Hyperparameter tuning

Trac nghiém & Thuc hanh Y PDF bai

Hyperparameter la thiét 14p ta chon trudce khi huan luyén, vi du s6 lang giéng k
ctia kNN. Thir vai gia tri roi gitr gia tri cho diém cao nhat nghe don gian, nhung
dé sai ¢ hai chd: d6i nhiéu thit cting lace thi khong biét diém tang nho dau, va
chon theo tap test thi diém test khong con y nghia. Bai nay hoc grid search va

random search trén cross-validation, gitt nguyén cach chia va metric, va chi

chdm test mot lan sau khi da chon xong.

MUC TIEU

Phan biét tham s6 model hoc dugc v6i hyperparameter.
Tinh s6 1an hudn luyén ctia mét ludi thit.
Dung GridSearchCV va RandomizedSearchCV véi Pipeline.

Cham test mot lan sau khi da chon xong.

Cai gi dugc hoc, cai gi dugc luva chon?

Trong linear regression, cac trong s6 do thuat toan hoc tur train: do6 1a parameter (tham
s0). Trong kNN, s6 hang x6m k do ta dat truéce khi fit: d6 1a hyperparameter. D6 sau ctia
cay quyét dinh, mac phat regularization, learning rate, ngudng phan loai cting la

hyperparameter: ta chon ching bang cach thir va so diém validation.

Mot hyperparameter khong nhat thi€t nim trong 16i goi constructor. Chon feature, chon
ki€éu imputation hay cach bién target cling la nhitng quyét dinh dua trén validation. T4p

test phai diing ngoai toan quy trinh quyét dinh, khong chi diing ngoai mot dong fit cudi.

Ta goi phan dit liéu dung dé phat trién phuong an la development set (dev), gobm cac mau
cho train/validation hodc CV. Truéc khi tuning, tach test ngoai. Bén trong dev, splitter

ctia CV sé tao train va validation riéng cho tung fold.
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HOI NHANH
Ngudng phan 16p dugce chon sao cho F1 trén validation cao nhat. Ngudng dy c6 tinh

la mot phan ctia phuong an can danh gia khong?
A Khéng, vi n6 khéng dudc hoc nhu trong soé
8 C6, vi n6 dudc chon bang diém validation
¢ Khéng, chitrong s6 cia md hinh mdi can danh gia

D Chi khi nguéng khac muc mac dinh 0.5

Grid search la mot bang t6 hgp

Grid search thr moi t6 hgp trong nhitng danh sach cho truée. Néu thir k € {3,9,21} va
weights gom uniform, distance, ta c6 3 - 2 = 6 cau hinh. Uniform lay phié€u ctia cac hang
x6m véi trong s6 bang nhau; distance cho diém gan hon trong s6 16n hon. Co ché kNN

dugc hoc ky & bai 2.4; & day chi can biét hai lua chon 1a hai gia thuyét dé kiém.

V6i ba fold, sdu cau hinh can 6 - 3 = 18 1an fit. Néu dit refit=True, chon xong con mot

lan fit nia trén toan bd dev, téng 19. Céng thirc chung:
s6 1an fit = s6 t6 hop x s6 fold (+1 néu refit).

Vi du 3 gia tri C va 2 kernel v6i cv=5 can 30 lan fit, chua ké refit. Thoi gian cling tinh nhu
vay: méi lan hoc mat 1 gis, mdi té hop 4 fold, thi 100 gic chi da thir 25 t6 hgp.
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k=3 uni

k=3 dist
k=9 uni 6 cau hinh x 3 fold
k=9 dist B efit trén toan dev + 1 refit
k=21 uni = 19 1an fit
k=21 dist

fold 1 fold 2 fold 3

Grid ctia bai: 6 cdu hinh x 3 fold, cong mét lan refit, téng 19 1an fit.

Khéng thir mot grid khdng 16 ngay dau. Gitt mot baseline, chon vai tham sé ¢6 ¥ nghia,
roi md rong vung cé bang chitng. Néu lya chon t6t nhit ndm & bién danh sach k, c6 thé

can xem gia tri gan dé hoic ngoai bién, nhung khong tu két ludn rang cang xa cang tét.

Chuan bi dir liéu va c6 dinh phép danh gia

Ta sinh 240 mau classification gia, sau feature; 16p 1it hon 16p 0. Vi du nay mo6 phong
mau doc 14p, nén dung stratified split va StratifiedKFold. Néu dé thit c6 group hoac thoi
gian, thay splitter theo bai 1.3, khong giir random chi vi tién.

Python

import numpy as np

import pandas as pd

from sklearn.datasets import make_classification

from sklearn.model_selection import train_test_split, StratifiedKFold
from sklearn.pipeline import Pipeline

from sklearn.preprocessing import StandardScaler

from sklearn.neighbors import KNeighborsClassifier

X, y = make_classification(
n_samples=240, n_features=6, n_informative=3, n_redundant=1,
weights=[0.65, 0.35], flip_y=0.08, random_state=17,

)

X_dev, X_test, y_dev, y_test = train_test_split(
X, y, test_size=0.2, stratify=y, random_state=17

)

cv = StratifiedKFold(n_splits=3, shuffle=True, random_state=17)

pipeline = Pipeline([
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('scale', StandardScaler()),
('knn', KNeighborsClassifier()),

D
print('Dev/test shape:', X_dev.shape, X_test.shape)
print('S6 1dp 1 dev/test:', int(y_dev.sum()), int(y_test.sum()))

KET QUA

Dev/test shape: (192, 6) (48, 6)
S6 16p 1 dev/test: 73 18

Scaler nam trong Pipeline dé méi fold hoc thang do tir train ctia né. Trong kNN, khoang
cach phu thudc don vi feature nén thang do la mét phan ctia phuong an.
random_state=17 gilt phép chia tai lap dugc; nd khong bién mot split tuy y thanh split
dang.

Ta chon F1 ctia 16p 1 dé so cau hinh. Nhan dugc tao bing predict ciia classifier, gitr cing
quy tic cho moi (ing vién; bai nay chua tuning threshold riéng. Néu mudn thém
threshold vao quy trinh, phai chon né bang prediction validation /OOF phu hgp, khéng

cham thir trén test.

HOI NHANH
Grid search thtr bon gia tri cia tham s6 A va ba gia tri cia tham s6 B, dung cross-

validation nam fold, réi refit mdt 1an. Téng cong phai fit bao nhiéu 1an?

A 12
B 17
c 60
D 61
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Chay grid va doc bang log

Tén tham so di qua Pipeline c6 dang tén_budc__tén_tham_sd: knn__n_neighbors la tham
s6 ctia bude knn. return_train_score=True luu diém train dé giup chan doan, nhung

quyét dinh thang dua trén validation CV.

Python

from sklearn.model_selection import GridSearchCV

grid = GridSearchCV(
pipeline,
param_grid={
'knn__n_neighbors': [3, 9, 21],
"knn__weights': ['uniform', 'distance'l],
}
scoring="'f1l', cv=cv, n_jobs=1, refit=True,
return_train_score=True, error_score='raise',
)
grid.fit(X_dev, y_dev)
log = pd.DataFrame(grid.cv_results_)
columns = ['param_knn__n_neighbors', 'param_knn__weights', 'mean_train_score',
'mean_test_score']
print(log[columns].round(3).to_string(index=False))
print('Grid chon:', grid.best_params_)
print(f'Best CV Fl={grid.best_score_:.3f}"')

KET QUA

param_knn__n_neighbors param_knn__weights mean_train_score mean_test_score

3 uniform 0.801 0.649

3 distance 1.000 0.649

9 uniform 0.702 0.677

9 distance 1.000 0.685

21 uniform 0.615 0.614

21 distance 1.000 0.661
Grid chon: {'knn__n_neighbors': 9, 'knn__weights': 'distance'}

Best CV F1=0.685
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Nét lién 1a F1 trén CV, nét dat 1a trén train; distance ludn khép train 1.0.

Hinh vé lai dng bang trén. Nét dit mau cam nam sat 1 6 moi k; nét lién cho thay CV

tang tir k=3 1én k=9 rdi gidm, nén vung dang thir thém nam quanh 9 chir khong & bién.

Trong cv_results_, tén mean_test_score chi validation ctia CV, khong phai test ngoai
ma ta gitr lai. Pay 1a mét chd dé nham tlr vung. best_score_ la trung binh fold cta (ing

vién thang trong ving da thtr, khdong phai danh gia trung 1ap vé moi dit liéu mai.

DPoc bang truée khi md rong search. Train cao nhung CV thap goi ¥ m6 hinh bam train
qua sat; kNN distance c6 thé khép train rat manh vi diém chinh né c6 khoang cach 0.
Néu ca hai thip, xem feature, nhi€u va kha nang model. Néu model tt chi 6 mét fold,

doc 16i ctia fold ay va s6 mau 16p 1.

Muén xem tung fold, doc cac cot split@_test_score, splitl_test_score,

split2_test_score clia cing mdt cau hinh.
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HOI NHANH
Trong log ctia grid search, moi dong weights=distance déu c6 mean_train_score

béing 1.000. Vi sao vay?
A Vidistance overfit ndng nhat, nén phai loai ngay
B Viscaler da lay théng tin cua validation trong tiing fold
¢ Vimdi diém train I& hang xém cach chinh né mét khoang 0

D Vidistance |4 t6t nhat, diém train cao nhat

Random search va ngan sach

Random search 1dy mdt s6 cdu hinh tir viing cho truéce, thay vi duyét moi t6 hgp. N6 ¢o
ich khi s6 chiéu tham s6 16n hoac c6 vai tham s quan trong hon nhiing tham s6 khac.

V6i mot grid rat nhoé thi duyét hét cling hop 1y; khéng co6 thuit toan search luon thang.

Grid - 9 lugt Random - 9 lugt
o
[ [ [ ° o °
o
B ° ° ° B P [
® o
[ J [ J [ J
| | | 3giatriA I Il [ I | | 9giatriA
A (tham s6 quan trong) A (tham s6 quan trong)

Cung 9 luct: grid chi thir 3 gia tri cta tham s6 quan trong, random thir 9.
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F1 cross-validation ctia moi k |& tif 3t6i 33,  grid thu 6/6: k = 21, distance, F10.661; t6t  random thuf 4/4: k = 13, distance, F10.676;
hai kiéu weights (nét ma, chi dé nhin; nhat dén gis k = 9, distance t6t nhat dén gis k = 13, distance
thudng khoéng co)
Cung pipeline va cross-validation ctia bai: grid search thit 6 t6 hgp ¢6 dinh (6
vudng), random search bdoc 4 t6 hgp (cham tron); vong 16n 1a t6 hgp tot nhat
da théy.

Code sau thirbdn t6 hgp tur 16 gia tri k 18 va hai kiéu weights, van trén cung CV va metric

F1. Khong tang s6 worker d€ chiém toan bo CPU trong vi du nho.

Python

from sklearn.model_selection import RandomizedSearchCV

random_search = RandomizedSearchCV(
pipeline,
param_distributions={
'knn__n_neighbors': list(range(3, 34, 2)),
"knn__weights': ['uniform', 'distance'l],
}
n_iter=4, scoring='f1l', cv=cv, random_state=17,
n_jobs=1, refit=True, return_train_score=True, error_score='raise',
)
random_search.fit(X_dev, y_dev)
print('Sd Ung vién grid/random:', len(grid.cv_results_['params']),
len(random_search.cv_results_['params']))
print('Random chon:', random_search.best_params_)

print(f'Random best CV Fl={random_search.best_score_:.3f}")

KET QUA

S6 Ung vién grid/random: 6 4
Random chon: {'knn__weights': 'distance', 'knn__n_neighbors': 13}
Random best CV F1=0.676

Random search 14y gia tri ngau nhién trong mot vung, nén cach dit vung rat quan trong.

V6i tham s6 trai qua nhiéu bac do 16n, nhu mic phat hay learning rate, nén l1ay theo

thang log:
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 Ldy déu trong [0.01, 1] thi gan hét cac diém roi vao [0.1, 1], viing [0.01, 0.1] hau nhu
khong dugc thi.

o Lay 10% v6i u déu trong [—2, 0] thi mdi bac do 16n dugce thir nhu nhau.

o Tham s6 sat 1, nhu 8; ctia Adam (bai 3.5), thi lay theo log ctia 1 — §;: 1ay déu trong
[0.9,0.999] chi c6 khoang 9% kha nang roi vao (0.99, 0.999).

Sau hai lugt, lya chon gitra grid va random ciing la mot quyét dinh trén CV. Ta chot
phuong an c6 CV F1 cao hon; néu biang nhau, quy uéc chon grid. Khong doc test dé déi

quy tic hoa.

Hoa cling khong c6 nghia la hai phuong an nhu nhau. Ba fold F1 ctia Ala (0.7,0.8,0.9),
ctia Bla (0.8,0.8,0.8); ca hai trung binh 0.8. Chua thé no6i B chéc chin tét hon chi vi cac
s6 déu nhau. Khi hoa, chon theo quy tic dat tir trude, nhu model ré hon hay don gian
hon.

HOI NHANH
Tuning xong, c6 thé bao 6ridSearchCV.best_score_ nhu mot di€ém test doc 1ap

khong?
A Budc, vi cbt trong log c6 tén la mean_test_score
8 Pudc, néu cross-validation dung tif ndm fold trg 1én
¢ Khéng, vi dé 1a diém CV da dung dé chon

D Khéng, vi dé la diém train cla Ung vién thang

Chdt phuong an va mdé test mot 1an

Vi refit=True, best_estimator_ ctia mdi search da dugc fit lai trén toan dev bang cau
hinh thing ctia search d6. Vi vay khong can tu fit thém mat 1an véi tham s mac dinh. Ta

chon gitra hai két qua bang CV r6i méi goi predict trén test.
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Python

from sklearn.metrics import fl_score, confusion_matrix

if grid.best_score_ >= random_search.best_score_:
chosen_search, chosen_name = grid, 'grid'
else:
chosen_search, chosen_name = random_search, 'random'
final_model = chosen_search.best_estimator_
test_prediction = final_model.predict(X_test)
print('Phudng an da chot:', chosen_name, chosen_search.best_params_)
print(f'Test F1={f1l_score(y_test, test_prediction):.3f}"')

print(confusion_matrix(y_test, test_prediction, labels=[0, 1]))

KET QUA

Phuong an da chét: grid {'knn__n_neighbors': 9, 'knn__weights': 'distance'}
Test F1=0.727

[[27 3]

[ 6 12]]

boc ca confusion matrix d€ thay F11a tdng hgp ctia loai 16i nao. Test chi c6 48 mau, nén
score con nhiéu. Sau khi da nhin két qué, néu can stra model, tap nay trd thanh dir liéu
phat trién cho vong sau; mudn bao danh gia doc 1ap mdéi thi can dit liéu chua tham gia

quyét dinh.

Khéng cé test ngoai ma can danh gia quy trinh tuning thi dung nested CV: vong trong
chon cau hinh, vong ngoai gitt mau ra khoi toan b viéc chon roi cham. Chi bao diém CV
tét nhat ctia vong trong thudng lac quan do da chon ngudi thang tir nhiéu (g vién. Cai

gia la so fit nhan lén theo s6 outer fold.

= |
L

vong trong: CV chon c4u hinh

mEis
mE.

Nested CV: phan chdm & vong ngoai khéng tham gia lua chon nao.
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HOI NHANH
Théy F1 trén test thdp, ca doi chinh ti€p md hinh, réi bao diém trén chinh test ay

nhu thé chua tiing dung. Lam vy c6 dugc khong?
Khéng, vi cac 1an chinh sau da dua vao théng tin cua test
Pudc, néu chi déi vai tham s6
Pudc, mién la khéng fit mé hinh trén test

Khong, vi phai bo han test, khéng dudc hoc gi ti né

Khi di thi
DPém sd lan fit tru6e khi chay: s6 t6 hop * s6 fold (+1 néu refit), réi nhan véi thoi gian
mot lan fit.
Mbi lan thtr chi d8i mot y chinh, va ghi lai tham s6, seed, diém CV.

Chon bai cudi theo CV, khong theo bang diém cong khai.

Tom tat
Hyperparameter la thir ta chon bing cach thir va so diém validation; test phai dang
ngoai moi lya chon.
So cac cau hinh trén cung cach chia, cing metric, cung Pipeline.

Grid search thr moi t6 hgp; random search 14y ngau nhién moét sé t6 hgp, hgp khi co

nhiéu tham so.

Dbiém CV tot nhat dung dé chon, khong phai dé bao; bao bang test riéng hodc nested
CV.
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Kiém tra cuoi bai

CAU 1
Thir 50 gia tri random_state cho train_test_split. Accuracy trén validation dao
dong tir 0.70 dén 0.81, trung binh 0.74. Mot ban gitt seed cho ra 0.81 va bao 0.811a

dd chinh xac c6 thé ky vong. Sai & dau?
Khéng sai, vi seed chi dung dé chay lai ra cung két qua
Khéng sai, vi cach chia ay han c¢6 train tiéu biéu nhat
Phai bdo 0.70, vi can lay trudng hop xau nhat

0.811a s6 I8n nhat trong 50 lan do cé nhiéu, nén qua lac quan

CAU 2

Mbi lan train mat dang 1 gi¢, di liéu 16n hay nho cling vdy. Ta danh gia bang 4 lugt
chia ngau nhién, méi lugt 14y 25% lam validation. Grid search trén hai
hyperparameter, trong d6 w c6 8 gia tri. C6 100 gig, va chi tinh thdi gian train. 7

dugc thir toi da bao nhiéu gia tri?

12

25

PHONG THEO ) CMU 10-601 - Exam 1 Practice - Q3.3
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CAU 3
Pipeline c6 hai bu6c tén scale va knn. Muon GridSearchCV thir k = 3, 5, 9 cho kNN,

ta viét khoa nao trong param_grid?
knn__n_neighbors
knn.n_neighbors

n_neighbors

scale__n_neighbors

CAU 4
GridSearchCV dung scoring="neg_mean_absolute_error". Hai tng vién co
mean_test_score la —2.1 (A) va —2.8 (B). Ung vién nao thing, vd MAE ciia né 1a bao

nhiéu?
B, MAE Ia 2.8
A, MAE la —2.1
B, MAE la —2.8

A, MAE 14 2.1
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CAU5
Code chay X_scaled = scaler.fit_transform(X_dev) trudc, roi méi cho
GridSearchCV tim kNN trén X_scaled. Stra thé nao dé ¢ mdi fold, scaler chi hoc tu

phan train ctia fold d6?
Fit scaler mot 1an trén toan X_dev, nhung sau khi d& chia fold
Cho GridSearchCV tim trén mét Pipeline gém scaler va kNN, véi X_dev géc
Gilr X_scaled, chi tang s6 fold

Fit scaler thém mét |an nira trén phan validation ctia méi fold

CAu 6

Cudc thi tinh bang x€p hang cong khai trén 30% test, con bang cudi tinh trén 70%
con lai. Mot doi ndp 60 lan, 1an nao ciing gitr ban c6 diém cong khai cao hon. Diém
cong khai tang tir 0.712 1én 0.741, con diém CV & may ctia cac ban ay chi quanh 0.70.

biém bang cudi nhiéu kha nang la bao nhiéu?
Gan 0.70 hon 1a gan 0.741
Khoang 0.741, vi hai phan test giéng nhau
Cao han 0.741, vi phan tinh bang cudi 16n hon

Khéng doan dugc, vi bang cudi dudc gil kin
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CAu 7

GridSearchCV dat refit=True. Search xong, best_estimator_ la gi?
B6 tham sé thadng, dudi dang dictionary
M& hinh thang, dudc fit lai riéng trén test
M& hinh thang, dugc fit lai trén toan b di liéu dev

M6 hinh thang & fold cé diém cao nhéat

CAu s
Ta muon so grid search véi random search khi ca hai c6 cung ngan sach tinh toan.
Thiét ké thi nghiém nao céng biang nhat?

Cung sb Ung vién, mbi cach dung mét cach chia cé Igi cho no

Cung céc fold, mbi cach chon mét metric ¢é Igi cho nd

Cung metric, mdi cach thi mét vung tham sé riéng

Chung di liéu, chung fold, chung metric, chung vung thi va chung ngéan sach
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CAu 9
Nested CV gitr lai mot fold ngoai d€ chdm. Trén phan train ctia vong ngoai, CV vong
trong chon dugc k = 7. Tru6ce khi du doan fold ngoai, ta fit cau hinh k = 7 trén

phan nao?
A Toan bd phan train cua vong ngoai, ké ca cac phan ting lam validation & vong trong
B Chifold ngoai, cho khdp véi dit liéu dang cham
¢ Chiphan train cua fold vong trong c6 diém cao nhat

D Toan bd dif liéu, ké ca fold ngoai, cho di mau

CAU 10
Thit k = 3, 7,15, MAE trén validation lan lugt 1a 4.2, 3.5 va 3.1. Gia tri thang 1a k = 15,

nam dang & bién. Néu con ngan sach, ta nén lam gi ti€p?
A KEtluan k = 15 1a téi uu, vi nd thang ca grid
B Thu thém vai k I16n hon, v8i cung cach validation
¢ Chon k bang s6 mau train, vi MAE dang giam déu

D Tinh thém céac k trén test dé chon vung thi tiép theo

Poc thém
« scikit-learn — Tuning hyper-parameters. Tra grid /random search, refit va cach doc
cv_results_.

« scikit-learn — Nested versus non-nested cross-validation. Doc su khac nhau gitta chon cau

hinh va danh gia quy trinh chon.

» Bergstra, Bengio — Random Search for Hyper-Parameter Optimization, JMLR 2012. Boc 1ap
ludn vé ngan sach khi chi mot s6 tham s6 chi phoi két qué; khong suy ra random search luén
thang moi grid.
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