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Céc phuong phdp danh gid mot hé thong phan 16p

1. Gidi thiéu
Khi xay dwng mét mé hinh Machine Learning, ching ta can mét phép danh gia
dé& xem md hinh st dung c6 hiéu qua khdéng va dé so sanh cac md hinh véi
nhau. Trong bai viét nay, t6i sé gidi thiéu cac phwong phap danh gia cac mé
hinh classification.

Hiéu ndng clia mot md hinh thuwéng dwoc danh gia dwa trén tap dir liéu kiém thiy
(test data). Ta can so sanh két qua dw doan véi két qua that dé xem ti 1é chinh
Xac.
Vi du voi bai toan co 3 I6p di¥ liéu dwgc gannhanlae, 1, 2.

(Trong bai toadn thuc té&, cic class c6é thé& cé nhan bt ky, khéng
nh&t thiét 1a sb, va khéng nhit thiét bd&t ddu tu 0).
Chung ta hay tam gia st cac class dwoc danh sé tir 8 dén c-1 trong trwong hop
cé C I&p di liéu.

Cé6 10 diém di liéu trong t4p kiém thd» vé6i cac nhan thuc sw duoc mo ta
béiy true = [0, 0, 0, 0, 1, 1, 1, 2, 2, 2].Gia st bd phan I6p ching
ta dang cén danh gié dw doén nhan cho cac diémnnay la y pred = [0, 1, o,
2,1, 1, o, 2, 1, 2].

Tuy vao nhirng bai toan khac nhau ma chung ta str dung cac phwong phap khac
nhau. Cac phwong phap thwong dwoc st dung la: accuracy score, confusion
matrix, ROC curve, Area Under the Curve, Precision and Recall, F1 score, Top R
error, etc.

2. Accuracy
Cach don gidn va hay duoc str dung nhét la accuracy (d6 chinh xac). Cach
danh gia nay don gian tinh ti 1& gitra sb6 diém dwoc dw doan dung va téng sb
diém trong tap di liéu kiém thor.

Trong vi du trén, ta c6 thé dém dwoc co 6 diém dir liéu dwoc dw doan dung trén
tbng sb 10 diém. Vay ta két luan d6 chinh xac ctia mé hinh 1a 0.6 (hay 60%). Dé
y rang day |a bai toan v&i chi 3 class, nén d6 chinh xac nhd nhat da 1a khoang
1/3, khi tat ca cac diém dwoc dy doan Ia chi thudc vao mét class nao do.
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Tuong tu nhu lam bai trdc nghiém, néu ban khéng lam bai ma chi chon
1 két qua (toan bd 1a A chidng han) thi ban sé& dat 2.5 diém (25%). D6

1a d6 chinh x&c nhoé nhét.

3. Confusion matrix

Céach tinh str dung accuracy nhw & trén chi cho chung ta biét dwoc bao nhiéu
phan tram lwong di¥ liéu dwoc phan loai dung ma khéng chi ra duwoc cu thé méi
loai dwoc phan loai nhw thé nao, 16p nao dwoc phan loai ding nhiéu nhat, va di
liéu thudc 1&p nao thudng bi phan loai nham vao 16p khac. Dé cé thé danh gia
dwoc cac gia tri nay, ching ta st dung mét ma tran dwoc goi la confusion matrix.

Vé co ban, confusion matrix thé hién cé bao nhiéu diém d liéu thue sw thude
vao mét class, va dwoc dw doan la roi vao mét class. Bé hiéu rd hon, hay xem
bang du¢i day:

Total: 10 | Predicted | Predicted | Predicted |

C6 tdng cong 10 diém di liéu. Ching ta xét ma tran tao béi cac gia tri tai viing
3x3 trung tam cua bang.

Ma tran thu dwgc dwoc goi la confusion matrix. N6 la mét ma tran vuéng véi
kich thwé'c méi chiéu bang sé lwong I&p dir liéu. Gia tri tai hang thl i, cot
thir j 1a sé lwong diém 1é ra thudc vao class i nhwng lai dwoe dw doan la
thudc vao class j. Nhw vay, nhin vao hang th nhat (e), ta cé thé thdy dwoc
rang trong sé bdn diém thuwc sy thudce 1&p @, chi cd hai diém dwoc phan loai
dung, hai diém con lai bi phan loai nham vao I&p 1 va 16p 2.
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Chu y: C6 mét sé tai lidu dinh nghia nguoc lai, tirc gié tri

tai c6t thir i, hang ther 7 la sé lwong diém 16 ra thubc vao class i nhung lai duoc
dw doan la thudc vao class j. Khi do ta sé duwoc confusion matrix la ma tréan
chuyén vj cla confusion matrix nhw céch t6i dang lam. Téi chon céch nay vi day
chinh la cach thw vién sklearn st dung.

Chung ta cé thé suy ra ngay rang tbng cac phan t&r trong toan ma tran nay chinh
la s6 diém trong tap kiém thir. Cac phan to trén dwéorng chéo ctia ma tran 1a sé
diém dwoc phan loai dung ctia méi I&p div liéu. Twr day co thé suy

ra accuracy chinh bang tbng cac phan t&r trén dwdng chéo chia cho téng cac
phan tlr cGa toan ma tran.

Cach biéu dién trén day cta confusion matrix con dwoc goi la unnormalized
confusion matrix, trc ma confusion matrix chwa chuan hoa. Dé co cai nhin ré
hon, ta c6 thé dung normalized confuion matrix, trc confusion matrix da chuan
hoa. D& c6 normalized confusion matrix, ta ldy méi hang clia unnormalized
confusion matrix chia cho tdng cac phan ti trén hang d6. Nhw vay, téng cac
phan t&r trén mot hang cha normalized confusion matrix luén bang 1.

Confusion matrix, without normalization Normalized confusion matrix

True label
True label

v e e
Predicted label Predicted label

Hinh 1: Minh hoa unnormalized confusion matrix va normalized confusion matrix .

V&i cac bai toan véi nhiéu 1&p dir liéu, cach biéu dién bang mau nay rat hivu ich.
Cac 6 mau dam thé hién cac gia tri cao. Mot mé hinh té6t sé cho mét confusion
matrix cé cac phan t& trén duwéng chéo chinh cé gia tri Ion, cac phan t& con lai
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c6 gia tri nhé. Néi cach khac, khi biéu dién bang mau séc, dworng chéo c6 mau
cang dam so véi phan con lai sé cang tét. Tw hai hinh trén ta thiy rang
confusion matrix da chuan hoa mang nhiéu thong tin hon. Sy khac nhau duwgc
thdy & 6 trén cung bén trai. L&p div liéu @ dwoc phan loai khéng thuc sw tét
nhwng trong unnormalized confusion matrix, n6 van cé mau dam nhuw hai 6
con lai trén dwong chéo chinh.

4. True/False Positive/Negative

4.1. True/False Positive/Negative
Cach danh gia nay thwong dwgc ap dung cho cac bai toan phan I&¢p ¢co hai lop
dir liéu. Cu thé hon, trong hai I&p di¥ liéu nay cé mét I&p nghiém trong hon 16p
kia va can dwoc dw doan chinh xac.

Vi du, trong bai toan xac dinh c6 bénh ung thw hay khéng thi viéc khéng
bj s6t (miss) quan trong hon la viéc chédn doan nham am tinh thanh duong
tinh.

Trong bai toan xéc dinh c6 min dudi Iong dat hay khéng thi viéc bé sot
nghiém trong hon viéc bdo déng nham rét nhiéu.

Hay trong bai toan loc email rac thi viéc cho nham email quan trong vao
thung rac nghiém trong hon viéc xac dinh m¢ét email rac la email thurong.

Trong nhi*rng bai toan nay, ngudi ta thwong dinh nghia |op dir liéu quan
trong hon can dwoc xac dinh dung la I&p Positive (P-dwong tinh), 1&p con lai
dwoc goi la Negative (N-am tinh). Ta dinh nghia True Positive (TP), False
Positive (FP), True Negative (TN), False Negative (FN) dwa trén confusion
matrix chwa chuan hoa nhw sau:

Predicted Predicted

as Positive as Negative

Actual: Positive | True Positive (TP) | False Negative (FN) |

Actual: Negative | False Positive (FP) | True Negative (TN) |
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Nguwdi ta thwdng quan tdm dén TPR, FNR, FPR, TNR (R - Rate) dua
trén normalized confusion matrix nhw sau:

Predicted Predicted

as Positive as Negative

Actual: Positive | TPR = TP/(TP + FN) | FNR = FN/(TP + FN) |

Actual: Negative | FPR = FP/(FP + TN) | TNR = TN/(FP + TN) |

False Positive Rate con dwoc goi la False Alarm Rate (ti 18 bao dong nham),
False Negative Rate con dwoc goi la Miss Detection Rate (ti 1& bd sét). Trong
bai toan do min, tha bdo nhdm con hon bd sét, tirc 1a ta cé thé chap nhan False
Alarm Rate cao dé dat dwoc Miss Detection Rate thap.

Chay::

« Viéc biét mot cot ctia confusion matrix nay sé suy ra duwoc cot con lai vi
tdng cac hang ludn bang 1 va chi ¢ hai l&p di liéu.

« V&i cac bai toan cé nhiéu I1&p div liéu, ta co thé xay dwng bang
True/False Positive/Negative cho méi 1&p néu coi I&p do la I&p Positive,
cac I&p con lai gdp chung thanh I&p Negative, gidng nhw cach lam
trong one-vs-rest. Ban cé thé xem thém vi du tai day.

4.2. Receiver Operating Characteristic curve
Trong mot sb bai toan, viéc tdng hay giam FNR, FPR cé thé dwoc thuwc hién
bang viéc thay dbi modt ngudng (threshold) nao dé. LAy vi du khi ta st dung thuat
toan Logistic Regression, d4u ra ctia mé hinh cé thé 1a cac I6p ctng o hay 1,
hodc ciing c6 thé Ia céac gia tri thé hién xac suat dé dir liéu diu vao thudc vao
I&p 1. Khi st dung thw vién sklearn Logistic Regression, ta c6 thé 14y duwoc cac
gia tri xac xuat nay bang phwong thirc predict_proba(). Mac dinh, nguéng
duwoc st dung la 0.5, tire [a mét diém dir liéu x s& dwoc dy doan roi vao
I&p 1 néu gia tri predict_proba(x) I&n hon 0.5 va nguoc lai.

Néu bay gi® ta coi I&p 1 1a 16p Positive, 16p o |a I1&6p Negative, cau hdi dét ra la
lam thé nao dé tdng mirc d6 bdo nham (FPR) dé gidm muic d6 bo sét (FNR)?
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Chu y rang tang FNR déng nghia véi viéc giam TPR vi téng clia ching ludn
bang 1.

M6t ki thuat don gian 1a ta thay gia tri threshold tr 0.5 xudng mét sé nhd hon
nhw 1a 0.3, thi moi diém dwoc dw doan I&n hon 0.3 sé dwoc dw doan la thudc
I&p Positive. N6i cach khac, ti 1é cac diém duwoc phan loai la Positive sé tang lén,
kéo theo ca False Positive Rate va True Positive Rate cung tang Ién (cot thi
nhét trong ma tran ting 1&n). Tl day suy ra cd FNR va TNR déu giam.

Ngwoc lai, néu ta mubn bd sét con hon bao nhdm, nhw bai toan xac dinh email
rac chang han, ta can tang threshold I&n mét sé 1&n hon 0.5. Khi d6, hiu hét cac
diém dir liéu s& dwoc dw doan thudc 16p o (tirc Negative), va cd TNF va FNR
déu tang lén, tirc TPR va FPR giam xudng.

Nhw vay, trng v&i mdi gia tri cia threshold, ta sé thu dwoc mot cap (FPR, TPR).
Biéu di&n cac diém (FPR, TPR) trén db thi khi thay dbi threshold twr 0 t&i 1 ta sé
thu duwgec mét dwong duwge goi la Receiver Operating Characteristic curve hay
ROC curve. (Chu y rang khodng gié tri cia threshold khéng nhét thiét tir O téi 1
trong céc bai toan téng quét. Khodng gié tri nay can duoc ddm bédo cé truong
hop TPR/FPR nhén gi tri I6n nhat hay nhé nhat ma né cé thé dat duoc).

Receiver operating characteristic example
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4.3. Area Under the Curve
Dwa trén ROC curve, ta c6 thé chi ra rang mét md hinh c6 hiéu qua hay khéng.
M6t mé hinh hiéu qua khi cé FPR thap va TPR cao, tirc ton tai mot diém trén
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ROC curve gan vai diém co toa do (0, 1) trén db thj (gdc trén bén trai). Curve
cang gan thi mé hinh cang hiéu qua.

Cé mét théng sb nira dung dé danh gia ma téi da siv dung & trén duoc goi

la Area Under the Curve hay AUC. Pai lwong nay chinh Ia dién tich ndm duwdi
ROC curve mau cam. Gia tri nay la mét s6 dwong nhd hon hodc bang 1. Gia tri
nay cang I&n thi mé hinh cang tét.

Chu y: Cross validation cling cé thé dwoc thwe hién bang cach xac dinh ROC
curve va AUC Ién [validation set].

5. Precision va Recall

5.1 Binh nghia
V&i bai toan phan loai ma tap di¥ liéu ctia cac I6p 1a chénh Iéch nhau rat nhiéu,
c6 mét phép dé hiéu qua thwdng dwoc st dung la Precision-Recall.

Truwdc hét xét bai toan phan loai nhi phan. Ta cling coi mét trong hai I&p
la positive, I&p con lai la negative.

Xeét Hinh 3 du¢i day:

actually positive actually negative G
TP _
FN 8 TN | Precision = 15 =
- P
(@}
. <
@ _ TP _
P | Recall = TPIEN =
e = C
@
O
> classified (or found) as positive
@
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Hinh 3: Cach tinh Precision va Recall.

V&i mot cach xac dinh mét 16p la positive, Precision duwoc dinh nghia 13 ti 1& sb
diém true positive trong sb nhirng diém dwoc phan loai la positive (TP + FP).

Recall dwoc dinh nghia la ti 1& sb diém true positive trong sé nhirng diém thwc
sw la positive (TP + FN).

Mét cach toan hoc, Precison va Recall 1a hai phan sbé ¢6 t&r s6 bdng nhau nhung
mau sb khac nhau:

Precision=
TP+FP
Recall = L
TP+FN

Ban doc c6 thé nhan thdy rang TPR va Recall 1a hai dai lwgng bang nhau. Ngoai
ra, ca Precision va Recall déu la cac sd khdng am nhd hon hodc bang moét.

Precision cao déng nghia v&i viéc dd chinh xac ctia cac diém tim duoc 13 cao.
Recall cao déng nghia v&i viéc TPR cao, tire ti 1& bd soét cac diém thuc
sw positive 1a thap.

Khi Precision = 1, moi diém tim dwoc déu thuc sw 14 positive, tirc khdng co
diém negative nao 1an vao két qua. Tuy nhién, Precision = 1 khdng ddm bdo mé
hinh la tt, vi cau hai dat ra la liéu mé hinh da tim dwoc tat ca cac

diém positive hay chwa. Néu mét mé hinh chi tim dwoc dang moét

diém positive ma né chac chan nhét thi ta khdng thé goi n6 1a mét mé hinh tét.

Khi Recall = 1, moi diém positive déu dwoc tim thay. Tuy nhién, dai lwong nay
lai khdng do liéu c6 bao nhiéu diém negative bi 14n trong d6. Néu mé hinh phan
loai moi diém la positive thi chac chan Recall = 1, tuy nhién dé& nhan ra day la
mot mo hinh cuee toi.

M6t mé hinh phan 1&p tét la mé hinh cé ¢ Precision va Recall déu cao, tirc

cang gan mot cang tét. Co hai cach do chat lwong ctia bd phan I6p dwa vao
Precision va Reall: Precision-Recall curve va F-score.

5.2. Precision-Recall curve va Average precision
Twong tw nhw ROC curve, ching ta cling cé thé danh gia mé hinh dwa trén viéc
thay déi mot nguéng va quan sat gia tri cia Precision va Recall. Khai niém Area
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Under the Curve (AUC) cling dwoc dinh nghia twong tw. V&i Precision-Recall
Curve, AUC con c6 mét tén khac la Average precision (AP).

Gia st c6 N ngudng dé tinh precision va recall, véi mbdi ngwéng cho mét cap gia
tri precision, recall 1a Pn,Rn, n=1,2,...,N. Precision-Recall curve dwoc vé bang
cach vé tirng diém c6 toa dd (Rn,Pn) trén truc toa d6 va nbi chung véi nhau. AP
dwoc xac dinh bang:

AP:Z (R n _Rn-l)Pn

n

& d6 (Rn—Rn-1)Pn chinh Ia dién tich hinh chi nhat cé chiéu rong (Rn—Rn-1) va
chiéu cao Pn, day ciing gan v&i cach tinh tich phan dwa trén cach tinh dién tich
cta tirng hinh chi¥ nhat nhd. (Néu ban doc con nhé khai niém dién tich hinh
thang cong thi sé twédng twong ra.)

Xem thém Precision-Recall—scikit-learn.

5.3. Fl-score
$F_1% score, hay F1-score, la harmonic mean cta precision va recall (gia st
rang hai dai lwgng nay khac khéng):

2.t 1
F, precision recall

F=2 1, 1 _, precisionrecall
ey 1 1 " precision+recall

precision recall

F—1-score c6 gia tri nam trong nira khoang (0,1]. F1 cang cao, bé phan I6p cang
tét. Khi ca recall va precision déu bang 1 (t6t nhat cé thé), F1=1. Khi ca recall va
precision déu thap, vi du bang 0.1, F1=0.1. Duw&i day 1a mét vai vi du vé F1

precision recall FiF1
1 1 1

0.1 0.1 0.1
05 05 05

1 0.1 0.182
0.3 0.8 0.36
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Nhw vay, mét bd phan 16p véi precision = recall = 0.5 tét hon mét bd phan 16p
khac vai precision = 0.3, recall = 0.8 theo cach do nay.

Truwong hop tdng quat ctia F1 score 1a Fp score:

precision.recall
[ precision+recall

F, =+ /5%

F1 chinh la mot trvong hop dac biét ctua Fp khi B=1. Khi B>1, recall dwoc coi
trong hon precision, khi B<1, precision dwgc coi trong hon. Hai dai
lwgng B thwong dwoc st dung la B=2 va f=0.5

5.4. Precision-recall cho bai toan phan I&p nhiéu I&p

Ciing gibng nhuw ROC curve, precision-recall curve ban dau dugc dinh nghia cho
bai toan phan I&p nhj phan. D& cé thé ap dung cac phép do nay cho bai toan
multi-class classification, cac dai lwong dau ra (ground truth va predicted output)
can duwoc dwa vé dang nhj phan.

Bang truc giac, ta cé thé dwa bai toan phan I&p nhiéu I&p vé bai toan phan 16p
nhi phan bang cach xem xét tirng I&p. V&i méi I6p, ta coi div liéu thudc 1&p d6 co
label 1a positive, tit ca cac di¥ liéu con lai co label la negative. Sau dé, gia tri
Precision, Recall, va PR curve dwoc ap dung Ién tirng I&p. V&i mbi 16p, ta sé
nhan dwoc mét cap gia tri precision va recall. V&i cac bai toan co it lop di liéu,
ta c6 thé minh hoa PR curve cho tirng I&p trén ciing mét dé thi. Tuy nhién, v&i
cac bai toan cé rat nhiéu 16p dir liéu, viéc nay ddi khi khdng kha thi. Thay vao dé,
hai phép danh gia dwa trén Precision-Recall dwoc sir dung la micro-

average va macro-average.

6. T6mM tat

Accuracy la ti 1& gitra s6 diém dwoc phan loai dung trén tdng sb diém. Accuracy
chi phi hop vé&i cac bai toan ma kich thwédc cac Iop dir liéu la twong dbi nhw
nhau.

Confusion matrix gitip ¢6 cai nhin rd hon vé viéc cac diém dir liéu dwoc phan
loai dung/sai nhw thé nao.

True Positive (TP): sé lwong diém cla I&p positive dwoc phan loai dung
la positive.
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« True Negative (TN): s lwong diém cla Iép negative dwoc phan loai ding
la negative.

« False Positive (FP): s lwong diém cuta I&p negative bj phan loai nham
thanh positive.

« False Negative (FN): s6 lwong diém cla |&p positive bj phan loai nham
thanh negative

« True positive rate (TPR), false negative rate (FNR), false positive rate (FPR), true
negative rate (TNR):

Predicted Predicted

as Positive as Negative

Actual: Positive | TPR = TP/(TP + FN) | FNR = FN/(TP + FN) |

Actual: Negative | FPR = FP/(FP + TN) | TNR = TN/(FP + TN) |

o Kbhi kich thwéc cac I&p div liéu la chénh l1éch (imbalanced data hay skew data),
precision va recall thwdng dwoc str dung:

Precision=
TP+FP
Recallzl
TP+FN
e F1score:
F=2 1, 1 _, precisionrecal
1 1 precision+recall

precision  recall
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