"{x:.2f}".replace(".", ", ")
thu nhap = [9, 12, 15, 22, 8, 18, 14, 11, 16, 20, 120]
k =3
lo, hi = min(thu nhap), max(thu nhap)
rong = (hi - lo) / k
print ("Bién déu d6 réng:", [vn(lo + i * rong) for i in range(k + 1)])
dr = [min(int((x - lo) / rong), k - 1) for x in thu nhap]
print ("Sé phan tu mdi gid:", [dr.count(b) for b in range(k)])

xep = sorted(thu nhap)

m = len(xep) // k

gio = [xep[i * m:(1 + 1) * m] for i in range(k - 1)]
gio.append (xep[(k - 1) * m:])

for i, g in enumerate(gio, 1):

bien = [g[0] if x - g[0] <= g[-1]] - x else g[-1] for x in g]
print (£"Gidé {i}: {g}")
print (" trung binh", vn(st.mean(g)), "| trung vi", st.median(g),

"| bién", bien)
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Két qua chay / Output

Bién déu &b réng: ['8,00', '45,33', '82,67', '120,00']
S phdn tt mdi gisé: [10, 0, 1]
Gio 1: [8, 9, 11]
trung binh 9,33 | trung vi 9 | bién [8, 8, 11]
Gio 2: [12, 14, 15]
trung binh 13,67 | trung vi 14 | bién [12, 15, 15]
Gio 3: [1l6, 18, 20, 22, 120]
trung binh 39,20 | trung vi 20 | bién [l6, 16, 16, 16, 120]

Bién gio: 8; 45,33; 82,67; 120
1 1
1 1
R . 1 1
Déu d6 rong 17— COIO@) H ' o
10 khach vao gio 1 | giod 2 tréng H KHI12
Bién gio6 chia theo thir hang: 3, 3, 5 khach
11
P
Péu tin s6 1 (E@® ®
. KHI2
Mau: gié 1 xanh duong, gio 2 cam, gi6 3 xanh 1a
0 20 40 60 80 100 120

Thu nhap (triéu déng/thang)

Hinh 3.2. Thu nhap 11 khéach trong gié déu d6 rong va déu tan sb
Figure 3.2. Income of the 11 customers in equal-width and equal-frequency bins

Gié déu do rong bi KHI12 pha: 10 khach don vao gio 1, gid 2 trong, gio 3 chi c6 mot
nguoi (Hinh 3.2). Lam tron theo trung binh bién moi gia tri cua gio 1 thanh 14,5, x6a
sach khac biét giira ngudi kiém 8 va nguoi kiém 22. Gio déu tan sé tranh duoc gio trong
nhung gié 3 van chira 120: trung binh gi6 13 39,2, cao hon bén khach con lai cia gié (16
dén 22), con trung vi 20 thi sat.

Equal-width bins are broken by KHI2: 10 customers pile into bin 1, bin 2 is empty and bin 3
holds one person (Figure 3.2). Smoothing by means turns every value of bin 1 into 14.5, wiping
out the difference between someone earning 8 and someone earning 22. Equal-frequency bins

avoid the empty bin, but bin 3 still contains 120: its mean is 39.2, above the other four customers
of that bin (16 to 22), while the median of 20 stays close.

Bai miu 3.2. Lam tron gié déu tin s6 — Worked example 3.2. Smoothing equal-frequency

bins

Pé bai: chia 11 thu nhap thanh 3 gio déu tan sb (3, 3, 5), 1am tron theo trung binh, trung
vi va bién gio.

Task: split the 11 incomes into 3 equal-frequency bins (3, 3, 5) and smooth by bin means,
medians and boundaries.
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Gia tri Trung binh Trung vi Theo bién
an Values Mean Median Boundaries

8,9,11 28/3=933 8,8, 11
2 12, 14, 15 41/3=13,67 14 12,15, 15
3 16, 18, 20, 22, 120 196 /5=39,2 20 16, 16, 16, 16, 120

Céach lam theo bién: gio 2 ¢ hai dau mat 12 va 15; gid tri 14 cach 12 12 2, cach 15 1a 1
nén chuyén thanh 15. Gio 3 ¢6 dau mat 16 va 120; 18, 20, 22 déu gan 16 hon.

Boundary method: bin 2 has the end values 12 and 15; the value 14 is 2 from 12 and 1 from 15,
so it becomes 15. Bin 3 has the end values 16 and 120, 18, 20 and 22 are all nearer to 16.

LOI HAY GAP / COMMON MISTAKE — Chia gi6 déu d¢ rong khi dir liéu c6 gié tri cuc
doan rdi két luan "phan phdi thu nhap chi c6 hai nhém". Bién gio do khoang min-max quyét
dinh, nén mot diém 120 day ba bién gi6 ra xa 10 diém con lai.

Using equal-width bins on data with an extreme value and concluding that "income has only two
groups”. The bin edges follow the min—max range, so one point at 120 pushes the edges far from the
other 10 points.

3.4. Ngoai lai: phat hién theo IQR va z-score — 3.4. Outliers: detection by IQR and
g=score

Ngoai lai (outlier) 1a gia tri 1éch xa phan 16n dir liéu. Ngoai lai c6 thé 14 16i nhép, c6 thé 1a
truong hop hiém nhung c6 that. Nhidu va ngoai lai hay bi nhdm, nén bang sau dit canh
nhau.

An outlier is a value far from most of the data. It may be an entry error or a rare but genuine
case. Noise and outliers are often confused, so the table puts them side by side.

Tiéu chi Nhiéu Ngoai lai
Criterion Noise Outlier

Sai s0 ngau nhién nho phu Ién moi

Ban chit gia tri Mot vai gia tri 1éch xa, c6 khi 1a that

Nature Small random error laid over every A few distant values, sometimes genuine
value

Pham vi Anh hudng nhiéu quan sat cung lac  Chi it quan sat

Scope Affects many observations at once Only a few observations

Kiém nguon, gitt, cat dau mut hodc tach

Xur ly chinh Lam tron (gio, trung binh truot) riéng
Main treatment Smoothing (bins, moving average) Check the source, keep, winsorise or model
separately
C6 thé 1a thon : . Ty S
tin? £ Thuong khong Co: gian lan, khach giau bat thuong
) Usually not Yes: fraud, an unusually rich customer

Can it be signal?
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Quy tic IQR (khoang t&r phan vi) coi x 1 ngoai lai néu nam ngoai hai hang rao. Quy udc
t&r phan vi trong sach 1a phuong phép inclusive cia ham quantiles trong thu vién chuin
Python: vi tri ctia phan vi p trong n gia tri da sap 1a (n — 1) * p + 1, ndi suy tuyén tinh
giita hai gia tri ké.

The IQR (interquartile range) rule treats x as an outlier if it lies outside the two fences. The
quartile convention in this book is the inclusive method of the quantiles function in the Python
standard library: the position of percentile p among n sorted values is (n — 1) * p + 1, with
linear interpolation between the two neighbouring values.

IQR = Q3 — Q1; ngoailainfux < Q1 — 1,5+ IQRhoacx> Q3 + 1,5 *x IQR
3.2)

z=(xX—X)/s (3.3)

Quy tic z-score coi x 1a ngoai lai khi |z| > 3 (d6i khi dung 2,5). s 1a d6 1éch chuan mAu,
mau s6 n — 1, theo quy udc toan sach.

The z-score rule treats x as an outlier when |z| > 3 (sometimes 2.5). Here s is the sample
standard deviation with denominator n — 1, the convention used throughout the book.

import statistics as st

def vn(x, k=4):
return f"{x:.{k}f}".replace(".”", ", ")

tn = [9, 12, 15, 22, 8, 18, 14, 11, 16, 20, 120]

gl, 92, g3 = st.quantiles(tn, n=4, method="inclusive")
igr = g3 - gl

duoi, tren = gl - 1.5 * iqr, g3 + 1.5 * iqgr

print ("Ql1 =", vn(gl, 2), "| Q3 =", vn(g3, 2), "| IQR =", vn(iqr, 2))
print ("Hang rao:", vn(duoi, 2), "dén", vn(tren, 2))

nl = [x for x in tn if x < duol or x > tren]

print ("Ngoai lai theo IQR:", nl)

tb, s = st.mean(tn), st.stdev(tn)
z = [(x - tb) / s for x in tn]

(
print ("Trung binh", vn(tb, 2), "| d& léch chudn miu", vn(s, 2))
print ("z cua 120:", vn(max(z)), "| cbé |z| > 3:", any(abs(v) > 3 for v in z))
sach = [x for x in tn if x not in nl]

tb2, s2 = st.mean(sach), st.stdev(sach)
print ("z cua 120 so vdéi 10 khéch con lai:", vn((120 - tb2) / s2))

Két qua chay / Output

0l = 11,50 | Q3 = 19,00 | IQR = 7,50

Hang rao: 0,25 dén 30,25

Ngoai lai theo IQR: [120]

Trung binh 24,09 | d6 léch chudn miu 32,11

z cua 120: 2,9868 | cb6 |z| > 3: False

z cua 120 so v&i 10 khéch con lai: 22,8117
Hai quy tic cho hai két luan. IQR bat dugc 120 vi hang rao trén 1a 30,25. Z-score ciia 120
14 2,9868, nho hon 3, nén quy tac |z| > 3 bo sét. Ly do: KH12 ty kéo trung binh 1én 24,09
va do 1éch chuan 1én 32,11. Khi so voi 10 khach con lai (trung binh 14,5), z caa 120 1a
22,8117. Mau nhé va ngoai lai ning khién z-score bi che khuét; IQR dung phén vi nén it
chiu anh hudng.
The two rules reach different conclusions. The IQR rule catches 120 because the upper fence is
30.25. The z-score of 120 is 2.9868, less than 3, so the |z| > 3 rule misses it. The reason: KHI12
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itself lifts the mean to 24.09 and the standard deviation to 32.11. Against the other 10 customers
(mean 14.5), the z of 120 is 22.8117. A small sample with a heavy outlier masks the z-score; the
IOR uses percentiles and is far less affected.

Bili mau 3.3. Tim ngoai lai bging IQR — Worked example 3.3. Finding outliers with the

Bude Viéc lam Phép tinh Két qua
Step Action Calculation Result

Saptangdan 8,9,11,12,14, 15, 16, 18, 20, 22, 120 (n =
Sort 11)
(11—1)* 0,25 + 1 =3,5: gitra gia tri thu 3
Vi tri Q1 (11) vathtr 4 (12) _
2 " Q=115
Position of Q1 (11 —1) %0.25 + 1 = 3.5: between the 3rd value
(11) and the 4th (12)
(11—1) % 0,75 + 1 =28,5: gitra gia tri thu 8
Vi tri Q3 (18) va thr 9 (20) _
3 o Q3=19
Position of O3 (11 —1) #0.75 + 1 = 8.5: between the 8th value
(18) and the 9th (20)
4 IQR 19-11,5 7,5
5 Hang rao 11,5-1,5%7,5vA 19+ 1,5 * 7,5 0,25; 30,25
Fences
K&t Tudn 120 > 30,25; cac gia tri con lai nam trong Ngoai lai: 120

6 ; [0,25; 30,25]

o Outlier: 120
oneiuston 120 > 30.25; the rest lie inside [0.25; 30.25] o

Viéc lam véi KH12 phu thudc ngudn gdc. HoO so cho thiy nghé kinh doanh tu do, hang
thé Bach kim, du no 150 triéu déng: ty 1€ du no trén thu nhap 1a 1,25, ngang cac khach
khac. S6 liéu nhat quan nén giit dong nay, ddnh dau cd ngoai lai, va dung trung vi, gid
déu tan s6 hodc chuin hoa chiu dugc ngoai lai & budc sau. Néu kiém ngudn thdy gé thira
s6 0 (12 thanh 120) thi stra gia tri.

What to do with KHI12 depends on its origin. The file shows self-employed, Bach kim tier and a
balance of 150 million dong: the balance-to-income ratio is 1.25, in line with the others. The
figures are consistent, so keep the row, set an outlier flag, and use the median, equal-frequency

bins or outlier-resistant scaling later. If the source check finds an extra zero typed (12 became
120), correct the value.

PHAI THUQC / MEMORISE — IQR ding phan vi nén bat duoc ngoai lai ma khong bi
ngoai lai 1am 16ch ngudng. Z-score ding trung binh va d6 1éch chuan, hai s6 bi chinh ngoai lai
kéo, nén v6i mau nho c6 thé bo sot (z ciia 120 13 2,9868 < 3).

The IQR uses percentiles and so catches outliers without the outlier shifting the threshold. The z-score

uses the mean and standard deviation, both pulled by the outlier, so on a small sample it can miss (the
zof 120 is 2.9868 < 3).
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3.5. Tich hop dir li€u — 3.5. Data integration

Tich hop dir liéu (data integration) ghép dir liéu tir nhiéu ngudn thanh mot bang. Ba van

dé hay gap dugc tom trong bang sau.

Data integration merges data from several sources into one table. Three common problems are

summarised in the table.

Vén dé
Problem

Biéu hi¢n

Symptom

Cach xur ly
Remedy

M6t khach ¢6 hai ma: mot ma ¢ hé
thdng cho vay, mot mi & ing dung
One customer holds two codes: one in

Tring thyc thé
Entity resolution

the lending system, one in the app

Thu nhép tinh bang dong & ngudn
nay, triéu dong & ngudn kia; ngay
viét 03/04 hay 04/03

Income in dong in one source, million

Xung dot gia tri
Value conflict

dong in another; a date written 03/04 or

04/03

Cot nay suy ra duoc tu cdt khac (tuéi
Thudc tinh du va ngay sinh) hodc hai cdt tuong
thira quan gan 1
Redundant One column derivable from another (age
attribute and birth date) or two highly correlated

columns

Ghép theo khoa chung da 4n danh hoa;
néu khong c6 thi ghép theo nhiéu
truong va duyét tay cap nghi ngo
Match on a shared pseudonymised key,

failing that, on several fields with manual

review of doubtful pairs

Théng nhét don vi va dinh dang trudc
khi gdp; ghi don vi trong tén cot

Fix units and formats before merging; put
the unit in the column name

Do tuong quan Pearson cho thugc tinh
s, kiém dinh y2 cho thudc tinh dinh
danh; gitr mot cot

Pearson correlation for numeric attributes,
the y? test for nominal ones, keep one
column

Hé s6 tuong quan Pearson r cua hai thudc tinh sé nim trong [-1; 1]; [r| gdn 1 bdo hiéu

thudce tinh nay gﬁn nhu suy ra dugc tir thude tinh kia. Gié tri r ciia thu nhap va du ng &

Chuong 2 14 0,9898 trén 11 khéch.

The Pearson coefficient r of two numeric attributes lies in [—1; 1];

r| near 1 signals that one

attribute is almost derivable from the other. The r of income and balance in Chapter 2 is 0.9898

over 11 customers.

import math
def pearson(x, y):

mx, my = sum(x) / len(x), sum(y) / len(y)

tu = sum((a - mx) * (b - my) for a, b in zip(x, y))

mau = math.sqgrt(sum((a - mx) ** 2 for a in x) *

sum((b - my) ** 2 for b in y))

return tu / mau
thu nhap = [9, 12, 15, 22, 8, 18, 14, 11, 16, 20, 120]
du no = [12, 18, 20, 45, 10, 30, 16, 14, 25, 35, 150]
r = pearson (thu nhap, du no)
r2 = pearson(thu nhap[:-1], du no[:-1])
print (f"r (11 khé&ch, cbé6 KH12): {r:.4f}".replace("."™, ","))
print (f"r (10 khé&ch, bdé KH12): {r2:.4f}".replace(".", ","))
print ("Nghi du thwa néu |r| > 0,9:", abs(r) > 0.9, abs(r2) > 0.9)
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Két qua chay / Output

r (11 khach, cb6 KH12): 0,9898
r (10 khach, bdé KH12): 0,9627
Nghi du thwa néu |r| > 0,9: True True

r = 0,9898 khi c6 KH12 va 0,9627 khi bé KH12. Ca hai déu vuot 0,9, nhung con sb dau
bi mot diém cuc doan day 1én. Két luan "thu nhdp va du no gin nhu cing mang mot
thong tin" ding ¢ ca hai truong hop, song khong nén bo cdt chi vi r cao: hai ¢t nay co y
nghia nghi€p vu khac nhau (kha ndng tra va nghia vu phai trd), va ty 1¢ gitra chung, DTI &
muc 3.7, mang thong tin ma tung cot riéng khong co.

r = 0.9898 with KHI12 and 0.9627 without. Both exceed 0.9, but the first figure is pushed up by
one extreme point. The conclusion "income and balance carry nearly the same information”
holds either way, yet a column should not be dropped on a high r alone: the two have different

business meanings (ability to repay and obligation to repay), and the ratio between them, DTI in
section 3.7, carries information that neither column holds separately.

Véi hai thudc tinh dinh danh, kiém dinh % (chi-binh phuong) xét hai thudc tinh c6 doc
1ap hay khong. Bang 2 x 2 sau la dir kién dé bai: 200 khach, thudc tinh ding ung dung
Phu Sa (c6, khong) va thudc tinh ting tré han (c6, khong). Cong thirc c6 ky vong suy tir
tong hang va téng cot.

For two nominal attributes, the y? (chi-squared) test asks whether they are independent. The 2 %
2 table is given in the task: 200 customers, with the attribute uses the Phu Sa app (yes, no) and

the attribute has been late (ves, no). The formula uses expected counts derived from row and
column totals.

x> =2 (0 — E)?/E; E = (t6ng hang  téng cdt) / tdng chung  (3.4)

Dit kién Tré han Khéng tré Cong
Given Late Not late Total
Dung trng dun
& tmg aung 18 102 120
Uses the app
Khong dun
& aung 22 58 80
Does not use
Con,
one 40 160 200
Total
# hang: dung tng dung / khéng dung; cdét: cé tré& han / khédng tré& han
bang = [[18, 102],
[22, 58]]
n = sum(sum(h) for h in bang)
hang = [sum(h) for h in bang]
cot = [sum(c) for c in zip(*bang) ]
chi2 = 0

for i in range(2):
for j in range(2):
kv = hang[i] * cot[j] / n

chi2 += (bang[i][j] - kv) ** 2 / kv
print (£"0 ({i + 1},{3 + 1}): quan sat {bang[i][j]:>3}, "
f"ky vong {kv:.2f}".replace(".", ","))
print ("x? =", f"{chi2:.4f}".replace(".", ","), "| béc tu do 1")

print ("Ngudng 5% la 3,841; bac bdo ddéc 1lap:", chi2 > 3.841)
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Két qua chay / Ousput

1,1): quan sat 18, ky vong 24,00
1,2): quan sat 102, ky vong 96,00
2,1): quan sat 22, ky vong 16,00
2,2): quan sat 58, ky vong 64,00

X2 = 4,6875 | badc tuy do 1

Ngudng 5% la 3,841; bac bd ddéc léap: True

OO O O

Bai miu 3.4. Kiém dinh 2 cho bang 2 x 2 — Worked example 3.4. The y* test on a 2 x 2
table

Buéc Ky vong E 5

Dung, tré (O = 18)

2 —
Uses, late (O = 18) 120 * 40 /200 = 24 (18 -24)*/24=15

Dung, khong tré (O = 102) _ (102 -96)*/96 =
Uses, not late (O = 102) AV D) AD=CL5 0,375

Khong dung, tré (O = 22) _ 22-16)*/16=
Does not use, late (O = 22) 80+ 40/200=16 2,25

Khong dung, khong tré (O =
4 58) 80 * 160 /200 = 64
Does not use, not late (O = 58)

(58 — 64)* / 64 =
0,5625

bactwudo(2—-1)2-1)=1
degrees of freedom (2 — 1)(2 — x> =4,6875
D=1

Cong

Sum

So véi ngudong 3,841 (bac tu do 1, muc y nghia 5%), 4,6875 16n hon nén bac bd gia
thuyét doc 1ap: dung tmg dung va timg tré han c6 lién hé thong ké. Khach dung tng dung
tré han 18 trén 120 (15%), khach khong dung 22 trén 80 (27,5%). Kiém dinh chi néi co
lién hé, khong noi tng dung lam giam tré han.

Against the threshold of 3.841 (1 degree of freedom, 5% level), 4.6875 is larger, so
independence is rejected: using the app and having been late are statistically related. App users
were late 18 times in 120 (15%), non-users 22 times in 80 (27.5%). The test says only that a
relation exists, not that the app lowers lateness.

LOI HAY GAP / COMMON MISTAKE — Tinh ky vong bing cach chia déu (200 / 4 = 50
mdi 6). Ky vong phai theo tong hang va téng cot: 6 dau 1a 120 * 40 / 200 = 24, khong phai 50.
Computing expected counts by splitting evenly (200 /4 = 50 per cell). Expected counts follow the row
and column totals: the first cell is 120 %40 /200 = 24, not 50.

3.6. Bién ddi: chuin hoéa dir liéu — 3.6. Transformation: normalisation

Tudi nam trong 23 dén 50, thu nhap trong 8 dén 120 triéu dong, du no trong 10 dén 150
triéu dong. Khi tinh khoang cach Euclid nhu & Chuong 2, ¢t ¢6 bién d6 16n chi phdi
tong, hai cot con lai gan nhu khong dong gop. Chuan hoa (normalisation) dua cac cot vé
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thang do cung ¢&. Ba cach thuong dung duoc viét dudi dang cong thirc; z-score 14 cong
thuce (3.3).

Age lies between 23 and 50, income between 8 and 120 million dong, balance between 10 and
150 million dong. When Euclidean distance is computed as in Chapter 2, the column with the
widest range dominates the sum and the other two hardly contribute. Normalisation puts the
columns on scales of the same size. Three common methods are written as formulas; the z-score

is formula (3.3).
X' = (x — min) / (max — min) * (max m&i — min m&i) + min méi (3.5)
x'=x/10J, jla s6 nguyén nhé nhat sao cho max |x'| < 1 (3.6)

Min—max co gidn tuyén tinh vé doan [min mé&i, max méi], thuong 1a [0, 1]. Z-score trir
trung binh r6i chia do 1éch chuan mau, cho cot trung binh 0 va do 1éch chuan 1. Chuan
hoéa thap phan (decimal scaling) chia cho iy thtra ctia 10. Trong thu vién scikit-learn, ba
cach ddu c6 MinMaxScaler va StandardScaler; chuan héa thap phan thuong tu viét.

Min—max stretches linearly onto [new min, new max], usually [0, 1]. The z-score subtracts the
mean and divides by the sample standard deviation, giving a column with mean 0 and standard
deviation 1. Decimal scaling divides by a power of 10. In scikit-learn the first two have
MinMaxScaler and StandardScaler; decimal scaling is usually hand-written.

import statistics as st

def vn(x, k=4):
return f"{x:.{k}f}".replace(".”, ", ")

tn = [9, 12, 15, 22, 8, 18, 14, 11, 16, 20, 120]
lo, hi = min(tn), max(tn)
tb, s = st.mean(tn), st.stdev(tn)

J =20

while max (abs(x) for x in tn) / 10 ** 3 >= 1:
Jo+=1

print ("Khdch Thu nhdp Min-max Z-score Thédp phéan")

for ma, x in [ ("KHO1", 9), ("KHO4", 22), ("KHO5", 8), ("KH12", 120)]:
mm = (x - lo) / (hi - lo)

z = (x - tb) / s
print (f"{ma:<7}{x:>8}{vn (mm) :>10}{vn(z) :>9}{vn(x / 10 ** 3J, 3):>11}")
print ("3 =", 3, "| 10%j =", 10 ** j)

Két qua chay / Output

Khdch Thu nhdp Min-max Z-score Thédp phén

KHO1 9 0,0089 -0,4700 0,009
KHO04 22 0,1250 -0,0651 0,022
KHO5 8 0,0000 -0,5011 0,008
KH12 120 1,0000 2,9868 0,120

4 =3 | 10%§ = 1000
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Thu nhép gbc (triéu ddng/thang)

KHO04: 22

KHI12

(XX () ()
X X

0

20 40

Sau min—max

KHO04: 0,125
00¢010)

T
80 100

T
120

0,0 0,2 0.4

Sau z-score

KHO04: -0,0651
(11 ()() ]

0,6 0,8

2,9868

-1,0

—0.5 0,0 0,5

1,0

15 2,0 2,5 3,0

35

Hinh 3.3. Thu nhép 11 khach trudc va sau chuan hoa: hinh dang giit nguyén, thang do ddi
Figure 3.3. Income of the 11 customers before and after normalisation: the shape stays, the scale

changes

Ca hai cach cho cung hinh dang phan phéi (Hinh 3.3). KH12 bi dwa vé 1,0000 theo min—
max va 2,9868 theo z-score, con muoi khach kia bi nén vao doan [0; 0,125] theo min—
max va doan [—0,5011; —0,0651] theo z-score. Chuén hoa khong lam ngoai lai bién mat;

n6 chi d6i thang

do.

Both methods leave the shape of the distribution as it was (Figure 3.3). KHI12 goes to 1.0000
under min—max and 2.9868 under the z-score, while the other ten customers are squeezed into
[0; 0.125] under min—max and into [—0.5011; —0.0651] under the z-score. Normalisation does
not make an outlier disappear; it only changes the scale.

Tiéu chi
Criterion

Z-score

Thap phan

Decimal scaling

Két qua
Output

Nhay ngoai lai

Outlier sensitivity

Dung khi

Use when

Trong [0, 1] khi min, max
lay tir chinh dif liéu

Within [0, 1] when min and
max come from the same
data

Cao: min hodc max ddi thi
moi gié tri d6i

High: if min or max changes,
every value changes

Can thang ¢6 dinh (mang
no-ron, kNN)

A fixed scale is needed
(neural nets, kNN)

Trung binh 0, d6 1éch
chuén 1; khong bi chan
Mean 0, standard deviation
1; unbounded

Vua: trung binh va d¢ 1éch
chuén bj kéo

Moderate: mean and
deviation are pulled

Dt liéu gﬁn chuong, thuat
toan gia dinh chuan

Data near bell-shaped,
algorithm assumes normality

Trong (-1, 1)

Thép, nhung chi cit
thang

Low, but only
rescales

Chi can dua s6 16n
vé ¢& nho

Only need to shrink
large numbers
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Bai miu 3.5. Chuan héa thu nhip cia KH04 — Worked example 3.5. Normalising the
income of KH04

Dé bai: thu nhap 11 khach nhu & muc 3.2; chuén hoa thu nhap 22 cia KHO04 theo ba cach.
Cho tong 265, trung binh 24,09, 6 1éch chuan mau 32,11.

Task: the 11 incomes as in section 3.2; normalise the income of 22 for KH04 by the three
methods. Given sum 265, mean 24.09, sample standard deviation 32.11.

Bude Cach Phép tinh Két qua
Step Method Calculation Result

min = 8§, max = 120: (22 —8) /(120—8) =14/

Min—max 112 0,125
2 Z-score (22 -24,09) /32,11 =-2,09/32,11 —0,0651
max = 120 nén 10> =100 chua du (1,2>1), 10* =
3 Thap phan 1.000: 22 / 1.000 0.022
Decimal max = 120 so 10? = 100 is too small (1.2>1), 10° = ’
1,000: 22/ 1,000
4 Kiém tra Thu nhap 8 theo min—max 0
Check Income 8 under min—max

LOI HAY GAP / COMMON MISTAKE — Dung d¢ 1éch chuén tong thé (chia n) thay vi
mau (chian — 1) khi dé bai 1a mau. Véi 11 gia tri trén, s = 32,11 (chia 10) con 30,62 (chia
11): z cia KHO4 d6i tir —0,0651 sang —0,0683 va dap an sai chit sd thi ba.

Using the population standard deviation (divide by n) instead of the sample one (divide by n — 1)
when the task is a sample. With the 11 values above, s = 32.11 (divide by 10) against 30.62 (divide by
11): the z of KH04 moves from —0.0651 to —0.0683 and the answer is wrong from the third digit.

3.7. Bién doi: ma hoa, roi rac hoa va thugc tinh méi — 3.7. Transformation:

encoding, discretisation and new attributes

Hau hét thuat toan tinh toan trén sd, nén thudc tinh chit phai dugc ma hoa. Cach ma hoa
phu thudc kiéu thudc tinh & Chuong 2.

Most algorithms compute on numbers, so text attributes must be encoded. The way to encode
depends on the attribute type from Chapter 2.
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Kiéu thudc tinh | Cach ma héa Vi du & Phui Sa

Attribute type Encoding Example at Phu Sa

Nhi phén Oval Co nha: 1; khong c6 nha: 0
Binary 0and 1 Owns a home: 1, does not: 0

Nghé: cong nhéan, nhan vién van
phong, gido vién, kinh doanh tu
do

Occupation: worker, office staff,

One-hot: mdi gia tri mot cot 0/1; co thé
Dinh danh bd mot cot (dummy)
Nominal One-hot: one 0/1 column per value, one
/ be d d (d
column may be dropped (dummy) teacher, self-employed

Hang thé: Chuan 1, Vang 2, Bach

Thir bac S thtr hang, ¢6 thé dua vé [0, 1] kim 3
Ordinal Rank numbers, optionally rescaled to [0, 1] = Card tier: Chudn I, Ving 2, Bach
kim 3
nghe = ["Cbng nhé&n", "Nhé&n vién van phong", "Gido vién",
"Kinh doanh tuyu do"]
khach = [("KHO1", "Cbéng nhan", "Chudn"),

("KHO04", "Kinh doanh tu do", "Vang"),
("KH11", "Gido vién", "Bach kim")]
thu tu = {"Chuén": 1, "Vang": 2, "Bach kim": 3}
print ("One-hot (4 cét) va dummy (bd cdét dau, 3 codt):")
for ma, n, _ in khach:
oh = [1 if n == g else 0 for g in nghe]
print (f" {ma}: {oh} -> {oh[1l:]}")
print ("Ma héa thit bac rdéi dwa vé [0, 1]:")

for ma, , h in khach:
r = thu tulh]
chuan = (r - 1) / (len(thu tu) - 1)
print (f" {ma}: {h:<9} -> {r} -> {chuan:.1f}".replace(".", ","))

Két qua chay / Output

One-hot (4 co6t) va dummy (bd coét dau, 3 cot):
KHO1: [1, 0, 0, 0] -> [0, O, O]
KHO4: [0, 0, O, 1] -> [0, O, 1]
KH11: [0, O, 1, 0] -> [0, 1, O]

M& hoéa thu bac rdi dua vé [0, 1]:
KHO1: Chuan -> 1 ->0,0
KHO04: Vang -> 2 ->0,5
KH11l: Bach kim -> 3 -> 1,0

One-hot cho nghé tao 4 cot. Cot thu tu suy ra dugc tir ba ¢t kia (téng bdn cot ludn béng
1), nén md hinh tuyén tinh thudng bé mot cot dé tranh cong tuyén hoan hao. Hang thé
giit thtr tw nén ma 1, 2, 3 hop 1y, va chuan héa (r — 1) / (3 — 1) cho 0; 0,5; 1. Piéu khong
duoc lam la ma hoa nghé thanh 1, 2, 3, 4: m6 hinh s& hiéu giao vién "lon hon" cong nhan
va "cach" kinh doanh tu do mot don vi.

One-hot for occupation creates 4 columns. The fourth can be derived from the other three (the
four always sum to 1), so linear models usually drop one to avoid perfect collinearity. Card tier
keeps an order, so codes 1, 2, 3 are reasonable, and rescaling (r — 1) / (3 — 1) gives 0; 0.5, 1.
What must not be done is to code occupation as 1, 2, 3, 4: the model would read teacher as
"greater than" worker and one unit "away" from self-employed.

Roi rac hoa (discretisation) d6i thudc tinh sé thanh cac nhom. C6 thé chia theo do rong,
theo tan s6 nhu & muc 3.3, hodc theo ngudng nghi¢p vu. Xay dung thudc tinh mdi
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(feature construction) tao cot tir cot co san. O Phu Sa, ty 18 DTI do du ng so véi thu nhap
thang.

Discretisation turns a numeric attribute into groups. The split may be by width, by frequency as
in section 3.3, or by business threshold. Feature construction creates a column from existing
ones. At Phu Sa, the DTI ratio measures balance against monthly income.

DTI = du no / thu nhép thang (3.7)

Céch tinh & day 1a dang don gian hoa (du no tinh bang s6 thang thu nhap). Nhiéu t6 chirc
tin dung dung nghia vu trd no hang thang chia thu nhap hang thang; dé thi s& cho cong
thirc can dung.

The calculation here is a simplified form (balance measured in months of income). Many credit
institutions use the monthly debt obligation divided by monthly income; an exam will give the
Sformula to apply.

tuoi = [25, 29, 34, 41, 23, 38, 45, 31, 27, 36, 50, 47]

thu nhap = [9, 12, 15, 22, 8, 18, None, 14, 11, 16, 20, 120]
du no = [12, 18, 20, 45, 10, 30, 40, 16, 14, 25, 35, 150]
ma = [f"KH{i:02d}" for i in range(l, 13)]

dti = {m: d / t for m, d, t in zip(ma, du no, thu nhap) if t}
for m in ("KHOLl", "KHO04", "KHI2"):

print (£"DTI {m} = {dti[m]:.4f}".replace(".", ","))
cao = max (dti, key=dti.get)
print ("DTI cao nhit:", cao, f" ({dti[cao]:.2f})".replace(".", ","))

(
print ("Khéng tinh dugc DTI:", [m for m in ma if m not in dtil])
nhom = {"dudéi 30": 0, "30 d&én 39": 0, "tiur 40": 0}
for t in tuoi:

nhom["dudi 30" if t < 30 else "30 dén 39" if t < 40 else "tur 40"] += 1
print ("Rdi rac héa tudi:", nhom)

Két qua chay / Output

DTI KHO1 = 1,3333

DTI KHO4 = 2,0455

DTI KH12 = 1,2500

DTI cao nhit: KH04 (2,05)

Khéng tinh dugc DTI: ['KHO7']

R¥i rac héa tudi: {'duéi 30': 4, '30 dén 39': 4, 'tu 40': 4}

KHI2 c6 thu nhap ngoai lai nhung DTI 1,25 nam giita cic khach khac (KHO1 1,33;
KHO04 2,05): ty 1& da hoa giai thang do. KHO4 c6 DTI cao nhét, 2,05. KHO7 khong tinh
dugc DTI vi thiéu thu nhéap, nén thudc tinh méi thira huong 6 thiéu cua cot gdc. Ba nhom
tudi (dudi 30, tir 30 dén 39, tir 40) chia 12 khach thanh 4, 4, 4.

KHI2 has an outlying income, yet a DTI of 1.25 sits among the other customers (KH0I 1.33;
KHO04 2.05): the ratio has absorbed the scale. KH04 has the highest DTI, 2.05. KHO7 has no
DTI because income is missing, so the new attribute inherits the blank of its source column. The
three age groups (under 30, 30 to 39, 40 and over) split the 12 customers 4, 4, 4.

Bai miu 3.6. Ma héa mot dong dit liéu — Worked example 3.6. Encoding one row

Dé bai: KHO4 1am nghé kinh doanh ty do, hang thé Vang, thu nhap 22 triéu déng, du no
45 triéu dong. Biéu dién dong nay sau ma hoa.

Task: KH04 is self-employed, holds a Vang card, earns 22 million dong and owes 45 million
dong. Show the row after encoding.
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Thugc tinh Phép tinh

Attribute Calculation

Gia tri méi
New value

Thu tu cft: cong nhan, nhan vién van phong,

| Nghé gido vién, kinh doanh tu do 0.0.0. 1

Occupation Column order: worker, office staff, teacher, self- T
employed

Hang thé e B

2 Card fier Vang=2;2-1)/3-1) 0,5

3 DTI 45/22 2,0455

4 Dummy Bo cot dau (cong nhéan) 0.0. 1
Dummy Drop the first column (worker) >

LOI HAY GAP / COMMON MISTAKE — M3 héa thudc tinh dinh danh bang sé nguyén
lién tiép (cong nhan 1, nhan vién vin phong 2...). Thuat toan ding khoang cach hodc hé s6 s&
hiéu co thir tu. Dung one-hot, va chi ma s6 thir hang cho thudc tinh thir bac nhu hang thé.
Encoding a nominal attribute with consecutive integers (worker 1, office staff 2...). Algorithms that
use distances or coefficients will read an order into it. Use one-hot, and give rank numbers only to
ordinal attributes such as card tier.

3.8. Thu giam s0 chiéu: chon thugc tinh va PCA — 3.8. Dimensionality reduction:
attribute selection and PCA

Thu giam dir liéu (data reduction) tao ra biéu dién nho hon ma van cho két qua khai pha
gﬁn nhu cli. Co hai hudng: bo bdt thude tinh, hoac ghép nhiéu thudc tinh thanh it thudc
tinh m&i. Chon thudc tinh (feature selection) theo ba cach.

Data reduction produces a smaller representation that gives almost the same mining results.
There are two directions: drop attributes, or combine many attributes into a few new ones.
Feature selection follows three approaches.

Cach Nguyén tic Vi du Pic diém

Approach Principle Example Trait

Cham diém ting thudc tinh

doc lap voi mo hinh, gilr Tuong quan v6i nhan, ¥,  Nhanh; bo qua tuong
Loc diém cao phuong sai tac gitra cac cot
Filter Score each attribute Correlation with the label, Fast; ignores interaction
independent of the model, keep )’ variance between columns

the high scores

Thir cac tip con, do két qua

g e A AL 1 X Chon tién, loai dan Sat mo hinh; t6n thoi
Bao mo hinh, gilr tap tot nhat . .
Wrapper T bset " del Forward selection, backward ~ gian
pp FY SUDSELS, MEASUre REMOAEL, | . ination Close to the model; slow

keep the best subset
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Cach Nguyén tic Vi du Pic diém
Approach | Principle Example Trait
Viéc chon nam trong qua Do quan trong & cdy quyét . s C s
, . x . &4 o d X & Y qw Can bang chi phi va
Nhiing trinh huan luyén dinh, hoi quy phat L1 £
. . . - chat lugng
Embedded = Selection happens inside Importance in decision trees, )
o ) ) Balances cost and quality
training Ll-penalised regression

Vi du loc theo twong quan: nhan Ia s6 1an tré han cua 11 khéach c6 thu nhap, ba ing vién
1a tudi, thu nhap va du ng.

A filter by correlation: the label is the late-payment count of the 11 customers with income, and
the three candidates are age, income and balance.

import math

def pearson(x, y):
mx, my = sum(x) / len(x), sum(y) / len(y)
tu = sum((a - mx) * (b - my) for a, b in zip(x, y))
mau = math.sqgrt(sum((a - mx) ** 2 for a in x) *
sum((b - my) ** 2 for b in y))
return tu / mau

# 11 khach cé thu nhdp (bd KHO7); nhan: sb 1lin tré& han

tee = [2, 1, 0, 1, 4, 0, 0, 1, 3, @, 0]
cot = {"tudi": [25, 29, 34, 41, 23, 38, 31, 27, 36, 50, 471,
"thu nhgp": [9, 12, 15, 22, 8, 18, 14, 11, 16, 20, 1201,
"du no": [12, 18, 20, 45, 10, 30, 16, 14, 25, 35, 1501}
r = {c: pearson(v, tre) for ¢, v in cot.items()}
for ¢ in sorted(r, key=lambda c: -abs(r[c])):
print (f"{c:<10} r = {r[c]l:.4f}".replace(".", ","))

Két qua chay / Output

tudi r =-0,5671
du ng r = -0,3520
thu nhap r = -0,3309

Tudi ¢6 |r| 16n nhat (0,5671): khach cang 10n tudi cang it lan tré han trong mau nay. Du
no va thu nhap dang sau véi 0,3520 va 0,3309, va hai ¢t nay twong quan 0,9898 véi
nhau (muc 3.5), nén gitt mot trong hai 1a d4. Mau 11 khéach chi dé minh hoa cach lam,
khong du dé két luan.

Age has the largest |r| (0.5671): the older the customer, the fewer late payments in this sample.
Balance and income follow with 0.3520 and 0.3309, and these two correlate at 0.9898 with each

other (section 3.5), so keeping one of them is enough. A sample of 11 customers only illustrates
the method and is too small to conclude.

PCA (principal component analysis, phan tich thanh phan chinh) ghép céc cot twong quan
thanh thanh phan chinh khong tuong quan. Thanh phan thi nhat (PC1) 1a huéng doc theo
d6 dir liéu phan tan nhiéu nhat; thanh phan thi hai vuéng goéc véi nd va giit phan phan
tan con lai. V& mat dai s6, PC 13 véc-to riéng ctia ma tran hiép phuong sai, phan phan tan
né gilr 1a tri riéng tuong Gng. V&i hai thude tinh, ma tran hi¢p phuong sai c6 dang 2 x 2
va tri riéng tinh duoc bang cong thirc dong, voi a, d 1a phuong sai hai cot va b 1a hiép
phuong sai.
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PCA (principal component analysis) combines correlated columns into uncorrelated principal
components. The first component (PC1) is the direction along which the data spread most; the
second is perpendicular to it and holds the remaining spread. Algebraically, a PC is an
eigenvector of the covariance matrix, and the spread it holds is the matching eigenvalue. With
two attributes, the covariance matrix is 2 x 2 and the eigenvalues have a closed formula, with a
and d the variances of the two columns and b their covariance.

S=[ a b
b d
A=(@+d)/2+V(((@a—d)/2)*+b? (3.8)
Véc-to riéng ciia A1 o« (b, A1 — a), chia cho d6 dai; diém trén PC1 =e - (x — X)
(3.9)

Dir kién d& bai: 5 khach (P1 dén P5) ¢ thu nhap x = 8, 10, 12, 14, 16 va du ng y = 10,
12, 13, 17, 18 (triéu dong). Hai cot cung don vi nén dung ma tran hiép phuong sai; néu
khac don vi phai chudn héa z-score trudc, tuong dwong ding ma tran twong quan.

Given in the task: 5 customers (P1 to P5) with income x = 8, 10, 12, 14, 16 and balance y = 10,
12, 13, 17, 18 (million dong). The two columns share a unit, so the covariance matrix is used;
with different units, z-score standardisation must come first, which amounts to using the
correlation matrix.

import math

x = [8, 10, 12, 14, 106] # thu nhap (triéu ddng/thang)

y = [10, 12, 13, 17, 18] # du ng (triéu ddng)

n = len(x)

mx, my = sum(x) / n, sum(y) / n

a =sum((u - mx) ** 2 for u in x) / (n - 1)

d = sum((v - my) ** 2 for v in y) / (n - 1)

b = sum((u - mx) * (v - my) for u, v in zip(x, y)) / (n - 1)
tam = (a + d) / 2

ban = math.sqgrt(((a - d) / 2) ** 2 + b * Db)
11, 12 = tam + ban, tam - ban
print (f"Ma trdn hiép phuong sai: [[{a:.2f}, {(b:.2f}], [{b:.2f}, {d:.2f}]1]1"

.replace(".", ",™))
print (f"Tri riéng: {11:.4f} va {12:.4f}".replace(".", ","))
print (f"PC1 gi® {11 / (11 + 12) * 100:.2f}% phuong sai".replace(".", ",™))
nm = math.hypot (b, 11 - a)
el = (b / nm, (11 - a) / nm)
print (f"Véc-to riéng PCl: ({el[0]:.4f}; {el[l]:.4f})".replace(".", ","))
diem = [el[0] * (u - mx) + el[l] * (v - my) for u, v in zip(x, Vy)]
print ("Piém trén PCl:", [f"{t:.2f}".replace(".", ",") for t in diem])

Két qua chay / Output

Ma tran hiép phuong sai: [[10,00, 10,50], [10,50, 11,50]]
Tri riéng: 21,2768 va 0,2232

PCl gi®t 98,96% phuong sai

Véc-to riéng PCl: (0,6815; 0,7319)

piém trén PCl: ['-5,65', '-2,83', '-0,73', '3,56', '5,65']
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Hinh 3.4. Nam diém thu nhap — du no va hai thanh phan chinh
Figure 3.4. Five income—balance points and the two principal components

Bai méu 3.7. PCA cho 5 diém — Worked example 3.7. PCA on 5 points

Bude Viéc lam Phép tinh Két qua
Step Action Calculation Result

Trung binh

Means

= =70/5 12; 14

a=40/4;d=46/4;b=42/4 (miusén—
Hiép phuong sai 1 =4)

2 i ) 10; 11,5; 10,5
Covariance a=40/4,d=46/4; b =42/4 (denominator n
—-1=4)
Tri riéng (10+11,5)/2=10,75; \/(0,752 +10,5%) = )
3 Eigenvalues V110,8125 = 10,5268 21,2768, 0,2232
Ty 1€ PC1 0
4 PCI share 21,2768 / (21,2768 + 0,2232) 98,96%
Véc-to PC1 (b, A1 —a)=(10,5; 11,2768), do dai 15,4083 )
> PCI vector (b, 21 —a) = (10.5; 11.2768), length 15.4083 (0,6815;0,7319)
Diém trén PC1 -5,65; —2,83;
—_ + —
¢ Scores on PC1 B = (e = iR =y = I4) —0,73; 3,56; 5,65

PC1 gilr 98,96% phuong sai nén mdt cot diém PC1 thay duoc hai cot géc vOi mat mat
nho. Kiém tra: tong hai tri riéng 21,2768 + 0,2232 = 21,5 bang a +d = 10 + 11,5, vi tong
phuong sai dugc bao toan.
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PC1 holds 98.96% of the variance, so one column of PCI scores can replace the two originals
with little loss. Check: the sum of the eigenvalues 21.2768 + 0.2232 = 21.5 equals a +d = 10 +
11.5, because total variance is conserved.

PHAI THUQC / MEMORISE — Téng céc tri riéng bang tong phuong sai gc (vét ma
tran). Ty 1é phuong sai giit ciia PC = tri riéng ctia n6 / tong tri riéng. PCA nhay véi thang do,
nén chuin hoa trude khi ap dung néu cac cot khac don vi.

The eigenvalues sum to the original total variance (the trace). The variance share of a PC = its
eigenvalue / the sum of eigenvalues. PCA is sensitive to scale, so standardise first if the columns have
different units.

3.9. Lé{ly mAiu va mat cin bfmg 16p — 3.9. Sampling and class imbalance

Lay mau (sampling) chon mot phan dit liéu dé thir nhanh hodc dé chia tp hudn luyén —
kiém tra. Ldy mau ngau nhién don cho moi dong cung xac suat duoc chon. LAy miu phan
tﬁng (stratified) chia dir li€u thanh tﬁng theo mot thudc tinh, nhu nhan tét hodc xau, rdi
ldy cing mot ty 186 & mdi ting. Khi 16p hiém chi chiém vai phan trim, miu ngiu nhién
don c6 thé khong chira dong nao cua 16p do.

Sampling picks part of the data for quick trials or to split training and test sets. Simple random
sampling gives every row the same chance of selection. Stratified sampling divides the data into
strata by an attribute, such as a good or bad label, and takes the same share from each stratum.
When the rare class is only a few percent, a simple random sample may hold no row of that class
at all.

Dir kién dé bai: 100 hd so vay, 90 ho so t6t va 10 hd so xdu (ma HS001 dén HS100;
HS091 d¢én HS100 13 ho so x4u). Ldy mau 10% véi random seed 2026 caa Python 3.12.

Given in the task: 100 loan files, 90 good and 10 bad (codes HS001 to HS100; HS091 to HS100
are the bad files). A 10% sample with random seed 2026 in Python 3.12.

import random

nhan = ["tét"] * 90 + ["x&u"] * 10

ma = [f"HS{i:03d}" for i in range(l, 101)]

rng = random.Random (2026)

don = rng.sample (range (100), 10)

xau = sum(l for i in don if nhan[i] == "x&u")

print ("Ngdu nhién don, 10 hd so:", xau, "hd so xiu")

tang = {"tét": [i for i in range(100) if nhan[i] == "tbt"],
"x4u": [i for i in range(100) if nhan[i] == "x&u"]}

phan tang = {}
for t, ds in tang.items() :

phan tang[t] = rng.sample(ds, round(len(ds) * 0.10))
print ("Phan tang 10%:", {t: len(v) for t, v in phan tang.items () }
print ("M& hd so x&u dugc chon:", [ma[i] for i in phan tang["x&u"]
print ("Giam midu 1ép tbt xubng 10:", 10 + 10, "hd so")
print ("Ldp 1ép x&u lén 90:", 90 + 90, "hd so")

)
1)

a, b, lam = (9, 12), (8, 10), 0.4 # SMOTE: A, lang giéng B, hé sb
moi = [p + lam * (g - p) for p, g in zip(a, b)]
print ("Piém SMOTE:", f" ({moi[0]:.1f}; {moi[l]:.1f})".replace(".", ","))
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Két qua chay / Output

Ngdu nhién don, 10 hd so: 0 hd so xdu

Phéan téng 10%: {'tbt': 9, 'x4u': 1}

M3 hé so x&u dugc chon: ['HS092']

Giam miu 16p tbét xubng 10: 20 hd so

Lidp 1ép x&u 1lén 90: 180 hd so

piém SMOTE: (8,6; 11,2)
Mau ngau nhién don 10 hd so khong c6 hd so xdu nao, nén mo hinh hoc tir miu nay
khong thay 16p can tim. MAu phan ting luén c6 9 hd so tot va 1 hd so xdu (o day la
HS092). Con sb cu thé phu thudc seed va tha tu goi ham; dé thi phai néu seed.
The simple random sample of 10 files holds no bad file, so a model learning from it never sees
the class it must find. The stratified sample always has 9 good files and 1 bad file (here HS092).
The exact figures depend on the seed and the order of calls; an exam must state the seed.

Mit can bang 16p (class imbalance) 1am accuracy danh lira: du doan "t6t" cho ca 100 ho
so ding 90%. Ba hudng xir Iy: giam mau 16p da s6 (undersampling), ting mau 16p thiéu
sd bang cach lap (oversampling), va SMOTE tao dong méi trén doan ndi mot diém véi
lang giéng gan nhat cing 16p. Goi imbalanced-learn c6 sdn SMOTE; ¢ day chi trinh bay
cong thue.

Class imbalance makes accuracy misleading: predicting "good" for all 100 files is 90% right.
Three remedies: reduce the majority class (undersampling), grow the minority class by
repetition (oversampling), and SMOTE, which creates a new row on the segment joining a point

to its nearest neighbour of the same class. The imbalanced-learn package provides SMOTE;
here only the formula is shown.

xma&i=x+ A * (xlang giéng — x), 0 <A <1 (3.10)

Bai miu 3.8. Can bang 16p — Worked example 3.8. Balancing the classes

Dé bai: 90 ho so tét, 10 hd so xadu. HO so xdu A co thu nhap 9, du no 12; lang giéng gan
nhét B c6 thu nhadp 8, du ng 10; A = 0,4. Tinh sb dong sau can bé‘lng va diém SMOTE.
Task: 90 good files, 10 bad. Bad file A has income 9 and balance 12; its nearest neighbour B has
income 8 and balance 10; 4 = 0.4. Find the row counts after balancing and the SMOTE point.

Bude Cach Phép tinh Két qua
Step Method Calculation Result

Giam mau Giir 10 ho so tdt, 10 hd so xau 20 dong
Undersampling Keep 10 good, 10 bad 20 rows

5 Tang mau lap Lip hd so xau dén 90 180 dong
Oversampling Repeat bad files up to 90 180 rows
SMOTE, thu nhap

. + J—
3 SMOTE, income 9+0.4x(8-9) 8,6
4 SO, S g 12+ 0,4 * (10— 12) 11,2

SMOTE, balance
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LOI HAY GAP / COMMON MISTAKE — Ting mau 16p thiéu s6 truéc khi chia tap huén
luyén va kiém tra. Ban sao cua cung mot hd so nam & ca hai tap, va do chinh xac trén tap
kiém tra cao mot cach gia. Chia tap trude, chi can bang tdp huan luyén.

Oversampling the minority class before splitting into training and test sets. Copies of the same file
land in both sets, and test accuracy looks falsely high. Split first and balance only the training set.

3.10. Ro ri dir li¢u va thir tu dang cia cac bwéc — 3.10. Data leakage and the

correct order of steps

RO ri dir li€u (data leakage) xay ra khi thong tin tur tap kiém tra, hodc tir tuong lai, lot vao
budc huan luyén. M6 hinh ¢ diém cao khi thir nhung that bai khi chay that. Nguén ro ri
hay gap & tién xur ly: tinh trung binh, dg léch chuan, min, max hodc gia tri dién thiéu trén
toan by dir li€u trude khi chia tap; dua vao thudc tinh chi biét sau thoi diém cho vay;
cung mot khach xuét hién & ca hai tap.

Data leakage occurs when information from the test set, or from the future, slips into training.
The model scores well in trials but fails in production. Common sources in preprocessing:

computing the mean, standard deviation, min, max or fill value on all the data before splitting;
including an attribute known only after the loan date; the same customer appearing in both sets.

Quy trinh dung: chia tap trudc; hoc tham ) (trung binh, do 1éch chuan, min, max, gia tri
dién) chi trén tap huan luyén; ap tham sé d6 cho tap kiém tra. Trong scikit-learn, ham fit
chi goi trén tap huan luyén, transform goi trén ca hai. Vi du: tdm khach dau (KHO1 dén
KHO09, trir KHO7) 1am tap hudn luyén, ba khach con lai (KH10 dén KH12) lam tap kiém
tra.

The correct procedure: split first; learn the parameters (mean, standard deviation, min, max, fill
value) on the training set only; apply those parameters to the test set. In scikit-learn, fit is called
on the training set only and transform on both. Example: the first eight customers (KHOI to
KHO09, excluding KHO07) form the training set and the other three (KHI0 to KHI12) the test set.

import statistics as st

huan luyen = [9, 12, 15, 22, 8, 18, 14, 11] # KHO1-KHO6, KHO8, KH09
kiem tra = [16, 20, 120] # KH10-KH12
toan bo = huan luyen + kiem tra

def z(x, mau):

return (x - st.mean(mau)) / st.stdev (mau)
def vn (x):
return f"{x:.4f}".replace(".", ",")
print ("z cta 120, chudn hdéa trén toan bd (rd ri):", vn(z (120, toan bo)))

print ("z cua 120, chudn héa trén tap huidn luyén:", vn(z (120, huan luyen)))
lo, hi = min(huan luyen), max(huan luyen)

mm = [(x - lo) / (hi - lo) for x in kiem tra]

print ("Min-max téap kiém tra:", [vn(v) for v in mm])

Ket qua chay / Qutput
z cua 120, chudn hdéa trén toan bd (rd ri): 2,9868

z cua 120, chuidn héa trén tap huidn luyén: 22,6884
Min-max tép kiém tra: ['0,5714', '0,8571', '8,0000']
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Khi chuan héa trén toan bo, z ctia 120 14 2,9868: gan ngudng 3 va thoat khoi quy tic |z| >
3. Khi chuan hoa ding trén tap huan luyén, z ctia 120 13 22,6884: gia tri ¢ tdp kiém tra
léch han khoi nhitng gi mé hinh ting thay. Gia tri la nhu vay phai con nguyén & tap kiém
tra, vi dit liéu that sau nay ciing s& c6. Min—max theo huén luyén dua 16 va 20 vé 0,5714
va 0,8571, con 120 thanh 8,0000, nim ngoai [0, 1]; két qua nay dang, va khong dugc cit
lai chi dé cho dep.

With normalisation on all the data, the z of 120 is 2.9868: close to the threshold of 3 and
escaping the |z| > 3 rule. With correct normalisation on the training set, the z of 120 is 22.6884:
the test value sits far from anything the model has seen. That strangeness has to survive in the
test set, because real data will later contain such values too. Min—max by the training range
takes 16 and 20 to 0.5714 and 0.8571, and 120 to 8.0000, outside [0, 1]; that outcome is correct
and must not be clipped to look neat.

Bai méu 3.9. Chuin héa khong ro ri — Worked example 3.9. Normalising without leakage

Bude Viéc lam Phép tinh Két qua
Step Action Calculation Result

Trung binh huén luyén O+12+15+22+8+18+14+11)/8
13,625
Training mean =109/8
Sng b 8 + + + +
) Tong binh phuong 1éch 21,3906 + 2,6406 + 1,8906 + 70,1406 153,875

Sum of squared deviations 31,6406 + 19,1406 + 0,1406 + 6,8906

3 D§ 1éch chuan mau (153,875 / 7) = V21,9821 4,6885

Sample deviation

z cua 120
4 2 of 120 (120 — 13,625) / 4,6885 22,6884

Min-max cua 120 o . B B
5 Min-max of 120 min = 8, max = 22: (120 —8) /(22 - 8) 8

LOI HAY GAP / COMMON MISTAKE — Goi fit trén toan bd bang rdi méi chia tap huén
luyén — kiém tra. Diém kiém tra cao, nhung trién khai that thi thip vi tham sé chuan héa da
"nhin thdy" dir lidu kiém tra.

Calling fit on the whole table and only then splitting into training and test sets. The test score is high,
but real deployment scores low because the scaling parameters have already "seen" the test data.

PHAI THUQC / MEMORISE — Tht ty: chia tap, r6i hoc tham sd tién xir 1y trén tdp huén
luyén, rdi 4p cho tap kiém tra. Liy mau lai, SMOTE, chon thudc tinh ciing chi 1am sau khi
chia tap, va chi trén tap hudn luyén.

Order: split, then learn the preprocessing parameters on the training set, then apply them to the test
set. Resampling, SMOTE and feature selection also come after the split and only on the training set.
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3.11. Bang thuat ngivr — 3.11. Glossary

Thuéat ngir

Term (Vietnamese)

Tiéng Anh

English

Giai thich ngin
Short definition

Tién xt ly dit liéu

Gié tri thiéu

Dién khuyét

Nhiéu

Ngoai lai

Chia gi6

Gi6 déu do rong
Gi6 déu tan so

Khoang tir phan vi

Piém z

Tich hop dit ligu

Kiém dinh chi-binh
phuong

Chuan h6a min—max

data preprocessing

missing value

imputation

noise

outlier

binning

equal-width bin

equal-frequency bin

interquartile range (IQR)

Z-SCO1c

data integration

chi-squared test

min—max normalisation

Céc thao tac dua dit liéu tho vé dang
thudt toan dung duoc

Operations that bring raw data into a form
algorithms can use

O khong c6 dir liéu

A cell that holds no data

Thay 6 thiéu bang mét gia tri wdc luong
Replacing a blank with an estimated value
Sai s6 ngéu nhién phu 1én gié tri do
Random error laid over a measured value

Gi4 tri 1éch xa phan 16n dit liéu
A value far from most of the data

Gom gia tri da sap thanh cac gio rdi lam
tron

Grouping sorted values into bins and then
smoothing

Gi6 c6 khoang gia trj bang nhau
A bin spanning an equal value range

Gi6 ¢6 s6 phan tir gan bang nhau

A bin holding a similar number of elements
Hi¢u Q3 — Q1

The difference O3 — Q1

S6 d6 1éch chuan ma gia trj cach trung
binh

How many standard deviations a value lies

from the mean

Ghép dir liéu tir nhidu ngudn thanh mot
bang
Merging data from several sources into one
table

Kiém tra hai thudc tinh dinh danh c6 doc
lap khong

Tests whether two nominal attributes are
independent

Co gian tuyén tinh vé mot doan, thuong
[0, 1]

Linear rescaling onto a range, usually [0, 1]
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Thuéat ngir

Tiéng Anh

Giai thich ngin

Term (Vietnamese)

Chuan hoa z-score

Ma3 héa one-hot
Roi rac héa
Xay dung thudc tinh

Chon thudc tinh

Phan tich thanh phan
chinh

Tri riéng

Lay méu phan tang

Mét can bang 16p

RO ri dir lidu

English

z-score normalisation

one-hot encoding

discretisation

feature construction

feature selection

principal component
analysis (PCA)

eigenvalue

stratified sampling

class imbalance

data leakage

Short definition

Trir trung binh, chia d6 1éch chuan
Subtract the mean, divide by the standard
deviation

Moi gi4 tri dinh danh thanh mot cot 0/1
FEach nominal value becomes a 0/1 column

Doi thude tinh s thanh cac nhom
Turning a numeric attribute into groups

Tao cOt mai tir cot ¢6 san
Creating a new column from existing ones

Gitr tap con thudc tinh hitu ich
Keeping a useful subset of attributes

Ghép cot twong quan thanh thanh phan
khong tuwong quan

Combining correlated columns into
uncorrelated components

Phuong sai ma mot thanh phan chinh
gitlr

The variance a principal component holds
Lay cung ty 1¢ & mdi tang

Taking the same share from each stratum

Mot 16p chiém ty 1é thap

One class holds a low share

Thoéng tin kiém tra hodc twong lai lot
vao huén luyén

Test or future information slipping into
training

3.12. Bai tap van dung c6 loi gidi — Applied exercises with solutions

Bai 1. Chia gi6 du ng thé va lam tron — Exercise 1. Binning card balances and smoothing

Du ng thé tin dung cta 9 khach (triéu dong), theo thtr tu ho so: 21, 4, 25, 8, 34, 15, 28,
24, 60. Chia thanh 3 gié déu tan s6 (mdi gid 3 gia tri), lam tron theo trung binh, trung vi
va bién gio. Sau d6 chia 3 gié déu do rong va dém sd phan tir mdi gio.

Credit-card balances of 9 customers (million dong), in file order: 21, 4, 25, 8, 34, 15, 28, 24, 60.

Split into 3 equal-frequency bins (3 values each) and smooth by bin means, medians and
boundaries. Then form 3 equal-width bins and count the elements of each.

1. Sép tang dan: 4, 8, 15, 21, 24, 25, 28, 34, 60 (n = 9, ba gi6, mdi gio 3 gid tri).
Sort ascending: 4, 8, 15, 21, 24, 25, 28, 34, 60 (n = 9, three bins of 3 values).
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2.Gid 1: 4, 8, 15; gid 2: 21, 24, 25; gio 3: 28, 34, 60.
Bin1:4,8, 15; bin2: 21, 24, 25; bin 3: 28, 34, 60.

3. Theo trung binh: 27 /3 =9; 70 / 3 =23,33; 122 /3 =40,67.
By means: 27/3 =9;70/3 =23.33; 122/ 3 = 40.67.

4. Theo trung vi: 8; 24; 34.
By medians: 8; 24, 34.

5. Theo bién: gio 1 thanh 4, 4, 15 (8 cach 4 1a 4, cach 15 1a 7); gio 2 thanh 21, 25, 25 (24
cach 25 1a 1); gio 3 thanh 28, 28, 60 (34 cach 28 1a 6, cach 60 1a 26).
By boundaries: bin 1 becomes 4, 4, 15 (8 is 4 from 4 and 7 from 15); bin 2 becomes 21, 25,
25 (24 is 1 from 25); bin 3 becomes 28, 28, 60 (34 is 6 from 28 and 26 from 60).

6. Péu do rong: w = (60 —4) /3 =18,67; bién 4; 22,67; 41,33; 60. Pém: 4, 8, 15, 21 vao
gid 1; 24, 25, 28, 34 vao gid 2; 60 vao gio 3, tac 4, 4, 1.
Equal-width: w = (60 — 4) /3 = 18.67, edges 4, 22.67; 41.33; 60. Count: 4, 8, 15, 21 in bin
1; 24, 25, 28, 34 in bin 2; 60 in bin 3, that is 4, 4, 1.

Bai 2. Ngoai lai trong thoi gian gidi ngdn — Exercise 2. An outlier in disbursement time
S6 gio tir luc ndp hd so dén lac giai ngan cua 8 khoan vay: 6, 8, 9, 10, 12, 13, 15, 48. Tim
ngoai lai bang IQR (quy wdc inclusive) va bang quy tic |z| > 3 (d6 1éch chuan mau). Sau
khi bo ngoai lai, chuan h6a min—max gia tri 12.

Hours from filing to disbursement for 8 loans: 6, 8, 9, 10, 12, 13, 15, 48. Find outliers by the

IOR (inclusive convention) and by the |z| > 3 rule (sample standard deviation). After removing
the outlier, min—max normalise the value 12.

1.n=8. Vitri Ql: (8 — 1) * 0,25 + 1 = 2,75, giita gi4 tri thtt 2 (8) va thi 3 (9): Q1 =
8,75.

n = 8. Position of Q1: (8 — 1) x0.25 + 1 = 2.75, between the 2nd value (8) and the 3rd (9):
Q1 =8.75.

2.Vitri Q3: (8 — 1) * 0,75 + 1 = 6,25, gitra gia tri thir 6 (13) va tha 7 (15): Q3 =13 +
0,25 *2=13.5.
Position of Q3: (8 — 1) ¥0.75 + 1 = 6.25, between the 6th value (13) and the 7th (15): Q3 =
13+0.25 2 =13.5.

3.IQR=13,5—18,75=4,75; hang rao 8,75 — 7,125 = 1,625 va 13,5 + 7,125 = 20,625.
Gi4 tri 48 nam ngoai: ngoai lai.
IOR = 13.5—8.75=4.75, fences 8.75 — 7.125 = 1.625 and 13.5 + 7.125 = 20.625. The
value 48 lies outside: an outlier.

4. Trung binh 121 / 8 = 15,125; d6 1éch chuan mau 13,5903; z ctia 48 = (48 — 15,125) /
13,5903 = 2,4190, nho hon 3 nén quy tic z-score bo sot.
Mean 121 /8 = 15.125; sample standard deviation 13.5903; z of 48 = (48 — 15.125) /
13.5903 = 2.4190, less than 3, so the z-score rule misses it.

5.B6 48, con 7 gia tri: min = 6, max = 15. Min-max cua 12=(12—-6)/(15-6)=6/9
=0,6667.

Without 48, 7 values remain: min = 6, max = 15. Min—-max of 12 = (12— 6) /(15— 6) =6/
9 =10.6667.
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Bai 3. Hang thé va mua bio hiém khoan vay — Exercise 3. Card tier and loan-insurance
purchase

Trong 150 khach, nhém hang thé Vang trd 1én c6 80 nguoi, trong dé 44 ngudi mua bao
hiém khoan vay va 36 nguoi khong mua; nhom hang Chuan c¢6 70 nguoi, trong dé 22
mua va 48 khong mua. Tinh 2 va két luan & murc ¥ nghia 5% (ngudng 3,841, bac tu do
1).

Among 150 customers, the Vang-and-above group has 80 people, of whom 44 bought loan

insurance and 36 did not; the Chudn group has 70 people, of whom 22 bought and 48 did not.
Compute y? and conclude at the 5% level (threshold 3.841, 1 degree of freedom).

1. Téong hang: 80 va 70; tong cot: mua 44 + 22 = 66, khong mua 36 + 48 = 84; tong
chung 150.
Row totals: 80 and 70, column totals: bought 44 + 22 = 66, did not buy 36 + 48 = 84,
grand total 150.

2. Ky vong: 80 * 66/ 150 =35,2; 80 *» 84 / 150 =44,8; 70 = 66 / 150 =30,8; 70 * 84 /
150 =39,2.
Expected: 80 66 /150 =35.2;, 80 #84 /150 = 44.8; 70 66 /150 = 30.8; 70 84 /150 =
39.2.

3. Céac s6 hang (O — E)?/ E: (44 — 35,2)2/ 35,2 =2,2000; (36 — 44,8)* / 44,8 = 1,7286;
(22 —30,8)*/ 30,8 =2,5143; (48 —39,2)*/ 39,2 = 1,9755.
The terms (O — E)?/E: (44 — 35.2)2/35.2 = 2.2000; (36 — 44.8)?/44.8 = 1.7286, (22 —
30.8)2/30.8 =2.5143; (48 — 39.2)?/39.2 = 1.9755.

4.y*=8,4184 16n hon 3,841 nén bac bd ddc 1ap: hang thé va viéc mua bao hiém c6 lién
hé. Ty 1€ mua: nhém Vang tro 1€n 44 / 80 = 55%, nhém Chuén 22 / 70 = 31,43%.
X’ = 8.4184 exceeds 3.841, so independence is rejected: card tier and insurance purchase
are related. Purchase rate: Vang and above 44/ 80 = 55%, Chudn 22 /70 = 31.43%.

3.13. Cau héi ty luan va dan y tra 16i — Essay questions and answer outlines

Ciu 1. Phan bi¢t nhiéu va ngoai lai trong tién xir 1y dir liéu. Vi sao khong nén x6a
moi ngoai lai mdt cach tw dong? LAy vi du tir dir liéu khach hang ciia Phi Sa.
Question 1. Distinguish noise from outliers in data preprocessing. Why should outliers not be
deleted automatically? Give an example from the Phu Sa customer data.
« Nhiéu 12 sai s6 ngau nhién nho phu 1én nhiéu gia tri; ngoai lai 12 vai gia tri 1éch xa.
Noise is small random error over many values; outliers are a few distant values.
« Xir ly nhiéu: chia gié va 1am tron, trung binh truot.
Treating noise: binning and smoothing, moving averages.
« Xir 1y ngoai lai: kiém ngudn, giit c6 danh dau, cit ddu mut, bién ddi, hodc mo hinh
riéng.
Treating outliers: check the source, keep with a flag, winsorise, transform or model
separately.
« Ngoai lai c6 thé 14 thong tin that: gian 1an, khach giau bat thuong.
An outlier can be real information: fraud, an unusually rich customer.
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* Vi dy KH12: thu nhap 120, du no 150, DTI 1,25 giéng cac khach khac, nén 1a truong
hop that can giit.
Example KHI12: income 120, balance 150, DTI 1.25 like the other customers, so a genuine
case worth keeping.

* X6a ty dong lam mét dang nhom khach gia tri cao ma moé hinh can phuc vu.
Automatic deletion loses exactly the high-value customers the model must serve.

Céiu 2. So sanh chuin héa min—max va z-score: cong thirc, két qua, dd nhay véi
ngoai lai, truong hgp nén chon.
Question 2. Compare min—max and z-score normalisation: formula, output, sensitivity to
outliers, and when to choose each.
« Min—max: (x — min) / (max — min), két qua trong [0, 1].
Min—-max: (x — min) / (max — min), output within [0, 1].
* Z-score: (x — trung binh) / d¢ 1éch chuin mau, trung binh 0 va d6 1éch chuén 1, khong
bi chan.
Z-score: (x — mean) / sample standard deviation, mean 0 and standard deviation I,
unbounded.
* Ngoai lai: min—max bi min, max chi phéi; v6i thu nhap Phu Sa, muoi khéach bi nén
vao [0; 0,125].
Outliers: min—max is governed by min and max; with Phii Sa income, ten customers are
squeezed into [0; 0.125].

« Chon min—max khi can thang c¢6 dinh, z-score khi dit liéu gan chudng hoic thuét toan
gia dinh chuan.
Choose min—max for a fixed scale, z-score when the data are near bell-shaped or the
algorithm assumes normality.

« Ca hai khong x06a ngoai lai va can fit trén tap huan luyén.
Neither removes outliers and both must be fitted on the training set.

Cau 3. Trinh bay ro ri dir liéu trong tién xir Iy: dinh nghia, ba ngudn thuong gip,
hiu qua va quy trinh dung.
Question 3. Describe data leakage in preprocessing: definition, three common sources,
consequences and the correct procedure.
« Dinh nghia: thong tin tir tip kiém tra hoic tuong lai lot vao huan luyén.
Definition: information from the test set or the future slips into training.
. Nguén 1: tinh trung binh, d¢ 1éch chuan, min, max, gia tri dién trén toan bo dit liéu
trudc khi chia tap.
Source 1: computing the mean, standard deviation, min, max or fill value on all data before
splitting.
« Ngudn 2: thudc tinh chi biét sau thoi diém cho vay. Ngudn 3: cung mot khach & ca hai
tap, hodc can bang 16p trude khi chia.
Source 2: an attribute known only after the loan date. Source 3: the same customer in both
sets, or balancing classes before the split.
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« Hau qua: diém kiém tra cao gia, mo hinh kém khi chay that.
Consequence: falsely high test score, a weak model in production.

* Quy trinh ding: chia tép, fit trén huén luyén, transform cho kiém tra; vi du z cua 120
la 22,6884 thay vi 2,9868.

Correct procedure: split, fit on training, transform for test; for example the z of 120 is
22.6884 rather than 2.9868.

3.14. Cau héi triac nghiém — Multiple-choice questions

17. Hang thé dugc ghi "Vang" & hé thong thé nhung "Gold" & tmg dung. Ldi nay thudc

tiéu chi chat lugng dit liéu nao?
A card tier is recorded as "Vang" in the card system but "Gold" in the app. Which data-
quality dimension does this fault belong to?

A. Chinh xac / Accuracy

B. Dy du / Completeness

C. Nhét quan / Consistency

D. Kip thoi / Timeliness

18. Thu nhap 11 khéach c6 sé liéu, sap tang dan (triéu dong): 8,9, 11, 12, 14, 15, 16, 18,
20, 22, 120. Dién thu nhap thiéu ciia KHO7 bang trung vi thi dugc gia tri nao?
The incomes of the 11 customers with data, sorted (million dong): 8, 9, 11, 12, 14, 15, 16, 18,
20, 22, 120. Which value results from filling the missing income of KH07 with the median?
A. 24,09 / 24.09
B. 22
C.18
D. 15

19. Thu nhéap 22 triéu dong ctia KHO4, trung binh mau 24,09 va d6 1éch chuan mau

32,11. Diém z ctia KHO04 1a bao nhiéu?
KHO04 has an income of 22 million dong, the sample mean is 24.09 and the sample standard
deviation 32.11. What is the z-score of KH04?

A. 0,125 / 0.125

B. 0,0651 / 0.0651

C.—0,0651 / —0.0651

D. 2,9868 / 2.9868

20. Theo quy tac IQR, gia tri x duoc coi 14 ngoai lai khi nao?
Under the IQR rule, when is a value x treated as an outlier?
A.x>Q3 +IQR
B. x ngoai khoang [Q1 — IQR, Q3 + IQR] / x outside [Q] — IOR, O3 + IOR]
C.lzZ|> 1,5/ |z > 15
D.x<Ql—-1,5*IQRhoacx>Q3+ 1,5*IQR / x< QI — 1.5 *IOR or x > O3 +
1.5 *IQR
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21. Du no thé ctia 9 khach c6 min = 4, max = 60. Chuan héa min—max gia tri 21 cho két
qua nao (1am tron 4 chir s6)?
Card balances of 9 customers have min = 4 and max = 60. What does min—max
normalisation of the value 21 give (rounded to 4 digits)?

A.0,3750 / 0.3750
B. 0,3036 / 0.3036
C.0,2833 / 0.2833
D. 0,5000 / 0.5000

22. Mot gié gdm 4, 8, 15. Lam tron theo bién gid cho két qua nao?
A bin holds 4, 8, 15. What does smoothing by bin boundaries give?
A.9,9,9
B.4,4,15
C.8,8,8
D. 4,15, 15

23. Ma tran hiép phuong sai cta hai thudc tinh c6 tri riéng 6 va 2. Thanh phan chinh thir
nhat giir bao nhiéu phan trim phuong sai?
The covariance matrix of two attributes has eigenvalues 6 and 2. What percentage of the
variance does the first principal component hold?

A.25%
B. 33,3% / 33.3%
C.75%
D. 50%

24. Céch chuén hoa z-score nao tranh ro ri dit liéu khi co tap huin luyén va tap kiém tra?
Which way of z-score normalisation avoids data leakage when there are training and test
sets?

A. Tinh trung binh, d¢ 1éch chuén trén tap huin luyén roi ap cho tap kiém tra
Compute the mean and deviation on the training set and apply them to the test set

B. Tinh trén toan bo dit liéu rdi méi chia hai tap / Compute on all the data and only
then split the two sets

C. Tinh riéng trén tap kiém tra roi ap cho chinh nd / Compute on the test set alone
and apply to itself

D. Tinh trén tap kiém tra rdi ap cho tap huan luyén / Compute on the test set and
apply to the training set
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Chuo ng 4. Khai phé lllz.’it két h()’p — Chapter 4. Association rule mining

Muc tiéu chwong — Chapter objectives

« Phén biét tap muc, d6 hd tro, do tin cay, lift, leverage va conviction; tinh timg d6 do
trén 10 giao dich san pham ciia Phu Sa.

Tell apart itemset, support, confidence, lift, leverage and conviction, and compute each on
the 10 Phu Sa product transactions.

« Chay tay Apriori tir C1 dén L3 v&i minsup 30%, giai thich budc ghép va tia bang tinh
chat dong xudng.

Run Apriori by hand from CI to L3 with minsup 30% and explain the join and prune steps
through downward closure.

« Sinh luat tir tip pho bién, loc theo minconf 70% va loai luat manh nhung c6 lift thap.
Generate rules from frequent itemsets, filter by minconf 70% and discard strong rules with
low lift.

* Phan biét tap phé bién dong va cuc dai; dung FP-tree va khai pha béng co s mau diéu
kién.

Distinguish closed from maximal frequent itemsets; build an FP-tree and mine it with
conditional pattern bases.

« So sanh Apriori voi FP-growth; néu lut nhiéu mirc, mau tuan tu, ing dung dé xuat
san pham va gidi han cua luat két hop.

Compare Apriori with FP-growth; state multilevel rules, sequential patterns, product
recommendation and the limits of association rules.

4.1. Bai toan phan tich gié hang va ban chéo san pham tai chinh — 4.1. Market

basket analysis and cross-selling of financial products

Khai pha lut két hop (association rule mining) tim cic quy luat dang "giao dich co san
pham X thi thuong c6 thém sin pham Y" trong mot tip giao dich. Bai toan khong co
nhan 16p dé du doan, nén thudc nhom hoc khong giam sat va nhiém vy mé ta. Cai tén gdc
1a phan tich gio hang (market basket analysis): mdi lan thanh todn & siéu thi 1a mot gio,
mdi mat hang 1 mot muc, va nguoi quan 1y mudn biét cac mat hang nao hay nam cung
gid dé bd tri ke, lam khuyén mai gop.

Association rule mining looks for rules of the form "transactions containing product X tend to
contain product Y as well" in a set of transactions. There is no class label to predict, so the task
is unsupervised and descriptive. The original name is market basket analysis.: each supermarket

checkout is a basket, each article is an item, and the manager wants to know which articles often
sit in the same basket in order to arrange shelves and build bundled offers.

O Cong ty Tai chinh TNHH Phu Sa, gié hang 13 tdp san pham tai chinh ma mot khach
dang ky trong cung mot 1an giao dich, va muc tiéu 1a ban chéo (cross-selling): dé& xuét
dung san pham tha hai cho khach dd c6 san pham thir nhat. Nam san pham dugc mi hoa
nhu bang sau; bo dit liéu cua chuong gém 10 giao dich, ky hiéu GD1 d&én GD10, va la dir
kién dé bai ding xuyén sudt cac bai mau.
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At Phu Sa Finance Company Ltd, a basket is the set of financial products one customer signs up
for in a single transaction, and the goal is cross-selling: offering the right second product to a
customer who already holds the first. The five products are coded as in the next table; the data
set of the chapter has 10 transactions, GDI to GDI10, and is the exercise data used by every
worked example.

Ma San phim S6 giao dich chira Ty 1€

Code Product Transactions containing it | Share

bao hiém khoan vay

BH . 8 80%
loan insurance

™ theé t.m dung 6 60%
credit card

VM vay tien mat 6 60%
cash loan

DM tra gop filé}l.’l may 3 30%
electronics instalment

XM tra gop xe may 3 30%

motorbike instalment

C6 hai cach viét cing mot dit liéu. Dang ngang liét ké mdi giao dich 1a mot tdp muc, nhu
GDI1 = {TD, VM, BH}. Dang ma tran 0 va 1 dat giao dich ¢ hang, san phém o cdt, va ghi
1 néu giao dich c6 san phém dé (Hinh 4.1). Trong co s& dir liéu quan h¢, dang tha ba la
bang doc: mdi dong 1a mot cip (mi giao dich, mi san pham). Khi dit liéu nim & bang
doc, s6 giao dich chira mét san phém 1a s6 ma giao dich khac nhau, nén cau truy van phai
dung COUNT(DISTINCT).

The same data can be written in two ways. The horizontal form lists each transaction as an
itemset, such as GD1 = {TD, VM, BH}. The 0-1 matrix puts transactions in rows and products in
columns and writes 1 if the transaction holds the product (Figure 4.1). In a relational database a
third form is the vertical table: each row is a pair (transaction code, product code). When the

data sit in a vertical table, the number of transactions containing a product is the number of
distinct transaction codes, so the query must use COUNT(DISTINCT).

SELECT ma sp, COUNT(DISTINCT ma gd) AS so gd
FROM giao dich sp

GROUP BY ma sp

ORDER BY so gd DESC;
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TD VM DM XM BH
©) ©) 3) 3) ®)
GD1 1 1 1
GD2 1 1
GD3 1 1 1
GD4 1 1 1
GDS5 1 1
GD6 1 1
GD7 1 1 1
GDS8 1 1
GD9 1 1 1
GDI10 1 1 1

S trong ngoic: téng sb giao dich chira san pham do6
Hinh 4.1. Ma tran 0 va 1 cua 10 giao dich va 5 san pham; tén cdt kém so giao dich chira san
pham
Figure 4.1. The 0-1 matrix of 10 transactions and 5 products, each column name carries the number of
transactions containing the product

Mai sau nhap 10 giao dich bang tap (set) ctia Python, dém sb giao dich chira timg san
pham va tinh ¢& gio trung binh.

The code that follows enters the 10 transactions as Python sets, counts the transactions
containing each product and computes the average basket size.

GD = [set(s.split()) for s in

("TD VM BH,TD BH,VM DM BH,TD VM BH,XM BH,TD DM,VM XM BH,"
"TD VM,DM XM BH,TD VM BH") .split(",")]

TEN = {"TD": "thé tin dung", "VM": "vay tién mit",
"DM": "trd gép dién may", "XM": "tra gbdp xe may",
"BH": "bao hiém khoan vay"}

n = len (GD)

tan = {ma: sum(l for t in GD if ma in t) for ma in TEN}

print ("sé giao dich:", n)
for ma, ¢ in sorted(tan.items (), key=lambda x: -x[1]):

print (f"{ma} {TEN[ma]:<20} {c:>2} giao dich {c / n:.0%}")
print ("C& gid trung binh:", sum(len(t) for t in GD) / n)

Két qua chay / Output

S6 giao dich: 10

BH bao hiém khoan vay
TD thé tin dung

VM vay tién mit

DM tra gdép dién may
XM tra gép xe may

C& gid trung binh: 2.6

giao dich 80%
giao dich 60%
giao dich 60%
giao dich 30%
giao dich 30%

w W o oy
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Bao hiém khoan vay c6 mit trong 8 giao dich (80%), thé tin dung va vay tién mit mdi
san pham 6 giao dich (60%), hai san pham tra gép mdi san pham 3 giao dich (30%). Mdi
gid c6 trung binh 2,6 san pham. Céc con sd nay 1a tan sé riéng 1¢; luat két hop quan tim
dén tan sb ciia cac san pham xuat hién cing nhau.

Loan insurance appears in 8 transactions (80%,), the credit card and the cash loan in 6 each
(60%), and each of the two instalment products in 3 (30%). A basket holds 2.6 products on

average. These are single-product frequencies, association rules care about the frequency of
products that appear together.

LOI HAY GAP / COMMON MISTAKE — Dém s dong cia bang doc thay vi sé ma giao
dich khac nhau. Néu mét giao dich ghi san pham hai lan, hodc bang ndi véi bang khac 1am
nhan dong, d6 ho trg bi phong to va co thé vuot 100%; luén dém DISTINCT theo ma giao
dich rdi chia cho téng s6 giao dich.

Counting the rows of a vertical table instead of the distinct transaction codes. If a transaction lists a
product twice, or a join multiplies rows, support is inflated and can exceed 100%, always count
DISTINCT transaction codes and divide by the total number of transactions.

4.2. Tap muc, d hd tro, do tin ciy, lift va cac do do khac — 4.2. Itemsets,

support, confidence, lift and other measures

Goi I = {TD, VM, DM, XM, BH} 1a tap cac muc (item), D 13 co so dit liéu gdm n giao
dich, mdi giao dich T 1a mét tip con cua I. Mot tap gdm k muyc goi 1a k-tap muc (k-
itemset). S giao dich ctia D chira tip X goi 1 s6 dém hd tro (support count) cta X; chia
cho n ta c6 d6 hd tro (support). Tap X 1a tap pho bién (frequent itemset) néu d6 hd trg cia
n6 khong nhé hon ngudng hd trg tbi thiéu minsup.

Let I = {TD, VM, DM, XM, BH} be the set of items and D a database of n transactions, each
transaction T being a subset of I. A set of k items is a k-itemset. The number of transactions in D

that contain X is the support count of X; dividing by n gives the support. X is a frequent itemset if
its support is at least the minimum support threshold minsup.

support(X) =|{Te€D:X<ST}|/n (4.1)

Luat két hop c6 dang X = Y, trong d6 X va Y 14 hai tap muc khac rdng khong giao nhau;
X 1a vé trai (tién dé), Y 1a vé phai (hé qua). Hai do do dau tién cta luat 1a d6 hd tro va do
tin cdy (confidence).

An association rule has the form X = Y, where X and Y are non-empty disjoint itemsets; X is the
antecedent and Y the consequent. The first two measures of a rule are support and confidence.

support(X=Y) = support(X U Y) (4.2)
confidence(X=Y) = support(X U Y) / support(X) (4.3)

Do hd trg cua luat cho biét luét ap dung dugc cho bao nhiéu phén giao dich. B¢ tin cdy la
xac suét c¢6 diéu kién: trong cac giao dich c6 X, bao nhiéu phﬁn co thém Y. Mot luat la
luat manh (strong rule) néu dat ca minsup va ngudng tin cdy tdi thiéu minconf. Vi Phu
Sa, minsup = 30% (tc 3 trong 10 giao dich) va minconf = 70%.
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The support of a rule tells for what share of transactions the rule applies. Confidence is a
conditional probability: among the transactions with X, what share also contain Y. A rule is
strong if it meets both minsup and the minimum confidence threshold minconf. For Phu Sa,
minsup = 30% (3 of 10 transactions) and minconf = 70%.

Mot luat c6 do tin cdy cao van co thé vo ich. Néu 80% giao dich von da c6 bao hiém
khoan vay, thi lut "vay tién mat = bao hiém" véi d6 tin cdy 83,33% chi hon muc nén
80% mdt chut. Bo nang (lift) so do tin cay voi tan suat nén cua vé phai.

A rule with high confidence can still be useless. If 80% of transactions already carry loan
insurance, the rule "cash loan = insurance" with confidence 83.33% beats the 80% base rate by
a small margin. Lift compares confidence with the base frequency of the consequent.

lift(X = Y) = confidence(X = Y) / support(Y) = support(X U Y) / (support(X) *
support(Y)) (4.4)

Gia tri lift Y nghia Vi du trong b dir liéu
Lift value Meaning Example in the data set

X va 'Y xuat hién cung nhau nhiéu hon muc ky vong
néu doc lap: twong quan duong

lift > 1 _ XM = BH: 1,25
X and Y occur together more often than expected under
independence: positive correlation

. X va'Y doc lap; luat khong cung cap thong tin thém

lift=1 o TD = VM, BH: 1,00

! X and Y are independent, the rule adds no information ’ ’
X va Y xut hién cing nhau it hon muc ky vong:

lift < 1 tuong quan am TD, VM = BH: 0,9375

X and Y occur together less often than expected: negative
correlation

Hai d6 do bo sung clng khai thac sy léch khéi tinh doc 1ap. Leverage lay hiéu giita tan
suét xuat hién chung thuc té va tAn suit ky vong néu doc 1ap; leverage béng 0 1a doc lap.
Conviction do muc luat sai it hon so voi khi X va Y ddc lap; conviction béng 1 1a doc
lap, va tién tGi vo cuc khi d6 tin cay béng 1.

Two further measures also exploit the departure from independence. Leverage is the difference
between the observed joint frequency and the frequency expected under independence; zero
leverage means independence. Conviction measures how much less often the rule fails compared
with the case where X and Y are independent; a conviction of 1 means independence, and it
tends to infinity when confidence is 1.

leverage(X =Y) = support(X U Y) — support(X) * support(Y) (4.5)
conviction(X=Y) = (1 — support(Y)) / (1 — confidence(X=Y)) (4.6)
M3 sau cai dit nam d6 do cho bdn luat: vay tién mat = bao hiém va chiéu nguoc lai, thé
tin dung + vay tién mit = bao hiém, tra gop xe may = bao hiém. Python in v6 cyc 1a inf.

The code that follows implements the five measures for four rules: cash loan = insurance and its
reverse, credit card + cash loan = insurance, and motorbike instalment = insurance. Python

prints infinity as inf.
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GD = [set(s.split()) for s in
("TD VM BH,TD BH,VM DM BH,TD VM BH,XM BH,TD DM,VM XM BH,"
"TD VM,DM XM BH,TD VM BH") .split(",")]

n = len (GD)

def dem(tap) :
return sum(l for t in GD if tap <= t)

def do_ luat(a, b):
n ab, n a, n b = dem(a | b), dem(a), dem(b)
sup = n ab / n

conf = n ab / n_ a

lift = conf / (n b / n)

lev = sup - (n.a / n) * (nb / n)

conv = (1L -nb / n) / (1 - conf) if conf < 1 else float("inf")

return sup, conf, lift, lev, conv

for a, b in [({"VM"}, {"BH"}), ({"BH"}, {"VM"}),

({IITD", IIVM"}, {IIBH"}) 0 ({"XM"}, {"BHII}) ] :
s, ¢, 1, v, cv = do_luat(a, b)
print ("™ ".join(sorted(a)), "=>", " ".join(sorted(b)))

print (f" sup={s:.2f} conf={c:.4f} 1lift={1l:.4£f}"
f" lev={v:+.2f} conv={cv:.4f}")

Két qua chay / Output

VM => BH
sup=0.50 conf=0.8333 1ift=1.0417 lev=+0.02 conv=1.2000
BH => VM

sup=0.50 conf=0.6250 1ift=1.0417 lev=+0.02 conv=1.0667
TD VM => BH

sup=0.30 conf=0.7500 1ift=0.9375 lev=-0.02 conv=0.8000
XM => BH

sup=0.30 conf=1.0000 1ift=1.2500 lev=+0.06 conv=inf

Luat VM = BH c¢6 d6 hd tro 0,5, do tin cdy 0,8333 (5 trén 6 giao dich c6 VM), lift
1,0417, leverage 0,02 va conviction 1,2. Chiéu nguoc lai BH = VM c¢6 cung d6 hd tro va
cung lift nhung d6 tin cay chi 0,625 (5 trén 8 giao dich c6 BH). Luat TD, VM = BH c¢6
do tin cay 0,75 nhung lift 0,9375, leverage —0,02 va conviction 0,8: khach c6 ca thé va
vay tién mit it mua bao hiém hon muc nén. Luat XM = BH c¢6 d6 tin cdy 1 nén

conviction khong xac dinh (vo cuc).

Rule VM = BH has support 0.5, confidence 0.8333 (5 of the 6 transactions with VM), lift 1.0417,
leverage 0.02 and conviction 1.2. The reverse BH = VM has the same support and lift but
confidence of only 0.625 (5 of the 8 transactions with BH). Rule TD, VM = BH has confidence
0.75 but lift 0.9375, leverage —0.02 and conviction 0.8: customers with both the card and the
cash loan buy insurance less often than the base rate. Rule XM = BH has confidence 1, so its
conviction is undefined (infinite).
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D¢ do Tra 1oi cau héi Piém yéu

Measure Question answered Weakness

AL 7 “ A A . . ? .
Luat ap dung cho bao nhiéu phan giao dich? B s6t luat hiém nhung gid tri cao

Support For what share of transactions does the rule i o
Misses rare rules of high value
apply?
B6 qua tan suét nén ciia Y; khong
Confidence C6 X thi chic chin dén dau c6 Y? d6i xtmg
Given X, how likely is Y? Ignores the base frequency of Y; not
symmetric
Y xuét hién cing X nhiéu hon muc nén bao
Lift nhiéu 14n? Pbi xtng, nhay vé6i tap hiém
How many times more often does Y occur with Symmetric, sensitive to rare sets

X than at the base rate?

PHAI THUQC / MEMORISE — Support do d phd bién, confidence do do chéc chin theo
chiéu tir X sang Y, lift do d6 ddng quan tAm so véi mirc nén. Luat manh chi can support va
confidence; mudn biét luat co thu vi hay khong phai xét lift 1on hon 1.

Support measures how common, confidence measures how certain from X to Y, lift measures how
interesting against the base rate. A strong rule needs only support and confidence, to know whether it
is interesting, check that lift is above 1.

LOI HAY GAP / COMMON MISTAKE — Cho rang db tin cdy c6 tinh d6i xtmg. Trong
dir liéu Phu Sa, VM = BH c6 d6 tin cdy 5/6 = 83,33% con BH = VM chi 5/8 = 62,5%; mau
s 1a s6 giao dich c6 vé TRAI, nén doi chidu luat 1a d6i mau sd. Lift va support thi khong d6i
khi d6i chiéu.

Assuming that confidence is symmetric. In the Phu Sa data VM = BH has confidence 5/6 = 83.33%
while BH = VM has only 5/8 = 62.5%, the denominator is the number of transactions holding the
LEFT side, so reversing a rule changes the denominator. Lift and support do not change when the rule
is reversed.

4.3. Thuét toan Apriori: tinh chit déng xudng, ghép va tia — 4.3. The Apriori

algorithm: downward closure, join and prune

V6i m muc, s6 tap muc khéac réng duoc tinh theo cong thirc (4.7). Nam san phﬁm cua Phu
Sa cho 31 tdp muc; mot ctra hang 100 mat hang cho mdt s6 ¢o 31 chit s6. Dém hét 1a
khong thé, nén can mot tinh chat cho phép loai sém phan 16n tip myc ma khong can dém.
With m items the number of non-empty itemsets follows formula (4.7). The five Phu Sa products

give 31 itemsets; a shop with 100 articles gives a number with 31 digits. Counting them all is
impossible, so a property is needed that discards most itemsets early without counting.

sO tAp muc khac rong = 2m — 1 4.7)

Tinh chat Apriori (con goi 1a tinh chat déng xudng, downward closure, hay tinh don diéu
giam, anti-monotone): moi tp con ctia mot tp phd bién ciing 13 tap phd bién. Noi theo
chiéu nguoc lai: néu mot tap muc khong phd bién thi moi tap chtra nd ciing khong phd
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bién. Ly do: giao dich chira tp 16n thi chira moi tap con cua nd, nén s6 dém cua tap con
khong bao gid nhé hon sé dém ciia tap 16n.

The Apriori property (also called downward closure or anti-monotonicity): every subset of a
[frequent itemset is also frequent. Stated the other way round: if an itemset is not frequent, no
itemset containing it is frequent. The reason is that a transaction containing the larger set
contains every subset of it, so the count of a subset is never smaller than the count of the larger
set.

X €Y = support(X) = support(Y) (4.8)

Apriori di theo tmg muc k=1, 2, 3, ..., mdi mic gdm bdn viée: (1) sinh tap tng vién Ck
tir cac tp phd bién Lk—1 ctia mirc trudc; (2) tia Gmg vién c6 tap con ¢& k—1 khong thudc
Lk—1; (3) quét co s& dit liéu mot 1an dé dém cac Gmg vién con lai; (4) giit Gmg vién c6 sd
dém khong nho hon ngudng lam Lk. Thuat toan dimg khi Lk rdng hoic khong sinh dugc
ung vién.

Apriori proceeds level by level, k = 1, 2, 3, ..., and each level has four tasks: (1) generate the
candidate set Ck from the frequent sets Lk—1 of the previous level; (2) prune any candidate with
a (k—1)-subset that is not in Lk—1; (3) scan the database once to count the remaining
candidates; (4) keep as Lk the candidates whose count is at least the threshold. The algorithm
stops when Lk is empty or no candidate can be generated.

Budc ghép (join) 1ay hai tap trong Lk—1 c6 k—2 muyc chung va hop chiing lai thanh tap c&
k. Céc ban cai dat thuong Sép muc theo tht tu ¢d dinh va chi ghép hai tap trung k—2 muc
dau; cach nay sinh mdi tng vién ding mot 1an, va sau budc tia cho cung tap Ck véi cach
ghép moi cip. Budc tia (prune) 1a chd dung tinh chat dong xubng: tmg vién c& k ¢ ding
k tap con ¢& k—1, moi tdp con nay phai nam trong Lk—1.

The join step takes two sets of Lk—1 that share k—2 items and unites them into a set of size k.
Implementations usually order the items and join only two sets that agree on their first k—2
items, this generates each candidate once and, after pruning, gives the same Ck as joining every
pair. The prune step is where downward closure is used: a candidate of size k has exactly k
subsets of size k—1, and all of them must be in Lk—1.

Ll = cac muc cbd sb6 dém 2 minsup
véi k = 2, 3, ... trong khi L(k-1) khac rdéng:
Ck = ghép(L(k-1), L(k-1))
x6a khoi Ck moi tédp cb tép con cd k-1 khdéng thudc L (k-1)
quét CSDL, dém tung tap trong Ck
Lk = cdc tap trong Ck cbd sb dém 2 minsup
két qua = hop cua L1, L2,

L1 = items whose count >= minsup
for k = 2, 3, ... while L(k-1) is not empty:
Ck = join(L(k-1), L(k-1))
delete from Ck every set with a (k-1)-subset not in L (k-1)
scan the database and count each set in Ck
Lk = sets in Ck whose count >= minsup
result = union of L1, L2,

Ma sau minh hoa ghép va tia & mic k = 3 cia dir liéu Phu Sa, bat dau tir bon cap phé
bién L2 (két qua muc 4.4).

The code that follows illustrates join and prune at level k = 3 of the Phu Sa data, starting from
the four frequent pairs of L2 (results in section 4.4).
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from itertools import combinations

ORD = "TD VM DM XM BH".split ()
L2 = [("TD", "VM"), ("TID", "BH"), ("VM", "BH"), ("XM", "BH")]
ghep = []
for a, b in combinations (L2, 2):
u = tuple(sorted(set(a) | set(b), key=ORD.index))
if len(u) == 3 and u not in ghep:

ghep.append (u)
print ("Ghép tu L2:", len(ghep), "ung vién")
for u in ghep:

thieu = [c for ¢ in combinations(u, 2) if ¢ not in L2]
if thieu:

print (" ".join(u), "-> loai, thiéu", thieu)
else:

print (" ".join(u), "-> gi@")

Ket qua chay / Output
Ghép tu 1L2: 3 Gng vién
TD VM BH -> giit
TD XM BH -> loai, thiéu [('TD', 'XM')]
VM XM BH -> loai, thiéu [('VM', 'XM')]

Ghép cac cdp cua L2 cho ba tng vién. Hai ing vién {TD, XM, BH} va {VM, XM, BH}
bi tia vi chira cip {TD, XM} va {VM, XM} khong pho bién, nén khong can dém. Chi
{TD, VM, BH} di tiép. Hinh 4.2 tém tat s ing vién & timg miic.

Joining the pairs of L2 gives three candidates. The candidates {TD, XM, BH} and {VM, XM,
BH} are pruned because they contain the infrequent pairs {TD, XM} and {VM, XM}, so they are
never counted. Only {TD, VM, BH} goes on. Figure 4.2 summarises the number of candidates at
each level.

12 1 Ung vién sau khi ghép
mmm  Ung vién sau khi tia (dem dém)

10 4 10 10 = Tép phd bién

Sé tap muc

k=1 k=2 k=3

Hinh 4.2. S6 tmg vién va s tdp phd bién theo murc k: tia 1am sb tap can dém &6 k = 3 giam tir 3
xudng 1
Figure 4.2. Number of candidates and frequent itemsets by level k: pruning cuts the sets to count at k = 3
from 3 to 1

PHAI THUQC / MEMORISE — Moi tip con cta tip phd bién déu pho bién. Ung vién c& k
chi duoc dém khi ca k tip con ¢& k—1 cta n6 nam trong Lk—1. Apriori quét co sé dit liéu mot
lan cho m&i mtrc k.

Every subset of a frequent itemset is frequent. A candidate of size k is counted only when all k of its
(k—1)-subsets are in Lk—1. Apriori scans the database once per level k.
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LOI HAY GAP / COMMON MISTAKE — Tia thiéu: chi kiém hai tap di dung dé ghép ma
bo qua cac tap con con lai. Ung vién ¢ k c6 k tap con ¢& k—1; phai kiém du k tap. Nguoc lai,
tia nham theo chiéu xudi (loai tip con vi tap 16n khong phd bién) 12 sai, vi tap con cua tap
khong phé bién van co thé phd bién.

Incomplete pruning: checking only the two sets used for the join and skipping the other subsets. A
candidate of size k has k subsets of size k—1, and all k must be checked. Pruning in the wrong
direction (dropping a subset because the larger set is infrequent) is also wrong, because a subset of
an infrequent set can still be frequent.

4.4. Bai miu 1: chay tay Apriori trén giao dich sin phim ciia Phu Sa — 4.4.
Worked example 1: Apriori by hand on the Phui Sa product transactions

Pé bai: cho 10 giao dich GD1-GD10 nhu muc 4.1 va minsup = 30%. Tim moi tap phd
bién bang Apriori. Vi n = 10 nén minsup twong tmg s6 dém tdi thiéu 3; tap co sd dém 3
van pho bién vi ngudng 1a "khong nho hon".

Problem: take the 10 transactions GDI-GDI0 of section 4.1 and minsup = 30%. Find all

frequent itemsets with Apriori. Since n = 10, minsup corresponds to a minimum count of 3, a set
with count 3 is still frequent because the threshold is "at least".

Buwéce 1. C1 va Ll — Step 1. Cl and L1

Cl1 1a 5 myc don. Quét mot 1an dé dém: khong muc nao bi loai, nén L1 = C1 (hai san
pham tra gép c6 dém ding bang 3).

Cl is the 5 single items. One scan counts them: no item is dropped, so LI
instalment products have a count of exactly 3).

Pém Support Két luan
Item Count PP Verdict

Giit (dém > 3)

Cl (the two

60% Keep (count > 3)
VM 6 60% ,?;fp(iffis ;)
DM 3 30% ,ffp(iéofff 2)
XM 3 30% g;gp(izeorz?ni ;)
. . 2% Gitr (dém > 3)

Keep (count > 3)

Buwéce 2. C2 va L2 — Step 2. C2 and L2

Ghép moi cap ciia L1 cho C2 gom C(5, 2) = 10 cip. Cac muc déu phd bién nén chua c6
cdp nao bi tia. Quét lan hai dé dém. Chi bén cip dat ngudng: {TD, VM}, {TD, BH},
{VM, BH}, {XM, BH}.
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Joining every pair of L1 gives C2 with C(5, 2) = 10 pairs. All items are frequent, so no pair is
pruned yet. A second scan counts them. Only four pairs reach the threshold: {TD, VM}, {TD

BH}, {VM, BH}, {XM, BH}.

Cap Pém Support Két luan
Pair Count pp Verdict

TD + VM

TD + DM

TD + XM

TD + BH

VM + DM

VM + XM

VM + BH

DM + XM

DM + BH

XM + BH

40%
1 10%
0 0%

4 40%
1 10%
1 10%
5 50%
1 10%
2 20%
3 30%

Buwéce 3. C3va L3 — Step 3. C3 and L3

Ghép cac cap ciia L2 cho ba tmg vién ¢& 3. Kiém ba cip con ctia mdi ing vién: hai tng
vién chira cdp khong thudc L2 nén bi tia. Ung vién con lai {TD, VM, BH} c6 du ba cip
con trong L2; quét 14n ba cho s6 dém 3 (GD1, GD4, GD10), dat ngudng.

Joining the pairs of L2 gives three candidates of size 3. Checking the three pair-subsets of each

candidate, two candidates contain a pair outside L2 and are pruned. The remaining candidate
{TD, VM, BH} has all three pair-subsets in L2; the third scan gives a count of 3 (GDI1, GD4,

GD10), which meets the threshold.
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Gilr vao L2
Keep in L2

Loai (dém < 3)
Drop (count < 3)

Loai (dém < 3)
Drop (count < 3)
Gitr vao L2
Keep in L2

Loai (dém < 3)
Drop (count < 3)

Loai (dém < 3)
Drop (count < 3)
Gitr vao L2
Keep in L2

Loai (dém < 3)
Drop (count < 3)

Loai (dém < 3)
Drop (count < 3)
Gitr vao L2
Keep in L2
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Cip con thiéu trong

Két qua
Result

Ghép tir Ung vién e

Joined from Candidate e
Subsets missing from L2

TD + VM ; TD + BH TD + VM + BH ﬁ?j;g o

TD + BH ; XM + BH TD + XM + BH {TD XM}

VM + BH ; XM + BH VM + XM + BH {VM XM}

Budc 4. Dung — Step 4. Stop

Gitr, dem dém
Keep and count
Tia

Pruned

Tia

Pruned

L3 chi c6 mot tap nén khong ghép duoc cap nao dé sinh C4; thuét toan dung. Téng cong
c6 5+ 4+ 1 =10 tap pho bién. Sb tap phai dm1a 5+ 10 + 1 = 16, so v6i 31 tap muc c6

thé c6. M4 sau chay lai toan bd qua trinh.

L3 has a single set, so no pair can be joined to generate C4, the algorithm stops. There are 5 + 4
+ [ = 10 frequent itemsets in all. The number of sets to count is 5 + 10 + 1 = 16, against 31

possible itemsets. The code that follows reruns the whole process.

import textwrap

from itertools import combinations

GD = [set(s.split()) for s in
("TD VM BH,TD BH,VM DM BH,TD VM BH,XM BH,TD DM,VM XM BH,"
"TD VM,DM XM BH,TD VM BH") .split(",")]

ORD = "TD VM DM XM BH".split()
MIN = 3 # 30% cua 10 giao dich
def dem(c) :

return sum(l for t in GD if set(c) <= t)

def in ra(nhan, ds):
print (textwrap.fill (nhan + " " + ", ".join(ds), 70,
subsequent indent=" "))

C, k= [(i,) for i in ORD], 1
while C:
cnt = {c: dem(c) for c in C}
L = [c for ¢ in C if cnt[c] >= MIN]
in ra(f"C{k}:", [f"{'+'.join(c)}={cnt[c]}" for c in C])
in ra(f"L{k}:", ["+".join(c) for c in L])
€ = [
for a, b in combinations (L, 2):
u = tuple (sorted(set(a) | set(b), key=ORD.index))
if (len(u) == k + 1 and u not in C
and all(s in L for s in combinations(u, k))):
C.append (u)
k 4= 1

Két qua chay / Output

Cl: TD=6, VM=6, DM=3, XM=3, BH=8
1l: TD, VM, DM, XM, BH

DM+XM=1, DM+BH=2, XM+BH=3
12: TD+VM, TD+BH, VM+BH, XM+BH
C3: TD+VM+BH=3
L3: TD+VM+BH

C2: TD+VM=4, TD+DM=1, TD+XM=0, TD+BH=4, VM+DM=1, VM+XM=1, VM+BH=5,
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Két qua may khop bang tay. S6 dém cua cac tap phd bién: {TD} 6, {VM} 6, {DM} 3,
{XM} 3, {BH} 8; {TD, VM} 4, {TD, BH} 4, {VM, BH} 5, {XM, BH} 3; {TD, VM,
BH} 3. Chia cho 10 ta c6 do hd tro 0,6; 0,6; 0,3; 0,3; 0,8; 0,4; 0,4; 0,5; 0,3; 0,3. Thu vién
mlxtend cua Python c6 ham apriori va fpgrowth 1am viéc nay trén bang pandas, va Weka

¢6 16p Apriori; cin chon ngudng va doc két qua theo ciing quy tic nhu trén.

The machine result matches the hand tables. Counts of the frequent sets: {TD} 6, {VM} 6, {DM}
3, {XM} 3, {BH} 8; {TD, VM} 4, {TD, BH} 4, {VM, BH} 5, {XM, BH} 3; {TD, VM, BH} 3.
Dividing by 10 gives supports 0.6, 0.6, 0.3, 0.3, 0.8, 0.4, 0.4, 0.5, 0.3, 0.3. The Python library
mlixtend has functions apriori and fpgrowth that do this on a pandas table, and Weka has an
Apriori class; the thresholds must be chosen and the results read by the same rules as above.

LOI HAY GAP / COMMON MISTAKE — Loai tap c6 sb dém dung bang ngudng. Véi
minsup = 30% va n =10, {DM}, {XM}, {XM, BH} va {TD, VM, BH} déu c6 s6 dém 3 va
van phd bién; dung d4u 16n hon thay vi 16n hon hodc bang lam mat ca bbn tap.

Dropping a set whose count equals the threshold. With minsup = 30% and n = 10, {DM}, {XM}, {XM,
BH} and {TD, VM, BH} all have a count of 3 and remain frequent, using a strict greater-than instead
of greater-or-equal loses all four.

LOI HAY GAP / COMMON MISTAKE — Khéng tia ma dém thang moi img vién ¢& 3. O
bai nay khong tia vin ra cing L3, nhung phai dém thém hai tap v6 ich; véi dir liéu that hang
triéu giao dich, mdi tmg vién thira 1a mot lan so khép thira trén toan bd co so dit lidu.
Counting every size-3 candidate without pruning. Here the result is still the same L3, but two useless
sets are counted,; with real data of millions of transactions, each surplus candidate is a surplus match
against the whole database.

4.5. Sinh luat tir tip pho bién va loc theo d tin cAy — 4.5. Generating rules from

frequent itemsets and filtering by confidence

Khai ph4 luat két hop gdm hai giai doan: (1) tim moi tap pho bién, viéc tén kém da lam &
muc 4.4; (2) tir mdi tap phd bién F ¢o tir hai muc trd 1én, sinh cac luadt A = F — A véi A
1a tap con khac rdng va khac F, roi gitr luat dat minconf. Luét sinh tir F ty dat minsup vi
do ho tro cta luat bﬁng do ho tro caa F. SO dém cua F va clia A di c6 sin tir giai doan
mot nho tinh chat dong xudng (moi tap con cua F déu phd bién), nén giai doan hai khong
can quét lai co so dir licu.

Association rule mining has two stages: (1) find all frequent itemsets, the expensive work done in
section 4.4; (2) from each frequent set F with two or more items, generate rules A = F — A
where A is a non-empty proper subset of F, and keep those that meet minconf. A rule generated
from F meets minsup automatically because its support equals the support of F. The counts of F
and of A are already available from stage one thanks to downward closure (every subset of F is
[frequent), so stage two needs no further scan.

SO luit sinh tir mét tip pho bién k muc = 2k — 2 (4.9)

Tap hai muc cho 2 luat, tdp ba muc cho 6 luat. Po tin cdy cia luat A = F — A béng )
dém cua F chia s6 dém cua A. C6 mot cach tia luat: néu A = F — A khong dat minconf
thi moi ludt A' = F — A' v6i A' 14 tap con cua A cling khong dat, vi s6 dém cua A' khong
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nho hon s6 dém ciia A nén mau sé chi 16n 1én. Chuyén muyc tir vé trai sang vé phai khong
bao gid lam d6 tin cdy tang.

A set of two items gives 2 rules and a set of three items gives 6. The confidence of A = F — A is
the count of F divided by the count of A. Rules can be pruned: if A = F — A fails minconf, then
every rule A' = F — A" with A" a subset of A fails too, because the count of A'is not smaller than
the count of A, so the denominator only grows. Moving an item from the left side to the right side
never raises confidence.

Bai mau 2. Tir cac tdp phd bién & muc 4.4 va minconf = 70%, sinh moi luat két hop
manh. C6 4 tap hai muc va 1 tap ba myc, nén c6 4 x 2 + 6 = 14 ludt ing vién. Bang sau
liét ké ting luat voi s6 dém cua F, sb dém cua vé trai va do tin cay.

Worked example 2. From the frequent sets of section 4.4 and minconf = 70%, generate all strong
association rules. There are 4 two-item sets and 1 three-item set, hence 4 x 2 + 6 = 14
candidate rules. The next table lists each rule with the count of F, the count of the left side and
the confidence.

Luat Pém F / dém vé trai Confidence Két luan
Rule Count F'/ left side Verdict

TD = VM 0,6667 Loai
Reject
Loai

VM = TD 4/6 0,6667 )
Reject
Loai

TD = BH 4/6 0,6667 )
Reject
Loai

BH = TD 4/8 0,5000 )
Reject
bat (>0,7)

VM = BH 5/6 0,8333 Pass (>0.7)
Loai

BH = VM 5/8 0,6250 )
Reject
Dat (= 0,7)

XM = BH :

= 3/3 1,0000 Pass (>0.7)

Loai

BH = XM 3/8 0,3750 )
Reject

TD = VM, BH 3/6 0,5000 Loai
Reject

VM = TD, BH 3/6 0,5000 —
Reject

BH = TD, VM 3/8 03750 Loai
Reject
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Pém F / dém vé trai T Két luan
Count F'/ left side Verdict
Dat (= 0,7)
TD, VM = BH 3/4 0,7500 Pass (>0.7)
Dat (= 0,7)
BH = VM ;
TD, A% 3/4 0,7500 Pass (> 0.7)
VM, BH = TD 3/5 0,6000 Loai
Reject

from itertools import combinations

GD = [set(s.split()) for s in
("TD VM BH,TD BH,VM DM BH,TD VM BH,XM BH,TD DM,VM XM BH,"
"TD VM,DM XM BH,TD VM BH") .split(",")]

MIN CONF = 0.7

def dem(c) :
return sum(l for t in GD if set(c) <= t)

L= [(TD", "VvM"), ("TD", "BH"), ("VM", "BH"), ("XM", "BH"),
("TD", "VM", "BH")]
for tap in L:
for r in range(l, len(tap)):
for a in combinations (tap, r):
b = tuple(x for x in tap if x not in a)
conf = dem(tap) / dem(a)
kg = "dat" if conf >= MIN CONF else "loai"
print (£"{','.join(a) :<6} => {','.join(b) :<6}"
f" {dem(tap)}/{dem(a)} = {conf:.4f} {kg}l™)

Két qua chay / Output

TD => VM 4/6 = 0.6667 loai
VM => TD 4/6 = 0.6667 loai
TD => BH 4/6 = 0.6667 loai
BH => TD 4/8 = 0.5000 loai
VM => BH 5/6 = 0.8333 dat
BH => VM 5/8 = 0.6250 loai
XM => BH 3/3 = 1.0000 dat
BH => XM 3/8 = 0.3750 loai
TD => VM,BH 3/6 = 0.5000 loai
VM => TD,BH 3/6 = 0.5000 loai
BH => TD,VM 3/8 = 0.3750 loai
TD,VM => BH 3/4 = 0.7500 dat
TD,BH => VM 3/4 = 0.7500 dat
VM,BH => TD 3/5 = 0.6000 loai

Bén luat manh: VM = BH (d tin cay 0,8333), XM = BH (1,0), TD, VM = BH (0,75)
va TD, BH = VM (0,75). Hai luat cudi sinh tir {TD, VM, BH}; bon luét con lai cua tap
nay bi loai, trong 6 BH = TD, VM ¢6 0,375 va VM, BH = TD ¢6 0,6. Két qua khop
v&i danh sach luat manh chuén cta bd dir liéu, véi dd hd tro 1an luot 0,5; 0,3; 0,3 0,3.
Four strong rules: VM = BH (confidence 0.8333), XM = BH (1.0), TD, VM = BH (0.75) and
TD, BH = VM (0.75). The last two come from {TD, VM, BH}; the other four rules of this set are
rejected, among them BH = TD, VM with 0.375 and VM, BH = TD with 0.6. The result matches
the standard list of strong rules of the data set, with supports of 0.5, 0.3, 0.3 and 0.3.
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PHAI THUQC / MEMORISE — Luét sinh tir tap pho bién F: A = F — A v6i moi tp con A
khac rdng, khac F. D6 tin cdy = dém(F) / dém(A). Giir luat c6 do tin cdy khong nho hon
minconf; khong can quét lai dir li¢u.

Rules come from a frequent set F: A = F — A for every non-empty proper subset A. Confidence =
count(F) / count(4). Keep rules whose confidence is at least minconf; no rescan of the data is needed.

LOI HAY GAP / COMMON MISTAKE — L4y s dém cua F chia cho téng sb giao dich
10l g0i d6 1a do tin cay. D6 1a d6 ho tro: TD, VM = BH ¢6 3 / 10 = 0,3 1a support, con
confidence 14 3 /4 = 0,75 vi mau s6 1a sd giao dich c6 TD va VM.

Dividing the count of F by the total number of transactions and calling it confidence. That is support:
for TD, VM = BH, 3 /10 = 0.3 is the support, while the confidence is 3 /4 = 0.75 because the
denominator is the number of transactions holding TD and VM.

4.6. Luat manh nhung khong thi vi: danh gia bang lift, leverage va conviction

— 4.6. Strong but uninteresting rules: evaluation with lift, leverage and conviction

Bai mau 3. Bbn luat manh & muc 4.5 déu qua ngudng support va confidence, nhung chua
chic dang dua vao chién dich ban chéo. Bang sau thém lift, leverage va conviction cho
ting luat; mac nén cta vé phai 1a 0,8 véi BH va 0,6 voi VM.

Worked example 3. The four strong rules of section 4.5 all pass the support and confidence
thresholds, but they may not deserve a place in a cross-selling campaign. The next table adds

lift, leverage and conviction for each rule; the base rate of the right side is 0.8 for BH and 0.6
for VM.

uie

VM = BH 0,8333 1,0417 1,2000

XM = BH 0,3 1,0000 1,2500 0,06 o0

TD, BH = VM 0,3 0,7500 1,2500 0,06 1,6000

TD, VM = BH 0,3 0,7500 0,9375 —0,02 0,8000
GD = [set(s.split()) for s in

("TD VM BH,TD BH,VM DM BH,TD VM BH,XM BH,TD DM,VM XM BH,"
"TD VM,DM XM BH,TD VM BH").split(",")]
n = len (GD)

def dem(c) :
return sum(l for t in GD if set(c) <= t)

LUAT = [("vM", "BH"), ("XM", "BH"), ("TD BH", "VM"), ("TD VM", "BH")]
for vt, vp in LUAT:

a, b = set(vt.split()), set(vp.split())

conf dem(a | b) / dem(a)

nen = dem(b) / n

1ift conf / nen

loai "duong" if lift > 1 else "am" if 1lift < 1 else "ddc lap"

print (f"{vt} => {vp}: conf {conf:.4f}, nén {nen:.1f},"

f" 1lift {1lift:.4f} ({loai})")
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Két qua chay / Output

VM => BH: conf 0.8333, nén 0.8, 1lift 1.0417 (duong)
XM => BH: conf 1.0000, nén 0.8, 1lift 1.2500 (duong)
TD BH => VM: conf 0.7500, nén 0.6, 1lift 1.2500 (duong)
TD VM => BH: conf 0.7500, nén 0.8, lift 0.9375 (&m)

Poc két qua theo timg luat. Luat TD, VM = BH ¢6 d6 tin cay 0,75 nhung thap hon mirc
nén 0,8: lift 0,9375, leverage —0,02, conviction 0,8; day 1a ludt manh ma tuong quan am,
khong nén dung dé moi mua bao hiém. Luat VM = BH c6 lift 1,0417, gﬁn voi doc lap;
do tin cay 83,33% phan 16n dén tir viéc 80% giao dich von c6 bao hiém. Luat TD, BH =
VM va XM = BH c6 lift 1,25 va leverage 0,06, 1a hai luat tha vi nhat. Tuy viy XM =
BH dua trén 3 giao dich, nén d6 tin cay 100% c6 thé chi 1a ngiu nhién ctia mau nho.

Reading the result rule by rule. Rule TD, VM = BH has confidence 0.75 but under the base rate
of 0.8: lift 0.9375, leverage —0.02, conviction 0.8, it is a strong rule with negative correlation
and should not be used to invite insurance purchases. Rule VM = BH has lift 1.0417, close to
independence; its confidence of 83.33% comes largely from the fact that 80% of transactions
already carry insurance. Rules TD, BH = VM and XM = BH have lift 1.25 and leverage 0.06

and are the most interesting. Yet XM = BH rests on 3 transactions, so its 100% confidence may
be chance in a small sample.

I
1 lift=1: doc lap

VM = BH

(do tin cay 83,33%) 1,0417

XM = BH

(d6 tin cay 100%) 1,2500

TD, BH = VM

(do tin cay 75%) 1,2500

TD, VM = BH

(d6 tin cay 75%) 0,9375

0,00 0,25 0,50 0,75 1,00 1,25 1,50
Lift

Hinh 4.3. Lift cia bon luat manh: cot xanh 1a tuong quan duong, cot cam 1a trong quan am,
duong nét dit 13 lift bang 1
Figure 4.3. Lift of the four strong rules: blue bars show positive correlation, orange bars negative
correlation, the dashed line is lift = 1

Lift, leverage va conviction déu 1ay tinh doc lap 1am diém gdc, nhung khac cach do. Lift
1a ty s6 nén nhay véi tip hiém; leverage 1a hiéu nén cho biét quy mé tuyét dbi (bao nhiéu
phan giao dich 1éch khoi ky vong); conviction c6 hudng, khac lift & chd khong d6i ximg.
Khong c6 ngudng lift phd quéat: ngudng phu thudc chi phi cia mot 1oi moi sai va loi
nhuan ctia mot 16i moi dung. Ngoai ba do do nay con c6 kiém dinh y2 cho bang 2 x 2 cia
hai tap muc, dung khi can két luan théng ké vé su phu thudc.

Lift, leverage and conviction all take independence as the reference point but measure

differently. Lift is a ratio and hence sensitive to rare sets; leverage is a difference and shows the
absolute scale (what share of transactions departs from expectation); conviction is directional,
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unlike lift, which is symmetric. There is no universal lift threshold: it depends on the cost of a
wrong offer and the profit of a right one. Besides these three there is the y° test on the 2 % 2 table
of two itemsets, used when a statistical conclusion about dependence is needed.

LOI HAY GAP / COMMON MISTAKE — Chon luét chi theo d6 tin ciy cao nhét. Vi dix
liéu Phi Sa, luat XM = BH dung dau vé confidence (100%) nhung chi c6 3 giao dich, con
TD, VM = BH vuot ngudng 70% ma lift nhé hon 1. Luon doc confidence cung lift va
support.

Choosing rules by highest confidence alone. In the Phu Sa data XM = BH leads on confidence
(100%) but has only 3 transactions, and TD, VM = BH passes the 70% threshold with a lift under 1.
Always read confidence together with lift and support.

LOI HAY GAP / COMMON MISTAKE — Két luan lift 16n hon 1 nghiala X giyra Y.
Lift chi n6i hai tap hay di cung nhau hon ky vong, khong néi thir tw hay nguyén nhan; thé tin
dung khong "lam" khach mua thém vay tién mit.

Concluding that lift above 1 means X causes Y. Lift only says that two sets go together more than

expected, it says nothing about order or cause, and the credit card does not "make" customers take a
cash loan.

4.7. Tap ph(Z) bién dong va tap ph(Z) bién cuc dai — 4.7. Closed and maximal
frequent itemsets

Khi minsup thap, s6 tdp pho bién bung nd vi moi tap con ciia mot tap phd bién 16n déu
phé bién: mot tap 20 muc phé bién kéo theo hon mot triéu tap con. Hai cach biéu dién
gon hon 1a tap dong va tap cuc dai.

When minsup is low the number of frequent itemsets explodes, because every subset of a large

frequent set is frequent: one frequent set of 20 items brings more than a million subsets. Two
more compact representations are the closed and the maximal itemsets.

Khai niém Dinh nghia Thong tin giir lai
Concept Definition Information kept

Tap pho bién X ma khong c6 tap chra X  Du dé suy ra support ctia moi

Tap pho bién dén N . P SR
Cl' fq f d frequent g nao khac X (tap cha) c6 cung so dém tap pho bién
iten;vet. 1 A frequent set X with no proper superset of | Enough to recover the support of
) the same count every frequent set
A A Chi biét ranh gi6i ctia viin
. o . Tap pho bién X ma khong c6 tap chira X PO x . . s
Tap pho bién cuc dai pho bién, mat support chinh

nao khac X (tap cha) ma phd bién

Maximal frequent ]
' A frequent set X with no frequent proper

Xac

itemset Only the boundary of the frequent

superset .
region, exact supports are lost

support(X) = max { support(C) : Cla tdp dong, X € C } (4.10)

Quan hé bao ham: tip cuc dai S tip dong S tap phd bién. Bai mau 4: phan loai 10 tap
phd bién ctia muc 4.4. V&i mdi tap, tim tap cha c6 cung sd dém (dé két luan co6 dong
khong) va tap cha pho bién (dé két luan c6 cuc dai khong).
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Inclusion: maximal sets € closed sets < frequent sets. Worked example 4: classify the 10
frequent sets of section 4.4. For each set, look for a superset of the same count (to decide
whether it is closed) and for a frequent superset (to decide whether it is maximal).

Pém | Pong? Cuec dai?
Count Closed? Maximal?

Khong: ¢6 {TD, BH}

{TD} 6 No: {TD, BH} is frequent
Co Khong: c6 {TD, VM}
M
{YM} e Yes No: {TD, VM} is frequent
Co Co
{DM} 3 Yes Yes
(XM} 3 Khong: {XM, BH} cing dm 3  Khong: ¢ {XM, BH}
No: {XM, BH} has the same count 3 =~ No: {XM, BH} is frequent
Co Khong: ¢6 {TD, BH}
BH
{BH} 8 Yes No: {TD, BH} is frequent
Co Khong: ¢6 {TD, VM, BH}
DS, L 4 Yes No: {TD, VM, BH} is frequent
(TD, BH} 4 Co Khong: ¢6 {TD, VM, BH}
’ Yes No: {TD, VM, BH} is frequent
Co Khong: ¢6 {TD, VM, BH}
M, BH
{VM, BH} > Yes No: {TD, VM, BH} is frequent
Co Co
(XM, BH} 3 Yes Yes
(TD, VM, BH} 3 6 o
Yes Yes

from itertools import combinations

GD = [set(s.split()) for s in
("TD VM BH,TD BH,VM DM BH,TD VM BH,XM BH,TD DM,VM XM BH,"
"TD VM,DM XM BH,TD VM BH") .split(",")]

ORD = "TD VM DM XM BH".split()
MIN = 3
tat = {}
for r in range(l, 6):
for ¢ in combinations (ORD, r):
d = sum(1l for t in GD if set(c) <= t)
if d >= MIN:
tat[c] = d

dong = [c for c in tat

if not any(set(c) < set(x) and tat[x] == tat[c] for x in tat)]
cucdai = [c for c¢ in tat if not any(set(c) < set(x) for x in tat)]
print ("Phdé bién:", len(tat), "| déng:", len(dong),

"| cuc dai:", len(cucdai))
print ("Khéng déng:", [c for c in tat if c not in dong])
for ¢ in cucdai:
print ("Cuc dai:", " ".join(c), tat[c])
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Két qua chay / Output

Phd bién: 10 | déng: 9 | cuc dai: 3

Khéng déng: [("XM',)]

Cuc dai: DM 3

Cuc dai: XM BH 3

Cuc dai: TD VM BH 3
Trong 10 tap pho bién cé 9 tap dong; chi {XM} khong dong vi {XM, BH} c6 cing so
dém 3, nghia la moi giao dich c6 XM déu c6 BH. C6 3 tap cuc dai: {DM}, {XM, BH} va
{TD, VM, BH}. Tir tap déng suy ra support ciia {XM}: tdp dong nho nhat chira {XM} 1a
{XM, BH} v6i s6 dém 3. Tir ba tap cuc dai thi chi biét {TD, VM} pho bién, khong biét
s6 dém cua né 1a 4.
Of the 10 frequent sets, 9 are closed; only {XM} is not, because {XM, BH} has the same count of
3, meaning every transaction with XM also has BH. There are 3 maximal sets: {DM}, {XM, BH}
and {TD, VM, BH}. From the closed sets the support of {XM} is recovered: the smallest closed
set containing {XM} is {XM, BH} with count 3. From the three maximal sets one only knows that
{TD, VM is frequent, not that its count is 4.

LOI HAY GAP / COMMON MISTAKE — Nham tap dong vai tap cuc dai. Tap cuc dai
ludn déng, nhung tap dong chua chic cuc dai: {TD, VM} 1a tap dong (sb dém 4, cha {TD,
VM, BH} chi c6 3) ma khong cuc dai vi cha ctia né phé bién.

Confusing closed with maximal. A maximal set is always closed, but a closed set need not be maximal:
{TD, VM} is closed (count 4, its superset {TD, VM, BH} has only 3) but not maximal because that
superset is _frequent.

4.8. Thuat toan FP-growth va cay FP-tree — 4.8. The FP-growth algorithm and the
FP-tree

Apriori phai sinh va dém nhiéu tng vién, va quét co so dir liéu mot 1an mdi mirc. FP-
growth (frequent pattern growth) tranh ca hai bang cach nén co so dit liéu vao mot cay
tién to goi 1a FP-tree, roi khai pha truc tiép trén cdy. Thuat toan chi quét co sé dit liéu hai
lan.

Apriori has to generate and count many candidates and scans the database once per level. FP-

growth (frequent pattern growth) avoids both by compressing the database into a prefix tree
called the FP-tree and mining the tree directly. The algorithm scans the database only twice.

Giai doan 1: dung cdy. Quét 1an mot dém tan s timg muc va bé muc khong phd bién (&
day ca 5 muc déu phd bién). Sap cac muc theo tan sd giam dan; khi hai muc bang tan sb
thi theo tht tu TD, VM, DM, XM, BH di quy udc. Két qua: BH (8), TD (6), VM (6),
DM (3), XM (3). Quét lan hai sip timg giao dich theo thir ty ndy (bang sau) rdi chén vao
cay tir goc: chung tién to thi ting s6 dém cua nit, khac thi md nhanh méi. Bang tiéu dé
(header table) giit danh sach lién két cac niit ciing muc, dung & giai doan khai pha.

Stage 1: build the tree. The first scan counts the frequency of each item and drops infrequent
items (here all 5 are frequent). Items are sorted by descending frequency, when two items tie, the

agreed order TD, VM, DM, XM, BH decides. The result is BH (8), TD (6), VM (6), DM (3), XM
(3). The second scan sorts each transaction in this order (next table) and inserts it into the tree
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from the root: a shared prefix raises the count of the node, a different item opens a new branch.
The header table keeps a linked list of the nodes of each item for use in the mining stage.

Giao dich Tap muc Pi sip theo tin sb giam
Transaction Itemset Sorted by descending frequency
GD1 {TD, VM, BH} BH, TD, VM
GD2 {TD, BH} BH, TD
GD3 {VM, DM, BH} BH, VM, DM
GD4 {TD, VM, BH} BH, TD, VM
GDS5 {XM, BH} BH, XM
GD6 {TD, DM} TD, DM
GD7 {VM, XM, BH} BH, VM, XM
GDS {TD, VM} TD, VM
GD9 {DM, XM, BH} BH, DM, XM
GD10 {TD, VM, BH} BH, TD, VM
GD = [set(s.split()) for s in

("TD VM BH,TD BH,VM DM BH,TD VM BH,XM BH,TD DM,VM XM BH,"
"TD VM,DM XM BH,TD VM BH") .split(",")]

ORD = "TD VM DM XM BH".split()

tan = {i: sum(l for t in GD if i in t) for i in ORD}

thu tu = sorted(tan, key=lambda i: (-tan[i], ORD.index(i)))
print ("Tht ty muc:", thu tu)

cay = {}

for t in GD:
nut = cay
for i in [x for x in thu tu if x in t]:
nut.setdefault (i, [0, {}1)
nut[1] [0] += 1
nut = nut[i] [1]

def in cay(nut, cap=0):
for i, (n, con) in nut.items():
print(" " * cap + f"{i}:{n}")
in cay(con, cap + 1)

in cay(cay)
Két qua chay / Output

Th& ty muc: ['BH', 'TD', 'VM', 'DM', 'XM']
BH:8
TD:4
VM:3
VM: 2
DM:1
XM: 1
XM: 1
DM:1
XM: 1
TD:2
DM:1
VM:1
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Cay c6 12 nat (khong tinh gbc) thay cho 26 1an xuat hién cia muc trong 10 giao dich.
Nut BH:8 14 tién t6 chung cia 8 giao dich; nhanh TD:2 bén phéi chira hai giao dich
khéng c6 BH (GD6 va GDS8). Hinh 4.4 v& ciy nay kém céc lién két cia muc XM.

The tree has 12 nodes (root excluded) in place of 26 item occurrences in the 10 transactions.

Node BH:8 is the shared prefix of 8 transactions, the TD:2 branch on the right holds the two
transactions without BH (GD6 and GDS). Figure 4.4 draws this tree with the links of item XM.

Duong nét dut: lién két cac nit cung muc XM (tir bang tiéu dL)

Bang tiéu dé: BHS TD6 VM6 DM3 XM3

Hinh 4.4. FP-tree cua 10 giao dich Phu Sa: mdi nat ghi muc va s6 dém; nét dut ndi cac nat cua
muc XM
Figure 4.4. FP-tree of the 10 Phu Sa transactions: each node shows the item and its count, the dashed
arrows join the nodes of item XM

Giai doan 2: khai phd. Duyét cac muyc tir cudi bang tiéu dé (it phd bién nhat) nguoc 1én.
Véi muc i, 1an theo lién két dén moi nuat i; mdi nit cho mot duong tién t6 di tir g dén
cha ctia n6, mang sé6 dém cua nat i. Tap cic dudng nay 1a co so mau diéu kién
(conditional pattern base) ctia i. Pém muc trong co so, bé muc dudi ngudng, ta co ciy FP
diéu kién; moi t6 hop muc trén cdy nay ghép véi i cho mau pho bién cé i 1am hau td, va
viéc lap lai d€ quy véi tirng muc cua cay diéu kién.

Stage 2: mining. Take the items from the end of the header table (least frequent) upwards. For
item i, follow the links to every i-node; each node gives a prefix path from the root to its parent,
carrying the count of the i-node. The set of these paths is the conditional pattern base of i.
Counting the items in the base and dropping those under the threshold gives the conditional FP-
tree; every combination of items on this tree, joined with i, gives a frequent pattern with i as
suffix, and the step repeats recursively for each item of the conditional tree.

Bai mau 5: khai pha muc XM. XM c6 ba nut: dudi duong BH, VM, dudi BH truc tiép va
dudi duong BH, DM. Ba duong tién té 1a {BH}, {BH, VM}, {BH, DM}, mdi dudng dém
1. Trong co s& ndy BH ¢6 3, VM ¢6 1, DM ¢6 1; chi BH dat ngudng 3. Cay diéu kién cua
XM chi con nhanh BH:3, cho hai mau: {XM} véi 3 va {BH, XM} voéi 3.
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Worked example 5: mining item XM. XM has three nodes: under the path BH, VM, directly
under BH, and under the path BH, DM. The three prefix paths are {BH}, {BH, VM}, {BH, DM},
each with count 1. In this base BH has 3, VM has 1 and DM has 1; only BH reaches the
threshold of 3. The conditional tree of XM keeps only the branch BH:3 and gives two patterns:
{XM} with 3 and {BH, XM} with 3.
GD = [set(s.split()) for s in

("TD VM BH,TD BH,VM DM BH,TD VM BH,XM BH,TD DM,VM XM BH,"
"TD VM,DM XM BH,TD VM BH") .split(",")]

thu_tu = ["BH", "TD", "VM", "DM", "XM"]

MIN = 3

vt = thu tu.index ("XM")

co so = [[x for x in thu tu[:vt] if x in t] for t in GD if "XM" in t]
print ("Co s& miu diéu kién cua XM:", co_so)

dem = {}

for duong in co_so:
for i in duong:

dem[i] = dem.get(i, 0) + 1
print ("Pém trong co s& miu:", dem)
pho bien = [i for i, ¢ in dem.items() if c >= MIN]
print ("Cay diéu kién cta XM giw:", pho bien)
print ("M3u ch@a XM:", [("XM", sum(l for t in GD if "XM" in t))]

+ [(1 + " XM", dem[i]) for i in pho bien])

Két qua chay / Output

Co s& midu diéu kién ctia XM: [['BH'], ['BH', 'VM'], ['BH', 'DM']]
pém trong co s& miu: {'BH': 3, 'VM': 1, 'DM': 1}

Cay diéu kién cuia XM giti: ['BH']

M3u chtta XM: [('XM', 3), ('BH XM', 3)]

Lap lai cho cdc muc con lai ta dugc bang sau. V6i DM, ba duong tién tb {BH, VM},
{TD}, {BH} cho BH 2, VM 1, TD 1, khéng muc nao dat 3, nén chi con mau {DM}. Vi
VM, cdy diéu kién c6 BH 5 va TD 4; khai ph4 tiép trén cdy nay cho thém {BH, VM},
{TD, VM} va {BH, TD, VM}.

Repeating for the other items gives the next table. For DM, the three prefix paths {BH, VM},
{TD}, {BH} give BH 2, VM 1, TD 1, none reaching 3, so only the pattern {DM} remains. For
VM, the conditional tree has BH 5 and TD 4, mining that tree further adds {BH, VM}, {TD, VM}
and {BH, TD, VM.

Hau té | Co sé miu diéu kién
Suffix Conditional pattern base

{BH}:1; {BH, VM}:1; {BH, BH3,VM1,DM 1; gitt

MAu pho bién (dém)

DPém muc trong co sé

Item counts in the base Frequent patterns (count)

XM P BH XM (3); BH XM (3)
{BH, VM}:1; {TD}:1; BH2, TD 1, VM 1;
DM DM (3
{BH}:1 khong gittr muc nao )
{BH, TD}:3; {BH}:2; o VM (6); BH VM (5); TD
M BH 5, TD 4 ; giit BH, TD
v (TD}:1 51D 4; git BH, VM (4); BH TD VM (3)
TD (BH}:4 BH 4 ; giit BH TD (6); BH TD (4)
BH "¢ — BH (8)
empty
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GD = [set(s.split()) for s in
("TD VM BH,TD BH,VM DM BH,TD VM BH,XM BH,TD DM,VM XM BH,"
"TD VM,DM XM BH,TD VM BH") .split(",")]

thu tu = ["BH", "TD", "VM", "DM", "XM"]

MIN = 3

def khai thac(co _so, hau to, ra):
cnt = {}
for duong, ¢ in co_so:
for i in duong:
cnt[i] = cnt.get(i, 0) + c
for i, ¢ in cnt.items() :
if ¢ < MIN:
continue
mau = (i,) + hau to
ra[mau] = ¢
moi = [(d[:d.index(i)], w) for d, w in co_so if i in d]
khai thac(moi, mau, ra)

goc = [([x for x in thu tu if x in t], 1) for t in GD]

ra = {}

khai thac(goc, (), ra)

print (len(ra), "midu phd bién")

for m, ¢ in sorted(ra.items (), key=lambda x: (len(x[0]), -x[1])):
print (" ".join(m), c)

Két qua chay / Output

10 m3u phd bién
BH 8

TD 6

VM 6

DM 3
XM 3
BH VM
BH TD
TD VM
BH XM

BH TD VM 3

w DU

Ham dé quy trén cho ding 10 mau phé bién, trung 10 tap cua Apriori (5 tap mdt muyc, 4
tap hai muc, 1 tdp ba muc); chi khac thir ty liét ké muc trong mau, vi FP-growth viét theo
tha tu tan sd giam (BH, TD, VM, DM, XM). Poan ma chi khai thic trén danh sach
duong tién td kém sé dém, khong dung cdy, nhung cing nguyén 1y co sé mau diéu kién.
The recursive function above returns exactly 10 frequent patterns, the same as the 10 sets of
Apriori (5 single-item, 4 two-item, 1 three-item); only the order of items inside a pattern differs,
because FP-growth writes them in descending frequency (BH, TD, VM, DM, XM). The code
mines a list of prefix paths with counts rather than building the tree, but follows the same
principle of the conditional pattern base.

PHAI THUQC / MEMORISE — FP-growth: (1) quét 1an mot, dém va sip muyc theo tan sd
giam; (2) quét lan hai, chén giao dich da sip vao FP-tree; (3) tir muc it phd bién nhét, 1iy co
s& mau diéu kién, loc theo ngudng, khai pha d¢ quy. Khong sinh tng vién.

FP-growth: (1) first scan, count and sort items by descending frequency; (2) second scan, insert the
sorted transactions into the FP-tree; (3) from the least frequent item, take the conditional pattern
base, filter by the threshold and mine recursively. No candidates are generated.

LOI HAY GAP / COMMON MISTAKE — Chén giao dich vao cAy ma chua sip theo thir
tu thn sb toan cuc. Néu mdi giao dich sép theo mot thir tu riéng, cac giao dich khong chung
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XM.

tién td, cay phinh to va co s& miu diéu kién sai. Ca 10 giao dich phai dung cting mot thir tu
BH, TD, VM, DM, XM.
Inserting transactions into the tree before sorting them in the global frequency order. If each
transaction is sorted in its own order, transactions do not share prefixes, the tree swells and the
conditional pattern bases are wrong. All 10 transactions must use the same order BH, TD, VM, DM,

LOI HAY GAP / COMMON MISTAKE — Quén loc theo ngudng trong co s& mau diéu
kién. Co sé cia XM ¢6 VM dém 1 va DM dém 1; néu giit lai, ta sinh miu {VM, XM} va
{DM, XM} chi xut hién 1 1an, dudi ngudng 3. Pém trong co s 14 s6 dém cua hau t6 cung
v6i muyc d6, cong theo sb dém cua timg duong.
Forgetting to filter by the threshold inside the conditional pattern base. The base of XM has VM with
count 1 and DM with count 1; if kept, the patterns {VM, XM} and {DM, XM} would be produced
although they occur once, under the threshold of 3. The count in the base is the count of the suffix
together with that item, summed over the count of each path.

4.9. So sanh Apriori va FP-growth; luit nhiéu mirc va luit dinh lwong — 4.9.

Apriori compared with FP-growth; multilevel and quantitative rules

Ca hai thuat toan déu chinh xac: véi cung minsup chung trd vé cung tap pho bién, nén sy

khac biét nam & chi phi. Bang sau so sanh theo cac tiéu chi thudng gip trong cau hoi ly

thuyét, kém s6 do trén dir liéu Phu Sa.

Both algorithms are exact: with the same minsup they return the same frequent itemsets, so the
difference lies in cost. The next table compares them on the criteria that usually appear in theory
questions, with measurements on the Phu Sa data.

Tiéu chi
Criterion

Apriori

FP-growth

Y tudng
Idea

Ung vién
Candidates

Quét co so dir
liéu
Database scans

B0 nho
Memory

Sinh tmg vién theo mtic, tia bang tinh
chat dong xudng, dém

Generate candidates level by level, prune
by downward closure, count

Sinh va dém nhiéu Gmg vién; & dit lidu
Pht Sa dém 16 tap

Generates and counts many candidates;
on the Phu Sa data 16 sets are counted

Mot 1an mdi mire: 3 14n & dit lidu Phu
Sa
One per level: 3 on the Phu Sa data

Giit danh sach tmg vién; bung n6 khi
minsup thap
Holds the candidate list; explodes when
minsup is low

Nén dir liéu vao FP-tree, khai pha d¢
quy trén co s¢ mau diéu kién
Compress the data into an FP-tree and
mine recursively on conditional pattern
bases

Khoéng sinh ing vién
Generates no candidates

Hai 1an: mot dé dém muc, mot dé
dung cay

Two: one to count items, one to build the
tree

Gitr cay; nho khi giao dich chung
nhiéu tién t6 (12 niit & dir liéu Phu Sa)
Holds the tree; small when transactions

share many prefixes (12 nodes on the Phu
Sa data)
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Tiéu chi
Criterion

Apriori FP-growth

Dir liéu nho, can de cai dat, minsup

Khi nao hop cao Dir liéu 16n, dac, minsup thap
When it suits Small data, ease of implementation, high Large, dense data and low minsup
minsup
Két qua Cung tap pho bien (10 tap) Cung tap pho bien (10 tap)
Result The same frequent itemsets (10 sets) The same frequent itemsets (10 sets)
from itertools import combinations
GD = [set(s.split()) for s in
("TD VM BH,TD BH,VM DM BH,TD VM BH,XM BH,TD DM,VM XM BH,"
"TD VM,DM XM BH,TD VM BH") .split (",")]
ORD = "TD VM DM XM BH".split()
MIN = 3
C, k, quet, dem uv, so pb = [(i,) for i in ORD], 1, 0, 0, O
while C: - -
quet += 1
dem uv += len (C)
L =_[c for ¢ in C if sum(l for t in GD if set(c) <= t) >= MIN]
so pb += len(L)
€ = [1
for a, b in combinations (L, 2):
u = tuple (sorted(set(a) | set(b), key=ORD.index))
if (len(u) == k + 1 and u not in C
and all(s in L for s in combinations(u, k))):
C.append (u)
k += 1
print ("Apriori: quét", quet, "lan, dém", dem uv, "Ung vién,",
so_pb, "tap phd bién")
print ("Sé tap muc cé thé cé cua 5 san phdm:", 2 ** 5 - 1)

Két qua chay / Output

Apriori: quét 3 14n, dém 16 tng vién, 10 tap phd bién
S6 tap muc cé thé cé cua 5 san phdm: 31

FP-growth khong phai lic nao ciing nhanh hon. Néu giao dich thua va it chung tién td,
cdy gan bang s6 muc cta co s dir lidu va viée dung ciy tén cong. Mot hudng thir ba 1a
Eclat, lvu mdi muc kém danh sach ma giao dich chira n6 (dang doc) va dém tap lon bﬁng
cach giao hai danh sach.

FP-growth is not always faster. If transactions are sparse and share few prefixes, the tree
approaches the size of the database and building it is costly. A third approach is Eclat, which
stores each item with the list of transaction codes that contain it (vertical layout) and counts a
larger set by intersecting two lists.

Luat nhiéu muc (multilevel association rules) ding cdy phan cap khai niém: DM va XM
thudc nhoém "tra gop" (TG). O muc 14, do hd tro cua san phém ro1 rac thép; Ién murc
nhém, d6 hd tro cao hon nén 19 ra luat ma mirc 14 bo s6t. Ma sau thém muc TG vao giao
dich c6 DM hoac XM.

Multilevel association rules use a concept hierarchy: DM and XM belong to the group
"instalment" (TG). At the leaf level the support of separate products is low; at the group level
support is higher, which reveals rules the leaf level misses. The code that follows adds the item
TG to every transaction holding DM or XM.
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GD = [set(s.split()) for s in
("TD VM BH,TD BH,VM DM BH,TD VM BH,XM BH,TD DM,VM XM BH,"
"TD VM,DM XM BH,TD VM BH") .split(",")]

n = len (GD)

# mic cao: TG = tra goép (dién mady hodc xe may)

GD2 = [t | {"TG"} if t & {"DM", "XM"} else t for t in GD]

def dem(tap, co_so):
return sum(l for t in co so if tap <= t)

for ten in ("DM", "XM", "TG"):
print (ten, dem({ten}, GD2), f"{dem({ten}, GD2) / n:.0%}")
n ab, n a = dem({"TG", "BH"}, GD2), dem({"TG"}, GD2)
conf = n ab / n_ a
print (f"TG => BH: sup {n ab / n:.0%}, conf {conf:.0%},"
f" 1ift {conf / (dem({'BH'}, GD2) / n):.2f}")

Két qua chay / Output

DM 3 30%

XM 3 30%

TG 5 50%

TG => BH: sup 40%, conf 80%, 1lift 1.00

DM va XM chi dat 30% mdi san phém, sat ngudong, con nhém TG dat 50%. Luat TG =
BH c6 support 40%, confidence 80% nhung lift 1,00, tirc ddc 1ap vdi bao hiém: luat mirc
cao dat ngudng ma khong cé gia tri goi y. Thuc hanh thudng dit minsup thap hon & mirc
sdau hon, va loai luat murc théip khi n6 chi 1ap lai luat ctia mirc cha véi cung d6 tin cay.
DM and XM reach only 30% each, close to the threshold, while the group TG reaches 50%. Rule
TG = BH has support 40%, confidence 80% but lift 1.00, i.e. it is independent of insurance: the
high-level rule meets the thresholds without any suggestion value. In practice minsup is set lower

at deeper levels, and a low-level rule is dropped when it merely repeats its parent rule at the
same confidence.

Luat dinh luong (quantitative association rules) c6 thudc tinh sé nhu thu nhap hoic du
ng. Céach lam 1a roi rac héa thuoc tinh thanh khoang (Chuong 3), coi mdi khoang 1a mot
muc, roi ap Apriori: vi du muc "thu nhdp tr 10 dén dudi 20 tridu déng". Chon khoang
qua hep thi support thap, qua rong thi luat mat y nghia, nén ciac diém cat thuong thir
nhiéu phuong an. Luat nhiéu chiéu dung nhiéu thudc tinh cua khach (tudi, nghé, san
pham) trong cting mot luat.

Quantitative association rules involve numeric attributes such as income or outstanding balance.
The method is to discretise the attribute into intervals (Chapter 3), treat each interval as an item
and then apply Apriori: for example the item "income from 10 up to 20 million dong". Intervals
that are too narrow give low support and ones that are too wide drain the rule of meaning, so
several cut points are usually tried. Multidimensional rules use several customer attributes (age,
occupation, product) in one rule.

LOI HAY GAP / COMMON MISTAKE — Cho rang FP-growth cho két qua khac Apriori.
Hai thuét toan cho cung tip phd bién; néu hai két qua Iéch nhau thi mot ban cai dit c6 15
(thuong 14 sai thir ty sép muc hodc quén dém giao dich c¢6 s6 dém 16n hon 1 trong co s mau
diéu kién).

Believing that FP-growth gives a different result from Apriori. The two return the same frequent
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itemsets, if the results differ, one implementation is faulty (typically a wrong item order, or forgetting
to weight a path by its count in the conditional pattern base).

4.10. Miu tuin tw, tng dung dé xuit san pham trén ing dung Phu Sa va giéi
han — 4.10. Sequential patterns, product recommendation in the Phi Sa app and

limitations

Luat két hop coi giao dich 1a tap, khong c6 tha tu. Khi dir li¢u co6 thoi gian, thir ty mang
thong tin: khach vay tién mit trudc rdi méi mé thé khac véi khach mo thé trude. Khai
pha mau tuan ty (sequential pattern mining) tim cac chudi con xuét hién theo thir tu trong
nhiéu chudi khach. Chudi (VM, BH) nghia 1a VM dén truéc BH, khong can lién ké&; do
hd tro 14 sé khach c6 chudi con d6 chia cho tong s6 khach. Hai thuat toan quen thudc 1a
GSP, theo kiéu Apriori, va PrefixSpan, theo kiéu tang truong mau nhu FP-growth.
Association rules treat a transaction as a set with no order. When the data carry time, order
carries information: a customer who takes a cash loan first and opens a card later differs from
one who opens the card first. Sequential pattern mining finds subsequences that occur in order
in many customer sequences. The sequence (VM, BH) means VM comes before BH, not
necessarily next to it; support is the number of customers holding that subsequence divided by
the total number of customers. Two familiar algorithms are GSP, in the Apriori style, and
PrefixSpan, in the pattern-growth style of FP-growth.

Dir kién d& bai: chudi san pham theo thoi gian ctia nam khach, ngudng hd tro 40% (2 trén
5 khach).

Exercise data: the time-ordered product sequences of five customers, with a support threshold of
40% (2 of 5 customers).

Khiach Chudi san phim theo thoi gian
Customer Product sequence in time order
KHO1 (VM, BH, TD)
KHO02 (VM, TD, BH)
KHO3 (XM, BH, TD)
KHO4 (VM, BH)
KHO5 (DM, VM, BH)
CHUOI = [["VM", "BH", "TD"], ["VM", "TD", "BH"], ["XM", "BH", "TD"],
["VM", "BH"], ["DM", "VM", "BH"]]
MIN = 2 # 40% cua 5 khach

def chua(chuoi, a, b):
if a not in chuoi:
return False
return b in chuoi[chuoi.index(a) + 1:]

cap = {}
for x in "TD VM DM XM BH".split():
for y in "TD VM DM XM BH".split():
if x !'= y:
d = sum(l for s in CHUOI if chua(s, x, Vy))
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if d >= MIN:

capl(x, y)] = d
for (x, y), d in sorted(cap.items(), key=lambda t: -t[1l]):
print (f"<{x}, {y}> {d}/{len(CHUOI)} = {d / len(CHUOI):.0%}")

Két qua chay / Output

<VM, BH> 4/5
<VM, TD> 2/5
<BH, TD> 2/5

Ba chudi hai phén tor dat ngudng: (VM, BH) ¢6 ¢ 4 khach (KHO1, KH02, KH04, KHOS),
(VM, TD) & KHO1 va KHO02, (BH, TD) 4 KHO1 va KH03. Chudi ngugc (TD, BH) chi c6
& KH02, duéi ngudng. Hai chudi (BH, TD) va (TD, BH) 13 hai mau khac nhau, diéu ma
tap muc khong phan biét duoc.

Three two-element sequences reach the threshold: (VM, BH) is held by 4 customers (KHOI,
KHO02, KH04, KHO0S5), (VM, TD) by KH01 and KH02, (BH, TD) by KHOI and KH03. The reverse

(TD, BH) occurs only for KH02, under the threshold. (BH, TD) and (TD, BH) are different
patterns, which itemsets cannot tell apart.

80%
40%
40%

Ung dung di dong Phii Sa dung luat dé dé xuat san pham cho khach. Quy trinh nim budc:
(1) khai pha luat trén giao dich lich str; (2) gitr luat qua ba ngudng support, confidence va
lift 16n hon 1; (3) v&i mdi khach, chon ludt c6 vé trai ndm trong san pham khach dang c6
va vé phai 1a san phém khach chua co; (4) xép theo lift hodc confidence va hién thi mot
dén hai dé xuat; (5) do ty 18 khach chp nhan bang thir nghiém dbi ching. Bang sau ap
quy trinh nay cho bon luat manh cta chuong.

The Phu Sa mobile app uses rules to recommend products to customers. The process has five
steps: (1) mine rules from historical transactions; (2) keep rules that pass three thresholds,
support, confidence and lift above 1; (3) for each customer, pick rules whose left side is within
the products the customer holds and whose right side is a product the customer lacks, (4) rank
by lift or confidence and show one or two recommendations, (5) measure the acceptance rate in
a controlled test. The next table applies this process to the four strong rules of the chapter.

Luat L Quyét dinh Ly do
Rule Decision Reason

Pé xuit vay tién mit cho khach co
thé va bao hiém Lift cao nhat, support 0,3
Recommend a cash loan to customers  Highest lift, support 0.3

TD,BH=VM 125

with the card and insurance

Chi 3 giao dich; cAn mau 16n
bé xuat sau khi kiém thém dit lifu  hon

XM = BH 1,25
Recommend after checking more data ~ Only 3 transactions; a larger
sample is needed
Gan doc lap; tan suit nén
Khéng 14p chién dich rié % da
VM = BH 10417 ong lap chién d}C riéng 80% da .cao
No separate campaign Close to independence, the base

rate of 80% is already high
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Luat L Quyét dinh Ly do
Rule Decision Reason

Khong dé xuat Tuong quan 4m
Do not recommend Negative correlation

TD,VM = BH 09375

Can hoi bd phan kinh doanh xem bao hiém khoan vay c¢é duge ban kém theo quy trinh
hay khong. Néu c6, tan suit nén 80% phan anh quy trinh ban cht khong phai nhu cau cia
khach, va moi luat c6 BH & vé phai can doc theo hudng do.

The sales department should be asked whether loan insurance is bundled by the sales process. If

it is, the base rate of 80% reflects the process and not customer demand, and every rule with BH
on the right side must be read in that light.

Gidi han cua luat két hop: (1) twong quan khéng phai nhan qua; (2) 10 giao dich qua it,
mot giao dich dbi chiéu lam support 1éch 10 diém phan tram; (3) san pham phd bién nhu
BH chiém nhiéu luat ma it gia tri; (4) luat phan anh quéa khir, cAn khai pha lai dinh ky khi
san pham thay doi; (5) luat gin véi dir liéu c4 nhan cua khach, nén viéc dung phai co co
sO phap ly va muc dich rd rang (Chuong 9).

Limitations of association rules: (1) correlation is not causation, (2) 10 transactions are too few,
and one transaction changing side moves support by 10 percentage points; (3) popular products
such as BH fill many rules of little value; (4) rules reflect the past and must be mined again

regularly as products change; (5) rules are tied to customers' personal data, so their use needs a
legal basis and a clear purpose (Chapter 9).

PHAI THUQC / MEMORISE — Tuong quan khong phai nhan qua: luat cho biét hai san
pham hay di ciing nhau, khong cho biét mua san pham nay khién khach mua san pham kia.
Chi thir nghiém d6i chirmg méi do dugc tac dong cia mot 101 dé xuat.

Correlation is not causation: a rule says two products go together, not that buying one makes the
customer buy the other. Only a controlled test can measure the effect of a recommendation.

LOI HAY GAP / COMMON MISTAKE — Trién khai luat tir miu nh6 ma khong kiém lai.
Luat XM = BH voi confidence 100% chi dua trén 3 giao dich; thém mdt giao dich c6 XM
ma khong c6 BH, confidence tut con 3/4 = 75%. Phai kiém trén dit liéu méi trude khi dung.
Deploying rules from a small sample without re-checking. Rule XM = BH with 100% confidence rests
on 3 transactions, one more transaction with XM but without BH drops the confidence to 3/4 = 75%.
Check on new data before use.

4.11. Bang thuat ngivr — 4.11. Glossary

Thuéat ngir Tiéng Anh Giai thich ngin
Term (Vietnamese) English Short definition

Quy luat X = Y: giao dich c6 X thi thuong cé
Luat két hop association rule Y
A rule X = Y: transactions with X tend to have Y

PP : Tim cic mit hang hay nim cung gio
Phan tich gio hang market basket analysis . ; § ey nath CUtiE B
Finding articles that often sit in the same basket
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Thuéat ngir

Term (Vietnamese)

Tiéng Anh

English

Giai thich ngin
Short definition

Ban chéo

Giao dich

Tap muc

S6 dém hd trg

Do hd tro

Tap pho bién

Ngudng hd trg tdi
thiéu

Do tin cay

Ngudng tin cay ti
thiéu

Luat manh

Do nang

Leverage

Conviction

Tinh chit dong xubng

Tap tng vién

cross-selling

transaction

itemset

support count

support

frequent itemset

minimum support
(minsup)

confidence

minimum confidence
(minconf)

strong rule

lift

leverage

conviction

downward closure
(Apriori property)

candidate itemset

Pé xuit san pham thir hai cho khach di c6 san
pham thtr nhét

Olffering a second product to a customer who holds
the first

Tap muc xuat hién cung nhau trong mét lan
The set of items occurring together in one event

Tap hop mot hay nhiéu muc; k myc goi la k-
tap muc

A set of one or more items; k items form a k-itemset

S0 giao dich chtra tdp muc
The number of transactions containing the itemset

S6 dém chia cho tong s6 giao dich
The count divided by the total number of
transactions

Tap muc c6 d6 hd trg khong nhé hon minsup
An itemset whose support is at least minsup

Ngudng dé mot tap muc duoc coi la phé bién
The threshold for an itemset to count as frequent

Xac suat c6 Y khi di c6 X
The probability of Y given X

Ngudng dé mot luat duge gilr
The threshold for a rule to be kept

Luat dat ca minsup va minconf
A rule that meets both minsup and minconf

Confidence chia cho support ciia vé phai; 1 1a
doc lap

Confidence divided by the support of the
consequent, 1 means independence

Hiéu giita tan suat chung quan sat va ky vong
Observed minus expected joint frequency

Do mirc luat sai it hon so vdi khi doc 1ap
How much less often the rule fails than under
independence

Tap con cia tdp phd bién déu phd bién
Every subset of a frequent itemset is frequent

Tap muc dugc sinh ra d€ dem dém
An itemset generated to be counted
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Thuéat ngir Tiéng Anh Giai thich ngin
Term (Vietnamese) English Short definition

Hop hai tap cd k—1 thanh tap co k

Ghé join ,
P ] Uniting two sets of size k—1 into a set of size k
. Loai tmg vién c6 tap con khong phd bién
Tia prune c & . P g.p :
Removing a candidate that has an infrequent subset
Pho bién, khong c6 tép cha cung s6 dém
Tap pho bién dong closed frequent itemset = Frequent, with no proper superset of the same
count
A XA . maximal frequent Phd bién, khong c6 tap cha phd bién
Tap pho bién cyc dai . q . oo tb P
1temset Frequent, with no frequent proper superset
Cay tién t6 nén cac giao dich da sip theo tan s6
Cay FP FP-tree A prefix tree compressing transactions sorted by

frequency

Cac duong tién to dan tdi mot muc, kém so

conditional pattern M
dém

Co sd mau diéu kién

base
The prefix paths leading to an item, with counts
Chudi con xuat hién theo thi tu trong nhiéu
x A . hudi
Mau tuan tu sequential pattern chuo

A subsequence occurring in order in many
sequences

4.12. Bai tap van dung c0 1oi giai — Applied exercises with solutions

Bai 1. Apriori va luit két hop trén sau giao dich — Exercise 1. Apriori and association
rules on six transactions

Cong ty Phu Sa ghi sau giao dich dang ky san pham trén tmg dung (dir kién dé bai): G1 =
{TD, BH}; G2 = {TD, VM, BH}; G3 = {VM, DM}; G4 = {TD, VM, BH}; G5 = {TD,
VM}; G6 = {VM, BH, DM}. Cho minsup = 50% va minconf = 75%. (a) Tim moi tp phd
bién bang Apriori. (b) Sinh cac luat manh. (c) Tinh lift ctia ting luat manh va néu luat
nao khong nén dung dé dé xuat.

Phui Sa records six product-registration transactions on its app (exercise data): GI1 = {TD, BH};
G2 ={TD, VM, BH}; G3 = {VM, DM}; G4 = {TD, VM, BH}; G5 = {TD, VM}; G6 = {VM, BH,
DM_}. Take minsup = 50% and minconf = 75%. (a) Find all frequent itemsets with Apriori. (b)

Generate the strong rules. (c) Compute the lift of each strong rule and say which rule should not
be used for recommendation.

1. Ngudng dém: 50% * 6 = 3 giao dich. C1 va s6 dém: TD 4, BH 4, VM 5, DM 2. DM
c6 2 <3 nén biloai; L1 = {TD}, {BH}, {VM}.
Count threshold: 50% * 6 = 3 transactions. C1 and counts: TD 4, BH 4, VM 5, DM 2. DM
has 2 < 3 and is dropped; L1 = {TD}, {BH}, {VM}.
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