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Chuong 1. Hoc may la gi: tong quan va quy trinh — Chaprer 1. What

machine learning is: an overview and workflow

Muc tiéu chwong — Chapter objectives

« Phan biét hoc may, hoc théng ké, tri tué nhan tao va noéi duoc mdi thir ndm ¢ dau.

Tell machine learning, statistical learning and artificial intelligence apart and say where
each sits.

« Viét duoc Y = f(X) + € va chi ra phan sai s6 nao giam duogc, phan nao khong.

Write Y = f(X) + € and say which part of the error can be reduced and which cannot.

« Chon diing giita dy bao va suy dién, giita phuong phap c6 tham s6 va phi tham sd,
giita hdi quy va phan 16p.

Choose correctly between prediction and inference, parametric and non-parametric methods,
regression and classification.

« Ké du cac bude ciia mot dy an hoc may, tur dat bai toan dén theo dbi sau trién khai.
List every step of a machine learning project, from framing the problem to monitoring after
deployment.

* boc t&€p CSV, tinh théng ké mo ta, lap bang tan s, tom tat theo nhom va chia tap huén
luyén — kiém tra bang Python.

Read a CSV file, compute descriptive statistics, build frequency tables, summarise by group
and split training and test sets in Python.

1.1. Hoc may, hoc théng ké va tri tu¢ nhan tao - 1.1. Machine learning, statistical

learning and artificial intelligence

Ngay dau thyc tip & Cong ty tai chinh tiéu dung Lia Vang, Hd My nghe anh Quan hoi:
“Mudn day mot ban mdi phan biét ho so vay tdt va x4u, em chon cach nao? Pua ban éy
cubn quy tic dé hoc thudc, hay dwa 10.000 hd so cii co ghi két qua dé ban ty rat ra quy
tac?” Cach thir hai 1a hoc may (machine learning, viét tit ML). Ta dua cho may nhiéu vi
du c6 két qua, va may tu tim quy tic ndi thong tin trong hd so voi két qua.

On her first day as an intern at Lua Vang Consumer Finance, Ha My heard Quan ask: “To teach
a newcomer to tell good loan files from bad ones, which way would you pick? Hand over a
rulebook to memorise, or hand over 10,000 past files with their outcomes and let the newcomer
work out the rules?” The second way is machine learning (ML). You give the computer many
examples with results, and it finds the rule linking the information in a file to the outcome.

Hai cai tén khac hay di ciing hoc may. Hoc thong ké (statistical learning) ciing cho may
hoc tir dir liéu, nhung nhin tir phia théng ké: chu trong do d¢ tin cdy cua két qua va giai
thich dugc mé hinh. Tri tué nhén tao (artificial intelligence, viét tit AI) 1a chiéc 6 16n
nhat. N6 gdm moi cach 1am cho may hanh xir thong minh, ké ca b quy tic do ngudi viét
san. Hoc may 1a mot nhanh nam dudi chiée 6 do.

Two other names often travel with machine learning. Statistical learning also lets a computer

learn from data, but it looks from the statistics side: it stresses measuring how far to trust a
result and being able to explain the model. Artificial intelligence (Al) is the biggest umbrella. It
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covers every way of making a machine act intelligently, including rule sets written by people.
Machine learning is one branch under that umbrella.

Tiéu chi Hoc thong ké Hoc may Tri tué¢ nhan tao
Criterion Statistical learning Machine learning Artificial intelligence
Méi lién hé nay c6 May dy bao dung dén  May lam duogc viée can tri
Cau hdi chinh  déang tin khong? dau? khon khong?
Main question Can this relationship be ~ How well does the Can a machine do a task that
trusted? machine predict? needs intelligence?

Diéu quan tim .
£ Sai s0, khoang tin ca Do chinh xac trén di R o o orm.E
nhat g & § Keét qua cua ca h¢ thong

What matters EWOF and confidence o e The result of the whole system
intervals Accuracy on new data
most
Mai lan tré han thém Tro 1y 4o tra 161 khach, hoac
Vi du ¢ Lia lam xéc sudt vd ng ddi  Cham diém hd soméi  quy tic “trd tir 3 14n thi tir
Vang bao nhiéu tir 10.000 ho so cil chdi”
Example at Lua How much each extra Scoring a new file from A virtual assistant answering
Vang late payment changes the = 10,000 old ones customers, or the rule “reject
default probability after 3 late payments”

Poc bang: ba ¢t chong 1én nhau. Hdi quy logistic (thuat toan du bao xac suat, hoc &
Chuong 4) xuat hién & ca ba. Nha théng ké dung no dé giai thich, k¥ su hoc may dung né
dé chim diém, va hé chim diém tu dong 1a mot hé AL Quy tic “tré tir 3 lan thi tir chdi” 1a
Al nhung khéng phai hoc may, vi khong ai dé may tu rat quy tic.

Reading the table: the three columns overlap. Logistic regression (an algorithm that predicts
probabilities, met in Chapter 4) appears in all three. A statistician uses it to explain, a machine
learning engineer uses it to score, and an automatic scoring system is an Al system. The rule

“reject after 3 late payments” is AI but not machine learning, because nobody lets the machine
find the rule.

1.2. Mo hinh Y = f(X) + &: ta wéc lwgng cai gi — 1.2. The model Y = f(X) + &: what we

estimate

Chi Linh hoéi Ha My: “Thang sau ting chi quang cdo thém 2 triéu dong thi c6 thém bao
nhiéu khach méi?” Pé tra 101, Hi My phai n6i duoc quang céo lién quan thé nao dén sd
khach. Hai dai luong nay c6 tén riéng. Thir ta biét va dung dé du bao (chi quang cio) goi
1a bién diu vao (predictor, con goi 1a input hay feature), ky hiéu X. Thr ta mudn dy bao
(s6 khach méi) goi 1a bién dau ra (response), ky hiéu Y.

Ms Linh asks Ha My: “If next month we raise advertising spend by 2 million dong, how many
extra new customers will we get?” To answer, Ha My must say how advertising relates to
customers. The two quantities have names. What we know and use to predict (advertising spend)

is the predictor (also called input or feature), written X. What we want to predict (new
customers) is the response, written Y.

Gia str c6 mot quy luat that ndi hai bén, ta goi né 1a ham f. Ta khong bao gid thay f truc

tiép. Ngoai quang cao con vo soO thur khac 1am s6 khach doéi: thoi tiét, khuyén mai cua doi
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thi1, 161 ghi s6. Gom tat ca vao mdt s6 ngau nhién & (doc 1a “epsilon™), goi 1a sai s6 (error
term). Ta viét:

Suppose a true rule links the two; call it the function f. We never see f directly. Besides
advertising, countless other things move the customer count: the weather, a rival's promotion,

bookkeeping slips. Gather them into one random number ¢ (read “epsilon”), called the error
term. We write:

Y=1f(X)+¢ (1.1)
Poc cong thirc: sé khach méi bang phan quang céo giai thich dugc, cong mot phan ngiu
nhién con lai. Thuong ta gia dinh & c6 trung binh bang 0: c6 thang khach nhiéu hon dy
kién, c6 thang it hon, khong léch vé bén nio.
Reading the formula: new customers equal the part advertising explains plus a random

remainder. We usually assume & averages (: some months bring more customers than expected,
some fewer, with no lean to either side.

12

10 1

sai sO & cia mot thing

Khach méi Y (tram khach)
[e)}
1

[ ]
duong f that (ta khong thay)
24

0 T T T
0 2 4 6 8 10

Chi quéng céo X (triéu ddng/thang)

Hinh 1.1. Puong cam 1a ham f that, ta khong nhin thiy né. Mdi cham xanh 1a mot thang, nim
trén hodc dudi dudng cam mot doan € (nét xam). Du biét dung duong cam, ta van 1éch vi cac
doan xam do.

Figure 1.1. The orange line is the true function f, which we cannot see. Each blue dot is a month, sitting
above or below the orange line by an amount ¢ (grey stroke). Even knowing the orange line exactly, we
still miss because of those grey strokes.

Khi ¢6 dit liéu, ta dyng mot ude lugng cua f, ky hiéu f (doc “f mi”), rdi du bao ¥ = f(X).
Du bao léch khoi Y vi hai Iy do khac nhau:

With data in hand, we build an estimate of f, written f (read “f hat”), and predict Y = f(X). The
prediction misses Y for two different reasons:

- Sai s6 giam dwoc (reducible error): f chua gidng f. Ta giam n6 biang nhiéu dit liéu hon
hoic phuong phap tt hon.
Reducible error: fdoes not yet resemble f- More data or a better method shrinks it.

« Sai s6 khong giam dworc (irreducible error): chinh 1a €. Co f gidng hét f thi & van con,
vi € chtta ca nhiing thur ta khong do duogc.
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Irreducible error: this is ¢ itself. Even with f identical to f, € remains, because & holds things
we cannot measure.

E(Y — Y)? = [f(X) — f(X)]? + Var(¢) (1.2)

O day E la gia trj trung binh khi 13p lai nhiéu lan, con Var(e) 12 phuong sai cia &, tirc €
dao dong rong dén dau quanh 0. SO hang thtr nhét giam duogc, s6 hang thir hai thi khong.
Here E is the average over many repetitions, and Var(e) is the variance of €, meaning how
widely & swings around 0. The first term can be reduced, the second cannot.

Vi DU/ EXAMPLE — Tai x = 4 triéu dong, f(4) = 6 trim khach nhung f(4) =5,5; Var(e) =
0,8. Phan giam duoc: (6 — 5,5)2 = 0,25. Phan khong giam dugc: 0,8. Téng: 0,25 + 0,8 = 1,05.
Nghia la du sura f cho dung han, sai s6 binh phwong trung binh van con 0,8 va khong thé
xudng thap hon.

At x = 4 million dong, f(4) = 6 hundred customers but f{4) = 5.5; Var(e) = 0.8. Reducible part: (6 —
5.5)2=0.25. Irreducible part: 0.8. Total: 0.25 + 0.8 = 1.05. So even if you fix f exactly, the mean
squared error stays at 0.8 and cannot fall lower.

Trén dir liéu that ta khong biét f nén khong tach dugc hai phan nay. Vi véy ta do sai s6
trén tap kiém tra (test set): phan dir liéu dé danh, khong ding khi dung f (Chuong 2).

On real data we do not know f, so we cannot split the two parts. That is why we measure error
on the test set: a part of the data held back and not used to build f (Chapter 2).

LOI HAY GAP / COMMON MISTAKE - Coi g 1a 16i nhap li€u va hy vong lam sach dir
lidu s& dua sai s6 vé 0. Lam sach loai duoc 16i ghi s6, nhung phén 16n ¢ 13 nhimg yéu tb
khong nam trong bang dir liéu.

Treating € as data-entry error and hoping that cleaning will bring the error to 0. Cleaning removes
bookkeeping slips, but most of ¢ is factors that are not in the data table.

1.3. Vi sao wéc luwgng f: du bao va suy dién — 1.3. Why estimate f: prediction and
inference

C6 hai 1y do dé uéc lugng f, va chung doi hai kiéu mé hinh khac nhau. Ly do thir nhét 13
dw bao (prediction): ta can con s6 Y cho mét trudng hop méi va khong quan tam f trong
ra sao. Khi d6 f nhu mot hop den, mién dau ra chinh xac. Vi du ¢ Lua Vang: du béo xac
suét v& no ctia hd so vira ndp, du bao sb tién khach rat & cay ATM ngay mai, danh diu
giao dich thé nghi gian lan.

There are two reasons to estimate f, and they call for different kinds of model. The first is
prediction: you need the number Y for a new case and do not care what f looks like. Then fis a
black box, as long as the output is accurate. Lua Vang examples: the default probability of a file

just submitted, the cash customers withdraw at an ATM tomorrow, flagging card transactions
that look fraudulent.

Ly do thir hai 13 suy dién (inference): ta muén hiéu f. Bién nao c6 anh huéng? Anh
hudng cung chiéu hay ngugc chidu? Méi quan hé gan dudng thang hay cong? Vi dy: mbi
lan tré han thém 1am xac suit v& no doi bao nhiéu, hay thu nhap va s6 lan tré han bién
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nao anh huéng manh hon. Mudn suy dién thi f phai mé ra dugc, ta khong thé dé no 1a
hop den.

The second reason is inference: you want to understand f. Which variables matter? Do they
push the same way or the opposite way? Is the relationship close to a line or curved? Examples:
how much each extra late payment changes the default probability, or which of income and late
payments matters more. To infer, f must be open to inspection; it cannot stay a black box.

Cau héi cuia chj Linh Muc tiéu Vi sao
Ms Linh's question Aim Why

“Ho so m&i ndy vo ng voi xac suat

bao nhiéu?” Du bao Can mot con s6 cho tung ho so.
“What is the default probability of this = Prediction One number per file is needed.
new file?”

“Thu nhép hay s6 1an tré han anh
huéng dén vo ng nhidu hon?” Suy dién So mtrc anh huong cta hai bién.
“Does income or number of late Inference Compares the effect of two variables.

payments affect default more?”

“Ngay mai cdy ATM & tru s& can

nap bao nhiéu tién?” Du bao Chi can con sd.

“How much cash does the head-office = Prediction Only the number is needed.
ATM need tomorrow?”

“Vi sao hd so ctia khach A bi tir Sl,ly e Phai chi ra bién nao kéo diém xubng.
chi?” ba(,) You must show which variable pulled the
“Why was customer A's file rejected?” In_fer.en.ce plus score down.

prediction
“Chi thém quang cao c6 lam tang Can mirc ting; hai dai luong cling chiéu
khach méi khong?” Suy dién chua chiing minh nguyén nhan.
“Does more advertising raise new Inference The size of the rise is needed; moving
customers?” together does not prove a cause.

Poc bang: cau 4 cho thiy hai myc tiéu thuong di chung. Chdm diém tin dung can dy bao
dung, nhung khach bj tir chdi c6 quyén héi Iy do, nén mé hinh con phai giai thich duoc.
Cau 5 nhic réng suy dién can than hon dy b4o: mdét mé hinh dy bao tdt chua du dé két
luén nguyén nhan.

Reading the table: row 4 shows that the two aims often travel together. Credit scoring must
predict well, but a rejected customer has the right to ask why, so the model must also be
explainable. Row 5 reminds us that inference needs more care than prediction: a good
forecasting model is not enough to conclude a cause.

M5t 1o din cho du bao tai chinh. Loi suét ngay cua mot 16 ¢6 phiéu co € 16n so voi phén
f giai thich dugc. Vi bai todn loai nay, ta so mé hinh voi mé hinh co sé (baseline), tirc
cach dy bao don gian nhat nhu ludn doan gia tri trung binh. Két luan ludn c6 dang “trén
tap kiém tra, mo hinh dat X; mé hinh co s& dat Y”, kém mot cau vé gidi han. Khong co
101 hira kiém 10i. Véi m6 hinh tin dung, khong dung gidi tinh, dan tdc, ton gido lam bién
du bao.
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A word of warning on financial forecasting. The daily return of a basket of shares has a large ¢
compared with what f explains. For problems like this, we compare the model with a baseline
model, the simplest way to predict, such as always guessing the average. The conclusion always
reads ‘“‘on the test set, the model scores X; the baseline scores Y, with one sentence on limits.
There is no promise of profit. In credit models, gender, ethnicity and religion are not used as
predictors.

1.4. Uéc hrgng f: phwong phap cé tham so6 va phi tham s6 — 1.4 Estimating f:

parametric and non-parametric methods

Pé udc luong f, ta can dir liéu hudn luyén (training data): cac cip (xi, yi) da biét, nhu chi
quang cao va sd khach cua timg thang trong qua khir. C6 hai cach lam 16n.

To estimate f we need training data: known pairs (xi, y;), such as the advertising spend and
customer count of each past month. There are two broad approaches.

Phwong phap cé tham s0 (parametric) lam hai vi¢c. Viéc mét: chon trude dang cua f, vi
du duong thang. Viéc hai: tim cac con s, goi 1a tham s, dé dudng d6 gan cac diém dix
lidu nhat. Véi duong thang chi c6 hai tham sé:

A parametric method does two things. First, choose the form of f in advance, for example a
straight line. Second, find the numbers, called parameters, that put that line closest to the data
points. A straight line has just two parameters:

f(x) = Bo + Bux (1.3)

Bo 12 hé s6 chin (intercept): gia tri du bao khi x = 0. fi 1a @ déc (slope): x ting 1 don vi
thi du bao tang Bi. Viéc tim hai s nay goi 1 huin luyén hay khép moé hinh (fitting). Uu
diém: it tham s6 nén can it dir liéu, va doc duoc ngay. Nhuoc diém: néu quy luat that 1a
duong cong, dudng thang sé& 1éch maii, du ¢ thém bao nhiéu di liéu.

Po is the intercept: the prediction when x = 0. pi is the slope: when x rises by 1 unit, the
prediction rises by 1. Finding these two numbers is called training or fitting the model.

Strength: few parameters, so little data is needed and the result can be read at once. Weakness:
if the true rule is a curve, the line stays off however much data you add.

Phwong phap phi tham s6 (non-parametric) khong chon truéc dang ham. N6 dé dir lidu
tu quyét hinh dang. Vi du dé nhat 12 k ling giéng gin nhit (k-nearest neighbours, viét
tat KNN): mudn du bao tai xo, ta tim k thang c6 chi quang cdo gan Xo nhat roi lay trung
binh s khéach cua ching.

A non-parametric method does not fix the form of the function in advance. It lets the data decide

the shape. The easiest example is k-nearest neighbours (KNN): to predict at xo, find the k
months whose advertising spend is closest to xo and average their customer counts.

f(xo) = (1/k) X y;, 14y k diém gan x, nhat (1.4)

Uu diém: udn theo gﬁn nhu moi hinh dang. Nhuoc diém: can nhiéu dit liéu, va dé bam
theo ca nhiéu, nghia 14 qua khép (overfitting). Qua khép giéng hoc sinh hoc thudc dé ci:
diém bai cii cao, gip dé méi thi kém (Chuong 2).
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Strength: it bends to almost any shape. Weakness: it needs plenty of data and easily follows the
noise too, which is overfitting. Overfitting is like a pupil who memorises old exam papers: top
marks on the old paper, poor marks on a new one (Chapter 2).

Vi du 1am mAu: hai cach du bdo trén 8 thing — Worked example: two ways to predict
from 8 months

Ha My c6 8 thang dit lidu: x 13 chi quang cdo (triéu dong/thang), y 1a khach méi (trim
khach). Co can dy bao y khi xo = 2,7. Pay 1a dit kién dé bai.

Ha My has 8 months of data: x is advertising spend (million dong per month) and y is new
customers (hundreds). She needs to predict y at xo = 2.7. This is the given data.

1. Tinh trung binh: X =36 /8 =4,5 va § =50/ 8 = 6,25. Rdi lap bang do 1éch so voi
trung binh.

Compute the means: X =36 /8 = 4.5 and y = 50/ 8 = 6.25. Then build a table of deviations
from the means.

Tich 5

425 14,875 12,25
2 4 25 225 5,625 6,25
3 5 -1,5 -1,25 1,875 2,25
4 6 0,5 0,25 0,125 0,25
5 7 0,5 0,75 0,375 0,25
6 8 1,5 1,75 2,625 2,25
7 9 2,5 2,75 6,875 6,25
8 9 3,5 2,75 9,625 12,25
;;’;*‘f 36 50 0 42 42

Doc bang: cot “Tich” nhan hai do léch cua cung mot thang. Hai cot cudi cong lai déu
bang 42.

Reading the table: the “Product” column multiplies the two deviations of the same month. The
last two columns both add up to 42.

2. B6 ddc bang tong cot “Tich” chia tong cot (x — X)% i1 =42 /42 = 1. (Chuong 3 giai
thich vi sao cong thirc nay cho duong gan dit liéu nhat.)
The slope is the total of the Product column divided by the total of the (x — x)? column: 1 =
42 /42 = 1. (Chapter 3 explains why this formula gives the line closest to the data.)

3. Hé sb chin: fo=§ — Bi * X = 6,25 — 1 * 4,5 = 1,75. Duodng thing 1a f(x) = 1,75 + x.
Intercept: o =7 — fi *X =625 — 1 4.5 = 1.75. The line is f{x) = 1.75 + x.

4. Dy bao c6 tham sb tai xo =2,7: 1,75 + 2,7 = 4,45 tram khach.
Parametric prediction at xo = 2.7: 1.75 + 2.7 = 4.45 hundred customers.
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5. Dy bao phi tham s6 v6i k = 3: ba thang gan 2,7 nhat 13 x = 3 (cach 0,3), x = 2 (cach
0,7), x =4 (cach 1,3). S4 khach cua chung 1a 5, 4, 6. Trung binh: 15/3 =5 tram
khach.

Non-parametric prediction with k = 3: the three months closest to 2.7 are x = 3 (distance
0.3), x =2(0.7) and x = 4 (1.3). Their customer counts are 5, 4, 6. Average: 15/3 =35
hundred customers.

6. Po d6 khép ciia duong thang: phan du 'y — ¥ caa 8 thang 1a —0,75; 0,25; 0,25; 0,25;
0,25; 0,25; 0,25; —0,75. Binh phuong rdi ldy trung binh: (2 * 0,5625 + 6 * 0,0625) / 8
=1,5/8=0,1875. Pay la sai s6 trung binh binh phwong (mean squared error, viét
tait MSE) trén chinh dir liéu huan luyén.

Measure how well the line fits: the residuals y — y of the 8 months are —0.75, 0.25, 0.25,

0.25, 0.25, 0.25, 0.25, —0.75. Square and average: (2 ¥ 0.5625 + 6 ¥0.0625) /8 =1.5/8 =
0.1875. This is the mean squared error (MSE) on the training data itself.

Poc két qua: tai xo = 2,7 duong thang cho 4,45 va trung binh lang giéng cho 5,00; hai
cach I¢ch nhau 0,55 tram khach. Bay gio cho may lam lai, va so vdi tay.
Reading the result: at xo = 2.7 the line gives 4.45 and the neighbour average gives 5.00; the two

methods differ by 0.55 hundred customers. Now let the computer repeat the work, and compare
with the hand result.

x=[1, 2, 3, 4, 5, 6, 7, 8] # chi quang cédo (triéu ddng/thang)

y = [2, 4, 5, 6, 7, 8, 9, 9] # khach méi (trdm khach)

n = len(x)

xb = sum(x) / n

yb = sum(y) / n

sxy = sum((a - xb) * (b - yb) for a, b in zip(x, y))

sxx = sum((a - xb) ** 2 for a in x)

bl = sxy / sxx # 36 dbc

b0 = yb - bl * xb # hé sb chin

print (f"hé s chdn b0 = {b0:.2f}, d& dbéc bl = {bl:.2f}")

x0 = 2.7

duong thang = b0 + bl * x0

cap = sorted(zip(x, y), key=lambda t: abs(t[0] - x0))

gan = cap/[:3]

print ("3 diém gan x0 =", x0, ":", gan)

lang gieng = sum(b for a, b in gan) / 3

print (f"du b&o dudng thing tai x0 : {duong thang:.2f}")

print (f"du bdo 3 lang giéng : {lang gieng:.2f}")

du = [b - (b0 + bl * a) for a, b in zip(x, y)]

print("phén du:", [round(r, 2) for r in dul])

print (£"MSE huén luyén = {sum(r * r for r in du) / n:.4f}")
Ket qua chay / Qutput

hé sbé chdn b0 = 1.75, d6 dbéc bl = 1.00

3 diém gdn x0 = 2.7 : [(3, 5), (2, 4), (4, 6)]

du bdo dudng thing tai x0 : 4.45

du bdo 3 lang giéng : 5.00

phan du: [-0.75, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25, -0.75]

MSE huidn luyén = 0.1875

Két qua khép véi tay: Po= 1,75, 1 = 1,00, du bao 4,45 va 5,00, MSE huan luyén 0,1875.
The output matches the hand work: o = 1.75, p1 = 1.00, predictions 4.45 and 5.00, training
MSE 0.1875.
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Hinh 1.2. Pudng xanh thing 1a phuong phap c6 tham sb; dudng cam gap bac 1a trung binh 3
lang giéng. Pudng cam bam sat timg cham, duong xanh chi di theo xu huéng chung. Tai duong
nét dat xo = 2,7, hai cach cho 4,45 va 5,00.

Figure 1.2. The straight blue line is the parametric method; the stepped orange line is the 3-neighbour
average. The orange line hugs each dot, while the blue line follows only the general trend. At the dashed
line xo = 2.7 the two methods give 4.45 and 5.00.

Tiéu chi C6 tham s6 Phi tham s

Criterion Parametric Non-parametric

Dang cua f Chon trudce (duong théng, o)) Dé dit liéu quyét

Form of Chosen in advance (a line, ...) Left to the data

Viéc phai lam Tim vai tham s6 Giir lai dir liéu va tim diém gan nhat
Task Find a few parameters Keep the data and find the nearest points
Luong dit ligu can It Nhiéu

Data needed Little A lot

Rui ro chinh Chon dang sai nén 1éch mai Qua khép, bam nhiéu

Main risk Wrong form, so it stays off Overfitting, following noise

Dé doc Poc dugce hé s6 Kho néi bién nao anh hudng thé nao
Readability Coefficients can be read Hard to say how each variable acts

PHAI THUQC / MEMORISE — C6 tham s6: chon dang trudc, tim vai s6. Phi tham sé:
khong chon dang, dé dit liéu quyét. Hai cach déu chay trén dit liéu huén luyén va déu phai
duoc cham trén dir liéu moi.

Parametric: pick the form first, find a few numbers. Non-parametric: pick no form, let the data decide.
Both run on training data and both must be scored on new data.

LOI HAY GAP / COMMON MISTAKE — Tuéng “phi tham s6” 1a mé hinh khong c6 con
s6 nao dé chon. KNN van phai chon k, va k do ban quyét dinh trude khi huan luyén, khong
phai dit liéu quyét.
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Thinking “non-parametric’” means there is nothing to choose. KNN still needs k, and you decide k
before training; the data do not decide it.

LOI HAY GAP / COMMON MISTAKE — Quén chuén hoa bién truéc khi dung KNN. Thu
nhép tinh béng triéu déng con s6 1an tré tinh béng don vi, nén khoang céch bi thu nhap l4n at.
Hay dua cac bién vé cung thang do trude.

Forgetting to standardise variables before KNN. Income is in millions and late payments in single
units, so distance is swamped by income. Bring the variables to a common scale first.

1.5. Panh doi gitra d0 chinh xac va kha niing dién gidi — 1.5. The trade-off between

accuracy and interpretability

Ta goi mirc mém déo (flexibility) 1a sé hinh dang ma mé hinh uén dugc. Pudng thang
c6 mirc mém déo thap: no chi vé duoc dudng thang. Trung binh lang giéng c6 mirc mém
déo cao: né vé& duoc gan nhu moi dudng. M6 hinh cang mém déo cang khé doc. Khi chi
Linh héi “vi sao hd so nay bi tir ch6i?”, mé hinh tuyén tinh tra 10i duoc: “Du ng cao, mdi
10 triéu déng thém lam diém giam 3”. Mot mang no-ron sau (nhiéu 16p phép tinh chong
nhau) c6 hang tridu con s6 thi khong ¢ cau tra 1oi gon nhu vay.

We call flexibility the number of shapes a model can bend into. A straight line has low
[flexibility: it can only draw straight lines. The neighbour average has high flexibility: it can
draw almost any curve. The more flexible a model is, the harder it is to read. When Ms Linh asks
“why was this file rejected?”, a linear model can answer: “Debt is high; each extra 10 million

dong lowers the score by 3.” A deep neural network (many stacked layers of calculation) with
millions of numbers has no answer that short.

=

o

2

g

) @ Lasso
@

[a]

@_ Hoi quy tuyén tinh
@® M0 hinh cong (GAM)
@ Cay quyét dinh
@ May vecto héd trg
@ Rimg ngiu nhién
@ Boosting

e

g

F ® Mang no-ron sau
o0

o

Thlfip ‘ Cao
Mite mém déo cia mo hinh
Hinh 1.3. Truc ngang 12 mirc mém déo, truc doc 1a mirc d& giai thich. i tir trai sang phai, cac
phuong phap uén dugc nhiéu hon nhung khé doc hon: Lasso va hdi quy tuyén tinh & goc trén
bén trdi, mang no-ron sau & goc dudi bén phai.
Figure 1.3. The horizontal axis is flexibility and the vertical axis is ease of explanation. From left to right

the methods bend more but are harder to read: Lasso and linear regression sit top left, the deep neural
network bottom right.
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Phwong phap Mirc mém déo | D& giai thich Hoc &
Method Flexibility Ease of explanation Studied in
Hoi quy tuyén tinh Thép Cao Chuong 3
Linear regression Low High Chapter 3
Lasso (hdi quy tuyén tinh co .

e (hoi quy tuy Thép Cao Chuong 6
pha ) ) ) Low High Chapter 6
Lasso (penalised linear regression)

Mo hinh cong tong quat (GAM)  Vira Kha cao Chuong 7
Generalised additive model (GAM) = Medium Fairly high Chapter 7
Cay quyét dinh Vua Kha cao Chuong 8
Decision tree Medium Fairly high Chapter 8
May vecto hd tro (SVM) Cao Thap Chuong 9
Support vector machine (SVM) High Low Chapter 9
Rimg ngau nhién, boosting Cao Thép Chuong 8
Random forest, boosting High Low Chapter 8

Doc bang: c¢ot “Hoc ¢ cho biét ban s& gip ting phuong phéap sau. Ding nghi mé hinh
mém déo hon ludn chinh xac hon. Néu mém déo quéa mirc, mo hinh hoc thudc ca nhiéu va
sai khi gdp dir liéu mai. Poi khi duong thang dy bao tét hon mot mé hinh phuc tap trén
dr liéu moi.

Reading the table: the “Studied in” column tells you where each method comes later. Do not
assume a more flexible model is always more accurate. Too much flexibility makes a model
memorise the noise and fail on new data. Sometimes a straight line predicts new data better than
a complex model.

Cach chon theo muc dich: khi can suy dién hodc can giai thich cho khach va co quan
quan ly, bat dau tir mo6 hinh it mém déo. Khi chi can du bao, thir nhiéu mo hinh va chon
theo sai s0 trén tap kiém tra.

Choosing by purpose: when you need inference, or must explain to customers and regulators,
start from a model with low flexibility. When you only need prediction, try several models and
pick by error on the test set.

LOI HAY GAP / COMMON MISTAKE — Cho rang mé hinh mém déo hon thi chéc chin
chinh x4c hon. Hay tin sé do trén tap kiém tra, khong tin cam giac vé do phuc tap.

Assuming a more flexible model is certainly more accurate. Trust the number on the test set, not the
feeling of complexity.

1.6. Hoc c0 giam sat, khong giam sat va ban giam sat — 1.6. Supervised,
unsupervised and semi-supervised learning

Hoc c6 giam sat (supervised learning) giéng hoc sinh 1am bai c6 dap an: mdi hd so c6
san két qua y (d3 v& no hay chua), may thir doan roi d6i chiéu véi dap an dé stra. Moi vi
du & muc 1.2 dén 1.5 thudc loai nay.
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Supervised learning is like a pupil doing exercises with an answer key: every file comes with its
outcome y (defaulted or not), and the machine guesses, then checks against the answer to correct
itself. Every example in sections 1.2 to 1.5 is of this kind.

Hoc khong giam sat (unsupervised learning) 1a khi chi c6 X, khong c6 dap an. May
khong duge héi “dang hay sai” ma dugc nhd “tim cdu trac trong dir liéu”. Vi du: chia
50.000 khach hang thanh vai nhém c6 théi quen chi tiéu gidng nhau (phan cum,
clustering), dé phong kinh doanh thiét ké san pham riéng cho timg nhém. Chwong 10 néi
vé loai nay.

Unsupervised learning is when there is only X and no answer. The machine is not asked “right
or wrong” but “find structure in the data”. Example: split 50,000 customers into a few groups

with similar spending habits (clustering), so the sales team can design a product for each group.
Chapter 10 covers this kind.

Hoc ban giam sat (semi-supervised learning) nam gitta hai loai trén: chi mot phan nho
quan sat (mdi hod so, giao dich hay ngay 1a mot quan sat) co dap an, phan 16n khong.
Nhan khan hiém vi ton cong nguoi. Vi du: diéu tra vién méi kiém tra va gan nhan gian
lan cho 500 giao dich thé, con 500.000 giao dich khac chua ai xem. Vi du khac: Laa
Vang ¢6 20.000 hd so, nhung chi 3.000 hd so di 12 thang dé biét c6 v& no hay khong;
17.000 hd so con lai chua c6 két qua. Dung riéng 3.000 ho so 1a hoc ¢6 giam sat. Dung ca
20.000 ho so dé rat thém thong tin 1 hoc ban giam sat.

Semi-supervised learning sits between the two: only a small share of observations (each file,
transaction or day is one observation) has an answer and most do not. Labels are scarce
because people's time is costly. Example: investigators have checked and labelled fraud for only
500 card transactions, while 500,000 others have not been looked at. Another example: Lua
Vang has 20,000 files, but only 3,000 are old enough (12 months) to know whether they
defaulted; the other 17,000 have no outcome yet. Using the 3,000 alone is supervised learning.
Using all 20,000 to draw extra information is semi-supervised learning.

Co6 dap an y? Muc tiéu Vi du ¢ Lua Vang
Has answer y? Aim Lua Vang example
Co, cho moi quan Du bao y hoac hiéu quan hé
C6 giam sat sat Xvay Cham diém tin dung
Supervised Yes, for every Predict y or understand the Credit scoring
observation link between X and y

Tim nhém hodc cau triic
trong X

Find groups or structure in X

Khong giam sat  Khong

Unsupervised No

Chia nhom khéch hang

Customer segmentation

Dung ca dit li¢u c6 va Phat hi¢n gian lan khi it
Ban giam sat Chi mot phan nho khong c6 nhan nhan
Semi-supervised  Only a small part Use labelled and unlabelled Fraud detection with few
data together labels

Tai liéu nay dugc bién soan boi ddi ngli ciia website: https://tailicuso.vin
Trang 17



Dé cuong Hoc may / Machine Learning

Doc bang: cach nhanh nhat dé phan loai 1a hoi “bang dir li€u c6 cot dap an khong, va cot
d6 dién du cho bao nhiéu dong?”. B moi dong thi ¢6 gidm sat, khong co6 dong nao thi
khong gidm sat, chi vai dong thi ban giam sat.

Reading the table: the quickest way to classify is to ask “does the data table have an answer

column, and for how many rows is it filled in?”. All rows means supervised, no rows means
unsupervised, a few rows means semi-supervised.

1.7. Bai toan hoi quy va bai toan phan 16p - 1.7. Regression and classification

problems

Bién c6 hai loai. Bién dinh lwong (quantitative) 1a s6 do ma phép tinh c6 nghia: thu
nhap, so tién giao dich, sb ngay tré han. Bién dinh tinh (qualitative, con goi categorical)
la nhoém hodc nhan: v ng hay khong, kénh vay (chi nhénh, tryc tuyén, dai 1y), xép hang
noi bd A, B hoac C.

Variables come in two kinds. A quantitative variable is a measurement for which arithmetic
makes sense: income, transaction amount, days overdue. A qualitative variable (also called

categorical) is a group or label: defaulted or not, loan channel (branch, online, agent), internal
grade A, B or C.

Loai cta bién dau ra Y quyét dinh loai bai toan. Y dinh lugng thi 1a bai toan hoi quy
(regression). Y dinh tinh thi 12 bai toan phén 16p (classification). Loai cta bién dau vao
X khong quyét dinh diéu nay: X c6 thé 1a s6, 1a nhom, hodc 14n ca hai.

The type of the response Y decides the type of problem. A quantitative Y gives a regression

problem. A qualitative Y gives a classification problem. The type of the input X does not decide
this: X can be numbers, groups, or a mix.

Bai toan Bién dauraY

Problem Response Y

Du bao sé tién khach rat & cdy ATM

ngay mai S6 tién (dong) Hbi quy
Forecast the cash withdrawn at an ATM Amount (dong) Regression
tomorrow

Du bao ho so vay c¢6 v& no khong Co6 hoac khong Phan 16p
Predict whether a loan file defaults Yes or no Classification
Xép ho so vao hang ndi bd A, B hoic C Hang A, B, C Phén 16p (3 16p)
Place a file into internal grade A, B or C Grade 4, B, C Classification (3 classes)
Du bao s6 ngay tré han cia khoan vay S ngay Hoi quy

Predict days overdue for a loan Number of days Regression

Danh dau giao dich thé gian lan Gian lan hodc khong Phan lop

Flag fraudulent card transactions Fraud or not Classification
Du bao loi suit ngay cta ro ¢b phiéu Loi suét (%) Hoi quy

Predict the daily return of a share basket Return (%) Regression
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Poc bang: dong 3 van 1 phan 16p du c¢6 ba nhém. Ranh gidi d6i khi mo: hoi quy logistic
(Chuong 4) mang tén “hdi quy” nhung du bao xac sudt thuoc mot 16p, nén nd ding dé
phan 16p. Ctr nhin Y 14 s6 do hay 1a nhém thi khong sai.

Reading the table: row 3 is still classification even though there are three groups. The line is
sometimes blurred: logistic regression (Chapter 4) carries the word ‘“regression” but predicts

the probability of a class, so it is used for classification. Looking at whether Y is a measurement
or a group never misleads.

1.8. Dir li€u trong tai chinh - 1.8. Data in finance

Dir liéu tai chinh thudng nam trong bang: mdi dong 1a mot quan sat (observation, vi du
mot hd so vay, mot giao dich, mot ngay giao dich), mdi cot 1a mot bién (variable). Bang
sau liét ké cac ngudn hay gip va diéu can dé y 6 mdi ngudn.

Financial data usually sit in tables: each row is an observation (for example a loan file, a

transaction or a trading day) and each column is a variable. The next table lists common sources
and what to watch for in each.

Ngu(“)n

Source

Bien vi du
Example variables

Thu nhap, du no, s6 lan tré

Dang

Form

Bang, mdi dong

Dicu can dé y
What to watch

Nhiéu 6 trong; chi c6 ho so

Hb so vay han, v& ng ¢6 hodc khong mot hd so da duyét
Loan files Income, debt, late payments, Table, one file per = Many blanks, only approved
default yes or no row files
S6 tién, gid, khoang cach téi . ..
L \ ., £ A - - Bang dai, gian
Giao dich thé noi 0, gian lan c6 hoac N A A L3 ~
Card Kkho lan hiém Mat can bang nhan
ar
. ong i A long table, fraud =~ Unbalanced labels
fransactions Amount, hour, distance from is rare '
home, fraud yes or no
o Gi4 dong cira, khéi luong, .
Gia chung L & . g Chuoi theo thoi , ..
Khodn loi suat ngay an Thu ty thoi gian quan trong
) Closing price, volume, daily g_ . Time order matters
Share prices Time series
return
Khao sét, don e e Phai d6i thanh s6 trudc khi
. Cau tra 101, ghi chu cua nhan N .
tir vien Chir dung
Surveys, .. Text Must be turned into numbers
o Answers, staff notes .
applications ” first
N P VRN Dit liéu ca nhan, can cin ct
Hanh vi trén SO lan dang nhap, tinh nang 1 i L
tme dun 43 dim Nhatky su kién  phap ly
g dung g Event log Personal data, needs a legal

App behaviour

Logins, features used

basis

DPoc bang: cot cudi 1a diéu dé bi bé quén. Ho so vay chi ¢ ngudi di duge duyét, nén mo
hinh khong biét ngudi bi tir chdi ra sao. Giao dich thé ¢ gian 1an hi€ém, nén mé hinh

“ludn bao khong gian 1an” trong ding gan hét (Chuong 2).
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Reading the table: the last column is the one people forget. Loan files contain only people who
were approved, so the model does not know how rejected people behave. Fraud is rare in card
transactions, so a model that “always says no fraud” looks right almost every time (Chapter 2).

Hai tén goi can nh¢ khi doc mot bang: bién dau vao con goi 1a dic trung (feature), va
bién dau ra con goi 1a nhin (label) trong bai todn phan 16p. Trude khi dung, ban kiém ba
diéu: kiéu cua tung cot (sé hay chir), 0 tréng, va gia tri la (thu nhap am, tudi 300).

Two names to remember when reading a table: an input variable is also called a feature, and

the output variable is also called a label in a classification problem. Before use, check three

things: the type of each column (number or text), blank cells, and odd values (negative income,
age 300).

1.9. Quy trinh m{t du an hoc may — 1.9. The workflow of a machine learning project
Anh Quan né6i véi Hia My: “Thuét toan chi 13 mot budc trong bay budc. Phan 16n thoi
gian nam & trudc va sau nd.” Hinh sau 1a ban db ciia bay budc.

Quan tells Ha My: “The algorithm is only one of seven steps. Most of the time goes before it and
after it.” The next figure is a map of the seven steps.

2. Thu thép, 3. Chia tip huin

1. Dit bai toan p— f —_ —_ . Hui &
) lam sach luyén — kiém tra S luaniiuven
Tép kiém tra niém phong
i X tr bude 3 dén bude 5
Chat lwong giam hogc dir liéu doi:
quay lai budc 2
7. Theo doi <« 6. Trién khai <« 5. Panh gia

Hinh 1.4. Bi theo mili tén xanh tir budc 1 dén budc 7. Miii tén d6 1a dudng quay lai: khi chit
luong & budc 7 gidm, ta trd vé budce 2. T bude 3 dén budce 5, tap kiém tra duoc gilt nguyén,
khong ai nhin vao.

Figure 1.4. Follow the blue arrows from step 1 to step 7. The red arrow is the way back: when quality
drops at step 7, we return to step 2. From step 3 to step 5 the test set is kept sealed and nobody looks at it.

1. Pat bai toan. Ai dung két qua, dé quyét dinh gi, do thanh cong bang gi. Vi du: giam
ty 1& ng xau ma khong tir chbi qua nhidu khach tot. Viétra Y 1a gi, X lay tir dau, va
day 1a hoi quy hay phan 16p.

Frame the problem. Who uses the result, to decide what, and how success is measured.
Example: cut the bad-debt rate without rejecting too many good customers. Write down
what Y is, where X comes from, and whether this is regression or classification.

2. Thu thap va 1am sach. Gom dir liéu tir cac ngudn, bo dong tring, xir 1y 6 tréng, soat
gié tri la, d6i chir thanh s6 khi can.
Collect and clean. Gather the data from the sources, drop duplicate rows, handle blanks,
check odd values, turn text into numbers when needed.
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3. Chia tap huin luyén — kiém tra. Ct mot phan (thudng 20% dén 30%) lam tap
kiém tra (test set), nhu dé thi niém phong. Phan con lai 12 tip huin luyén (training
set). Voi dit liéu theo thoi gian, tap kiém tra 13 giai doan sau.

Split into training and test sets. Put a part (usually 20% to 30%) aside as the test set, like a
sealed exam paper. The rest is the training set. With time-ordered data, the test set is the
later period.

4. HuAn luyén. Chon thuat toan, cho né hoc trén tap huin luyén, va chinh céc lya chon
(nhu k cia KNN) bang cach chia nho tap huan luyén (Chuong 5).

Train. Choose an algorithm, let it learn on the training set, and tune its choices (such as the
k of KNN) by splitting the training set further (Chapter 5).

5. Panh gia. Chim diém mo hinh da chét trén tap kiém tra dung mot lan, va so voi md
hinh co sé& (baseline): cach du bao don gian nhat, nhu ludn doan gia tri trung binh,
hoic ludn doan 16p phd bién nhat.

Evaluate. Score the finished model on the test set exactly once, and compare it with a

baseline model: the simplest way to predict, such as always guessing the average, or always
guessing the most common class.

. Trién khai. Pua m6 hinh vao hé thong duyét ho so. Quyét dinh cudi ciing thuong van
do ngudi duyét, mé hinh chi cho diém va Iy do.
Deploy. Put the model into the file-approval system. The final decision usually still rests with
a person, the model gives a score and reasons.

. Theo dai. Mdi thang do lai chat luong trén ho so méi. Khach hang d6i thoi quen, kinh
té d6i, nén mo hinh cii yéu dan. Khi chat luong giam, quay lai budc 2 véi dir liéu
moi.

Monitor. Every month, measure quality again on new files. Customers change habits and the

economy shifts, so an old model weakens over time. When quality drops, go back to step 2
with fresh data.

VI DU/ EXAMPLE — Dix kién d& bai: Lua Vang c6 5.000 hd so, 400 ho so v& no (8%). Chia
70% huén luyén, 30% kiém tra: 3.500 ho so huin luyén va 1.500 ho so kiém tra. Néu chia
ngau nhién giit nguyén ty 1&, tap kiém tra c6 khoang 8% * 1.500 = 120 hd so v& no. M6 hinh
co s& “lubn bao khong v& ng” dung & 1.500 — 120 = 1.380 hd so, tic 1.380 / 1.500 = 92%.
Mot mé hinh dat 93% chi hon co s& 1 diém phén trim, chua du dé thuyét phuc chi Linh.

Given data: Lua Vang has 5,000 files, 400 of which defaulted (8%,). Split 70% training and 30% test:
3,500 training files and 1,500 test files. If the split is random and keeps the proportion, the test set
holds about 8% * 1,500 = 120 defaulted files. The baseline “always say no default” is right on 1,500
— 120 = 1,380 files, which is 1,380/ 1,500 = 92%. A model scoring 93% beats the baseline by only 1
percentage point, not enough to convince Ms Linh.

LOI HAY GAP / COMMON MISTAKE — Chim mé hinh trén chinh tip huén luyén. M6
hinh d4 thay nhitng dong d6 nén diém ludn dep; chi tap kiém tra méi cho biét mé hinh gap
khach méi ra sao.

Scoring the model on the training set itself. The model has seen those rows, so the score always looks
good, only the test set shows how the model meets new customers.
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LOI HAY GAP / COMMON MISTAKE — Ro i dit liéu twong lai: tinh trung binh dé chuan
hoa béng ca b dir liu trude khi chia, hodc dung mot bién chi biét sau khi khoan vay két thic.
Mo hinh v tinh “nhin trom” dap an. Hay chia trudce, va chi tinh théng ké tir tap huén luyén.
Leakage of future data: computing the average for scaling on the whole data set before splitting, or
using a variable known only after the loan ends. The model quietly peeks at the answers. Split first,
and take statistics from the training set only.

1.10. Ung dung tai chinh, thién léch dix liéu va nghé nghiép — 1.10. Finance
applications, data bias and careers
Ung dung tai chinh — ngan hang — Applications in finance and banking

Anh Quan vé cho Ha My bang cac viéc ¢ Lua Vang dang dung hoc may, kém loai hoc va
loai bai toan cua ting viéc.

Quan sketches for Ha My the jobs at Lua Vang that use machine learning, with the type of
learning and the type of problem for each.

Ung dung Hoc Bai toan Cau héi cua ing dung
Application Learning Problem The question it answers
Cham diém tin dung  C6 giam sat Phan 16p H6 so nay ¢ v& ng khong?
Credit scoring Supervised Classification Will this file default?

C6 giam sat, ban ) . s .
£ Giao dich nay c6 dang ngo

Phat hién gian lan giam sat Phéan 16p Khone?
. B . ong/
Fraud detection Supervised, semi- Classification .g ] o
. ' Is this transaction suspicious?
supervised
Chia nhom khach , .
. n e, R Khéch nao giong nhau?
hang Khong giam sat Phan cum .
. ; Which customers resemble each
Customer Unsupervised Clustering
) other?
segmentation
Du bao tién ATM Co gidm sat Hoi quy Ngay mai can nap bao nhiéu?
ATM cash forecast Supervised Regression How much to load tomorrow?
Du bao lgi suat ngdy ~ Co giam sat Hoi quy Chi so véi md hinh co s¢
Daily return forecast Supervised Regression Only compared with a baseline

Poc bang: dong cubi 1a bai khé nhat vi € 16n. Véi bai ndy, ban bao “trén tap kiém tra, mo
hinh dat X; mo hinh co sé dat Y, va noi rd gidi han.

Reading the table: the last row is the hardest because ¢ is large. For this one, you report “on the
test set, the model scores X; the baseline scores Y and state the limits plainly.

LAP LUAN UNG HOQ — PHAN DPOI / FOR AND AGAINST — Nén dung hoc may phic
tap dé chadm diém tin dung khong? Ung ho: md hinh mém déo bat duoc quan hé cong, ghép
nhiéu bién, thudng du bao dung hon trén tap kiém tra. Phan ddi: kho giai thich cho khach bi
tir chdi, kho kiém tra thién 1éch, va d& qua khép khi dir liéu it. Cach can nhéc: so md hinh
phirc tap véi mot mo hinh tuyén tinh don gian trén cing tap kiém tra. Néu mtrc hon nhau nho,
chon mo hinh don gian.
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Should a complex machine learning model be used for credit scoring? For: a flexible model catches
curved relationships and combines many variables, and often predicts better on the test set. Against: it
is hard to explain to a rejected customer, hard to check for bias, and prone to overfitting when data
are few. How to weigh it: compare the complex model with a simple linear one on the same test set. If
the gap is small, choose the simple model.

Thién l€ch dir li€u, cong bang va dir liéu ca nhan — Data bias, fairness and personal data

Thién léch dir liéu (data bias) xdy ra khi dir li¢u khong dai dién dung cho nhiing nguoi
mo hinh s€ phuc vu. Vi du quen thudc: chi co ho so d3 dugc duyét, nén mo6 hinh hoc tr
nguoi di qua cira va khong biét gi vé ngudi bi tir chdéi. M6 hinh hoc dung tir dit liéu 1éch
van cho két qua 1éch.

Data bias happens when the data do not fairly represent the people the model will serve. A
familiar example: only approved files exist, so the model learns from people who got through

and knows nothing about those rejected. A model that learns faithfully from skewed data still
gives skewed resullts.

Cong bang (fairness) nghia 1a moé hinh khong dbi xtr khac nhau véi cac nhdm ngudi mot
cach khong c6 can ctr. Mo hinh tin dung khong dung gidi tinh, dan toc, ton gido lam bién
du bao. Con phai dé y bién dai dién (proxy): mot bién tudng vo hai nhung lai phan dnh
nhém ngudi, nhu khu vuce sdng. Cach kiém don gian: so ty 1 duyét va ty 1¢ 15i giita cac
nhém trén tap kiém tra.

Fairness means the model does not treat groups of people differently without grounds. A credit
model does not use gender, ethnicity or religion as predictors. You must also watch for proxy

variables: a variable that looks harmless but reflects a group of people, such as area of
residence. A simple check: compare approval rates and error rates across groups on the test set.

Dir liéu ca nhén (personal data) nhu tén, s6 cin cudc, lich st giao dich cua khach chi
dugc thu thap va dung khi ¢ cin cir theo quy dinh bao vé dir liéu ca nhan, ching han
khach da dong y cho myc dich 1 rang. Chi iy cot can diung, bo tén va sé dinh danh khi
huan luyén, va luu lai ai 3 mé dir liéu nao.

Personal data such as names, ID numbers and customers' transaction history may be collected
and used only on a basis allowed by personal data protection rules, for instance the customer

agreed to a clear purpose. Take only the columns you need, drop names and identifiers when
training, and log who opened which data.

Vi tri viéc lam — Job roles

Vi tri Viéc hiang ngay Dung nhiéu nhit

Role Daily work Used most

Chuyén vién phan tich dr Lam sach dir li¢u, thong ké mo ta, bao Muc 1.8 va 1.11

ligu cao Sections 1.8 and 1.11
Data analyst Clean data, descriptive statistics, reports

Nha khoa hoc dir liéu Dung va so sanh m6 hinh Mucl14,15val9
Data scientist Build and compare models Sections 1.4, 1.5 and 1.9
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Vi tri Viéc hiang ngay Dung nhiéu nhit

Role Daily work Used most

K¥ su hoc may Pua mo hinh vao hé thong, theo ddi Budc 6 va 7 cia quy trinh
Machine learning engineer | Put models into systems, monitor them Steps 6 and 7 of the workflow
Chuyén vién riii ro tin Dung diém dé duyét hd so, hoi 1y do

Muc 1.3val1.10

t / k fc
dung Use scores to approve files, ask for Sections 1.3 and 1.10

Credit risk officer reasons
Chuyén vién kiém dinh A ax 1a s ,
Y ’ Kiém doc lap, soat thién 1éch Budc 3 va 5, muc 1.10

md hinh Independent checks, bias review Steps 3 and 5, section 1.10

Model validator

1.11. Tinh bﬁng Python - 1.11. Working in Python

Ban lam lai béng Python cac viéc co ban voi dit li¢u: 1€nh co ban, chi muc, doc té¢p CSV,
théng ké mo t4, bang tan s6, tom tat theo nhom, va chia tap huin luyén — kiém tra. Khi
lam that, nguoi ta dung cac thu vién nhu NumPy, pandas va scikit-learn. O day ma chi
dung thu vién chuan cua Python va tu viét timg budc, dé ban thdy may 1am gi bén trong.
You now redo in Python the basic jobs with data: basic commands, indexing, reading a CSV file,
descriptive statistics, frequency tables, summaries by group, and splitting training and test sets.
In real work, people use libraries such as NumPy, pandas and scikit-learn. Here the code uses
only Python's standard library and writes each step by hand, so you can see what the machine
does inside.

Lénh co ban: bién, danh sach, ham - Basic commands: variables, lists, functions

Bién la céi tén gan véi mot gia tri. Danh sach (list) gitr nhiéu gia tri theo thu ty. Ham la
doan ma c6 tén, nhan dau vao va tra két qua. Python dém vi tri tir 0, nén phan tir dau c6
chi myc 0 va phan tir cudi c6 chi muc —1.

A variable is a name attached to a value. A list holds several values in order. A function is a

named piece of code that takes inputs and returns a result. Python counts positions from 0, so the
first item has index 0 and the last has index —1.

thu nhap = 18.5 # triéu ddng/thang
du no = 54.0 # triéu déng

ty le = du no / thu nhap

print ("du n¢ trén thu nhdp:", round(ty le, 3), W S ® )
so_lan tre = [0, 2, 1, 0, 3, 0] # danh sach: 6 hd so
print ("sé hd so:", len(so lan tre))

print ("téng sb 1lan tré:", sum(so_lan tre))

print ("hdé so th& 3 (chi muc 2):", so lan tre[2])
print ("3 hé so dau:", so_lan tre[:3])

print ("hé so cubi:", so lan tre[-1])

def tre nhieu(ds, nguong):
return [i for i, v in enumerate(ds) if v >= nguong]

print ("chi muc hd so tré tw 2 lan:", tre nhieu(so lan tre, 2))
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Két qua chay / Output

du ng trén thu nhdp: 2.919 1lan

sb hd so: 6

tdng sb 1an tré&: 6

hé so tht 3 (chi muc 2): 1

3 hé so dadu: [0, 2, 1]

hd so cubi: 0

chi muc hd so tr& tu 2 1lan: [1, 4]

Doc két qua: du no gap 2,919 lan thu nhap thang. Danh sach c6 6 hd so véi tong 6 1an tré.
Chi muc 2 12 hd so thir ba (gié tri 1). Cét 14t [:3] 1y ba ho so dau. Ho so & chi muc 1 va 4
tré tlr 2 1an.

Reading the output: debt is 2.919 times monthly income. The list has 6 files with 6 late payments
in total. Index 2 is the third file (value 1). The slice [:3] takes the first three files. The files at
index 1 and 4 are late twice or more.

Poc dir liéu tir tép CSV va chi muc — Reading data from a CSV file and indexing

Tép CSV (comma-separated values, gia tri cach nhau bang dau phay) 13 bang luu duéi
dang chir, mdi dong mot quan sat. Ma sau sinh 40 h6 so vay bang s6 ngau nhién voi hat
gidng (seed, s6 khoi dau giup diy sd ngau nhién lap lai y hét) c6 dinh, ghi vao bd nhé
nhu mét t€p CSV roi doc lai béng mo-dun csv. Cong thirc xac suét v& no trong ma tang
theo s6 1an tré va ty 1& du no trén thu nhap. Pay 1a dir kién cua bai tap.

A CSV file (comma-separated values) is a table stored as text, one observation per line. The next
code generates 40 loan files with random numbers from a fixed seed (a starting number that
makes the random sequence repeat exactly), writes them into memory as if to a CSV file, and
reads them back with the csv module. The default probability in the code rises with late payments
and with the debt-to-income ratio. These are the figures of the exercise.

import csv, io, random, statistics as st
random. seed (2025)

ghi = i0.StringIO() # chd chtta cht, thay cho moét té&p CSV
w = csv.writer (ghi)
w.writerow(["ma", "thu nhap", "du no", "tre", "kenh", "vo no"])

for i in range (1, 41):
tn round (random.uniform(8, 40), 1)
no round (tn * random.uniform(0.5, 4.0), 1)
tre = random.choice ([0, O, 0, 1, 1, 2, 31)
kenh = random.choice (["chi nha&nh", "truc tuyén", "dai 1y"1)
p=0.03+ 0.07 * tre + 0.02 * no / tn
vo = 1 if random.random() < p else O
w.writerow ([f"HS{i:02d}", tn, no, tre, kenh, vo])
ho so = list(csv.DictReader (io.StringIO(ghi.getvalue())))

print ("sé dong:", len(ho so))

print ("cét:", list(ho so[0].keys()))

print ("gid tri hé so dau:", list(ho so[0].values()))

print ("thu nhap hd so tht 5:", ho so[4]["thu nhap"])

print ("kiéu d liéu doc ra:", type (ho so[4] ["thu nhap"]). name )
thu nhap = [float(r["thu nhap"]) for r in ho_ so]

print ("thu nhap 16n nh&t:", max(thu nhap))

tre2 [r["ma"] for r in ho so if int(r["tre"]) >= 2]

print ("sé hd so tré& tu 2 1an:", len(tre2))
print ("ndm ma dau tién:", tre2[:5])
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Két qua chay / Output

sé dong: 40

cét: ['ma', 'thu nhap', 'du no', 'tre', 'kenh', 'vo no']

gid tri hd so dau: ['HSO1l', '25.8', '71.2', 'l', 'chi nhanh', '0']
thu nhdp hd so tht 5: 14.2

kiéu dt liéu doc ra: str

thu nhdp 1én nhét: 39.1

sb hd so tréd tu 2 lan: 10

ndm ma dau tién: ['HSO5', 'HS09', 'HS10', 'HS15', 'HS18']

Poc két qua: bang co 40 dong va 6 cot. Mdi dong 1a mot tir dién (dictionary): tén cot di
v6i gid tri. Thu nhap hd so tht 5 13 14,2 nhung kiéu dir liéu 1a chudi chit (str), nén phai
d6i bang float trudc khi tinh. Thu nhap cao nhat 1a 39,1 triéu dong/thang, va 10 hd so tré
tir 2 lan.

Reading the output: the table has 40 rows and 6 columns. Each row is a dictionary: column
names paired with values. The income of file 5 is 14.2 but its type is a string (str), so it must be
converted with float before calculating. The highest income is 39.1 million dong per month, and
10 files are late twice or more.

Thong ké mé ta va biéu dd bang chir — Descriptive statistics and a text chart

Thong ké mé ta (descriptive statistics) tom mot cot s bang vai con sd: trung binh, trung
vi (gia tri ding gitra), d6 1éch chuan (46 dan trai quanh trung binh), nho nhét, 16n nhat, va
ba tr phan vi (cat dir liéu thanh bén phan bang nhau). Biéu do cot bang chit & ma tiép
theo thay cho d6 thi: mdi diu # 1a mot hd so. Khi lam that, ban v& bang thu vién
matplotlib.

Descriptive statistics summarise a numeric column with a few numbers: mean, median (the
middle value), standard deviation (the spread around the mean), minimum, maximum, and the
three quartiles (cutting the data into four equal parts). The text bar chart that follows stands in
for a graph: each # is one file. In real work you draw it with the matplotlib library.

import csv, io, random, statistics as st
random. seed (2025)
ghi = i0.StringIO() # chd chtta chit, thay cho mdét tép CSV
w = csv.writer (ghi)
w.writerow(["ma", "thu nhap", "du no", "tre", "kenh", "vo no"])
for i in range (1, 41):
tn = round(random.uniform(8, 40), 1)
no = round(tn * random.uniform(0.5, 4.0), 1)
tre = random.choice ([0, O, O, 1, 1, 2, 31)
kenh = random.choice (["chi nha&nh", "truc tuyén", "dai 1y"1)
p=0.03+ 0.07 * tre + 0.02 * no / tn
vo = 1 if random.random() < p else O
w.writerow ([f"HS{i:02d}", tn, no, tre, kenh, vo])
ho so = list(csv.DictReader (io.StringIO(ghi.getvalue())))

tn = [float (r["thu nhap"]) for r in ho so]
print ("trung binh:", round(st.mean(tn), 2))
print ("trung vi:", round(st.median(tn), 2))
print ("dé léch chudn:", round(st.stdev(tn),
t

2))
print ("nhé nhit, 16n nhit:", min(tn), max(tn))
g = st.quantiles (tn, n=4)
print ("t® phdn vi:", [round(v, 2) for v in q])
canh = [8, 16, 24, 32, 41]
for a, b in zip(canh, canh[1l:]):
dem = sum(l for v in tn if a <= v < b)
print (f"{a:>2} d&én {b - 1:<2} | {'#' * dem} {dem}")
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Két qua chay / Output

trung binh: 23.07

trung vi: 23.75

@4 léch chudn: 9.43

nhé nhit, 16n nhdt: 9.0 39.1

t phén vi: [14.3, 23.75, 28.52]

8 dén 15 | #######444#44 13
16 dén 23 | ###4### 7
24 dén 31 | #####4HE##EE 12
32 dén 40 | ######44 8

Poc két qua: thu nhap trung binh 23,07 tri¢u déng, trung vi 23,75, do Iéch chuan 9,43.
Trung binh va trung vi gan nhau nén phan phbi khong 1éch nhiéu. Bén cot ¢6 13, 7, 12, 8
hd so: s6 hd so & nhom thu nhap thap nhat 1a déng nhat.

Reading the output: mean income is 23.07 million dong, median 23.75, standard deviation 9.43.
Mean and median are close, so the distribution is not strongly skewed. The four bars hold 13, 7,
12, 8 files: the lowest income band has the most files.

Bang tan so va tém tit theo nhém — Frequency tables and summaries by group

Bang tan sb (frequency table) dém mdi gia tri ctia bién dinh tinh xuat hién bao nhiéu lan.
Tém tit theo nhém (group summary) tach bang theo mot bién dinh tinh roi tinh trung
binh, ty 1¢ cho timg nhém. D6 1a hai viéc nhiéu ngudi lam nhét khi moé mot bang dir lidu
lan dau.

A frequency table counts how many times each value of a qualitative variable appears. A group
summary splits the table by a qualitative variable and computes means and proportions for each
group. These are the two jobs people do most when they first open a data table.

import csv, io, random, statistics as st
random. seed (2025)
ghi = i0.StringIO() # chd chtta chit, thay cho mdét tép CSV
w = csv.writer (ghi)
w.writerow(["ma", "thu nhap", "du no", "tre", "kenh", "vo no"])
for i in range(1l, 41):
tn = round(random.uniform(8, 40), 1)
no = round(tn * random.uniform(0.5, 4.0), 1)
tre = random.choice ([0, O, O, 1, 1, 2, 31)
kenh = random.choice (["chi nhanh", "truc tuyén", "dai 1y"1)
p=0.03+ 0.07 * tre + 0.02 * no / tn
vo = 1 if random.random() < p else O
w.writerow ([f"HS{i:02d}", tn, no, tre, kenh, vo])
ho so = list(csv.DictReader (io.StringIO(ghi.getvalue())))
from collections import Counter
dem = Counter (r["kenh"] for r in ho so)
for k, v in sorted(dem.items()) :
print (£"{k:<11}{v:>3} hé so {v / len(ho _so) :>7.1%}")
nhom = {}
for r in ho so:
nhom.setdefault (r["kenh"], []).append(r)
print ("kénh, sé hd so, thu nhdp TB, ty 1l& v& no")
for k in sorted (nhom) :
ds = nhom[k]
tb = st.mean(float (r["thu nhap"]) for r in ds)
vo = sum(int(r["vo no"]) for r in ds) / len(ds)
print (f"{k:<11l}{len(ds) :>3}{tb:>8.2f}{vo:>8.1%}")
tre = Counter (int(r["tre"]) for r in ho_so)
print ("sé lan tré&, sbé hd so:", sorted(tre.items()))
print ("téng hdé so v& ng:", sum(int(r["vo no"]) for r in ho so))
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Két qua chay / Output

chi nhdnh 15 hd so  37.5%

truc tuyén 16 hd so  40.0%

dai 1y 9 hd so 22.5%

kénh, sb hd so, thu nhdp TB, ty 1& v& no

chi nhadnh 15 20.83 0.0%

truc tuyén 16  24.43 6.2%

dai 1y 9 24.39 22.2%

sb 1an tré&, sb hd so: [(0, 17), (1, 13), (2, 5), (3, 5)]
tdng hd so v& no: 3

Poc két qua: ca 40 hd so ¢6 3 hd so v& ng. Kénh dai 1y c6 2 hd so v& ng trong 9 hd so
(22,2%), con kénh chi nhanh c6 0 trong 15 (0,0%). Mau chi 40 h so nén khac biét nay
c6 thé do ngau nhién, chua du dé két luan kénh nao rui ro hon.

Reading the output: of all 40 files, 3 defaulted. The dai Iy channel has 2 defaults among 9 files
(22.2%), while the chi nhanh channel has 0 among 15 (0.0%). With only 40 files this gap may be
chance, and it is not enough to say which channel is riskier.

Pé dich tén kénh: chi nhanh 1a branch, truc tuyén 1a online, dai 1y 1a agent.

To translate the channel names: chi nhanh is branch, truc tuyén is online, dai 1y is agent.

Chia tap huin luyén — kiém tra va mé hinh co s& — Splitting training and test sets, and a
baseline

Ma cudi x40 tron 40 hd so, gitr 30 ho so dé huin luyén va 10 hd so dé kiém tra. Nhiém vu
la du bdo du ng tir thu nhap. M6 hinh co s& luén doan du ng trung binh cua tap huin
luyén. M6 hinh so sanh 1a duong thang dung trén tap huin luyén bang cong thirc & muc
1.4. Ca hai dugc chim bang MSE trén tap kiém tra.

The last code shuffles the 40 files, keeps 30 for training and 10 for testing. The task is to predict
debt from income. The baseline always guesses the training-set average debt. The model for
comparison is a straight line built on the training set with the formula of section 1.4. Both are
scored by MSE on the test set.

import csv, io, random, statistics as st
random. seed (2025)

ghi = i0.StringIO() # chd chtta cht, thay cho moét té&p CSV
w = csv.writer (ghi)
w.writerow(["ma", "thu nhap", "du no", "tre", "kenh", "vo no"])

for i in range (1, 41):
tn round (random.uniform(8, 40), 1)
no round (tn * random.uniform(0.5, 4.0), 1)
tre = random.choice ([0, O, 0, 1, 1, 2, 31)
kenh = random.choice (["chi nha&nh", "truc tuyén", "dai 1y"1)
p=0.03+ 0.07 * tre + 0.02 * no / tn
vo = 1 if random.random() < p else O
w.writerow ([f"HS{i:02d}", tn, no, tre, kenh, vo])
ho so = list(csv.DictReader (io.StringIO(ghi.getvalue())))
random. seed (7)
ds = ho so[:]
random.shuffle (ds)
huan luyen, kiem tra = ds[:30], ds[30:]

def cot(rs, ten):
return [float(r([ten]) for r in rs]
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xh, yh = cot (huan luyen, "thu nhap"), cot(huan luyen, "du no")
xk, yk = cot(kiem tra, "thu nhap"), cot(kiem tra, "du no")
xb, yb = st.mean(xh), st.mean(yh)

sxy = sum((a - xb) * (b - yb) for a, b in zip(xh, vyh))
bl sxy / sum((a - xb) ** 2 for a in xh)
b0 yb - bl * xb

def mse(y, du bao):
return sum((a - b) ** 2 for a, b in zip(y, du bao)) / len(y)

print (f"dudng thing: du no = {b0:.2f} + {bl:.2f} * thu nhap")
print ("MSE huédn luyén, mé hinh:",

round (mse (yh, [bO + bl * a for a in xh]), 1))
print ("MSE kiém tra, co s& :", round (mse(yk, [yb] * len(yk)), 1))
print ("MSE kiém tra, mé hinh :",

round (mse (yk, [bO + bl * a for a in xk]), 1))
Két qua chay / Output

dudng thdng: du no = -21.23 + 3.20 * thu nhap
MSE huidn luyén, md hinh: 686.9
MSE kiém tra, co sd& : 883.7
MSE kiém tra, mé hinh : 478.8

Poc két qua: trén tap kiém tra, mo hinh duong théng dat MSE 478,8, mo hinh co s& dat
883,7; MSE ctia md hinh thap hon mé hinh co s6. MSE huan luyén cua dudng thang 13
686,9. Gidi han: tap kiém tra chi c6 10 hd so, va chi mot lan chia; chia lai bang hat giéng
khac, con sb s& doi. Chuong 5 day cach 1am cho phép do 6n dinh hon.

Reading the output: on the test set the straight-line model scores an MSE of 478.8 and the
baseline scores 883.7; the model's MSE is lower than the baseline's. The line's training MSE is

686.9. Limit: the test set has only 10 files and there was only one split; with another seed the
numbers would change. Chapter 5 teaches how to make the measurement steadier.

LOI HAY GAP / COMMON MISTAKE — Chon k hay c4c tham sb khéac bang cach nhin
diém trén tap kiém tra roi thir lai nhiéu 1an. Lam vAy tap kiém tra khong con niém phong, va
diém cudi cing tré nén lac quan. Chon tham sd trén tap huan luyén (Chuong 5), tap kiém tra
chi chAm mét 1an.

Choosing k or other parameters by looking at the test score and trying again many times. That unseals
the test set, and the final score turns optimistic. Choose parameters on the training set (Chapter 5)
and score the test set once.

Bang thuét ngiv — Glossary

Thuéat ngir Tiéng Anh Giai thich ngin

Term (Vietnamese) English Short definition

Cho may xem nhiéu vi du dé ty rit quy tic, thay
hoc méy machine learning vi ngudi viét timg quy tac.
) (ML) Letting a computer find rules from many examples

instead of having people write each rule.
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Thuéat ngir

Term (Vietnamese)

Tiéng Anh

English

Giai thich ngin
Short definition

hoc thong ké

tri tué nhan tao

bién dau vao

bién dau ra

sai sO khong giam
duoc

sai sO giam duogc

du bao

suy dien

phuong phép c6 tham

SO

phuong phép phi tham

SO

statistical learning

artificial intelligence

(AD)

predictor (input,
feature)

response (output)

irreducible error

reducible error

prediction

inference

parametric method

non-parametric
method

Hoc may nhin tir phia thong ké, chu trong sai s6
va viéc giai thich.

Machine learning seen from statistics, with weight on
error and explanation.

Moi cach l1am cho may hanh xur thong minh; hoc
may la mgt nhanh.

Any way of making a machine act intelligently,
machine learning is one branch.

Thoéng tin ding dé du bao, nhu thu nhap hay sd
lan tré han.

Information used to predict, such as income or
number of late payments.

Piéu ta mudn du bao hodc hiéu, nhu s6 khach
mé1 hay vO no.

What we want to predict or understand, such as new
customers or default.

Phan léch do &, con lai di ham f duge wdc luong
hoan hao.

The part due to ¢ that remains even with a perfect
estimate of f.

Phan léch do wéc luong f chua tdt, ¢6 thé giam
bang mé hinh hoic dir liéu tét hon.

Error from estimating f poorly, which better models
or data can reduce.

Dung md hinh dé do4n dau ra cua trudng hop
moi.
Using a model to guess the output for a new case.

Dung mé hinh dé hiéu bién nao anh huéng dau
ra va anh hudng thé nao.

Using a model to understand which variables affect
the output and how.

Chon trudc dang ham roi chi tim vai tham sb.
Fix the form of the function first and then find a few
parameters.

Khong chon trude dang ham; dé dir liéu quyét
dinh hinh dang.

Assume no form for the function, let the data decide
its shape.
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Thuéat ngir

Term (Vietnamese)

Tiéng Anh

English

Giai thich ngin
Short definition

muc mém déo

hoc c6 giam sat

hoc khong giam sat

hoc ban giam sat

hoi quy
phéan 16p

tap huén luyén

tap kiém tra

qua khép

md hinh co s6

ro i dir liéu

thién I¢ch dir li¢u

flexibility

supervised learning

unsupervised learning

semi-supervised

learning

regression

classification

training set

test set

overfitting

baseline model

data leakage

data bias

M hinh uén dugc bao nhiéu hinh dang khac
nhau.

How many different shapes a model can bend into.

Hoc khi moi quan sat c6 san dap an dau ra.
Learning when every observation comes with a
known output.

Hoc khi chi c6 dau vao, nham tim c4u trac nhu
cac nhom.

Learning with inputs only, to find structure such as
groups.

Hoc khi chi mot phan nhé quan sat co6 dap an.
Learning when only a small share of observations
has an answer.

Bai toan c6 dau ra la so do.
A problem whose output is a measured number.

Bai toan c6 dau ra 1a nhom hodc nhén.
A problem whose output is a group or label.

Phan dif liéu dung dé day mé hinh.
The part of the data used to teach the model.

Phan dit lidu dé danh, chi dung chdm diém mo
hinh.

The part of the data held back and used only to score
the model.

Mo hinh hoc thudc ca nhidu cua tap huin luyén
nén du bao kém trén dir liéu mai.

A model memorises even the noise in the training set
and predicts poorly on new data.

Céch du bao don gian nhét, dung 1am mdc so
sanh.
The simplest way to predict, used as a yardstick.

Thong tin cta tap kiém tra hodc ciia twong lai lot
vao lic hudn luyén.

Information from the test set or the future slipping
into training.

Dir liéu khong dai dién ding cho nhom nguoi
can duy bo.

Data that do not fairly represent the people to be
predicted.
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Thuéat ngir Tiéng Anh Giai thich ngin
Term (Vietnamese) English Short definition

Du bao bang trung binh dau ra ctia k diém gan
k-nearest neighbours  nhit.
(KNN) Predicting with the average output of the k closest
points.

k lang giéng gan nhét

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

Bai 1. Puong thing va trung binh lang giéng — Exercise 1. A straight line and a
neighbour average

Dir kién dé bai: Ha My ghi chi quang céo x (triéu dong/thang) va s khach méi y (trim
khach) caa 6 thang: (1; 3), (2; 5), (3; 3), (4; 7), (5; 7), (6; 8). Ban du bdo y tai x = 4,4
bang hai cach: duong thang dung tir dit liéu va trung binh cta 3 diém gan nhat. Sau do
tinh sai s6 trung binh binh phuwong cta duong thang trén 6 thang nay.

Given data: Ha My records advertising spend x (million dong per month) and new customers y
(hundreds) for 6 months: (1, 3), (2, 5), (3, 3), (4, 7), (3, 7), (6, 8). You predict y at x = 4.4 in two
ways: a straight line built from the data and the average of the 3 nearest points. Then compute
the mean squared error of the line on these 6 months.

1. Trung binh: X =21/6=3,5vay=33/6=5,5.
Means: x =21/6=35andy =33/6 =5.5.

2. Tong tich d6 léch = 6,25+ 0,75+ 1,25+ 0,75 + 2,25 + 6,25 = 17,5. Téng binh
phuong d¢ 1éch cua x =17,5.
Sum of products of deviations = 6.25 + 0.75 + 1.25 + 0.75 + 2.25 + 6.25 = 17.5. Sum of
squared deviations of x = 17.5.

3.P6déc=17,5/17,5=1.Hésd chan=15,5—1 = 3,5=2. Puong thang: § =2 + x.
Slope = 17.5/17.5 = 1. Intercept = 5.5 — 1 ¥3.5 = 2. The lineis y =2 + x.

4. Dy bao tai 4,4: =2 + 4,4 = 6,4 tram khach.
Prediction at 4.4: y = 2 + 4.4 = 6.4 hundred customers.

5. Ba diém gan 4,4 nhat 12 x = 4 (cach 0,4), x = 5 (cach 0,6), x = 3 (cach 1,4); y twong
ung 7,7, 3. Trung binh =17/ 3 = 5,67.
The three points nearest 4.4 are x = 4 (distance 0.4), x =5 (0.6) and x = 3 (1.4), withy = 7,
7, 3. Average = 17 /3 = 5.67.

6. Phan duy — ¥ lan luot 0, 1, =2, 1, 0, 0. Binh phuong: 0, 1, 4, 1, 0, 0, tong 6. MSE =6
/6=1.
Residuals y —y are 0, 1, =2, 1, 0, 0. Squares: 0, 1, 4, 1, 0, 0, total 6. MSE = 6/6 = 1.

7. Poc két qua: hai cach 1&€ch nhau 0,73 tram khach tai x = 4,4. BPuong théng co 2 tham
sO; trung binh lang giéng khong c6 tham sé nao vé dang ham.
Reading: the two methods differ by 0.73 hundred customers at x = 4.4. The line has 2
parameters; the neighbour average assumes no form for the function.
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Bai 2. Ty 1€ 16i va mé hinh co s& — Exercise 2. Error rate and the baseline model

Dir kién d& bai: mé hinh ctia Lua Vang bao v no (1) hay khong (0) cho 8 hd so kiém tra.
Thuc té: 1,0, 0, 1, 0,0, 0, 1. M6 hinh bao: 1, 0, 1, 0, 0, 0, 0, 1. M6 hinh co s& ludn bao
16p pho bién nhét. Tinh ty 18 15i ctia hai m6 hinh.

Given data: Lua Vang's model flags default (1) or not (0) for 8 test applications. Actual: 1, 0, 0,
1, 0,0, 0, 1. Model output: 1, 0, 1, 0, 0, 0, 0, 1. The baseline always predicts the most common
class. Compute both error rates.

1. So ting cap: 1éch ¢ hd so tht 3 (thuc 0, bao 1) va hd so thir 4 (thuc 1, bao 0). C6 2
16i.
Compare each pair: they differ at application 3 (actual 0, flagged 1) and application 4
(actual 1, flagged 0). That is 2 errors.

2. Ty 18 16i ctia m6 hinh = 2 / 8 = 25%.
The model's error rate = 2 /8 = 25%.

3. Lép pho bién nhat 1a 0 (5 hd so). M hinh co s¢ ludn bao 0 nén sai & 3 hd so vd ng: 3
/ 8=37,5%.
The most common class is 0 (5 applications). The baseline always says 0, so it errs on the 3
defaults: 3 /8 = 37.5%.

4. Chénh léch: 37,5% — 25% = 12,5 diém phan trim. M6 hinh tét hon co s, nhung 8 ho
so 14 qua it dé két luan chac.
Difference: 37.5% — 25% = 12.5 percentage points. The model beats the baseline, but 8
applications are too few to be sure.

Bai 3. Tap kiém tra trung thwe — Exercise 3. An honest test set

Dir kién dé bai: chi tiéu thé hang thang ciia 8 khach (tram nghin dong). Tap huan luyén:
6,8, 10, 12, 14. Tap kiém tra: 9, 13, 17. M hinh co s& dy bao bang trung binh tap huan
luyén. Mot md hinh khéc du bao 10, 12, 16 cho 3 khach kiém tra. Tinh MSE kiém tra cta
cd hai.

Given data: monthly card spending of 8 customers (hundreds of thousands of dong). Training
set: 6, 8, 10, 12, 14. Test set: 9, 13, 17. The baseline predicts the training mean. Another model
predicts 10, 12, 16 for the 3 test customers. Compute the test MSE of both.

1. Trung binh tap huan luyén = 50 / 5 = 10. Co s& du bao 10 cho ca ba khach kiém tra.
Training mean = 50/ 5 = 10. The baseline predicts 10 for all three test customers.

2.Saisbcosd: 9—10=-1; 13— 10=3; 17 — 10 = 7. Binh phwong: 1, 9, 49; tong 59.
MSE =59/3=19,67.
Baseline errors: 9 — 10 =—1; 13 — 10 =3, 17 — 10 = 7. Squares: 1, 9, 49, total 59. MSE =
59/3=19.67.

3. Sai s6 mo6 hinh: 9 — 10 =—-1; 13 — 12 =1; 17 — 16 = 1. Binh phuong: 1, 1, I; tong 3.
MSE=3/3=1.
Model errors: 9 — 10 =—1; 13— 12=1; 17— 16 = 1. Squares: 1, 1, 1, total 3. MSE =3 /3
=1

4. Poc két qua: trén tap kiém tra, md hinh dat 1 con co sé dat 19,67. Cén bac hai: 1 va
khoang 4,43 traim nghin dong, tirc mo hinh léch trung binh ¢& 100 nghin dong.
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Reading: on the test set the model scores 1 and the baseline 19.67. Square roots: 1 and

about 4.43 hundred thousand dong, so the model is off by about 100,000 dong on average.
5. Gi6i han: chi 3 khach kiém tra. Néu tinh MSE trén chinh 5 khach huan luyén, con s6

s& qua dep va khong néi gi vé khach méi.

Limit: only 3 test customers. An MSE computed on the 5 training customers would look too

good and say nothing about new customers.

1.13. Cau hoi ty luan va dan y tra loi — Essay questions and answer outlines

Cau 1. Phan biét muc tiéu du b4o va muc tiéu suy dién. Cho mdi muc tiéu mot vi du
¢ Lia Vang va néi loai moé hinh ban wu tién.
Question 1. Distinguish the aim of prediction from the aim of inference. Give one Lua Vang
example for each and say which kind of model you would favour.
« Dy b4o: can con sd Y chinh x4c cho truong hop méi, khong can mé hop den.
Prediction: you need an accurate Y for a new case and do not need to open the black box.
« Suy dién: can hiéu bién niao anh hudng, chiéu va mirc anh hudng.
Inference: you need to know which variables matter, in which direction and by how much.
« Vi dy dy bao: s6 tién khach rat tai cdy ATM ngay mai.
Prediction example: the cash customers withdraw at an ATM tomorrow.
* Vi dy suy dién: mdi lan tré han thém 1am xac suat v& no doi bao nhiéu.
Inference example: how much each extra late payment changes the default probability.
« Uu tién: suy dién dung mo hinh don gian, doc dugc; du bao thir nhiéu mé hinh va
chon theo sai so kiém tra.
Preference: inference favours simple, readable models; prediction tries many models and
picks by test error.

Ciu 2. Ké bay buéc ciia mdt dyr 4n hoc may & Liia Vang, néi & buéc nao hay xiy ra
ro ri dir liéu twong lai va cach phong.
Question 2. List the seven steps of a machine learning project at Lua Vang, say at which step
leakage of future data tends to happen and how to prevent it.
* Bay budc: dit bai toan; thu thap va 1am sach; chia tap; huin luyén; danh gia; trién
khai; theo doi.
Seven steps: frame the problem, collect and clean; split, train, evaluate,; deploy; monitor.
* R0 ri hay xday ra khi lam sach hoac chuan hoa bﬁng théng ké cua ca by dir li€u trudc
khi chia.
Leakage tends to happen when cleaning or scaling with statistics of the whole data set before
splitting.
« Phong: chia trudc, moi phép tinh thdng ké chi lay tir tdp huan luyén.
Prevention: split first and take every statistic from the training set only.
* Véi dit liéu theo thoi gian: tap kiém tra phai nam sau tap huan luyén.
With time-ordered data the test set must come after the training set.

Tai liéu nay dugc bién soan boi ddi ngli ciia website: https://tailicuso.vin
Trang 34



Dé cuong Hoc may / Machine Learning

« Néu mot bién chi biét sau khi khoan vay két thiic ma khong duge dua vao mé hinh
duyét vay.
Name one variable known only after a loan ends that must not enter a lending model.

Cau

3. Chi Linh lo mé hinh cham diém tin dung thién 1¢ch. Trinh bay ba ngudn

thién 1éch ¢6 thé c6 va cach kiém.
Question 3. Ms Linh worries that the credit scoring model is biased. Describe three possible

sourc

es of bias and how to check them.

« Dit liéu chi gdm hd so dd duoc duyét: mé hinh khong thdy nguoi bi tir chi.
The data hold only approved applications: the model never sees rejected people.

* Bi

én dai dién: mdt bién tudng vo hai lai phan &nh nhém nguoi.

Proxy variables: a seemingly harmless variable can stand for a group of people.

« Quy tac: khong dung gi6i tinh, dan tdc, ton gido lam bién du béo.
Rule: do not use gender, ethnicity or religion as predictors.

« Cach kiém: so ty 18 duyét va ty 1& 15i gitra cac nhoém trén tap kiém tra.
Check: compare approval rates and error rates across groups on the test set.
« Gifr nhat ky quyét dinh dé giai thich v6i khach hang.

Keep a decision log so you can explain outcomes to customers.

1.14.

Cau héi trac nghiém — Multiple-choice questions

1. Trong md hinh Y = f(X) + ¢, phan nao KHONG thé giam du ban tim duoc dung ham

?
In

the model Y = f(X) + ¢, which part cannot be reduced even if you find the true function f?

A. Sai s6 do chon dang ham chua phtt hop / Error from choosing an unsuitable form
of function

B. Sai s6 do u6c luong hé sd tir qua it dit liéu / Error from estimating coefficients with
too little data

C. Sai s6 & do cac yéu té nam ngoai bién dau vao / The error ¢ from factors outside
the input variables

D. Sai s6 do bo s6t mot bién c6 san trong dix liéu / Error from leaving out a variable
already in the data
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2. Chi Linh héi: mdi 1an tré han thém 1am xac suét v& no d6i bao nhiéu? Pay 1a muc tiéu
nao?
Ms Linh asks how much each extra late payment changes the default probability. Which aim
is this?
A. Suy dién: can hiéu mirc anh hudng cua ting bién / Inference: you need the effect
size of each variable
B. Dy bao: chi can sé du bao cho hd so méi thoi / Prediction: you only need a
forecast for new files
C. Phan cym: tim cac nhom khach hang giéng nhau / Clustering: finding groups of
similar customers
D. Ban giam sat: gan nhan cho hd so chua c6 két qua / Semi-supervised: labelling
files with no outcome yet

3. Mo hinh § = 1,5+ 0,8x. V&i x = 10, thyc té y = 11. Sai s y — ¥ bang:
The model is y = 1.5 + 0.8x. For x = 10 the actual y is 11. The error y — y equals:

A.05 /0.5
B.1,0 / 1.0
C.9,5/ 95
D.1,5/ 15

4. Bai toan nao sau day la phan 16p?
Which of these problems is classification?
A. Du bao s6 tién khach rat & cdy ATM ngay mai / Forecasting the cash withdrawn

at an ATM tomorrow

B. Dy bao mét giao dich thé c6 gian 1an hay khong / Predicting whether a card
transaction is fraudulent

C. Du bao s6 ngay tré han ciia mot khoan vay / Predicting the number of days a loan
is overdue

D. Dy bao loi suat ngdy ctia mot rd ¢6 phiéu / Predicting the daily return of a basket
of shares

5. Du bao bang trung binh 3 lang giéng gan nhat; ba diém d6 co y =4, 6 va 11. Dy béo
bang:
You predict with the average of the 3 nearest neighbours; those points havey =4, 6 and 11.
The prediction is:

A. 6
B.7
C.8
D.4
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6. Chi Linh céan doc tung hé s6 dé giai thich vi sao h so bi tir chdi. Nén uu tién mé hinh
nao?
Ms Linh must read each coefficient to explain why an application was rejected. Which model
should you favour?
A. Mang no-ron sau c6 nhiéu 16p an / A deep neural network with many hidden layers
B. Rung ngiu nhién gém hang tram cdy / A random forest of hundreds of trees
C. Boosting v6i hang nghin cay nho / Boosting with thousands of small trees
D. Hoi quy tuyén tinh vi it bién ddu vao / Linear regression with few input variables

7. Sais6 y — § trén 4 ho so kiém trala 1, -2, 0 va 3. Sai s6 trung binh binh phuong
(MSE) bang:
The errors y — y on 4 test files are 1, —2, 0 and 3. The mean squared error (MSE) equals:

A.3,5/ 35
B.0,5 /0.5
C.14

D. 1,75 / 1.75

8. Tap ¢6 200 ho so, trong do 12 hd so v& ng. M6 hinh co s& ludn bao “khong vo ng” dat
d0 chinh xac:
A set has 200 applications and 12 defaulted. A baseline that always says “no default” has an
accuracy of:

A. 6%

B. 12%
C.94%
D. 88%
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Chuong 2. Danh gia d¢ chinh xac cia mo hinh - Chapter 2. Assessing

model accuracy

Muc tiéu chwong — Chapter objectives

« Chia dir liéu thanh tap huan luyén va tap kiém tra, tinh sai s6 binh phwong trung binh
(MSE, mean squared error) va doc ra quéa khép, chua khop.
Split data into a training set and a test set, compute the mean squared error (MSE), and read
off overfitting and underfitting.

« Giai thich danh d6i do chéch (1éch déu mot phia) — phuong sai (d6i dang theo bo di
liéu) bang vi du ban cung.
Explain the trade-off between bias (off in one direction) and variance (changing shape with
the data set) with an archery picture.

« Néi duoc bo phan 16p Bayes (cach doan tot nhat khi biét xac suét that) va tu phan 16p
bang k lang giéng gan nhat (KNN, k-nearest neighbours).
State what the Bayes classifier is (the best possible guess when the true probabilities are
known) and classify by hand with k-nearest neighbours (KNN).

« Lap ma tran nham I4n, tinh cac thudc do cta né va chon ngudng theo chi phi sai 1am.
Build a confusion matrix, compute its measures, and choose a threshold by the cost of
mistakes.

* Boc duong cong ROC (receiver operating characteristic, duong dac trung van hanh
ctia bo thu) va chi sé AUC (area under the curve); thay vi sao d chinh xac dénh lira
khi dir liéu mét can bang.

Read the ROC curve (receiver operating characteristic) and the AUC (area under the curve);
see why accuracy misleads when the classes are imbalanced.

2.1. Vi sao phai do d¢ chinh xac ciia m6 hinh - 2.1. Why we measure a model's

accuracy

Chi Linh hoi Ha My: “Mo hinh em lam doan c6 t6t khong?” Cau tra 1oi “sai s6 nhd” chua
c¢6 nghia gi néu chua nodi sai s6 do trén dit liéu nao. Hay nghi dén mot hoc sinh hoc thudc
1ong 50 d¢ thi cii. Lam lai dé cii em dugc 10 diém, nhung vao phong thi gip dé méi chi
dugc 5 diém. Piém trén dé cii khong cho biét em gioi dén dau.

Chi Linh asks Ha My: “Does the model you built predict well?” The answer “the error is small”
means nothing until you say which data the error was measured on. Think of a pupil who has

learned 50 old exam papers by heart. Redoing an old paper earns 10 out of 10, but a new paper
in the exam room earns only 5. The old-paper score does not tell you how good the pupil is.

Mo hinh hoc méy ciing vay. Dit liéu d¢ mé hinh hoc goi 14 tip huén luyén (training set).
Phan dir liéu cit riéng, mo hinh chua timg thiy va chi dung dé cham diém, goi 14 tap
kiém tra (test set). Diém trén tap huin luyén 13 diém dé cii. Piém trén tap kiém tra gan
voi diém dé méi, va d6 moi la diéu chi Linh can biét.

A machine learning model is the same. The data the model learns from is the training set. The
data kept aside, never seen by the model and used only for marking, is the test set. The score on
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the training set is the old-paper score. The score on the test set is close to the new-paper score,
and that is what Chi Linh needs to know.

Nhic lai tir Chuong 1: ta tin rang y = f(X) + ¢, trong d6 f 1a quy luat that ma ta khong
biét, con ¢ 1a nhiéu ngau nhién. M6 hinh sau khi hoc 1a mot cong thirc f (doc “f ml”) udc
lugng f. V&1 mot quan sat co dau vao x, gia tri mo hinh doan 1a ¥ = f(x), con gia tri that Ia
y. Sai s6 ctia quan sat d6 la y — 9.

Recall from Chapter 1 that we believe y = f(X) + ¢, wherf fis the true rule we do not know and &
is random noise. The model after learning is a fornzula f (read “‘f hat”) that estimates f. For an
observation with input x, the model's guess is y = f(x) and the true value is y. The error of that
observation is y — y.

C6 hai loai bai toan va cich chidm khac nhau. Khi doan mot con sd (h6i quy), vi du sb
khach méi mdi tudn, ta dung sai sé binh phuong trung binh ¢ muc 2.2. Khi doan mot
nhan (phan 16p), vi du hd so v& ng hay khong, ta dém sd lan doan sai va xem k¥ ting
kiéu sai & muc 2.5 dén 2.8.

There are two kinds of problem and they are marked differently. When we guess a number
(regression), such as new customers per week, we use the mean squared error of section 2.2.

When we guess a label (classification), such as whether a loan defaults, we count wrong guesses
and look closely at each kind of mistake, in sections 2.5 to 2.8.

Mo hinh c6 thiy khi hoc

Loai dir liéu khong? Dung dé 1am gi
Data set Does the model see it while Purpose
learning?
Tap huén luyén Co Tim hé sd, tic 12 @& mo hinh hoc
Training set Yes Finding the coefficients, i.e. learning
Tap kiém tra Khong Cham diém mot 1an cudi
Test set No Marking once, at the end
e ez R A, Lam viéc that va theo doi mo hinh ¢6
Dir liéu mai khi trién Khong (chua ton tai lac hoc) L4
. . : . xuong cap khong

khai No (did not exist at training )

. . Real work, and watching whether the
New data in use time)

model decays

O Chuong 5 ban s& gip thém tap kiém dinh (validation set) dung dé chon tham sd. Tam
thoi nhd mot nguyén tic: tap kiém tra khong bao gio duoc dung dé hoc hay chinh mo
hinh.
In Chapter 5 you will meet a validation set, used for choosing tuning parameters. For now
remember one rule: the test set is never used to learn or to adjust the model.
Anh Quan din Ha My quy trinh bén budc.
Anh Qudn gave Ha My a four-step routine.

1. Chia dir liéu: chon ngiu nhién khoang 70-80% hang lam tip huan luyén, phan con lai

lam tap kiém tra. CAt tap kiém tra di.
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Split the data: choose about 70—-80% of the rows at random as the training set and keep the
rest as the test set. Put the test set away.

2. Huin luyén: cho mo hinh hoc chi trén tap huin luyén, 101 ¢b dinh moi hé sd.
Train: let the model learn from the training set only, then freeze every coefficient.

3. Dy bao: dua cac cot dau vao cia tap kiém tra vao mo hinh va ghi lai § ctia timg hang.
Predict: feed the input columns of the test set to the model and record y for each row.

4. Cham diém: so § v6i y that bang mot thude do (muc 2.2 cho s6, muc 2.7 cho nhén),
roi dat canh mot cach doan ngdy tho 1am mébc (mé hinh co s, muyc 2.2).
Mark: compare y with the true y using one measure (section 2.2 for numbers, section 2.7 for
labels), then set it beside a naive guess as a yardstick (the baseline model, section 2.2).

2.2. Sai s6 binh phwong trung binh: huan luyén va kiém tra — 2.2. Mean squared
error: training and test

Véi bai toan doan sd, thuéc do quen thudc nhat 13 sai s6 binh phwong trung binh
(MSE). Cach tinh nghe dung nhu tén: 1y sai sé cia ting quan sat, binh phuong 18n, roi
liy trung binh. Binh phuong dé sai s6 4m va sai s6 duong khong triét tiéu nhau. Binh
phuong ciing 1am sai s6 16n bi phat ning hon sai s nho.

For guessing numbers, the most familiar measure is the mean squared error (MSE). The
calculation sounds like its name: take the error of each observation, square it, then average.
Squaring stops negative and positive errors from cancelling. It also punishes large errors more
than small ones.

MSE = (1/n) Zi=1" (yi — $i)? (2.1

Khi n 14 s6 hang cta tap huan luyén, ta c6 MSE huén luyén. Khi n 12 sé hang cua tap
kiém tra, ta c6 MSE kiém tra. Hai con sd dung chung cong thirc nhung ¥ nghia khéac
han: s0 dau la diém dé ci, s6 sau 1 diém dé méi.

When n is the number of rows of the training set we get the training MSE. When n is the number

of rows of the test set we get the test MSE. The two numbers share a formula but mean different
things: the first is the old-paper score, the second the new-paper score.

Can du li€u gi: mot mé hinh da huan luyén, cot y that va cac cot dau vao cua tap can
cham. Cac budc tinh nhu sau.

What you need: a trained model, the true y column, and the input columns of the set being
marked. The steps are as follows.

1. Dung md hinh d4 huan luyén dé tinh ¥ cho ting hang.
Use the trained model to compute y for each row.

2. Tinh sai s6 y — § cta timg hang.
Compute the error 'y — y for each row.

3. Binh phuong ting sai s6 roi cong tat ca lai.
Square each error and add them all up.

4. Chia téng cho sé hang n. Két qua c6 don vi 1a don vi ctia y binh phuong.
Divide the total by the number of rows n. The result is in units of y squared.
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VI DU/ EXAMPLE — Ha My ¢6 5 tudn huan luyén: chi quang céo x (triéu dong) va sb
khach méi y. M6 hinh d3 hoc 1a § = 10,5 + 4,25 * x (cach tim hé sb & Chuong 3). Bang ngay
sau tinh sai sb timg tuan. Tong binh phuong sai sb 1a 23,5, chia 5 dugc MSE huin luyén =
4,7.

Ha My has 5 training weeks: advertising spend x (million dong) and new customers y. The learned
model is y = 10.5 + 4.25 *x (how to find the coefficients is in Chapter 3). The table that follows

computes each week's error. The squared errors add up to 23.5; dividing by 5 gives a training MSE =
4.7.

Tuin X n . (v - 9y
Week y y y-y y-y
1 2 18 19 -1 1

2 4 30 27,5 2,5 6,25
3 6 33 36 -3 9
4 8 47 44,5 2,5 6,25
5 10 52 53 -1 1

Giit nguyén md hinh, Hi My chdm 4 tudn méi ma mé hinh chua thiy. Téng binh phuong
sai s6 1a 123,75, chia 4 duge MSE kiém tra = 30,94.

Keeping the model fixed, Ha My marks 4 new weeks the model has not seen. The squared errors
add up to 123.75; dividing by 4 gives a test MSE = 30.94.

Tuan 2

23,25 —-3,25 10,5625
2 5 37 31,75 5,25 27,5625
3 7 31 40,25 —9,25 85,5625
4 9 49 48,75 0,25 0,0625

Poc két qua: sai s6 trén tudn méi (30,94) gap hon 6 1an sai s6 trén tudn da hoc (4,7). Néu
Ha My chi bao “MSE 14 4,7” cho chi Linh thi chi s& tin m6 hinh t6t hon thyc té nhiéu.
Reading the result: the error on new weeks (30.94) is more than 6 times the error on weeks
already learned (4.7). If Ha My told Chi Linh only “the MSE is 4.7, Chi Linh would trust the
model far more than it deserves.

Con mot cau hoi: 30,94 1a tot hay do? Pé tra 101, ta cin mot mé hinh co sé (baseline
model), tirc cach doan ngdy tho nhat. V&i sé khach méi, cach d6 1a ludn doan trung binh
clia y trén tap huan luyén, ¢ ddy 36 khach. Trén 4 tuan kiém tra, cach doan nay c6 MSE =
112,75. M6 hinh cua Ha My (30,94) tdt hon co s& rd rét, nén dang gitr.

One question remains: is 30.94 good or bad? To answer it we need a baseline model, the most
naive guess. For new customers that is always guessing the training mean of y, here 36
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customers. On the 4 test weeks this guess has an MSE = 112.75. Ha My's model (30.94) beats
the baseline clearly, so it is worth keeping.

LOI HAY GAP / COMMON MISTAKE — Chim mé hinh trén chinh tip huén luyén roi bao
con s6 d6 cho chj Linh. MSE hun luyén 14 diém dé cii: n6 thip gan nhu bat ké mo hinh c6
dung dugc hay khong.

Marking the model on the training set and reporting that number to Chi Linh. The training MSE is the
old-paper score: it is low almost whatever the model is worth.

2.3. Qua khdp va chwa kKhép: hinh chix U - 2.3. Overfitting and underfitting: the U
shape

Mo hinh cé cang nhiéu “nat van” thi cang udn theo dit liéu duogc nhidu. Mtrc udn nay goi
1a @0 mém déo (flexibility). Puong thang chi uén duoc mot kiéu. Pa thirc bac 8 uén
duge & nhiéu chd.

The more “knobs” a model has, the more it can bend to the data. This amount of bending is

called flexibility. A straight line bends in one way only. A polynomial of degree 8 can bend in
many places.

Ha My dung thir bai toan chi quang cdo. Bién vao x 1a chi quang cdo (triéu dong mdi
tuan, tir 0 dén 10), bién ra yla s6 khach mai. Dit kién cua bai: y =30+ 22 *sin(x/ 1,8) +
nhiéu chuan c6 do 1éch chuan 6, nén quy luat that 1a mot dudng cong va phuong sai nhidu
1a 36. Tap huan luyén c6 30 tudn, tap kiém tra c6 60 tuan. Ha My khép da thirc bac 1 dén
bac 8 (ma ¢ muc 2.11).

Ha My sets up the advertising problem. The input x is advertising spend (million dong per week,
from 0 to 10) and the output y is new customers. Problem data: y = 30 + 22 *sin(x / 1.8) +
normal noise with standard deviation 6, so the true rule is a curve and the noise variance is 36.

The training set has 30 weeks and the test set has 60 weeks. Ha My fits polynomials of degree 1
to 8 (code in section 2.11).

Bic MSE huién luyén MSE kiém tra
Degree Training MSE Test MSE

1 61,3 80,1
2 36,1 69,2
3 20,7 35,7
4 20,2 30,4
5 20,1 32,0
6 19,5 54,1
7 19,4 65,9
8 19,4 87,4
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Poc bang: MSE huan luyén giam déu tir 61,3 xubng 19,4. MSE kiém tra giam dén bac 4
(con 30,4, thip hon 36 do tap kiém tra chi c6 60 tuan nén con sd dao dong) rdi ting tré
lai, 1&n 87,4 & bac 8. M hinh co s& c6 MSE kiém tra 294,8, nén moi bac déu hon co so.
Reading the table: the training MSE falls steadily from 61.3 to 19.4. The test MSE falls until
degree 4 (down to 30.4, below 36 because the test set has only 60 weeks and the figure wobbles)
and then rises again, to 87.4 at degree 8. The baseline has a test MSE of 294.8, so every degree
beats the baseline.

100 —@— MSE huin luyén @~ MSE kiém tra

80

MSE

Phuong sai nhiéu = 36

Thﬁp nhét: bac 4

1 2 3 4 5 6 7 8
Bic da thirc (40 mém déo caa m6 hinh)

Hinh 2.1. Sai s6 trén tap huan luyén (xanh) giam mai khi ting bac. Sai sd trén tap kiém tra (cam)
giam dén bac 4 rdi tang lai: vong tron dé danh diu bac nén chon. Pudng xam la phuong sai
nhidu 36, mirc ma khong mé hinh nao xudng thap hon dugc vé trung binh.

Figure 2.1. Training error (blue) keeps falling as the degree rises. Test error (orange) falls until degree 4

and then rises again: the red circle marks the degree to choose. The grey line is the noise variance of 36,
a level no model can beat on average.

Hinh c6 hai vung. Bén trai, m6 hinh chwa khép (underfitting): ndé qua don gidn nén sai
ca trén dir liéu di hoc. Bén phai, mo hinh qua khép (overfitting): n6 hoc ludn ca nhiéu
ctia 30 tudn huén luyén nén MSE huin luyén thip ma MSE kiém tra cao. Diém thip nhat
ctia dudng kiém tra 1a ¢6 mém déo nén chon.

The figure has two zones. On the left the model underfits: it is too simple and is wrong even on
the data it has learned. On the right it overfits: it learns the noise of the 30 training weeks as
well, so the training MSE is low and the test MSE is high. The lowest point of the test curve is the
flexibility to choose.

Diu hi¢u Chura khép Qua khép
Sign Underfitting Overfitting

MSE huéan luyén Cao Thap

Training MSE High Low

MSE kiém tra Cao, gan MSE huan luyén Cao hon MSE huén luyén nhiéu
Test MSE High, close to the training MSE Much higher than the training MSE
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Diu hi¢u Chura khép Qua khép
Sign Underfitting Overfitting

Vi du ¢ bang Béic 1 va2 Béc 6 dén 8

Example in the table Degrees 1 and 2 Degrees 6 to 8
Gidm d6 mém déo, thém dit liéu,
chinh quy hoa, tirc phat mo hinh qua

Cach xir Iy Tang d6 mém déo, thém bién phtc tap (Chuong 6)

Remedy Add flexibility, add variables Reduce flexibility, add data, regularise,
i.e. penalise over-complex models
(Chapter 6)

Chon do mém déo c6 mot 15 héng: néu chon bac bé‘tng chinh tap kiém tra thi tap nay da bi
“nhin 1én” va con sb cudi khong con trung thuc. Chuong 5 s& sira bang kiém dinh chéo
(cross-validation), tirc chia tap huin luyén thanh nhiéu phﬁn dé chon mirc mém déo ma
khong dung tap kiém tra.

Choosing the flexibility has a loophole: if the degree is chosen with the test set itself, that set has
been peeked at and the final number is no longer honest. Chapter 5 fixes this with cross-
validation, which splits the training set into several parts to choose the flexibility without
touching the test set.

LOI HAY GAP / COMMON MISTAKE — Tuéng MSE huén luyén thip nghia 1a mé hinh
dung. O bang trén, bac 8 c6 MSE huén luyén thap nhit ma MSE kiém tra lai cao hon bac 4
gép gan 3 lan.

Believing a low training MSE means the model is right. In the table above degree 8 has the lowest
training MSE, yet its test MSE is nearly 3 times that of degree 4.

Céc vi du & day nham hoc cach do mé hinh, khéng nham du bao gia cd phiéu hay 1ai dau
tu.

The examples here are for learning how to measure a model; they are not meant to forecast
share prices or investment returns.

2.4. Panh déi do chéch — phwong sai — 2.4. The bias—variance trade-off

Hinh chit U c6 mét 101 giai thich gon. Hinh dung Ha My bin cung nam lan. Mdi 1an c6
ding mot bo dir liéu huan luyén khac dé huan luyén mé hinh, va hong tam 1a gié trj that
f(xo) tai mot diém xo. Néu nam miii tén cum lai nhung léch xa hong tdm, mo hinh c6 @9
chéch cao. Néu nim miii tén tan rong quanh hong tdm, mé hinh c6 phwong sai cao.

The U shape has a neat explanation. Picture Ha My shooting five arrows. Each time she trains
the model on a different training set, and the bull's-eye is the true value f(xo) at a point xo. If the

five arrows cluster but sit far from the bull's-eye, the model has high bias. If the five arrows
scatter widely around the bull's-eye, the model has high variance.

N6i chinh x4c hon: d§ chéch (bias) la chénh 16ch giita gia tri f(xo) trung binh (qua nhiéu
bd hudn luyén) va f(xo). N6 xuat hién khi mo hinh qua don gian so véi thuc té, nhu vé
duong thing cho mot quan hé cong. Phwong sai (variance) 1a mirc dao dong cua f(xo) khi
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ddi bo huin luyén. N6 cao khi mé hinh bam theo nhiéu. Phan con lai 1a sai sb khong
giam dugc (irreducible error) Var(e), chinh 13 nhiéu.

More precisely: bias is the gap between the average f(xo) (over many training sets) and f(xo). It
appears when the model is too simple for reality, like drawing a straight line through a curved
relationship. Variance is how much f{xs) swings when the training set changes. It is high when
the model chases noise. The remainder is the irreducible error Var(c), which is the noise itself.

E(yo — f(x0))? = Var(f(x0)) + [Bias(f(x0))]? + Var(e)  (2.2)

Doc cong thuc: vé trai 13 MSE kiém tra ky vong tai xo, ttc MSE ta s¢& théiy néu lap lai
viéc chon b huin luyén nhiéu 1an roi lay trung binh. V& phai 1 ba s6 khong 4m cong lai.
Vi vay MSE kiém tra khong bao gio thip hon Var(g), va muén nd nho thi phai co ca
phuong sai 1an d6 chéch nhd.

Reading the formula: the left side is the expected test MSE at xo, the MSE we would see if we
repeated the choice of training set many times and averaged. The right side is three non-negative

numbers added together. So the test MSE never drops below Var(e), and to make it small both
the variance and the bias must be small.

Vi duy tinh tay. Tai mot mtc chi quang céo xo, s6 khach that 13 f(xo) = 50 va nhiéu co
phuong sai 36. Hi My huan luyén hai mé hinh trén 5 bo dit liéu khac nhau va ghi lai gia
tri mdi mo hinh doan tai xo.

A hand example. At one advertising level xo the true number of customers is f(xo) = 50 and the
noise has variance 36. Ha My trains two models on 5 different data sets and records what each
model predicts at xo.

Lin M3 hinh don gian f(xo) M6 hinh mém déo f(xo)
Run Simple model f(xs) Flexible model f(xs)
1 46 50

2 53 62

3 49 41

4 44 55

5 48 42

Trung binh

Mean 48 50

Chéch =TB — 50 D) 0

Bias = mean — 50

Chéch?

Bias squared 4 0

Phu.ong sai 9.2 62.8

Variance
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Lin M3 hinh don gian f(xo) M6 hinh mém déo f(xo)
Run Simple model f(xs) Flexible model f{xs)

Chéch? + phuong sai +
36 49,2 98,8

Bias? + variance + 36

Céch lam: 14y trung binh 5 gié tri, trir 50 dé duoc do chéch; liy trung binh binh phuong
d6 léch cua 5 gia tri quanh trung binh cta chung dé dugc phuong sai (chia cho 5); cong
ba phan. Poc két qua: mo hinh don gian chéch —2 nhung 6n dinh (phuong sai 9,2); mo
hinh mém déo khong chéch nhung dbi dang manh (phuong sai 62,8). Cong lai, mo hinh
don gian c6 MSE ky vong 49,2, tbt hon mo hinh mém déo (98,8).

Method: average the 5 values and subtract 50 to get the bias, average the squared deviations of
the 5 values around their own mean to get the variance (divide by 5); add the three parts.
Reading the result: the simple model is biased by —2 but stable (variance 9.2); the flexible model

is unbiased but changes shape a lot (variance 62.8). Added up, the simple model has an expected
MSE of 49.2, better than the flexible model (98.8).

Lam lai trén dir li¢u chi quang cdo cua muc 2.3: Ha My sinh 100 b0 huin luyén, mdi bod
30 tuan, khdp da thirc bac 1 dén 6 va do ba phan tai 10 diém xo (muc 2.11). O bac 1,
chéch? 1a 72,6 con phuong sai chi 10,5: m6 hinh chua khép. Tu bac 3, chéch? con 1,3
hodc nhé hon, nhung phuong sai ting dan 1én 29,6 ¢ bac 6. MSE ky vong thap nhét & bac
3, bang 44,2.

Repeating on the advertising data of section 2.3: Ha My generates 100 training sets of 30 weeks
each, fits polynomials of degree I to 6, and measures the three parts at 10 points xo (section
2.11). At degree 1 the squared bias is 72.6 while the variance is only 10.5: the model underfits.

From degree 3 the squared bias is 1.3 or less, but the variance climbs to 29.6 at degree 6. The
expected MSE is lowest at degree 3, at 44.2.

=@~ Chéch?
120 1 - Phum% sai
== MSE ky vong

2 100 1

(o) (o]
(=] (=]
1 !

N
(=}
1

Gia tri trung binh trén 10 diém x

Nhiéu = 36

[N
S
1

Béc da thirc (46 mém déo ctia mé hinh)

Hinh 2.2. Ch¢ch? (xanh) giam nhanh khi mo hinh bét don gidn, phuong sai (cam) nhin chung
tang. Téng ctia hai duong cong véi nhidu 36 1a MSE ky vong (d6), thdp nhat & bac 3. Bac 2 ¢6
phuong sai cao hon bac 3 vi mé hinh con 1éch nhiéu nén duong cong doi dang theo timg bo dir
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liéu.

Figure 2.2. Squared bias (blue) falls fast as the model becomes less simple, while variance (orange)
generally rises. The two plus the noise of 36 give the expected MSE (red), lowest at degree 3. Degree 2
has higher variance than degree 3 because the model is still biased, so its curve changes shape with each
data set.

Tiéu chi D¢ chéch cao Phwong sai cao

Criterion High bias High variance

Nguyén nhan thuon . M5 hinh qua mém déo hodc qua it
ﬁg Y & M6 hinh qua don gian dit lieu q ed

gap Model too simple j ) )

Usual cause Model too flexible or too little data

L 1a MSE huan luyén va MSE kiém tra ~ MSE huan luyén thap, MSE kiém
Dau hiéu

déu cao tra cao

Symptom . : . .
Training and test MSE both high Training MSE low, test MSE high

Thém dit liéu it gitip Gitip

More data Helps little Helps

Lam m6 hinh mém

déo hon Giup Lam té hon

Making the model more  Helps Makes it worse

flexible

2.5. Phan 16p: ty 18 16i va bo phan 16p Bayes — 2.5. Classification: the error rate and
the Bayes classifier

Khi doan nhan, vi dy hd so v& ng (1) hay tra du (0), MSE khéng con hop. Thay vao do ta
dém sb lan doan sai. Ty 1¢ 18i (error rate) 1a phan trim quan sat bi doan sai. Gibng MSE,
ta co ty 18 16i huin luyén va ty 1¢& 16i kiém tra, va con sd ty 1& 16i kiém tra méi 13 con s6
dang bao.

When we guess a label, such as default (1) or repaid (0), the MSE no longer fits. Instead we
count wrong guesses. The error rate is the percentage of observations guessed wrongly. Like the
MSE, there is a training error rate and a test error rate, and only the test error rate is worth
reporting.

Ty 18 16i = (1/n) Zi=1" I(yi # §1) (2.3)

O day I 14 ham chi bao: I bang 1 khi diéu kién trong ngodc dung (doan sai) va bang 0 khi
sai (doan dung). Cong cac s6 0 va 1 chinh 1a ¢ém sé 1an doén sai.

Here I is an indicator function: I equals 1 when the condition in brackets holds (a wrong guess)
and 0 otherwise (a right guess). Adding the Os and 1s simply counts the wrong guesses.

Gia st ta biét han xac suat P(vd no | x) cia mdi hod so co dau vao x. Cach doan t6t nhat 1a
chon nhin c6 xac sudt 16n hon. Cach dodn d6 goi 1a bo phan lép Bayes (Bayes
classifier). V&i hai 1op, n6 bao vo ng khi xac suat vuot 0.5.

Suppose we know exactly the probability P(default | x) of each applicant with input x. The best

guess is to pick the label with the larger probability. That rule is called the Bayes classifier.
With two classes, it flags default when the probability exceeds 0.5.
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y=16pjcéP(Y=j|X=x0)lén nhat (2.4)

Tap cac diém ma xac suat dang bang 0,5 1a duong phan chia hai ving, goi 1 ranh gi6i
Bayes (Bayes decision boundary). Ty 1& 156i ctia bo phan 16p Bayes goi 1a sai s6 Bayes
(Bayes error rate). Cong thirc: 1y xac suit cta 10p thing tai mdi diém, 13y trung binh, rdi
trir khoi 1.

The set of points where the probability is exactly 0.5 is the line separating the two regions, called
the Bayes decision boundary. The error rate of the Bayes classifier is called the Bayes error
rate. In a formula: take the probability of the winning class at each point, average it, and
subtract from 1.

Saiso Bayes=1—E[ maxjP(Y=j | X) ] (2.5)

Sai s6 Bayes 10n hon 0 vi nhan thét cling c¢6 nhiéu: hai ho so giéng hét nhau van c6 thé
mot v& ng, mot khong. Khong phuong phap nao thing duoc muc ndy. Vi ta khong biét
xac suat that, bo phan 16p Bayes chi lam thudc chuan; KNN, héi quy logistic, doan xac
suat bang mot duong cong hinh chir S (Chuong 4) va cac phuong phap khac déu cd uéc
lugng xac suat do.

The Bayes error is above 0 because real labels carry noise: two identical applicants can still
differ, one defaulting and one not. No method can beat this level. Since we do not know the true
probabilities, the Bayes classifier serves only as a yardstick; KNN, logistic regression, which
predicts a probability with an S-shaped curve (Chapter 4) and others all try to estimate those
probabilities.

Vi DU/ EXAMPLE — Vi du tinh tay. Lua Vang chia khach thanh 3 nhém. Nhém 1 chiém
50% ho so, xéc suat v& ng 0,15. Nhom 2 chiém 30%, x4c suat 0,40. Nhom 3 chiém 20%, xac
suat 0,70. Bo phan 16p Bayes bao v& ng chi & nhom 3. Xac suat doéan sai 12 0,15; 0,40 va 0,30.
Sai s6 Bayes = 0,5 * 0,15+ 0,3 * 0,40 + 0,2 * 0,30 = 0,255. Céch luon doan “tra du” sai 0,5 *
0,15+ 0,3 * 0,40 + 0,2 * 0,70 = 0,335. Nghia 1a ctr 1.000 hd so, bd phan 16p tSt nhit van sai
255 ho so, va cach doan ngy tho sai 335.

A hand example. Lua Vang splits customers into 3 groups. Group 1 is 50% of applications, default
probability 0.15. Group 2 is 30%, probability 0.40. Group 3 is 20%, probability 0.70. The Bayes
classifier flags default only in group 3. The probability of a wrong guess is 0.15, 0.40 and 0.30. Bayes
error =0.5 *0.15 + 0.3 #0.40 + 0.2 0.30 = 0.255. Always guessing “repaid” errs with 0.5 *0.15 +
0.3 ¥0.40 + 0.2 x0.70 = 0.335. Out of every 1,000 applications, even the best classifier is wrong on
255, and the naive guess on 335.

Gid lam trén bd dit liéu hd so vay ma Ha My tu sinh. Mdi hd so ¢6 hai dic trung chuin
hoa vé doan tir 0 dén 1: u 1a thu nhap (0 13 thip nhét) va v 13 du no (1 1a cao nhat). Di
kién ctia bai: xac suit v& ng that theo cong thuc sau.

Now work on the loan data set that Ha My generates herself. Each applicant has two features

scaled to the range 0 to 1: u is income (0 is the lowest) and v is debt (1 is the highest). Problem
data: the true default probability follows this formula.

P(vono|uv)=1/(1+ e C1+6(v—-uw)) (2.6)
Xéc suat bang 0,5 khi —1 + 6(v —u) =0, titc v — u = 1/6 =~ 0,167. D6 1a ranh gidi Bayes:
duong thang v =u + 0,167. Tinh trén ludi 40 x 40 diém (muc 2.11), ty 1& v& no chung 13

Tai li€u nay duogc bién soan boi doi ngli ciia website: https://tailieuso.vin
Trang 48



Dé cuong Hoc may / Machine Learning

37,4% va sai sb Bayes 1a 17,4%. Luon doan “khong vo no” sai 37,4%. Nghia 1a dung
thong tin thu nhap va du no giam 16i tir 37,4% xudng t6i da 17,4%.

The probability equals 0.5 when —1 + 6(v —u) = 0, thatisv —u = 1/6 = 0.167. That is the Bayes
boundary: the straight line v = u + 0.167. Computed on a 40 % 40 grid (section 2.11), the
overall default rate is 37.4% and the Bayes error is 17.4%. Always guessing “no default” errs
37.4% of the time. So using income and debt cuts the error from 37.4% down to at best 17.4%.

Ranh gi6i thir v —u > ... Ty 18 16i (%)
Trial boundary v —u > ... Error rate (%)
—-0,2 32,8

0 20,6

0,167 (ranh gidi Bayes) 17.4

0.167 (Bayes boundary) ’

0,4 23,0

0,8 35,7

Poc bang: 16i thip nhat dung & ranh giGi Bayes. Dich ranh gidi sang hai phia déu lam 13i
tang; & muc 0,8 gan nhu khong hd so nio bi bao v& no va 18i gan bang cach ludn doan
“khong vo ng”.

Reading the table: the error is lowest exactly at the Bayes boundary. Moving the boundary either

way raises the error; at 0.8 almost no applicant is flagged and the error is close to always
guessing “no default”.

Mot luu ¥ vé cong bang: mo hinh tin dung ctia Lua Vang chi dung bién lién quan dén kha
ning tra no nhu thu nhap, du no, sé 1an tré han. Gidi tinh, dan tdc, ton gido khong dugc
dung lam bién du béo.

A word on fairness: Lua Vang's credit model uses only variables related to the ability to repay,

such as income, debt and number of late payments. Gender, ethnicity and religion are not used
as predictors.

2.6. KNN: phin 16p bing k lang giéng gan nhat — 2.6. KNN: classifying with the k

nearest neighbours

Bo phan 16p Bayes can biét x4c suat that, ma ta khong biét. KNN (k lang giéng gan nhat)
udc lugng xac suat bang cach doi thuong: dé doan hd so méi vo ng hay khong, hay hoi k
hd so cii giébng n6 nhét va cho ho bé phiéu. Nhin nao dong phiéu hon thi thang.

The Bayes classifier needs the true probabilities, which we do not have. KNN (k-nearest

neighbours) estimates them in a everyday way: to guess whether a new applicant defaults, ask
the k old applicants most like them and let them vote. The label with more votes wins.

Can du li€u gi: tap huan luyén c6 nhan, cac cot dau vao l1a so, va mot cach do “giong
nhau” bang khoang cach. Cach quen nhat 1a khoang cach Euclid, toc d6 dai duong thang
noi hai diém.
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What you need: a labelled training set, numeric input columns, and a way to measure “alike” by
distance. The most familiar is the Euclidean distance, the length of the straight line joining two
points.

d=V((x1—x1)%+ (x2 — x2)?) (2.7)
1. Chon k, thuong 1a s6 1é dé phiéu khong hoa (véi hai 16p).

Choose k, usually odd so that votes do not tie (with two classes).

2. Néu céc cot ¢d thang do khac nhau, chuan hoa tung cot: trir trung binh, chia cho d6
léch chuén cua cot do.
If the columns have different scales, standardise each column: subtract its mean and divide
by its standard deviation.

3. Tinh khoang cach tir hd so méi dén ting hd so trong tip huin luyén.
Compute the distance from the new applicant to every training applicant.

4. Sap xép khoang cach tir nho dén 16n va lay k ho so dau.
Sort the distances from small to large and take the first k applicants.

5. Pém nhan trong k hd so d6. Nhin da sb 1a du bao; ty 1€ phiéu 1a wéc luong xéc Suét.
Count the labels among those k. The majority label is the prediction; the share of votes is the
probability estimate.

P(Y=]1%0) = (1/K) Zien, I(yi=}) (2.8)

Trong cong thirc, No 1a nhom k hd so gan xo nhat.
In the formula, No is the group of the k applicants nearest to xo.

VI DU/ EXAMPLE — Vi du tinh tay. Liia Vang ¢6 8 hd so cii v6i thu nhap (triéu dong mdi
thang) va du no (triéu dong). HO6 so méi c6 thu nhap 16 va du ng 20. Khoang cach tir ho so
m&i dén ho so 1 1a V(16 — 10)* + (20 — 30)2) = V136 =~ 11,66. Lam tuong ty cho ca 8 hd so ta
dugc bang sau; hai cot dau c6 cing thang do nén khong can chuén hoa.

A hand example. Lua Vang has 8 old applicants with income (million dong per month) and debt
(million dong). The new applicant has income 16 and debt 20. The distance to applicant 1 is N((16 —
10)? + (20 — 30)?) =136 = 11.66. Doing the same for all 8 gives the table that follows; the first two
columns share a scale, so no standardising is needed.

Ho so Thu nhap Du n¢ Nhan Khoang cach Hang
Applicant | Income Debt Label Distance Rank

vO no
default 11,66
2 12 8 L 12,65 6
repaid
vO ng
3 14 26 default 6,32 2
4 18 10 L 10,2 3
repaid
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Ho so Thu nhap Du n¢ Nhan Khoang cach Hang
Applicant | Income Debt Label Distance Rank

vO no
default >0
tra da

6 24 12 . 11,31 4
repaid

7 26 28 tra du 12.81 7
repaid

8 30 6 iz 41 19.8 8
repaid

Hang 1 dén 3 13 hd so 5 (v& no), 3 (v& ng) va 4 (tra dir). Ta thir bon gia tri k.
Ranks 1 to 3 are applicants 5 (default), 3 (default) and 4 (repaid). We try four values of k.

" Lang giéng gin nhit S6 v no Du bio
Nearest neighbours Defaults Prediction

vO no
default
TN ¥ iﬁ?io‘?’fi e
s s34 205 e
7 5,3,4,6,1,2,7 ?Z:OO ;‘;3 Zj;f}j,

Poc bang: v6i k = 1, 3, 5 hd so mdi bi béao v& no; v6i k = 7 két luan d6i thanh tra du vi
hai hd so & xa (hd so 2 va 7) kéo phiéu vé phia tra du. Cung mét ho so, k khac nhau cho
két luan khac nhau, nén k 1a mot lua chon phai lam c6 co sé.

Reading the table: for k = 1, 3, 5 the new applicant is flagged as default; for k = 7 the verdict
flips to repaid because two distant applicants (2 and 7) pull the vote to repaid. The same
applicant gets different verdicts for different k, so k must be chosen on evidence.

Gid xem anh hudng cta k trén dir liéu 16n hon. Ha My 13y 60 hd so huan luyén va 200 ho
so kiém tra tir cong thirc & muc 2.5, rdi chay KNN véi k tir 1 dén 59 (mi & muc 2.11).
Véi k = 1, 161 huan luyén bang 0 vi mdi diém 1a lang giéng gan nhat ciia chinh no, con 15i
kiém tra 14 24,0%. Lbi kiém tra thip nhat ¢ k = 25, bang 19,5%, gin sai s6 Bayes 17,4%.
Véi k =59, KNN gan nhu chi doan 16p dong hon va 15i kiém tra 1én 40,0%.

Now look at the effect of k on a larger data set. Ha My takes 60 training applicants and 200 test
applicants from the formula of section 2.5, then runs KNN with k from [ to 59 (code in section
2.11). With k = 1 the training error is 0 because each point is its own nearest neighbour, while

the test error is 24.0%. The test error is lowest at k = 25, at 19.5%, close to the Bayes error of
17.4%. With k = 59 KNN almost only guesses the larger class and the test error climbs to 40.0%.
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—@— L3 huin luyén
== Ldikiém tra

40 -

30 A

Ty 18 18i (%)

Sai sb Bayes 17,4%

10 1

1 3 5 9 15 25 41 59
k (nho: ranh gidi ngon ngodo; 1én: ranh gidi phing)

Hinh 2.3. Ldi huan luyén (xanh) ting khi k tang. L3i kiém tra (cam) giam dén k = 25 rdi ting vot
6 k =59. Puong xam 1 sai s6 Bayes: 156i kiém tra tt nhat cia KNN nam trén duong nay, gan
nhung khong thip hon.

Figure 2.3. Training error (blue) rises as k rises. Test error (orange) falls until k = 25 and then jumps at

k =59. The grey line is the Bayes error: the best test error of KNN sits above this line, near it but not
below.

Hinh 1a chit U caa KNN theo chiéu nguogc: k nho 1a mém déo (ranh giéi ngodn ngoco, dé
qua khép), k 16n 1a don gian (ranh gidi gan phang, dé chwa khép). Chon k bang kiém
dinh chéo trén tap huan luyén (Chuong 5), khong chon bang tap kiém tra.

The figure is the U shape of KNN reversed: small k is flexible (a wiggly boundary, easy to

overfit), large k is simple (a nearly flat boundary, easy to underfit). Choose k by cross-validation
on the training set (Chapter 5), not with the test set.

LOI HAY GAP / COMMON MISTAKE — Quén chuén hoa ct trudc khi chay KNN. Néu
du no ghi biang ddng (10.000.000) con thu nhap ghi bang triéu dong (6), khoang cach giira hai
hé so 1a V(62 + 10.000.000%) =~ 10.000.000: thu nhap bién mét khéi phép do.

Forgetting to standardise the columns before KNN. If debt is in dong (10,000,000) and income in
million dong (6), the distance between two applicants is N(62 + 10,000,000 = 10,000,000: income
vanishes from the measurement.

2.7. Ma tran nham lan va cac chi so phan 16p - 2.7. The confusion matrix and

classification measures

Ty 1& 16i gop moi sai 1am lam mot. Nhung v6i chi Linh, hai sai 1am khac nhau 16 rét. Cho
vay nham nguoi s& v& no thi mat tién gdc. Tir chdi nhadm nguoi tra duge thi mat khoan
13i. Ma tran nham lin (confusion matrix) 12 bang dém riéng ting loai két qua dé thay
md hinh sai kiéu nao.

The error rate lumps every mistake together. For Chi Linh, though, the two mistakes are clearly
different. Lending to someone who will default loses the principal. Refusing someone who would

have repaid loses the interest. The confusion matrix is a table that counts each kind of outcome
separately so you can see which way the model errs.
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Ta goi 16p ta quan tdm, v& no, 1a 16p “duong”. Bén 6 ciia bang c6 tén riéng: TP (true
positive, duong that) 1a hd so v& no that duogc bao v no; FP (false positive, duong gid) 1a
ho so tra du bi bao nhdm 1a v& no; EN (false negative, am gid) la hd so v& ng that bi bo
sot; TN (true negative, am that) 1a ho so tra du duge bao dang 1a tra du.

We call the class we care about, default, the “positive” class. The four cells have their own
names: TP (true positive) is a real defaulter flagged as default; FP (false positive) is a good
applicant wrongly flagged as default; FN (false negative) is a real defaulter that was missed; TN
(true negative) is a good applicant correctly cleared.

Thue té M6 hinh bao vé ng M6 hinh bio tra di
Reality Model says default Model says repaid

V& no that

Truly defaults P FN
Tra du that Fp T™N
Truly repays

Tir bon sd nay tinh duge nam chi s6. Mbi chi s6 tra 161 mot cau hoi, va cau hoi ndo ciing
doc duoc béng “ctt 100 hd so ...”.

Five measures follow from these four counts. Each answers one question, and each can be read
as “out of every 100 applicants ...".

« P§ chinh xac (accuracy): trong 100 hd so, mo hinh doan dung bao nhiéu ho so.
Accuracy: out of 100 applicants, how many the model gets right.

« P9 nhay (sensitivity, con goi recall): trong 100 hd so v& ng that, md hinh bat duoc
bao nhiéu.
Sensitivity (also called recall): out of 100 real defaulters, how many the model catches.

« P§ dic higu (specificity): trong 100 ho so tra dii, mo hinh dé yén bao nhiéu.
Specificity: out of 100 good applicants, how many the model leaves alone.

« P§ chuan xac (precision): trong 100 hd so mo hinh bao v& ng, bao nhiéu hd so v no
that.
Precision: out of 100 applicants the model flags as default, how many truly default.

« F1: mot con sd gdp do nhay va do chuan xac theo trung binh diéu hoa, kéo vé phia sb
nho hon trong hai sd.
F1: one number combining sensitivity and precision through the harmonic mean, pulled
towards the smaller of the two.

b6 chinh xdc= (TP + TN) /n (2.9)

b6 nhay = TP / (TP + FN) (2.10)
b6 dac hieu =TN / (TN + FP) (2.11)
D6 chuan xac = TP / (TP + FP) (2.12)

F1 =2 *« D06 chuin xac * P6 nhay / (P chuan xac + Do nhay) =2 « TP / (2 * TP
+ FP + FN) (2.13)
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Mo hinh chiam diém tin dung cho mdi hd so mot xac suat v& no, va ta tu chon ngudng
(threshold) c: béo v& no khi xac sudt tir ¢ trd 1én. Ngudng 0,5 1a mic dinh, nhung khong
¢6 1y do gi n6 1a ngudng tot nhat. Poi ngudng 1am ca bon 6 cia ma tran thay doi.

A credit scoring model gives each applicant a default probability, and we choose the threshold

c: flag default when the probability is c or above. A threshold of 0.5 is the default, but there is no
reason it is the best one. Changing the threshold changes all four cells of the matrix.

VI DU/ EXAMPLE — Bai mau. Lua Vang chim 200 ho so kiém tra, trong d6 40 hd so v& ng
that va 160 ho so tra da. O ngudng 0,5 mo6 hinh bdo vd ng 50 hd so: TP =28, FP =22, FN =
12, TN = 138. B§ chinh xac = (28 + 138)/200 = 0,83. B¢ nhay = 28/40 = 0,70. D¢ dac hi¢u =
138/160 = 0,8625. P9 chuan xac = 28/50 = 0,56. F1 =2 * 28/(2 * 28 +22 +12) = 0,6222.
Nghia la cu 100 hd so md hinh bao v ng thi 56 hd so v ng that, va cit 100 hd so v no that
thi md hinh bt duge 70.

Worked example. Lua Vang marks 200 test applicants, of whom 40 truly default and 160 repay. At
threshold 0.5 the model flags 50 as default: TP = 28, FP =22, FN = 12, TN = 138. Accuracy = (28 +
138)/200 = 0.83. Sensitivity = 28/40 = 0.70. Specificity = 138/160 = 0.8625. Precision = 28/50 =
0.56. F1 =2 %28/(2 28 + 22 + 12) = 0.6222. Out of every 100 applicants the model flags, 56 truly
default, and out of every 100 real defaulters the model catches 70.

Chi Linh mudn bét nhiéu hd so v& no hon nén ha ngudng xudng 0,3. M6 hinh bo v& no
80 hd so: TP =33, FP =47, FN =7, TN = 113. Lam lai nam phép tinh dugc do chinh xéc
0,73; @0 nhay 0,825; d6 dac hi¢u 0,70625; do chuan xac 0,4125; F1 0,55.

Chi Linh wants to catch more defaulters, so she lowers the threshold to 0.3. The model flags 80

applicants as default: TP = 33, FP = 47, FN = 7, TN = 113. Redoing the five calculations gives
accuracy 0.73, sensitivity 0.825, specificity 0.70625, precision 0.4125 and F1 0.55.

Poc két qua: ha ngudng bat thém 5 hd so v& ng (d6 nhay 0,70 1én 0,825) nhung ciing bao
nham thém 25 hd so tot. Khong c6 ngudng nao thang moi chi sb; ta phai chon theo diéu
cong ty so hon, va muyc 2.10 lam viéc d6 bang chi phi.

Reading the result: lowering the threshold catches 5 more defaulters (sensitivity 0.70 to 0.825)

but also wrongly flags 25 more good applicants. No threshold wins on every measure; we must
choose by what the company fears more, and section 2.10 does that with costs.

Ha My chay lai véi 200 hd so kiém tra sinh tir cong thirc & muc 2.5, dung xac suat that
lam diém, ¢ bén ngudng (mi & muc 2.11).

Ha My reruns this on 200 test applicants generated from the formula of section 2.5, using the
true probability as the score, at four thresholds (code in section 2.11).

Nguon

g DPic hiéu

Threshol Spec.

d

0,7 42 6 34 118 0,800 0,553 0,952 0,875 0,677
0,5 55 16 21 108 0,815 0,724 0,871 0,775 0,748
0,3 65 32 11 92 0,785 0,855 0,742 0,670 0,751
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Nguon
g TP |FP |FN | TN Dac higu
Threshol Spec.
P C.
70 45 6 79

0,2

0,745 0,921 0,637 0,609 0,733

Poc bang: d6 chinh xac gan nhu ding yén (tir 0,745 dén 0,815) trong khi do nhay nhay
tir 0,553 1én 0,921. D6 chuan xac di nguoc chiéu do nhay: tir 0,875 xudng 0,609.

Reading the table: accuracy barely moves (from 0.745 to 0.815) while sensitivity jumps from
0.553 to 0.921. Precision runs the other way, from 0.875 down to 0.609.

LOI HAY GAP / COMMON MISTAKE — Nhim d6 chinh x4c (accuracy) v6i d6 chudn xéac
(precision). Mt mé hinh c6 thé ¢6 do chinh xéac 0,83 ma do chuin xéc chi 0,56, nhu vi du
trén.

Mixing up accuracy and precision. A model can have an accuracy of 0.83 and a precision of only
0.56, as in the example above.

2.8. Puwong ROC va AUC - 2.8. The ROC curve and the AUC

Mbi ngudng cho mot cip sb: do nhay va ty I¢ bao nham. Néu thir moi ngudng roi ndi céac
cap lai ta dugc dwong ROC. Truc doc 1a do nhay, con goi ty 1¢ duong tinh that. Truc
ngang 1a ty 1& dwong tinh gia FP/(FP + TN), tirc bang 1 trir 46 dic hiéu: phan ho so tot
bi bao nham.

Each threshold gives a pair of numbers: the sensitivity and the false alarm rate. Trying every
threshold and joining the pairs gives the ROC curve. The vertical axis is sensitivity, also called

the true positive rate. The horizontal axis is the false positive rate FP/(FP + TN), equal to 1
minus specificity: the share of good applicants wrongly flagged.

Céch doc: diém (0; 0) ing v6i ngudng cao nhat, mo hinh khong bao ai. Piém (1; 1) ting
v6i ngudng thip nhat, mo hinh bao tit ca. Puong chéo 1a cach doan ngiu nhién. Puong
cang gan goc trén bén trai thi mé hinh cang tét, vi bat nhiéu ca that ma bao nham it.

How to read it: the point (0, 0) is the highest threshold, where the model flags nobody. The point
(1, 1) is the lowest threshold, where it flags everybody. The diagonal is random guessing. The
closer the curve gets to the top left corner, the better the model, since it catches many real cases
with few false alarms.

AUC 1a dién tich dudi duong ROC. Gia tri 0,5 1a ngau nhién, gia tri 1 1a hoan hao. Co6
mdt cach hiéu doi thuong: chon ngau nhién maot hd so v& no that va mot hd so tra du;
AUC 1a x4c suat mo hinh cho hd so v& ng diém cao hon.

The AUC is the area under the ROC curve. A value of 0.5 is random and 1 is perfect. There is an
everyday reading: pick one real defaulter and one good applicant at random; the AUC is the
probability that the model gives the defaulter the higher score.

1. Sép cac hd so theo diém giam dan.
Sort the applicants by score, highest first.
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2. bat ngudng bang diém cao nhét, rdi ha dan qua timg diém.
Set the threshold at the highest score, then lower it past one score at a time.

3. Mbi lan ha, dém TP va FP rdi tinh ¢ nhay = TP/P va ty 1¢ duong tinh gia = FP/N (P
1a s ca duong, N 13 s6 ca am).
At each step count TP and FP, then compute sensitivity = TP/P and false positive rate =
FP/N (P is the number of positives, N the number of negatives).

4. Cham céc diém (ty 1é duong tinh gia, do nhay) va nbi lai, bat dau tir (0; 0).
Plot the points (false positive rate, sensitivity) and join them, starting from (0, 0).

5. Tinh dién tich dudi dudng bang cach cong cac hinh thang, hoidc dém sé cip (duong,
am) xép dung thir tu.
Compute the area under the curve by adding trapezoids, or by counting the (positive,
negative) pairs placed in the right order.

Vi DU / EXAMPLE — Vi du tinh tay. M6 hinh chdm diém 8 h6 so, trong d6 4 ho so v& ng
that (dwong) va 4 hd so tra du (dm). Ha ngudng 1an luot qua timg diém cho Bang sau. Dién
tich dudi duong: cac doan ngang tai do nhay 0,25; 0,75; 0,75 va 1 c¢6 do rong 0,25 mdi doan,
nén AUC = 0,25 * (0,25 + 0,75 + 0,75 + 1) = 0,6875. Pém cip cho cung két qua: trong 16 cip
(duong, 4m), c6 11 cip ma hd so dwong diém cao hon, va 11/16 = 0,6875.

A hand example. A model scores 8 applicants, of whom 4 truly default (positive) and 4 repay
(negative). Lowering the threshold past each score gives the next table. Area under the curve: the
horizontal runs at sensitivity 0.25, 0.75, 0.75 and 1 each have width 0.25, so AUC = 0.25 * (0.25 +

0.75 +0.75 + 1) = 0.6875. Counting pairs gives the same: of 16 (positive, negative) pairs, 11 have the
positive scored higher, and 11/16 = 0.6875.

Nhan ho so vira

Nguong > vio D¢ nhay Ty 1€ DT gia
st = Label just added Sensitivity FER
duong
1 0,9 1 0 0,25 0
’ positive ’
2 0,8 izaﬁve 1 1 0,25 0,25
3 0,7 duong 2 105 0,25
positive
4 0,6 2::;256 31 075 0,25
5 0,5 am - 3 2 075 0,5
negative
6 0,4 am - 33 075 0,75
negative
7 0,35 duong 4 3 1 0,75
positive

Tai liéu nay dugc bién soan boi ddi ngli ciia website: https://tailicuso.vin
Trang 56



