Regression va ranking metrics

Trac nghiém & Thuc hanh Y PDF bai

V6i bai toan du doan mot con s6 (regression), nhu doan s6 ngudi dén budi hoc,
sai s6 do bang khoang cach: doan 32 khi thuc té€ 1a 30 thi sai 2. Véi bai toan xép
hang (ranking), nhu ggi ¥ ba bai luyén phu hgp nhat cho méi hoc sinh, diéu
quan trong la bai phtt hgp ¢6 ndm gan dau danh sach khong. Bai nay hoc cac
metric cho hai loai bai toan do: MAE, MSE, RMSE, R?, MAPE va MAP@K, va

phéan biét metric dung dé chdm v6i loss dung dé huan luyén.

MUC TIEU
Tinh MAE, MSE, RMSE va R?.

Biét khi nao MAPE khong dung dugc.
Tinh AP@k va MAP@k.

Phan biét loss dung dé huan luyén v6i metric dung dé cham.

b0 16n 16i va don vi
Goi phan du r; = §; — y;. V6i n mau,

1 2

MAE = = d lril, MSE==)r RMSE = vMSE.
n ; n

709

MAE giit cung don vi véi target. Néu target la s6 ngudi, MAE ciling la s6 ngudi. MSE c6
don vi ngudi binh phuong, nén khoé doc truc ti€p; RMSE dua vé ngudi. Ca ba déu cang
thap cang tot. RMSE 0.5 ti dong cho gia nha nghia la du doan thuong 1éch ¢& ntra ti, véi
16i 16n dugce tinh nang hon.
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Ba mau ctia vi du trong bai, chi mau 3 1éch ngay cang xa: MAE tang theo dung
phan 1éch chia 3, RMSE tang nhanh hon vi binh phuong don trong sd vao 16i
l6n.

Binh phuong khién 16i 4 dong gop 16, gap 16 1an 16i 1; trong MAE chi gap bon lan.
MSE/RMSE nhay véi sai s& 16n va outlier. Diéu ay c6 thé phu hop néu 16i rat 16n dat gia;
cting c6 thé bi mot nhan nhap nham chi phdi. Khong coi outlier mic nhién la rac: can

kiém y nghia va ngudn ghi nhan.

RMSE khéng phai trung binh can ctia ting 16i binh phuong. Lam theo cach 4y sé thanh
MAE, vi y/72? = |r;|. Tht tu 14y trung binh va can quan trong.

Huber loss nim gitra hai cach: bang 1e? khi |e| < § va bang 6(|e| — 16) khi xa hon. Gan 0
no6 tron nhu MSE, & xa tang tuyén tinh nhu MAE, nén mot diém ngoai lai khong kéo léch

Al Canuc80k - Bai 1.6 - Regression va ranking metrics 2/18



cd mo hinh: v6i § = 1, 16i e = 3 chi gop 2.5 thay vi 4.5.

HOI NHANH
Déi target tir gid sang phat, nén moi target va moi du doan déu nhan 60. MSE thay

déi thé nao?
A Khéng dbi, vi target va du doan cung nhan 60
8 Nhan 60, giébng phan du
¢ Nhan /60

D Nhan 60% = 3600

R% so v6i moc doan trung binh

Ba budi c6 target (10, 20, 30) va du doan (12,18, 27). Phan dula (2, —2, —3), nén MAE =
7/3 ~ 2.333, MSE = 17/3 ~ 5.667, RMSE = ,/17/3 =~ 2.380.

R? so téng binh phuong 16i v6i phuong an du doan trung binh ctia tip dang cham:

2 1 Zl(yz_gz)Q
S Yl

Trong vi du § = 20, mau s 1a 100 + 0 + 100 = 200, nén R* = 1 — 17/200 = 0.915. Mdc
“doan trung binh tip cham” chi dung dé dinh nghia metric: mot model that khong dugc
biét trung binh dy. Baseline that hoc trung binh train, nén trén validation n6 thuong cé

R? hoi dudi 0 chtr khéng dang bang 0.
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model doan trung binh 20

4 4 9 100 0 100
4+ 4+ 9 =17 100 + 0 + 100 = 200

Rz =1 - 17 / 200 = 0.915

Téng 161 binh phuong: model 17, doan trung binh 200.

Python

import numpy as np
from sklearn.metrics import (
mean_absolute_error, mean_squared_error, r2_score,

mean_absolute_percentage_error,

y = np.array([10.0, 20.0, 30.0])

prediction = np.array([12.0, 18.0, 27.08])

residual = prediction - y

print('Phan du:', residual)

print (f'MAE={mean_absolute_error(y, prediction):.3f}"')
print(f'MSE={mean_squared_error(y, prediction):.3f}')

print (f'RMSE={np.sqrt(mean_squared_error(y, prediction)):.3f}')
print(f'R2={r2_score(y, prediction):.3f}"')

KET QUA

Phan du: [ 2. -2. -3.1]
MAE=2.333

MSE=5.667

RMSE=2.380

R2=0.915

Cac dong phai kh6p phép tinh tay. R? = 1 1a du doan dung hét; bang 0 1a ngang moc
trung binh tap chdm; am la té hon mdc &y. N6 khéng phai phan tram s6 mau doan dung.

Chang han R? = 0.915 khong noi rang 91.5% budi c6 s6 ngusi du doan chinh xac.

Néu moi target ctia tdp cham bing nhau, mau s6 bang 0 va R? khong xac dinh; scikit-

learn khi d6 tra vé 0 hoac 1 theo quy uéc riéng. Ngoai ra, R? phu thuéc do phan tan cta
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tap chdm, nén khong so R? ctia hai b dir liéu khac hén nhau dé néi model nao tét hon.

HOI NHANH

M6 hinh ¢6 R? = —0.5 trén validation. Con s8 nay noi 1én diéu gi?
A Code chéc chén sai dau, vi R? |4 mét binh phudng
8 M6 hinh con té hon cach doan hang sb bang trung binh cua tap chdm
¢ M@ hinh doan dung chua tsi mét nifa s6 mau validation

D M® hinh tét hon muc trung binh 50%, theo chiéu ngugc lai

MAPE: ti 1€ 16i nhung c6 mau s6 nguy hi€m

Mean absolute percentage error dung do 16n tuong doi so véi target:
MAPEZEZM, y; # 0.

Muon biéu dién phan tram, nhan két qué v6i 100. Mau s6 1a gia tri that, khong phai du

doan: doan 453 khi that 1a 488 1éch 35/488 ~ 7.2%. Vi ba budi trén, cac 16i tuong doi la
0.2, 0.1, 0.1: trung binh khoang 0.1333, tirc 13.33%.

Target nho khién cung mot 16i tuyét doi bi phat 16n hon. Poan 2 khi that la 1 sai 100%;
doan 101 khi that 1a 100 chi sai 1%, du ca hai sai mét don vi. Néu c6 y = 0, cong thic nay
chia 0. Thu vién thay mau s6 bang mot s6 rat nho nén cé thé tra s hitu han khéng 16; d6

khong c6 nghia metric da tré nén dé dién giai.

Python

print(f'MAPE dang ti 1é={mean_absolute_percentage_error(y, prediction):.4f}"')
print (f'MAPE phan tram={100 * mean_absolute_percentage_error(y, prediction):.2f}%"')
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zero_case = mean_absolute_percentage_error([0.0, 10.0], [1.0, 9.0]1)

print(f'MAPE vdi target O theo thu vién={zero_case:.3e}')

KET QUA

MAPE dang ti 16=0.1333
MAPE phan tram=13.33%
MAPE vdi target 0 theo thu vién=2.252e+15

Dong cudi cho thdy: c6 target bing 0 thi MAPE ctia thu vién ra mot s6 khdng 16, ching
con y nghia. Vi vy truée khi dung MAPE, kiém xem target c6 s6 0 khong. Néu dé co
cach xi ly riéng, nhu cong thém mot s6 nho vao mau sé hay dung sMAPE, thi cai dung

nhu dé.

that 10, doan 11 . 10%

that 100, doan 101 | 1%

cung sai 1don vi

Cung 16i tuyét déi 1, 16i tuong doi phu thudc do 16n target.

bé thay viéc chon metric lam ddi quyét dinh, xét hai du doan sau trén cung target
(1,100).

Python

small_large = np.array([1.0, 100.0])

candidate_a = np.array([2.0, 100.0])

candidate_b = np.array([1.0, 104.0])

for name, pred in [('A', candidate_a), ('B', candidate_b)]:
mae = mean_absolute_error(small_large, pred)
mape = mean_absolute_percentage_error(small_large, pred)

print(f'{name}: MAE={mae:.3f}, MAPE={mape:.3f}')

KET QUA

A: MAE=0.500, MAPE=0.500
B: MAE=2.000, MAPE=0.020
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Theo MAE, A t6t hon vi tong 16i chi 1a 1 thay vi 4. Theo MAPE, B t6t hon vi tranh 16i trén

target 1. Khong c6 mau thuan: hai metric dit trong s6 khac nhau cho hai budi.

HOI NHANH

Trong dit liéu c6 nhiing target bang 0, ma dé cham bang MAPE. Ta x{ Iy thé€ nao?
A BO cac hang co target 0 khoi validation cho s6 dep han
B CoOng 1vao moi target, van goi la MAPE nhu dé
¢t Dung ham MAPE cua thu vién, vi né da tu xu ly chia cho O

D Poc céng thiic cham cua dé réi cai dung nhu thé

Loss hoc va metric cham c6 thé khac nhau

Loss la ham ma thuit toan lam nho nhat khi hoc trén train. Metric la thuée do dung dé
cham trén validation va test, theo diing yéu cau ctia dé. Hai thir ¢6 thé trung nhau,

nhung khéng bat budc: mot model hoc bang MSE van cé thé duge chdm bang MAE.

Loss quyét dinh model doan vé dau. Néu chi duge doan mot hang s6, MSE nho nhat khi
doan bang trung binh (mean), con MAE nhé nhat khi doan bang trung vi (median). Train

c6é target (10, 10,10, 50): mean bang 20, bi mau 50 kéo 1én; median van la 10.

Loss con phai c6 dao ham dung dugc (bai 0.6). Accuracy thi khong: nhich trong s6 mot
chut thuong khong d6i nhan nao, nén dao ham gan nhu luén bing 0. Vi viy bo phan loai

hoc bang cross-entropy (bai 2.3) r6i méi chdm bang accuracy.
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Target 10, 10, 10, 50: mean bj di€ém 50 kéo 1én, median thi khong.

Python

train_targets = np.array([10.0, 10.0, 10.0, 50.0])
for name, value in [('mean', train_targets.mean()), ('median', np.median(train_targets))]:
constant_prediction = np.full(len(train_targets), value)
print(
f'{name}: gid tri={value:.1f}, '
f'MAE={mean_absolute_error(train_targets, constant_prediction):.1f}, '

f'MSE={mean_squared_error(train_targets, constant_prediction):.1f}'

KET QUA

mean: gid tri=20.0, MAE=15.0, MSE=300.0
median: gid tri=10.0, MAE=10.0, MSE=400.0

Mean c6 MSE thap hon, median ¢6 MAE thip hon: moi loss kéo du doan vé “tam” riéng

ctia n6. Mudn chon model thi van do trén validation bang metric cia dé. Riéng MSE va

RMSE lu6n x€p hang cac model giong nhau, vi RMSE chi 1a can béc hai ctia MSE.
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HOI NHANH
Mudn phat 16i 16n con manh hon MSE, mot ban dé xuét hoc linear regression bang

trung binh 1ap phuong ctia phan du, £ > (§; — %;)*. Cach nay sai & dau?
A L6i 18n bi phat qua manh, nén mé hinh chi chay theo vai diém ngoai lai
g Tinh lap phuong qua cham khi di liéu I6n
¢ Phan du am cho lap phuong &m, nén cang dodan thap thi loss cang giam mai

D Baon vi bi Iap phuong nén khéng doc dugc 16i I6n hay nho

PHONG THEO ) CMU 10-601 - Exam 1 Practice - Q5.4

Ranking: m{t danh sach, khong phai mot so

Cau lac bd muon ggi y ba bai luyén cho méi hoc sinh. V6i mdt query, tiic mdt yéu cau goi
y ctia mOt hoc sinh, ta c6 tip bai that su phu hop (relevant). Mot danh sach tét dat nhiéu
bai phtt hgp gan dau. Xét tap relevant {A, C,E} va danh sach [A,B,C]: vi tri 1 dang, vi tri 2

sai, vi tri 3 dung.

Precision@r 1a sé bai relevant trong = vi tri dau chia r. Average precision & top k can mot

quy u6c mau s6. Trong bai nay chon

Zle P@r - rel(r)
min(R, k)

APQk = R >0,

O day R 1a s6 bai that sy phu hop, rel(r) bang 1 néu bai & vi tri r pht hgp, bing 0 néu
khong. Noi cach khac: tai mdi vi tri ¢6 bai ding, 18y precision tinh dén vi tri d6, cong lai,

roi chia cho sd bai ding tdi da c6 thé co trong top k.

Mbi dé c6 thé dinh nghia AP hoi khac: ¢6 dé chia cho R thay vi min(R, k), c6 dé bod query
khong co6 bai phu hgp nao, c6 dé quy dinh riéng khi mot bai bi lap. Vi viy doc ky cong
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thitc ctia dé trude khi viét ham chdm. Code trong bai cho AP bang 0 khi R = 0, va khong
cho phép bai lap trong top k.

1/1 2/3

relevant: A, C, E
A B C AP@3 = 5/9 P@3 ca hai = 2/3
1/1 2/2
Cc E B AP@3 = 2/3

Cung hai bai dang trong top 3; dat bai diang s6m hon cho AP cao hon.

V6i [A,B,Cl,trs61al+2/3 = 5/3, mau s6 la 3, nén AP@3 = 5/9. Vé6i [C,E,B], tirsd la
1+ 1 =2, mau s6 3, nén AP@3 = 2/3. Precision@3 ctia ca hai bing 2/3, nhung AP thich
cach dat bai dang s6m hon.

Tim ki€m va hé goi y (recommender) déu la bai x€p hang: quan trong la thir ty, khong

phai con s6 chinh xac. Ngoai AP con hai metric xép hang hay gap:

» MRR: trung binh ctia 1/hang ctia dap an dung dau tién. Ba cau hoi c6 dap an dung &
hang 1, hang 3 va khong c6, cho MRR = (1 +1/3 4 0)/3 ~ 0.44.

» nDCG: dung khi d6 pht hgp c6 nhiéu mic. DCG = }__rel,/log,(r + 1) cong di€ém

pht hgp, gidm dan theo vi tri; nDCG chia DCG cho DCG ctia thir tu 1y tuéng dé ra mot
s0 trong [0, 1].
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HOI NHANH
Cac bai lién quan (relevant) 1a {A, C, E}. So hai danh sach xép hang [B,A,C] va
[A,B,C] & top 3. Precision@3 va AP@3 ciia hai danh sach khac nhau thé nao?

Precision@3 bang nhau, AP@3 ciing bang nhau
Precision@3 bang nhau, nhung AP@3 cla [B,A,C] thap hon
Precision@3 cUa [B, A, C] thap han, con AP@3 bang nhau

Ca precision@3 1an AP@3 cua [B, A, C] déu thap hon

Cai mot scorer nho va kiém tay

MAP@k (mean average precision) la trung binh AP@k ctia moi query, mdi query nang
nhu nhau. Pung néi moi danh sach lai roi tinh AP mdt 1an: méi hoc sinh ¢6 tip bai phu

hop riéng.

Python

def ap_at_k(ranking, relevant, Kk):
assert k >= 1, 'k phai dudng'
top = list(ranking[:k])
assert len(top) == len(set(top)), 'Khéng cho duplicate trong top k'
relevant = set(relevant)
if not relevant:
return 0.0
hits = 0
total = 0.0
for rank, item in enumerate(top, start=1):
if item in relevant:
hits += 1
total += hits / rank

return total / min(len(relevant), k)
rankings = [['A', 'B', 'C'], ['B', 'D', 'E']]

relevant_sets = [{'A', 'C', 'E'}, {'D'}]

ap_scores = [ap_at_k(rank, rel, 3) for rank, rel in zip(rankings, relevant_sets)]
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print('AP@3 tUng query:', np.round(ap_scores, 6))
print(f'MAP@3={np.mean(ap_scores):.6f}"')
assert np.isclose(ap_scores[0], 5 / 9)

assert np.isclose(ap_scores[1], 1 / 2)

KET QUA

AP@3 tUng query: [0.555556 0.5 1
MAP@3=0.527778

Query thtt hai c6 moét bai relevant 6 hang 2 nén AP@3 = 1/2. MAP ctia hai query la
(5/9+1/2)/2 =19/36 ~ 0.527778. Cac assert doi chi€u v6i phép tinh doc lap, giong

kiém mdt ham CP bang vai truong hgp nho c6 dap an chic chén.

HOI NHANH
Bo dong assert chin muc trung trong ap_at_k, roi goi ap_at_k(['A', 'A', 'C'],

{'A', 'C'}, 3).Keét qualabao nhiéu?
A 1.0, vi ca hai bai relevant déu cé mat
B 0.833, vi lan xuat hién thu hai cua A bi b6 qua
¢ B&o 16i, vi relevant [a mot set

D 1.5, vi A dugc tinh nhu hai bai dung

Chon model ggi y cling can chia dir liéu nhu bai 1.3: theo ngusi mai hodc theo thoi gian,
va khong dua tuong tac & tuong lai vao feature. Metric ding ma cach chia sai thi diém

van khong dang tin.

Khi di thi

 Viét ham cham theo ding cong thitc ctia dé, kiém bang vai vi du tinh tay c6 dap an

chic chin.
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Tru6ce khi dung MAPE, kiém target c6 bang 0 khong; c6 outlier thi RMSE tang manh
hon MAE.

Ranking: tinh AP ting query roi méi lay trung binh, va chian muc trung trong top k.

Tom tat
MAE giit don vi; MSE phat 16i 16n; RMSE la can ctia MSE.
R? dung mdc trung binh tap chdm va c6 thé am.
MAPE dat trong s6 16n Ién target nho va can quy udce khi target 0.
AP@k thudng bai relevant & gan dau; MAP trung binh theo query.

Loss trén train va metric chon/chim phai dugc phan biét ro.

Kiém tra cudi bai
CAU1
Trén nam budi, 16i tuyét déi ctia mo6 hinh Ala (1,1,1,1,8), cia mo hinh B la
(3,3,3,3,3). Theo MAE thi m6 hinh nao t6t hon, theo RMSE thi sao?
Theo MAE la A, theo RMSE 1a B
Theo MAE la B, theo RMSE |a A

Theo ca hai déu 1a A

Theo ca hai déu la B
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CAU 2
M6 hinh doan s6 ngudi dén c6 MSE bang 9, don vi la “ngudi binh phuong”. RMSE

bing bao nhiéu?

9 ngudi

3 ngudi

81 ngudi

3 ngudi binh phuong
CAu 3

Xbaseline - X

Xbaseline - Xbest
hon baseline. Baseline co RMSE 2.0, bai tot nhat ¢6 1.0, déi minh c6 1.4. Biém hién

Mot dé tinh diém theo RMSE: diém = x 100%, va bang 0 néu X té

tai 1a bao nhiéu, va néu RMSE gidm con 1.2 thi dugc bao nhiéu?
40% va 20%
30% va 40%
71% va 83%

60% va 80%

PHONG THEO ) USA-NA-AIO 2026 - Vong 2 - Ngay 2
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CAU 4

L&i cia méi mau dugc tinh bing 103 - eyi g + 3 - 1072 - €tryomg. O dAy eyt 12 téng sai
sO tuyét doi clia toa do nguon, cOn eyyong 1a RMSE ctia 100 gia tri cuong do. Trén
validation, trung binh ey; ;y = 0.02 va eyyong = 50. Ta chi dd thdi gian lam mot viéc.

Viéc nao giam 16i nhiéu hon?
Giam 16i vj tri con 0.01
Giam RMSE cudng dé con 25
Hai viéc nhu nhau, vi cung gidm mot nua

Khoéng so dudc, vi hai 16i khac dan vi

PHONG THEO ) USA-NA-AIO 2026 - Vong 2 - Ngay 1

CAU5
Hai budi c6 target 1a 2 va 50, mo hinh doan 3 va 60. Ta chi dugc stra mét dy doan vé
dang gia tri that. Muon MAPE giam nhiéu nhat thi stra budi nao? Mudn MAE giam

nhiéu nhat thi stra budi nao?
MAPE thi stta budi 50, MAE thi stfa budi 2
MAPE thi stta budi 2, MAE thi stta budi 50
Ca hai déu stra budi 50, vi 16i 10 16n hon

Ca hai déu suia budi 2, vi 16i tuong ddi 16n hon
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CAuU 6
Target train la (0,0, 0, 8,12). Néu chi dugc doan mét hiang s6 cho moi mau, hang s
nao cho MAE nhé nhit, hing s6 nao cho MSE nh6 nhat?

MAE nho nhéat véi 0, MSE nho nhéat véi 4
Ca hai déu nhd nhat véi 0
Ca hai déu nhd nhat véi 4

MAE nhd nhat véi 4, MSE nhé nhat véi 0

PHONG THEO ) CMU 10-601 - Exam 1 Practice - Q5.5

CAuU 7
Cac muc relevant la B, D, E, F. Hé thong tra vé thi hang [A, B, C, D]. AP@4 dung mau

s6 min(R, 4), v6i R 1a téng s6 muc relevant. AP@4 bang bao nhiéu?

1/8

1/4

1/2
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CAu s
Hai query c6 AP 1a 0.8 va 0.2. Query dau c6 1 muc relevant, query sau c6 9. MAP, tiic

trung binh déu theo query, bang bao nhiéu?
0.50
0.80
1.00

0.26

CAuU 9
C6 R = 5 muc relevant. Hé thong chi tra vé k = 3 két qua, va ca ba déu relevant.
Néu chia cho R thi AP@3 béng bao nhiéu? Néu chia cho min(R, k) thi sao?

0.6 va 0.6
0.6val0
1.0 va 0.6

1.0va1.0
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CAu 10

Trén cung validation, m6 hinh A c6 MAE 2.0 va MSE 10. M6 hinh B c6 MAE 2.4 va
MSE 8. Ca hai déu hoc bang MSE, nhung dé cham bang MAE. Ta chon mé hinh nao?

A B, vi MSE trén validation thap hon
8 LAy trung binh MAE va MSE, chon bén nhé han
¢ A, vi MAE trén validation thap hon

D B, vi MSE Ia loss dung dé hoc

Poc thém

« scikit-learn — Regression metrics. Tra dinh nghia, don vi, multioutput va giGi han ctia R%.
« scikit-learn — Mean absolute percentage error. Xem cach tra ti 1€ va xt ly target gan 0.

« Manning, Raghavan, Schiitze — Introduction to Information Retrieval: Evaluation of ranked

retrieval results. Poc AP/MAP trong truy hoi, réi doi chi€u phan cat top-k ctia scorer dé.

Al Canuc80k - Bai 1.6 - Regression va ranking metrics 18/18


https://scikit-learn.org/stable/modules/model_evaluation.html#regression-metrics
https://scikit-learn.org/stable/modules/generated/sklearn.metrics.mean_absolute_percentage_error.html
https://nlp.stanford.edu/IR-book/html/htmledition/evaluation-of-ranked-retrieval-results-1.html
https://nlp.stanford.edu/IR-book/html/htmledition/evaluation-of-ranked-retrieval-results-1.html

