Pandas va Matplotlib

Trac nghiém & Thuc hanh Y PDF bai

Dt liéu ctia cac cudc thi thuong 1a file CSV: train.csv c¢6 dap an, test.csv la
phan can dyu doan, sample_submission.csv cho biét dinh dang file ndp. pandas
dung dé doc, lam sach va ghép cac bang do; Matplotlib dung dé vé biéu do khi
can nhin dir liéu. Bai 1am lan lugt cac viéc phéi lam véi mot bo dir liéu nhu vay:
doc file, xt Iy 6 trong, ghép bang theo ID, roi ghi file du doan va kiém lai. Hoc

sinh va diém trong bai déu la dit liéu gia lap.

MUC TIEU

boc CSV, xem shape, kiéu tung cot va s 6 trong.
Loc dong, chon cot, dung groupby va merge.
Vé biéu do6 hop voi cau hdi can tra 16i.

Ghi file ndp dung thi ty, dang cot va kiém lai.

Dit liéu cta dé

bé dung trong bai: du doan diém Toan cudi ky ctia hoc sinh tur 16p, s6 gio tu hoc moi
tuan va diém hoc ky 1. Mdi dong 1a mot hoc sinh: id 1a ma hoc sinh, diem_toan la nhan
can du doan, ba ¢t con lai 1a dit liéu dau vao. id chi dung dé ghép bang va ghép dap an,
khong dung dé du doan.

O code dau tuy tao dit liéu gia cho dé: 400 hoc sinh c6 diém (train) va 100 hoc sinh can dy
doan (test), ghi ra mot thu muc tam. Khong can doc ky 6 nay; tr 6 sau tré di ta lam nhu

khi nhén dé that, chi biét nhirng gi c6 trong cac file.

Python

import numpy as np
import pandas as pd
from pathlib import Path

from tempfile import TemporaryDirectory
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demo_directory = TemporaryDirectory(prefix="phaseO-demo-", dir=".")

data_dir = Path(demo_directory.name)

rng = np.random.default_rng(7)
n = 500

lop = rng.choice(["10A1", "1G0A2", "10A3", "10A4"], size=n)
gio = rng.gamma(2.0, 3.0, n).round(1)
hkl = np.clip(rng.normal(6.5, 1.3, n), 0, 10).round(1)

bonus = pd.Series(lop).map({"10A1": 0.6, "10A2": 0.0, "10A3": -0.3, "10A4": 0.2}).to_numpy()
toan = np.clip(0.55 * hkl + 0.12 * gio + bonus + rng.normal(@, 0.8, n) + 2.0, O,

10) .round(2)

gio[rng.random(n) < 8.06] = np.nan # mdt sé hoc sinh khéng khai gid

ty hoc

full = pd.DataFrame({"id": np.arange(1, n + 1), "lop": lop, "gio_tu_hoc": gio, "diem_hk1":
hk1l, "diem_toan": toan})
full.iloc[:400].to_csv(data_dir / "train.csv", index=False, encoding="utf-8")
full.iloc[400:].drop(columns="diem_toan").to_csv(data_dir / "test.csv", index=False,
encoding="utf-8")
pd.DataFrame({"id": full["id"].iloc[400:], "diem_toan": 0.0}).to_csv(

data_dir / "sample_submission.csv", index=False, encoding="utf-8")
pd.DataFrame({"lop": ["10A1", "10A2", "10A3", "10A4"], "chuyen": [True, False, False,
False],

"si_so": [38, 42, 45, 401}).to_csv(

data_dir / "lop.csv", index=False, encoding="utf-8")

Thu muc data_dir c6 bon file: train.csv ¢6 nhan, test.csv can du doan,
sample_submission.csv la mau file ndp, va lop.csv la bang phu ghi thong tin ting 16p.

Dé quy dinh diém ndm trong khoang 0-10.

train.csv lop.csv

id lop gio hk1 diem_toan lop lop chuyen si_so
1 10A4 0.4 9.1 6.72 oo TTTTTTTTTTo > 10A1 True 38
test.csv sample_submission.csv
id lop gio hk1 i id diem_toan

401 10A2 NaN /75 e 10 0.0

Bdn file ctia dé va hai khéa ghép: lop va id.
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Poc va nhin dir liéu

pd.read_csv doc mdt file CSV (mdi dong mét ban ghi, cac gia tri ngan béi dau phay)

thanh mdt DataFrame: mdt bang c6 tén cot, mdi cot co6 mot kiéu dir liéu riéng. Lay riéng

mot cot thi duge mdt Series. Vira doc xong, viéc dau tién 1a xem bang to ¢& nao va vai

dong dau tréng ra sao:

Python

train = pd.read_csv(data_dir / "train.csv", encoding="utf-8")

test = pd.read_csv(data_dir / "test.csv", encoding="utf-8")

print(train.shape, test.shape)

print(train.

KET QUA

head(3))

(400, 5) (100, 4)

id  lop
0 1 10A4
1 2 10A3
2 3 10A3

Python

print(train.

print(train.

KET QUA
id

lop
gio_tu_hoc
diem_hk1

diem_toan

gio_tu_hoc diem_hkl diem_toan

0.4
0.6
2.8

dtypes)

isna().sum(Q))

inté64
object
floaté4s
floaté4
floaté4

dtype: object

id

lop
gio_tu_hoc
diem_hk1
diem_toan

dtype: inté4

9.1
5.9
4.9

6.72
6.84
4.79

dtypes cho biét pandas da doc tung cot theo ki€u nao: cac cot s6 la inté4 hoac floatés,

cdt chir Lop hién la object (phién ban pandas méi c6 thé ghi str). Bang sau cho thay 23
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gia tri gio tu hoc bi thiéu, dugce Iuu la NaN. Kiém 6 thi€u bang isna(), khong bang vatlue

== np.nan: theo chuan s¢ thuc, NaN khéng bing chinh no.

index Series
id Tlop gio_tu_hoc diem_hkl diem_toan
0 1 10A4 0.4 9.1 6.72
1 2 10A3 0.6 5.9 6.84
2 3 10A3 2.8 4.9 4.79
34 10A4 NaN 6.8 6.88 NaN: 6 thiéu
int64 object floatb4 floatés floaté4 dtype

DataFrame: index, cac cOt Series, moi cot mot dtype.

Ti€p theo, kiém vai diéu ma dé ngam hira: id khong trung, train khong c6 nhan tréng,
test c6 di cac cdt chia train trir nhan, va khdng hoc sinh nao nam & ca hai tép. Viét thanh
assert thi sai chd nao sé bao ngay chd do. (Néu id c6 dang "001", doc bing dtype=

{"id": "string"} dé khong mat s6 0 & dau.)

Python

assert train["id"].is_unique and test["id"].is_unique

assert train["diem_toan"].notna().all()

assert set(test.columns) == set(train.columns) - {"diem_toan"}
assert not set(train["id"]) & set(test["id"])

print("schema: OK", "train/test ids disjoint: OK")

KET QUA

schema: OK train/test ids disjoint: OK

Cac kiém tra nay chi kiém dinh dang. Ching chua bat dugc truong hgp mét hoc sinh c6

hai ma khac nhau; bai 1.3 s€ quay lai chuyén do.

Python

print(train.describe().round(2))

print(train["lop"].value_counts())

KET QUA

id gio_tu_hoc diem_hkl diem_toan
count 400.00 377.00 400.00 400.00
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mean 200.50 5.43 6.55 6.44
std 115.61 4.13 1.39 1.16
min 1.00 0.30 2.90 3.51
25% 100.75 2.60 5.60 5.64
50% 200.50 4.40 6.50 6.43
75% 300.25 6.80 7.50 7.21
max 400.00 23.00 10.00 9.94
lop

10A4 110

10A3 103

10A1 98

10A2 89

Name: count, dtype: inté4

describe tom tat moi cot s6: s6 O cb gia tri (count), trung binh (mean), d léch chuan
(std), nhd nhét, 16n nhat va cac phan vi. Poc bang nay la cach nhanh nhat dé thay diéu la,
nhu diém am, diém trén 10 hay 100 gi¢ tu hoc méi tuan. O day moi cot déu hop ly; riéng
gio_tu_hoc c6 count la 377 thay vi 400, vi 23 6 trong. value_counts dém s6 hoc sinh clia

tung 16p.
Vai khai niém dé€ doc bang describe:

« Trung binh (mean) la tong chia cho s6 lugng. Biét trung binh va s6 lugng la biét tong:
50 s6 c6 trung binh 40 thi tong la 2000; thém s6 142 thi trung binh méi 1a 2142/51 =
42.

» Trung vi (median, dong 50%) la gia tri diing gitra khi x€p cac sd theo thi tu. Yéu vi
(mode) la gia tri gap nhiéu nhat.

« Phuong sai la trung binh ctia binh phuong khoang cach tir méi gia tri téi trung binh.
Do léch chudn (std) 1a can bac hai ctia phuong sai, cting don vi véi di liéu. Ca hai do
cac gia tri trai xa trung binh dén dau; cdt ma moi gia tri bang nhau c6 phuong sai 0.
Bai 0.7 s€ hoc k.

 Ngoai lai (outlier) 1a gia tri ndm rat xa phan con lai: ¢ thé 1a 16i nhap, nhu chiéu cao
1700 cm, cling c6 thé 1a truong hgp hiém c6 that. Ngoai lai kéo trung binh di xa
nhung gan nhu khéng déi trung vi: luong 8, 9, 10, 11 va 100 triéu c6 trung binh 27,6
nhung trung vi 10.

Gi¢ tu hoc ¢6 vai ban hoc rat nhiéu, nén phan bo c6 dudi dai bén phai (1éch phai). Khi d6

trung binh bi kéo 1én cao hon trung vi, nhu hinh duéi. Véi phan bé 1éch phai nhu thu
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nhép hay gid tu hoc, thudng gap trung binh > trung vi > yéu vi.

median 4.4 mean 5.43

0 5 10 15 20 gig

Gio tu hoc 1éch phai: dudi dai kéo mean 1én trén median.

HOI NHANH
Bang describe ctia cOt gio_tu_hoc cho mean 5.43, median (dong 50%) 4.40 va max

23.0. Phan bé gio tu hoc nhiéu kha nang c6 dang nao?
A Léch phai, dudi dai phia gia tri I6n kéo mean Ién
8 Léch trai, dudi dai phia gia tri nhd kéo mean xuéng
¢ Gan dbi xing, vi mean va median chi chénh khoang mét gid

D Chua néi dugc gi néu chua vé histogram

PHONG THEO ) NOAI 2026 Singapore - Vong sd loai - Cau 69

Chon va loc
Chon c6t bang tén; chon dong bing diéu kién. Loc nhian nhan dong va tén cdt, iloc nhan

vi tri nhu mang NumPy:

Python

print(train["diem_toan"].mean().round(3), train[["lop", "diem_toan"]].shape)

gioi = train[(train["diem_hk1"] >= 8) & (train["lop"] != "10A3")]
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print(len(gioi), gioil["diem_toan"].mean().round(3))
print(train.loc[train["gio_tu_hoc"] > 20, ["id", "lop", "gio_tu_hoc"1])

print(train.iloc[:2, :31)

KET QUA

6.436 (400, 2)

52 7.416
id lop gio_tu_hoc
220 221 10A3 22.6
252 253 10A1 20.1
287 288 10A4 23.0
399 400 10A3 21.7
id  lop gio_tu_hoc
0 1 10A4 0.4
1 2 10A3 0.6

Tén cdt c6 diu cach nhu "total price" chi chon dugce bang df["total price"]; cach
viét df.ten_cot chi duing khi tén cot 1a tén bién hop 1. Khi cit dong, iloc[1:3] theo vi

tri va khong 1ay vi tri cudi nhu NumPy, con loc[20:48] theo nhan va 1ay ca nhan cudi.

Hai chi tiét ca phap hay lam sai. Thir nhit, két hgp diéu kién dung &, |, ~, khong dung
and, or, not; and hdi gia tri dang sai ctia cad mot cdt va bao 16i. Thit hai, mdi diéu kién phai

nam trong ngoic, vi & dugc uu tién truée >=.

Tao cOt méi biang phép gan, va sip xé€p bang sort_values:

Python

train["tien_bo"] = train["diem_toan"] - train["diem_hk1"]
print(train.sort_values("tien_bo", ascending=False)[["id", "diem_hk1", "diem_toan",
"tien_bo"]].head(3))

KET QUA

id diem_hkl diem_toan tien_bo

236 237 5.3 9.35 4.05
252 253 4.9 8.23 3.33
339 340 3.9 7.22 3.32

Khi muon stta mot s6 6 theo diéu kién, dung mot lan loc v6i ca diéu kién dong va tén
cot. Viét hai lan chon lién ti€p (gan ndi chudi, chained assignment) thi phép gan roi vao
mot bang tam do 1an chon dau tao ra, khong vao bang géc. Poan sau stra trén mot ban

sao dé gitr nguyén nhan that:
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Python

demo = train.copy()

demo[demo["lop"] == "10A1"]["diem_toan"] = O # SAI: sUa trén bang tam
print((demo["diem_toan"] == 0).sum())

demo.loc[demo["lop"] == "10A1", "diem_toan"] = 0 # DUNG
print((demo["diem_toan"] == 0).sum())

KET QUA

0
98

Dong dau khéng ddi gi trong demo; pandas chi in mot canh bao chir khéng dung chuong
trinh. DOng sau ddi dang 98 hoc sinh 16p 10A1. Vi vay sau khi gan, nén in lai dé chic da
stta diing; khong bao 16i chua c6 nghia la da stra.

df[mask]["col"] = 0O df.loc[mask, "col"] = 0
6.7 6.7
5.5 T ) 0
—> 0, 0 |
8.1 ' ! !
df khong déi bang tam, bi bo stia thing df

Gan ndi chudi roi vao bang tam; mdt lan loc stra thing bang gac.

HOI NHANH

Can loc cac hoc sinh 16p 10A1 c6 diém HK1 dudi 5. Viét thé nao cho ding?
A train[train["lop"] == "10A1" and train["diem_hk1"] < 5]
B train[train["lop"] == "10A1" & train["diem_hk1"] < 5]
C train.loc["10A1", "diem_hk1l" < 5]

D train[(train["lop"] == "10A1") & (train["diem_hk1"] < 5)]
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O trong

O trong khong c6 nghia 1a 0: “khong khai gis tu hoc” khac “khong tu hoc gis nao”. pandas
c6 ba cach xt Iy thuong dung: dropna() bdé dong c6 6 trong, fillna(...) dién mot gia
tri vao 6 trong, interpolate () udc lugng tir cac gia tri xung quanh. B6 dong thi mat hoc

sinh, ma hoc sinh & test thi van phai du doan, nén & day ta dién.

Gio tu hoc léch phai, nén dién bang trung vi thay vi trung binh. Méi hoc sinh nhén trung
vi gio tu hoc ctia 16p minh; néu gap 16p khong cé trong train thi nhan trung vi chung.
Cach nay c6 tot hon dién mdt trung vi chung cho moi ngusi khéng thi chuong 1 méi do
duoc.

Python

med_all = train["gio_tu_hoc"].median()
med_lop = train.groupby("lop")["gio_tu_hoc"].median()
print(round(med_all, 2), med_lop.round(2).to_dict())

def fill_hours(table):
result = table.copy()
group_value = result["lop"].map(med_Tlop)
result["gio_tu_hoc"] = result["gio_tu_hoc"].fillna(group_value).fillna(med_all)

return result

train = fill_hours(train)

test = fill_hours(test)

print(train["gio_tu_hoc"].isna().sum(), test["gio_tu_hoc"].isna().sum())
unseen = pd.DataFrame({"lop": ["10A5"], "gio_tu_hoc": [np.nanl})
print(fill_hours(unseen)["gio_tu_hoc"].tolist())

KET QUA

4.4 {'10A1': 4.2, '10A2': 4.4, '10A3': 4.7, '10A4': 4.45}
00
[4.4]

Output cho thay: trung vi chung la 4.4, hai bang khong con 6 tréng, va 16p la 10A5 nhan

4.4. Bu6c nay nho map: né tra trung vi theo tén 16p, 16p nao khong co6 trong bang tra thi

cho 6 trong, va fillna(med_all) dién ti€p 6 do.
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10A4

10A2

10A1

10A1

10A5

NaN

NaN

5.2

NaN

NaN

4.45 median tu train

4.4 10A1
5.9 10A2

10A3
4.2 10A4
4.4 median chung

4.2
4.4
4.7
4.45

O thi€u nhan median ctia 16p minh; 16p la nhan median chung.

Dbé y: cac trung vi chi tinh trén train, r6i dung nguyén cac s6 d6 dé dién cho test. Khong

tinh lai trén test, vi khi dung that, dit liéu méi dén tung phan va ta khdng duge nhin

truée. Chuong 1 s€ gap lai quy tic nay nhiéu lan.

HOI NHANH

Trén train, median gi¢ hoc ctia 16p A la 2, ctia 16p B 1a 4, ctia cd bang 1a 3. Ttc 1a

med_by_class = {"A": 2, "B": 4} vamed_all = 3.0 test c6 mdt hoc sinh 16p C bi

thi€u gio hoc. Sau test["lop"].map(med_by_class).fillna(med_all), 6 clia ban dy

dugc dién s6 may?

A 3

B 4

c 0

D 2
groupby

groupby chia bang thanh ting nhoém theo gia tri cia mot cdt, tinh trén ting nhom, roi
ghép két qua lai. Bay la phép GROUP BY ctia SQL, va la cong cu dung nhiéu nhat khi tim

hiéu dir liéu.
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Python

print(train.groupby("lop")["diem_toan"].agg(["mean", "std", "count"]).round(2))

KET QUA

mean std count

lop
10A1 6.79 1.00 98
10A2 6.41 1.17 89

10A3 5.96 1.14 103
106A4 6.58 1.16 110

L6p 10A1 ¢6 diém trung binh 6.79, 16p 10A3 ¢6 5.96, chénh khoang 0.83 diém. Nhu vay

biét 16p cb thé gitp doan di€ém, nhung chua c6 nghia 1a hoc 16p 10A1 lam diém cao 1én.

Cac ham gop nhu mean, count bo qua 6 trong. Thir trén mét bang sau hoc sinh, 16p B co

mot O thi€u diém:

Python

hand = pd.DataFrame({

"lop": ["A", "A", "A", "B", "B", "B"I],

"diem": pd.Series([6, 8, 7, 5, np.nan, 9], dtype="floaté4"),
)
print(hand.groupby("lop")["diem"].mean().to_dict())
print(hand.groupby("lop")["diem"].agg(["count", "size"]).to_dict())
print(Chand["diem"] >= 7).mean(), (hand["diem"].dropna() >= 7).mean())

KET QUA

{'A': 7.0, 'B': 7.0}

{'count': {'A': 3, 'B': 2}, 'size': {'A': 3, 'B': 3}}
0.5 0.6

L6p B ¢6 trung binh (5 + 9)/2 = 7 vi 6 trong bi bd qua. count khong dém 6 trong, con
size d€ém moi dong, nén 16p B c6 count 1a 2, size la 3. Phép so sanh thi khac: NaN >= 7
cho False, nén tilé diém ti 7 trd lén la 3/6 = 0.5 khi tinh trén moi dong, va 3/5 = 0.6

khi chi tinh hoc sinh da c6 diém. Hai con s6 tra 16i hai cau hoi khac nhau.

Co hai cach 1dy két qua theo nhom. agg tra vé mot dong cho mdi nhém, nhu bang trén.
transform tra vé mot gia tri cho mdi dong ctia bang goc, giltr nguyén s6 dong, nén gan

thang thanh cot méi duoc:
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Python

agg = train.groupby("lop")["diem_toan"].mean()

tf = train.groupby("lop")["diem_toan"].transform("mean")
print(agg.shape, tf.shape)

train["toan_tb_lop"] = tf

print(train[["lop", "diem_toan", "toan_tb_lop"]].head(3).round(2))

KET QUA

(4,) (400,)

lop diem_

0 10A4
1 10A3
2 10A3

toan
6.72
6.84
4.79

toan_tbh_1lop

6.58
5.96
5.96

Mbi dong nhin diém trung binh ctia 16p minh. Cot nay chi d€ xem; khong dua vao lam

dau vao cho model, vi n6 tinh tir chinh nhan diem_toan, trong d6 c6 diém cta chinh hoc

sinh d6. Bai 2.11 sé n6i cach dung loai ¢t nay cho dung.

lop

10A4
10A3
10A3
10A4
10A3
10A4
10A4
10A1
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transform: 400 dong
TB I6p

.58
.96
.96
.58
.96
.58
.58
.79

diém
.72
.84
.79
.88
.45
.02
.34
.50

o1 9 0o o0 60 N o0 O

transform gitt moi dong; agg thu vé mot dong mai 16p.

c o0 0 01 O 01 01 O

agg: 4 dong
10A1 6.79
10A2 6.41
10A3 5.96
10A4 6.58
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400 dong cla train.csv, méi cham la mét hoc sinh split: tdch cac dong theo cot Lop
0 2 4 6 8 10 0 2 4 6 8 10
P, b b
apply: méi nhém lay trung binh diem_toan (vach dam) combine: df.groupby("lop") ["diem_toan"].mean() thanh mot
dong méi 1&p

groupby trén 400 hoc sinh cta bai: tach dong theo 16p, tinh trung binh diém
toan trong ting nhom, réi gop thanh mot bang bén dong.

Doan trén gan tf thanh ¢t méi ma cac dong van khép dang hoc sinh. D6 1a vi pandas
ghép hai bang theo index, ticc nhan dong in 6 cdt ngoai cung bén trai, cht khong theo vi
tri nhu NumPy. Index c6 thé khac cot id. Vi du sau ¢6 y ddo thir ty index:

Python

tiny = pd.DataFrame({"id": [101, 102, 1031}, index=[10, 20, 30]1)
values = pd.Series([6.0, 7.0, 8.0], index=[30, 10, 20])
tiny["score"] = values

print(tiny["score"].tolist())

KET QUA

[7.0, 8.0, 6.0]

Dong c6 index 10 1ay 7.0, khong 1ay gia tri dau tién 1a 6.0. Cach ghép nay tién khi index cé
nghia, nhung dé gdy nham néu ta tudng pandas gan theo vi tri. V6i ma hoc sinh, nén

ghép ro rang theo cdt id biang merge & muc sau.
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tiny values

10 101 7.0 30 6.0
20 102 8.0 e 7.0
30 103 6.0 20 8.0

pandas gheép theo nhan index, khong theo vi tri.

HOI NHANH
train c6 400 dong, chia thanh 4 16p. train.groupby("lop")

["diem_toan"].transform("max") c6 bao nhiéu phan tir?

A4

B 1

¢ 1600

D 400
merge

Thong tin vé 16p (16p chuyén hay khdng, si s6) nam § file khac. merge ghép hai bang theo
mot cot khoa, giong JOIN ctia SQL:

Python

lop_info = pd.read_csv(data_dir / "lop.csv", encoding="utf-8")

merged = train.merge(lop_info, on="lop", how="left", validate="many_to_one")
assert len(merged) == len(train)

print(train.shape, merged.shape)

print(merged.groupby("chuyen")["diem_toan"].mean().round(2))

KET QUA

(400, 7) (400, 9)

chuyen
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False 6.32
True 6.79
Name: diem_toan, dtype: floaté4

Ghép xong, s6 dong phai gilt nguyén: méi hoc sinh khép dung mét 16p. biéu do chi dang
khi khoa 6 bang phu khong bi trung. Néu file 16p vo tinh c6 mot dong 1ap, merge s€ nhan

doi moi hoc sinh ctia 16p d6 ma khong bao gi:

Python

dup = pd.concat([lop_info, lop_info.iloc[[0]1]) # 10A1 xudt hién hai 1an
print(train.merge(dup, on="Tlop", how="left").shape)
try:
train.merge(dup, on="lop", how="left", validate="many_to_one")
except pd.errors.MergeError as e:

print("MergeError:", str(e).splitlines()[0])

KET QUA

(498, 9)

MergeError: Merge keys are not unique in right dataset; not a many-to-one merge

Tham s6 validate="many_to_one" néi véi pandas rang “nhiéu hoc sinh Gng véi mot 16p”,
va pandas bao 16i ngay néu diéu do sai. Nén ludn dung nd, hoic it nhat in shape truéc va

sau khi ghép: bang train bi 1ip dong thi moi con s6 vé sau déu sai theo.

3 dong Alap 5 dong

1 A TSI A 38 1 A 38

5 A . 1 A 38

3 - . B 42 2 A 38
2 A 38
5 B 42

Khoa lap 6 bang phai lam left merge nhan ban dong.
how="left" gitt moi dong ciia bang bén trai, ké ca dong khong khép dugce (khi do cac cot

mai 1a NaN). how="inner" chi gitr dong khép dugc & ca hai bén, va c¢6 thé lam mat mau

mot cich Am tham.
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HOI NHANH

Bang trai c6 ba hoc sinh, thudc cac 16p A, A, B. Bang phai c6 ba dong thong tin 16p,
cling 1a A, A, B, nghia la 16p A bi lap. Ghép hai bang bang merge v6i how="1eft" theo

coOt 16p thi dugc bao nhiéu dong?

Vé biéu do tra 16i mot cau hoi

Mot biéu do tot tra 16i mot cau hoi cu thé. Chon loai biéu db theo cau hoi, khong theo

thoi quen:

Cau hoi

Mét bién phan bd thé nao?

Hai bién sé cé lién quan khdng?

So sanh gia tri gilta cac nhom

Mét dai lugng thay déi theo thdi gian

So phan bé cua nhiéu nhém

Biéu do

Histogram

Scatter

Bar

Line

Boxplot

Matplotlib

ax

ax.

ax.

ax.

ax.

.hist

scatter

bar

plot

boxplot

Boxplot vé m6i nhém thanh mot hop: vach gitta 1a trung vi, hop chira mot nira so gia tri &

gilra, hai rau kéo ra phan con lai, chdm rdi 1a ngoai lai.

Matplotlib c6 hai cach viét; nén dung cach huéng doi tuong: tao fig (ca hinh) va ax (ting

0 v€), roi goi 1énh vé trén ax.
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Pyt

imp

fig

ax1.

ax1
ax1l

ax2

ax2.
ax2.
fig.
fig.
plt.
plt.

pri

hon

ort matplotlib.pyplot as plt

, (ax1, ax2) = plt.subplots(l, 2, figsize=(10, 4))
hist(train["diem_toan"], bins=20)
.set_xlabel("diém Todn cudi ky")

.set_ylabel("sd hoc sinh")

.scatter(train["gio_tu_hoc"], train["diem_toan"], s=10, alpha=0.6)

set_xlabel("gid ty hoc mdi tuan")

set_ylabel("diém Toan cudi ky")

tight_layout()

savefig(data_dir / "eda.png", dpi=120)

show()

close(fig)

nt(train[["gio_tu_hoc", "diem_hk1", "diem_toan"]].corr().round(2))

KET QUA

gio_tu_hoc diem_hkl diem_toan
gio_tu_hoc 1.00 0.00 0.36
diem_hk1 0.00 1.00 0.56
diem_toan 0.36 0.56 1.00

Phan bd nhan Quan hé gitra hai bién

10 A

=S

T 9 .

=5

> 8- o .
= = s K.
8 (g 71 N Q!O!:.b'. ® Yo,
S o S R
oS § 64 Fr¥x¥.s,
195) @) .';‘!s"t-.

= ¢ %

B 57 Vi

“Q o0 007

A 44 %

4 6 8 10 0 5 10 15 20

Diém Toan cudi ky (0-10) Gi6 tu hoc moi tuan

Phan bd diém va quan hé gitra gio tu hoc véi diém.

Histogram cho thay diém tip trung quanh 6-7 va khong c6 diém nao ngoai 0-10. Scatter

di 1én nhung cac chdm tan rong: tu hoc nhiéu thi diém c6 xu huéng cao hon, nhung

khong chat. Luu ¥ 23 cham trén scatter ¢6 gio tu hoc la gia tri ta dién vao, khong phai s6
hoc sinh khai.
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Dong corr() in hé s6 tuong quan gita tung cip cot, mdt sd trong khoang [—1,1]: gan 11a
hai bi€n cling tang theo mot dudng thang, gan —1 1a bién nay tang thi bién kia gidm, gan
0 1a khong c6 quan hé kiéu dudng thang. Piém Toan tuong quan 0.56 véi diém HK1 va
0.36 v6i gio tu hoc. Hé s6 nay khong phai “s6 di€ém tang thém mdi gig”, va cling khong
chiing minh cai nay gay ra cai kia: ngay nong ban dugc nhiéu kem va cting nhiéu nguoi di

boi, nhung an kem khong lam ngudi ta di boi.

Biéu do6 cot c6 mot cai bay hay gap: truc tung khong bt dau tir 0. Chiéu cao cot 1a thir

mat ngudi so sanh, nén cit truc sé phong dai khac biét:

Truc tir 0 Truc tir 5.5
8 1 7.2 -
74 6.79 7.0 670
=) =) '
T 61 T 687
<=3 =3 6.58
i 6.6 -
g 5 g 6.41
) B 64 -
2 Y 2
S S 6.2
5 37 = 5.96
= £ 6.0
Q2+ K2
o MR 58
1 .
5.6
O .
10A1 10A2 10A3 10A4 10A1 10A2 10A3 10A4

Cung trung binh, cét truc y 1am chénh léch tréng 16n hon.

Moi biéu d6 ndp kém bai hay dua vao bao cao can c6 nhan truc kém don vi, va truc tung

ctia biéu doé cot bat dau tir 0.
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HOI NHANH
Mudn xem diém HK1 c6 lién quan dén diém Toan cudi ky khong, ta nén vé biéu do

gi?
A Histogram diém Toan, t6 mau theo muc diém HK1
8 Scatter, mbi hoc sinh la mét diém (HK1, Toan)
¢ Biéu d6 cot diém Toan trung binh cua tiing 16p

D Pudng néi diém Toan cua cac hoc sinh theo id

Tao file nop

Chua can model, ta dung mot cach doan don gian dé co file ndp dau tién: méi hoc sinh &
test dugc doan bang diém Toan trung binh cta 16p minh trén train; 16p la thi nhin trung
binh chung. Cach doan don gidn nhu vay goi la baseline; n6 tot dén dau thi chuong 1 méi
do. Bang du doan dugc cd y ddo ngugc thit tu dé kiém rang ghép theo id van cho file

ndp dung tha tu ctia mau.

Python

mean_by_lop = train.groupby("lop")["diem_toan"].mean()

pred_table = test[["id", "lop"l].iloc[::-11.copy()
pred_table["diem_toan"] =
pred_table["Llop"].map(mean_by_lop).fillna(train["diem_toan"].mean())

sample = pd.read_csv(data_dir / "sample_submission.csv", encoding="utf-8")
sub = sample[["id"]].merge(
pred_table[["id", "diem_toan"]], on="id", how="left", validate="one_to_one")
assert sub.shape == sample.shape, sub.shape
assert list(sub.columns) == list(sample.columns)
assert sub["id"].equals(sample["id"])
assert np.isfinite(sub["diem_toan"].to_numpy()).all()
assert sub["diem_toan"].between(0, 10).all()
sub.to_csv(data_dir / "submission.csv", index=False, encoding="utf-8")

read_back = pd.read_csv(data_dir / "submission.csv", encoding="utf-8")
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assert read_back.columns.tolist() == sample.columns.tolist()
assert read_back["id"].equals(sample["id"])

assert np.isfinite(read_back["diem_toan"].to_numpy()).all()
print(read_back.head(3).round(3))

print("file:", read_back.shape, "OK")

KET QUA

id diem_toan

0 401 5.964
1 402 6.579
2 403 6.414

file: (100, 2) OK

Nhin ba ID dau: 401, 402, 403 dung thir tu mau, du bang du doan dang dao ngugc.

HOI NHANH

pred_table dang xép ID theo thir tu 500, 499, ..., 401, con sample xép 401, 402, ...,
500. Chay sub = sample[["id"]].merge(pred_table, on="id", how="left").ID
trong sub theo thir tu nao?

A 500, 499, ..., 401, theo bang du doan
B 401, 402, ..., 500, theo bang bén trai
¢ Tang dan, vi merge ludn sép theo khoa

D Khéng biét trudc, phai tu sort_values sau dé

Cac dong assert kiém: da s6 dong, dang tén va thir tu cdt, dang th tu id, khong c6 6
trong hay vo cung (np.isfinite; notna() khong bat dugce vo cung), va moi diém nim
trong 0-10. Sau khi ghi, doc lai file dé ki€ém chinh file sé ndp chir khong chi bang trong
bd nhé.
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dy doan (da dao) file ndp theo sample

403 6.414 4//////’/”/”/’,;? 401
402 6.579 402

Ghép theo id vao khung sample: ding hoc sinh, dang th tu.

Tham sd index=False ciing can dugc kiém bing mdt phan vi du:

Python

sub.to_csv(data_dir / "submission_bad.csv", encoding="utf-8") # quén index=False

print(pd.read_csv(data_dir / "submission_bad.csv").columns.tolist())

KET QUA

['Unnamed: 0', 'id', 'diem_toan']

Thi€u index=False, pandas ghi thém mot cot chi s6 khdng tén & dau file. May cham sé

thdy ba cot thay vi hai va tir chdi bai, hodc té hon, doc nham cét.

Baseline nay t6t dén dau thi phai do trén di liéu c6 dap an, bing cach dé riéng mot phan

tap train. Po6 la néi dung cta bai 1.1va 1.3.

Kiém xong thi don thu muc tam. Khi chay bai thét, chi don dit liéu tao d€ thir; gilr dit liéu

dé va file can nop:

Python

demo_directory.cleanup()

print(data_dir.exists())

KET QUA

False
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Ngay gid, chudi va dir liéu khong phai bang
Cot thai gian thudng la chudi, ma hoc sinh c6 thé 1an khoang trang va chir hoa thudng.

Dé anh, van ban, am thanh thi cho mot thu muc tép kém bang nhan.

Python

log = pd.DataFrame({"thoi_diem": ["2026-03-02 07:45", "2026-03-02 21:10", "2026-03-07
09:30"],

"ma_hs": [" hsB01", "HSGB2 ", "hs003"]1})
log["thoi_diem"] = pd.to_datetime(log["thoi_diem"], format="%Y-%m-%d %H:%M")
log["gio"] = log["thoi_diem"].dt.hour
log["thu"] = log["thoi_diem"].dt.dayofweek # 0 la tho Hai, 6 1a Chu nhat
log["ma_hs"] = log["ma_hs"].str.strip().str.upper()
print(log)
print(log["thoi_diem"].max() - log["thoi_diem"].min())

KET QUA

thoi_diem ma_hs gio thu
0 2026-03-02 07:45:00 HSEO1 7 0
1 2026-03-02 21:10:00 HSE02 21 0
2 2026-03-07 09:30:00 HS003 9 5
5 days 01:45:00

e pd.to_datetime d6i chudi thanh thoi di€ém. Nén ghi rd format, vi 83-02 c6 thé la ngay
3 thang 2 hodc ngay 2 thang 3.
o .dtlay gig, thi, thang cta ca cot; trir hai thoi diém duge mot khoang thoi gian.

o .strxwrly chubi trén ca cot. Chua chudn hoa thi " hsee1" va "HSE01" la hai ma khac

nhau, va merge theo ma sé b6 sét dong.

o Cotgia ghi "1.200.000 d"la chudi nén mean() bao 16i. .str.replace(r"\D", "",
regex=True) bd moi ky tu khong phai chit s6, roi .astype(int) déi thanh 1200000.

V6i thu muc anh va tép nhan, doc anh theo thit tu ctia bang nhan dé anh thir ¢ di véi
nhan thi ¢:

Python

from PIL import Image
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with TemporaryDirectory() as directory:

root = Path(directory)

(root / "images").mkdir()

for name, value in [("c.png", 120), ("a.png", 40), ("b.png", 200)]:

Image.new("L", (4, 3), color=value).save(root / "images" / name) # anh xam rong 4,

cao 3

pd.DataFrame({"file": ["a.png", "b.png", "c.png"], "label": ["toi", "sang",
"vua"]}) .to_csv(

root / "labels.csv", index=False)

labels = pd.read_csv(root / "labels.csv")

images = [np.asarray(Image.open(root / "images" / name).convert("L")) for name in
labels["file"]]

X = np.stack(images).astype(np.float32) / 255

print(X.shape, X.dtype, X.mean(axis=(1, 2)).round(3))

print(labels["label"].tolist())

KET QUA

(3, 3, 4) float32 [0.157 0.784 0.471]

['toi', 'sang', 'vua'l

images/ labels.csv X[i]l, yl[il

. c.png a.png toi E— . toi

. a.png b.png sang I sang
b.png c.png vua I . vua

shape (3, 3, 4)

Poc anh theo ¢4t file ctia labels.csv: anh thiri luén di v6i nhan thir .

PIL ghi kich thuéc theo (rong, cao), NumPy theo (hang, c6t): &nh rong 4, cao 3 thanh
mang (3,4), ba anh thanh (3, 3,4). B6 sang 0.157 1a 40/255, ding anh tdi cia nhan toi.
Anh mau thi diing .convert("R6B"), dé anh c6 kénh trong sudt hay anh xam khong lam

léch sd kénh.
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HOI NHANH
DPoc anh bang sorted(Path("images").iterdir()) roi ghép voi cot Label clia

labels.csv theo vi tri. Vi sao cach nay nguy hiém?
iterdir chi doc dudc t6i da 1000 tép
Anh doc theo cach nay ludn thanh anh xam
Thu tu tén tép sau khi sp chua chc trung thi tu dong trong labels.csv

sorted lam doi tén tép trén dia

Van ban hay & dang JSON Lines, méi dong mot doi tugng JSON. Am thanh thudng la

WAV: mdt day s6 nguyén kém tan s6 14y mau.

Python
import json, wave

with TemporaryDirectory() as directory:

root = Path(directory)

rows = [{"id": 1, "text": "Hoc may", "tags": ["ai"]l}, {"id": 2, "text": "DU 1iéu bang",
"tags": []}]

(root / "train.jsonl").write_text("\n".join(json.dumps(r, ensure_ascii=False) for r in
rows), encoding="utf-8")

print(pd.read_json(root / "train.jsonl", lines=True))

rate = 8000
t = np.arange(rate // 10) / rate # 0,1 giay
tone = (0.5 % np.sin(2 * np.pi * 440 % t) % 32767).astype(np.intl16)
with wave.open(str(root / "tone.wav"), "wb") as f:
f.setnchannels(1)
f.setsampwidth(2) # 2 byte = intl6
f.setframerate(rate)
f.writeframes(tone.tobytes())
with wave.open(str(root / "tone.wav"), "rb") as f:
audio = np.frombuffer(f.readframes(f.getnframes()), dtype=np.intilé)
print(f.getframerate(), audio.shape, audio.dtype, round(float(np.abs(audio).max()) /
32768, 3))
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KET QUA

id text tags
0 1 Hoc mdy [ail
1 2 DU liéu bang [1
8000 (800,) intlé 0.5

COt tags gitr cd mot list trong moi 6. Tép WAV & day c6 8000 mau mdi gidy, nén 0,1 gidy
1a 800 s6 int1é; chia cho 32768 dugc bién do trong [—1,1]. Nén in tan sd 1dy mau moi khi
doc am thanh: hai tép khac tan sd thi 800 mau khong con dai bang nhau vé thai gian.

Chuong 7 s€ hoc ky dix liéu am thanh.

Khi di thi
» Doc xong thi xem ngay shape, dtypes, isna().sum(), describe() cta ca train 1an test.
» Ghép bang v6i validate, in shape truéc va sau khi ghép.

 Tao file ndp tir sample_submission, ghép theo id, ghi véi index=False, roi doc lai dé

kiém.

Tom tat

» DataFrame la bang c6 tén cot, mbi cot mot kiéu; doc bang read_csv, kiém tra ngay
shape, dtypes, isna().sum(), describe().

» Loc bang diéu kién trong ngoac ndi béi &, |, ~; stra 6 bang mot 1an loc[mask, coll.

e groupby + agg cho mot dong moi nhom; transform cho mot gia tri méi dong goc.

« merge theo khoa véi validate= d€ kiém quan hé ghép; left van c6 thé nhan dong néu

khoa phai bi trung.
o Chon biéu do theo cau hoi; ghi nhan truc; truc cot bat dau tir 0.

« File nop: 1ay khung tur sample_submission, ghép theo id, kiém tra, index=False.
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Kiém tra cuéi bai
Mudi cau dudi day bao quat ca bai. Lam hét roi xem diém; cau nao sai thi doc lai muc

tuong ung.

CAU 1

Vira doc xong train.csv. Viéc dau tién nén lam la gi?
Xem shape, dtypes, isna().sum() va describe()
Huan luyén ngay mot mé hinh nhod dé cé diém so sanh
Xda moi dong cé 6 tréng cho bang sach

Vé biéu d6 dudng cla tiing cot theo thi tu dong

CAuU 2

Cot tuoi co mot 6 ghi "khéng ré". Sau read_csv, cdt nay co kiéu gi?
inté64
floaté4, 6 "khong ro" tu thanh NaN

Kiéu chif (object hodc str)

bool
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CAU 3
Bang c6 sau dong, cot diem kiéu floaté4 gom cac gia tri 5, 6,7, 8,9 va np.nan.

df["diem"].mean() va (df["diem"] >= 7).mean() lan lugt bang bao nhiéu?
5.83 va 0.6
7va 0.6
7va 0.5

NaN va NaN

CAU 4
Can cho moi hoc sinh 16p A trong df diém 10. Dong nao gan thang vao bang gdc,

khéng mac bay gan noi chubi?
df.loc[:, "diem"] = 10
df[df["lop"] == "A"]["diem"] = 10
df.loc[df["lop"] == "A", "diem"] = 10

df["diem"].iloc[:] = 10
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CAU 5
Cot gio hoc trén trainla [1, 3, 5], tréntestla [2, NaN, 100].Ta dién 6 thi€u

bang median ciia train. O NaN & test dugc dién s6 may?

o1

CAU 6

Bang df c6 mot ct tén "diem toan", c6 dau cach & gitra. Ta chon cOt nay thé nao?
df.diem toan
df ("diem toan")
df.loc["diem toan"]

df["diem toan"]

PE THI  NOAI 2026 Singapore - Vong sd loai - Cau 110
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CAu 7
train c6 400 dong. Ghép thém thong tin 16p bang train.merge(info, on="lop",
how="1eft") thi thanh 437 dong. Nhiéu kha nang la do dau?

M6t s6 I18p xuat hién nhiéu Ian trong info
how="Teft" ludn thém dong cho khdp du hai bang
Cé hoc sinh khéng khdép I16p nao nén sinh dong NaN

merge tao thém dong khi s&p xép lai theo khoa

CAU 8
biém trung binh ctia bon trudng la 7.1, 7.2, 7.3 va 7.4. Muon ngudi xem thiy dang cac

truong chénh nhau nhiéu hay it, ta nén vé thé nao?
Histogram ctia bon diém dé xem trudng nao cao nhat
Biéu d6 cot bat dau tu 0, ghi gia tri trén méi cot
Biéu d6 cot bat dau tu 7.0, khéng ghi chu gi

Pudng néi bén trudng theo tén, doc nhu xu hudng theo thsi gian

CAuU 9

Hé s6 tuong quan gitra gio tu hoc va diém Toan 1a 0.36. Con s6 nay noi lén diéu gi?
Tu hoc thém mét gid thi diém tdng khoang 0.36
Tu hoc nhiéu a4 nguyén nhan lam diém cao
Khoang 36% hoc sinh tu hoc nhiéu c6 diém cao

Hai bién cung tang theo dudng thang, 8 muc via phai
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CAu 10
Doc lai file CSV sdp ndp, ta thay thira mot cot Unnamed: 0, con ¢t id va cot du
doan van dang. Cot thira 1a index ctia pandas bi ghi ra. Sita bu6ce ghi file thé nao?

A Goi reset_index() réi ghi nhu ci
8 Ghi v6i index=False, roi doc lai dé kiém
¢ S3p xép theo du doan trudc khi ghi dé bé index

D Poc file 1&n réi dbi tén Unnamed: 0 thanh id

Poc thém

pandas — 10 minutes to pandas. Huéng dan chinh thitc, di qua ding cac thao tac cta bai: doc,
chon, loc, gop nhom, ghép bang.

McKinney — Python for Data Analysis, 3rd edition. Sach mién phi ctia chinh tac gia pandas;
chuong 5, 7, 8,10 b6 sung cho bai nay.

VanderPlas — Python Data Science Handbook, chuong 3 va 4. pandas va Matplotlib v6i nhiéu vi
du ngan chay dugc.

Wilke — Fundamentals of Data Visualization. Sach mién phi vé chon biéu d6 cho diung cau hoi
va tranh biéu d6 gay hiéu 1am, nhu cit truc & biéu do cot.

Matplotlib — Quick start guide. Cach viét fig, ax, cac loai biéu do6 co ban va cach luu hinh.
Kaggle Learn — Pandas. Khda ngan cé bai tap thao tac bang trong notebook dé luyén thém
cOng cu.

pandas — Merge, join, concatenate and compare va Copy-on-Write. Poc quan hé one-to-

one/many-to-one va cach cip nhat bang qua mot lan Lloc.

pandas — Working with missing data. Poc su khac nhau gitra NaN, pd.NA, count, size va cac

phép gop c6 bd qua gia tri thiéu.
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https://matplotlib.org/stable/users/explain/quick_start.html
https://www.kaggle.com/learn/pandas
https://pandas.pydata.org/docs/user_guide/merging.html
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