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1. Panh gia két qua phan tich

a Lam thé nao dé thu dugc mét danh gia dang tin cdy vé
hiéu nang cua hé théng?
o Chién lwoc danh gia
o Lwa chon tham sb tot

o Lam thé nao dé lwa chon tét cac tham sé cho mot
phwong phap hoc may?

a Lam thé ndo dé so sanh hiéu qua cla hai phwong phap
hoc may, v&i do tin cay cao?
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1. Panh gia két qua phan tich..

a Danh gia ly thuyét (theoretlcal evaluation): nghlen cltru
cac khia canh ly thuyét cia mot hé thdng ma cé thé
chirng minh duworc.

o Tbéc dd hoc, thdi gian hoc,
o Bao nhiéu vi du hoc la du?
o D6 chinh x&c trung binh cla hé thdng,
o Kha nang chong nhiéu, ..
o Danh gia thuwce nghlem (experlmental evaluatlon) quan

sat hé thong lam viéc trong thuye té, sty dung moOt hoac
nhiéu tap dir lieu va cac tiéu chi danh gia. Téng hop danh

gia tr cac quan sat do.
a Chung ta sé nghién ctru cach danh gia thwc nghiém.
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1. Panh gia két qua phan tich...

o Bai toan danh gia (model assessment): can danh gia
hiéu nang cua phwong phap (model) hoc may A, chi dua
trén bo dir liéu da quan sat D.

a Viéc danh gia hiéu nang cta hé thong

» Thuc hién mét cach tw dbéng, st dung mét tap dir liéu.
« Khdng can suw tham gia (can thiép) cla nguwdi dung.

a Chién lwore danh gia (evaluation strategies)
— Lam sao co dwgc mot danh gia dang tin cay vé hiéu nang cua hé
thong?

o Cac tiéu chi danh gia (evaluation metrics)
— Lam sao dé do hiéu nang ctia hé théng?
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2. Cac phuong phap danh gia

o Hold-out (chia do6i)
a Stratified sampling (lay mau phan tang)
o Repeated hold-out (chi déi nhiéu lan)

o Cross-validation (danh gia chéo)
* k-fold
 Leave-one-out

o Bootstrap sampling
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Hold-out (Splitting)

o Toan bd tap vi du D dwoc chia thanh 2 tap con khéng giao nhau
« Tap huan luyén D.._.. —dé huan luyén hé thdng
- Tap kiém thlr D, .., — dé danh gia hiéu nang cua hé théng da hoc
— D= Dyyain Y Dieser Vathwongla [D.,, ;.| >> |Dogl
a C4c yéu cau:
oBat ky vi du ndo thudc vao tap kiém thir D, .., déu khéng dwoc st
dung trong qua trinh huan luyén hé thong

oBat ky vi du nao dwoc sir dung trong giai doan huan luyén he thong
(i.e., thudc vao D, ... ) déu khéng dwoc st dung trong giai doan

danh gia hé thong
o Céc vi du kiém thir trong D..s. cho phép mot danh gia khong thién vi
doi véi hiéu nang cla hé thong

a Cac lwa chon thwong gap: |D,..:.|=(2/3).|D|, |Deese|=(1/3).|D]
a Phu hop khi ta c6 tap vi du D co kich thudc Ion
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Stratified sampling

o Doi véi cac tap vi du cé kich thwdc nhé hodc khong can xuwng
(unbalanced datasets), cac vi du trong tap huan luyén va thiy
nghi@m c6 thé khéng phai la dai dién

o Vidu: C6 (rat) it vi du dbi véi mot sb 16p

o Muc tiéu: Phan bd 16p (class distribution) trong tap huan luyén
va tap kiém thlr phai xap xi nhw trong tap toan bd céac vi du (D)

o LAy mau phan tang (Stratified sampling)
- La mdt phwong phap dé can xirng (vé phan bd 16p)

« Dam bao ty 1& phan bo I&p (ty 1€ cac vi du gilra cac lop) trong tap
huan luyén va tap kiém thi 1a xap xi nhau

o Phuwong phap lAy mau phan tang khong ap dung dwoc cho bai
toan hoi quy (vi gia tri dau ra cua hé thong 1a mot gia tri s6
thwe, khéng phai la mét nhan 1&p)
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Repeated hold-out

a Ap dung phuong phap danh gia Hold-out nhiéu lan, dé
sinh ra (st dung) cac tap huan luyén va tho nghlem khac
nhau

* Trong m0| bwoc lap, mot ty 1€ nhat dinh cla tap D dworc Iwa
chon ngau nhién dé tao nén tap huan luyén (co thé st dung két
hop v&i phwong phap lay mau phan tang — stratified sampling)

« C4ac gia tri 16i (ho&c cac gia tri doi véi cac tiéu chi danh gia khac)
ghi nhan dwoc trong cac budece lap nay duoc Iy trung binh céng
(averaged) dé xac dinh gia tri 16i tbng thé

a Phwong phap nay van khdng hoan hao
« Méi bwdc 1ap st dung mét tap kiém thlr khac nhau

« CO mét sb vi du trung 1ap (dwoc st dung lai nhiéu 1an) trong cac
tap kiém thir nay
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Cross-validation

o Dé tranh viéc trung lap gilra cac tap kiém thdr (mot sb vi du
cung xuat hién trong cac tap kiém thlr khac nhau)

o k-fold cross-validation

« Tap toan b6 cac vi du D duoc chia ’ghénh k tap con khéng giao
nhau (goi la “fold’3 co kich thwéc xap xi nhau

« M0i lan (trong sO k lan) 1ap, mot tap con dwoc st dung lam tap
kiém ther, va (k-1) tap con con lai dwgc dung l1am tap huén luyén

* k gia tri 16i (m0| gia tri tucyng trng v&i mot fold) dwoce tinh trung
binh cong dé thu dworc gia trj 16i tdng thé

o Cac lwa chon thong thwong cua k: 10, hoac 5

0 Thong thwong, moi tap con (fold) duoc Iay mau phan tang
(xap xi phan bd 1&p) trwde khi ap dung qua trinh danh gia
Cross-validation

a Phu hop khi ta ¢6 tap vi du D vira va nho
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Leave-one-out cross-validation

a M6t trwdng hop (kiéu) clia phwong phap Cross-validation
« SO lwong cac nhom (folds) bang kich thwée clia tap div liéu (k=|D|)
« M&i nhém (fold) chi bao gom mot vi du

a Khai thac t6i da (triét dé) tap vi du ban dau

a Khéng hé cé bwée 1ay mau ngau nhién (no random sub-
sampling)

a Ap dung lay mau phan tang (stratification) khdng phu hop
— Vi & mdi bwdce 1ap, tap thlr nghiém chi gom cé mét vi du

a Chi phi tinh toan (rat) cao

o Phu hop khi ta c6 mét tap vi du D (rat) nhé
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Bootstrap sampling.

a Phuwong phap Cross-validation st dung viéc lay mau khéng 13p lai
(sampling without replacement)

— Pbi vé&i mbdi vi du, mot khi da duwoc chon (dwoc str dung), thi khdng thé
dwoc chon (str dung) lai cho tap huan luyén

o Phwong phap Bootstrap sampling str dung viéc Iefiy mau cé Iap lai
(sampling with replacement) dé tao nén tap huan luyén
- Gia st tap toan bd D bao gém n vi du
« L4y m&u cd 1ap lai n 1an déi voi tap D, dé tao nén tap huan luyén D, ., goém
n Vi du

> Tl tap D, 14y ra ngau nhién mét vi du x (nhwng khéng loai bé x khai tap D)
»>Puwa vi du x vao trong tap huan luyén: D, = D,,.;, U x
>La&p lai 2 bwdc trén n 1an

« S dung tap D, ,.,, d& huan luyén hé théng

« St dung tat ca cac vi du thudc D nhwng khéng thudc D, ., dé tao nén tap
ther nghiém: D,...={zeD; z¢D;,4;.}
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Bootstrap sampling..

a Trong méi bwdce 1ap, mot vi du cd xac suat 1 — = dé khong duoc
lwa chon dwa vao tap huan luyén

a Vi vay, xac suat dé mét vi du (sau qua trinh lAy mau 1ap lai —
bootstrap sampling) dwoc dwa vao tap kiem thw 1a:

1 n
(1 — —) ~e 1 ~0.368
n

o C6 nghia rang:

« Tap huan luyén (co kich thwdc =n) bao gdbm xap xi 63.2% céac vi du trong D
(Lwu y: M6t vi du thudc tap D c6 thé xuat hién nhiéu lan trong tap D, .., )

» Tap kiém thir (c6 kich thuwd'c <n) bao gom xap xi 36.8% cac vi du trong D
(Lwu y: M6t vi du thudc tap D chi co thé xuat hién toi da 1 lan trong tap

Dtest)

a Phu hop khi ta co mot tap div liéu D co kich thwde (rat) nho
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3. Lua chon tham so

a Nhiéu phwong phap hoc may thwdng co (tap) tham sb
(hyperparameters), budc nguwdi dung phai dwa gia tri vao.
 Ridge regression: A
 Linear SVM: C

o Lam sao dé lwa chon gia tri tét nhat cho cac tham s6?
- model selection

a Model selection: ttr mét tép hoc D, can lwa chon b6 tham s6
(model) trong phuwrong phap hoc A sao cho hé thong duoc
huan luyén tot nhat teor D.

a Tap toi wu (validation set) dwoc str dung dé toi wu gia tri cac
tham s0 trong giai thuat hoc may (thwdng lay t tap D)

— DOi véi mot tham so, gia tri toi wu la gia tri gilp sinh ra hiéu ndng
cuwc dai doi voi tap toi wu
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Lua chon tham so: su’ dung Hold-out

a Cho trwde tap quan séat D, ta lwa chon tham s A cho
phwong phap hoc A nhw sau:
« Chon tap hiru han S ma chira cac gia tri tiém nang cho A.
« Chon dé do P dé danh gia hiéu nang.

« Chia D thanh 2 tap r&i nhau: Dy, va T,.iigation
« V&I moi giatriA € S:
* Hoc A ttr tap hoc Dyin Vi tham sb dau vao A. Do hiéu nang trén tap
Tyaligation =2 thu dugc Py
« Chon A* ma co P, tot nhat.

a C6 thé hoc lai A tir D v&i tham sO A* dé hé thong thu
dwoc két qua tot.

a C6 thé thay Hold-out bang ky thuat khac (e.g., sampling,

cross-validation).
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4. Panh gia va luva chon mo hinh

a Cho trwdc tap quan sat D, ta can lwa chon tham so A
(model selection) cho phwcyng phap hoc A va danh gia
(assessment) chat lwong tdng thé cua A.

« Chon tap hiru han S ma chira cac gia tri tiém nang cho A.
« Chon dé do P dé danh gia hiéu nang.

 Chia tap D thanh 3 tap roi nhau: Diin, Tyaiigations VA Ttest
« V&I moi giatriA € S:
* Hoc A tlr tap hoc Dyin Vi tham sb dau vao A. Do hiéu nang trén tap
Tyaligation 2 thu duoc Py
« Chon A* ma c6 P, tot nhat.

« Huan luyén A trén tap Dy..in U Tyaigation, VOI tham sd dau vao A*.
* Do hiéu nang cua hé thong trén tap T,

o C6 thé thay Hold-out bang ky thuat khac (cross-validation).
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5. Cac tieéu chi danh gia.

aTinh chinh xac (Accuracy)

— Mutrc d6 dy doan (phan I6p) chinh xac cua hé thong (da dwoc huan
luyén) ddi véi cac vi du kiém chirng (test instances)

aTinh hiéu qué (Efficiency)
— Chi phi vé thdi gian va tai nguyén (bd nhé) can thiét cho viéc huan
luyén va kiém thr hé thong

aKha nang x ly nhiéu (Robustness)
—Kha nang xu ly (chlu dwoc) cla hé thong doi véi cac vi du nhiéu
(16i) hodc thiéu gié tri
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5. Cac tiéu chi danh gia..

aKha nang mé rong (Scalability)
— Hiéu nang clia hé thong (vd: toc d6 hoc/phan loai) thay doi nhw thé
nao doi voi kich thwdc cua tap div liéu
aKha nang dién giai (Interpretability)

—Mtrc do dé hiéu (doi voi ngwdi str dung) clia cac két qua va hoat
ddng cua hé thong

aMuwrc db phure tap (Complexity)

—Murc dé phirc tap cia mé hinh hé théng (ham muc tiéu) hoc dwoc
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Tinh chinh xac (Accuracy)

« DOi v3i bai todn phéan loai

SO phan doan chinh xac

Accuracy = — —— y
4 Tong so phan doan

« DOi v3i bai todn héi quy: MAE (mean absolute error)

MAE = = Yrep,,., l0@) - y(@)

|Dtest]|

* 0 (x): Gid tri dau ra (dv doan) bdi hé thong doi védi vi du x
e d (x): Gid tri dau ra thyc sy (dang) doi véi vi du x

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Ma tran nham lan (Confusion matrix)

- Predicted label

Con duoc goi la Contingency Table
Chi dwoc sir dung ddi v&i bai toan phéan
loai

* Khéng thé dp dung cho bai todn héi quy (dw
dodn)

- TP; (true positive): SO lwgng cac vi dy
thubc I&p ¢; dwoc phan loai chinh xac vao
I&p ¢

« FP; (false positive): Sé lwong cac vi du

khéng thudc 1op ¢; bi phan loai nham vao
I&p ¢

« FN; (false negative): S6 lwong cac vi du

thudc I&p ¢~ bi phan loai nham (vao céac
|&p khac c;)

7
ﬁ =n| emew=  \EN CONG NGHE THONG TIN VA TRUYEN THONG

True label

©O 00 N o u b~ W N

True label

O O O O O O o o o o

1 FN12
FP, TP,
FPs1  FPg

Predicted label

O O O O o o o o

O O O o o o o o o

FNi3
FNos
TPs




Precision and Recall (1)

* Rat hay dwoc sir dung dé danh gid cac
hé thong phén loai van ban

* Precision doi vaildp c.
—Tong s6 cac vi du thudc 16p ¢, duoc TP
phan loai chinh xdc chia cho téng s6 Precision(c;) = l
cac vi du duoc phan loai vao 16p c, IF +FF,

* Recall doi vailép c.
—Tong s6 cac vi du thudc 1opc,; duoc
phan loai chinh xac chia cho tong s e TP
cac vi du thudc 16p ¢, Recall(c;) = ’
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Precision and Recall (2)

e Lam thé& nao dé tinh todn dwoc gia tri Precision va Recall
(mot cach tong thé) cho toan bo cac lép C={c,}?

+ Trung binh vi md (Micro-averaging)

€] ]

L 2TE
Precision = "= Recall = - =l
Y (TP +FP) N (TP +FN,)
i=l i=1
* Trung binh vi mé (Macro-averaging)
<] ]
Y Precision(c,) N Recall(c,)
Precision = = Recall = =1

C C]
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Fy
e Tiéu chi danh gia F, |a su két hop cla 2 tiéu chi danh gia
Precision va Recall

2 .Precision.Recall 2
F = _

Precision + Recall 1 + 1

Precision Recall

* F, la mot trung binh diéu hoa (harmonic mean) cla cac tiéu
chi Precision va Recall

« F, ¢6 xu hudng lay gia tri gan vdi gia tri nao nho hon gitra 2 gia tri
Precision va Recall

« F, cO gia tri lén néu ca 2 gia tri Precision va Recall déu Ion
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Vi du: luva chon tham so

o SVM cho phan loai tin tiec
« Tham sb: C

a Training data: 1135 tin tire, s6 chiéu 25199, 10 I6p
o 10-fold cross-validation dwgc dung

A 2 Learning Curves SVM, Linear kernel, change C
o Két qua 10 1
0.8
Doc giad
" Ddi séng - Xa hoi
| Giai tri > 0.6
~| Khoa hoc - Céng nghé z
71 Kinh té g
"1 Phép luét 0.4 1
| Suc khoe
"1 Thé thao .
W Thai sy 025 :
: : o i
= Tin khac —e— C=5.0
—e— C=10.0
{ ! |—— VIEN CONG NGHE THONG TIN VA TRUYEN1T € =5 50 = b e
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Vi du: so sanh 2 phucng phap

n 2 Phuong phap: SVM vs Random forest

a Thwe hién Iwa chon tham sé (dung 10-fold cross-validation) ta

dworc:
« SVM: C=1.0

- Random forest: n_estimates = 250 (s6 cay)

a Két qua

Random forest - n_estimators

—&— n_estimators = 20
—&— n_estimators = 100
0.9 4 —8— n_estimators = 250

Accuracy
o
~

200 400 600 800 1000

Training examples
f.ﬂ o= g~ pomem \/IEN CONG NGHE THONG TIN VA TRUYEN THON
[ e wwon | =G|L | ' '

Accuracy

1.00 A

0.95 A

0.90 A

0.85 A

0.80 A

0.75 4

0.70 A

0.65 A

0.60

SVM vs Random forest

—8— SVM
—®— Random forest

200 400 600
Training examples
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Vi du: anh hudng cua cd dir liéu

o SVM

 Tham so: kich thwéc di liéu huan luyén
a Training data: 1135 tin tire, s6 chiéu 25199, 10 I6p
o 10-fold cross-validation dwoc dung

a Két qua

0.95 A

0.90 A

0.85 A

Accuracy

0.75 -

0.70 -

0.65 A

A

oICT VIEN CONG NGHE THONG TIN VA TRUYEn ~ 0-60

0

Learning Curves SVM, Linear kernel, C=1.0, change data size

1.00 -

0.80 A

—8— max size = 1135
—&— max size = 908

—8— max size = 681
——

max size = 454

200 400 600 800 1000
Training examples
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