TINH TOAN CAC CHI SO DPANH GIA CHO BAI TOAN PHAN
LOAI NHI PHAN NHAM SO SANH HIEU SUAT GIUA CAC MO
HINH VA LUA CHON MO HINH PHU HQP NHAT

I.  Mé dau

Hay hinh dung mét phién cho xua, noi ngudi ta mang thoc doi ga, ga doi
ca. Moi giao dich déu dua vao cam tinh, khién viéc so sanh gia tri tré nén
mo hd: mot con ga déng gia bao nhiéu thoc, hay ca quy hon ga? Chi dén
khi vang dugc ding 1am chuan quy dbi chung, viéc trao d6i méi tré nén

rd rang va minh bach.

Hinh 1: Khung canh cho xwa: nguoi ddn trao déi hang héa theo kiéu
hang doi hang, triede khi vang tré thanh thude do chung cho gid tri.
Tuong tu, trong hoc may, néu thiéu cac evaluation metrics (tam dich:
chi s6 danh gid), ta ciing khong biét mé hinh nao thuc su tét hon. Nhing chi
s6 nay chinh 1a “vang” gitip so sanh va lya chon moé hinh mét cach khach

quan.



Chung ta c6 thé chua quéa quen thudc vai cac khai niém, vi vady bang

chu thich dudi day s& giup tom tit cac thuat ngir chinh dugce dung xuyén

suot bai.

Bang chu thich thuit ng

Thuat ngir

Giai thich

Binary Classification(phan
loai nhi phéan)

Multi-Class Classification
(phan loai da 16p)

Multi-Label Classification
(phan loai da nhan)

Confusion Matrix(ma tran
nham 1an)

True Positive (TP)
True Negative (TN)
False Positive (FP)
False Negative (FN)
Accuracy (do chinh xac)

Precision (d6 chuin xac)

Recall / Sensitivity / TPI
(d6 pha)

Specificity / TNR(d6 dac
hiéu)

Fl-score

Balanced Accuracy
MCC (Matthews Correlation
Coefficient)

ROC Curve

AUC (Area Under Curve)

Bai todn phan loai dit liéu dau vao vao dung mot trong
hai |&p khac nhau.

Mbi mau chi thudc vé duy nhat mot I6p, nhung téng
s6 |6p I&dn hon hai.

Mot mau cd thé dong thdi mang nhiéu nhan.

Bang 2 < 2 tdm tat két qud dy dodn so véi nhan that,
gébm TP, TN, FP, FN.

MAu Positive that duwgc du doan dung.

MA3u Negative that duwoc dy doan dung.

Mau Negative bi nham thanh Positive (bdo dong gid).
MaAu Positive bj nham thanh Negative (bd sét).

Ti 1& dy dodn diang trén toan bd dir liéu.

Trong cadc mau dy doan |3 Positive, cé bao nhiéu mau
that su Positive.

Trong cac mau Positive that, mé hinh phat hién ding
bao nhiéu.

Trong cac mau Negative that, md hinh dy doan dung
bao nhiéu.

Trung binh diéu hoa giira Precision va Recall, can bang
ca hai loai 16i FP va FN.

Trung binh gilta Recall va Specificity, hitru ich khi di¥
lieu mat can bang.

Chi sé tuwong quan téng hop dung cd TP, TN, FP, FN.

Puwong cong biéu dién quan hé gitra TPR va FPR khi
thay déi ngudng phan loai.

Dién tich duwdi duwong ROC.
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I1. Mt s6 evaluation metrics c6 trong Binary Classification
IL.1. Téng quan vé classification

Trude khi ching ta di sdu vao cach do luong hiéu suat, chung ta s& 6n
lai khai niém Classification (tam dich: phan loai) 1a gi va cac dang bai

todn pho bién cua no.

Classification 1a mdt trong nhitng nhiém vu cbt 16i cua supervised
learning (tam dich: hoc c6 giam sat). Nhiém vu ndy huéng dén viéc xay
dung nhitng mo6 hinh c6 kha ning anh xa dit liéu dau vao sang mot label
(tam dich: nhan) hoac mdt category (tam dich: loai) ro1 rac da dugc xac

dinh trudec.

v Supervised Learning

4 Regression

v Classification

P = Binary Classification < EMAIL FlLTER!
P ' Multi-Class Classification
4
4

» Multi-Label Classification
b

L
Hinh 2: Mot vi du vé Binary Classification

Piém cbt 16i cua Classification nam ¢ kha nang khai quat hoa rang

mo hinh khong chi dimg lai ¢ viéc ghi nhé dir liéu huan luyén, ma con c6
thé dua ra du doan chinh xac cho nhitng dit liéu hoan toan méi. Chinh nhd
nang lyc ndy, cac hé théng Classification da tro thanh nén tang ciia nhiéu
ung dung tri tu¢ nhan tao hi¢n dai, tor nhan dang hinh anh va xt ly ngoén
nglr ty nhién, dén phét hién gian 1an va hd tro ra quyét dinh trong cac linh
vuc nhu y té, tai chinh hay an ninh mang. Trong thuc té, cic hé thong

Classification thuong duoc trién khai duéi ba dang bai toan chinh:



Dang bai toan dau tién va ciing co ban nhit 1a Binary Classification
(tam dich: phan loai nhi phéan), trong d6 nhi¢ém vu cia mé hinh 1a
phan loai mdi mau dit liéu dau vao vao mot trong hai class (tam dich:
16p) khong trung nhau.

M&i du doan chi c6 thé roi vao dung mét trong hai kha ning, ching

han nhu co/khong, dung/sai, spam/khong spam.

Rabbit

Hinh 3: Minh hoa vé Binary Classification.

Multi-Class Classification (tam dich: phan loai da 16p) 1a dang bai toan
trong d6 s luong 16p 16n hon hai, nhung mdi mau dit liéu dau vao van chi
c6 thé thudc vé duy nhat mot 16p. Cac 16p ndy ciing tach biét va khong tring

nhau.

Mo hinh phai chon ra ding mot 16p trong nhiéu kha niang c6 sin, chang

han nhu chir sé tir 0 dén 9, thé logi bai bdo nhw Thé thao, Chinh tri, Cong

nghé, hay loai dong vat nhw cho,
meo, chim. @
E "5
' <—>{ Rabbit
N
|
Dog

Hinh 4: Minh hoa vé Multi-Class Classification.



Multi-Label Classification (tam dich: phan loai da nhan) la dang
bai toan phirc tap hon, trong ¢6 mdi miu dit liéu dau vao co6 thé dong thoi
thudc vé nhiéu 16p. Khac véi hai dang trudc, cac nhin trong trudng hop
nay co thé cling ton tai song song.

Mot dbi tuong co thé duoc gan nhiéu nhan cung luc, chéng han nhu
mot bo phim via thuoc Hanh dong, Phiéu luu va Khoa hoc vién tuong,
mot bénh nhan cung luc mdc tiéu dwong va cao huyét dp, hoac mot bai

bdo dé cdp dén ca Kinh té lan Phdp ludt.

Rabbit

Panda

OOOE®

Hinh 5: Minh hoa vé Multi-Label Classification.

Viéc phan biét r0 ba dang bai toan phan loai gitip chiing ta lya chon
cach tiép can phu hop va, dong thoi, xac dinh duoc phuong phap danh gia
hiéu suét ciia mé hinh mot cach hop 1y.

Pé tién theo doi, bang dudi dy tong hop mot sd ky hiéu sir dung

xuyén sudt bai viét nay:



Ky hiéu

Bang Kv hieu Toan hoc
(=] o - 3y

Y nghia

N
r; € R"
yi € {0,1}
pi €0,1]
T € (0,1]
i € {0,1}
TP
TN
FP
FN
Accuracy
Precision
Recall
Specificity

F1 — score

Balanced Accuracy

MCC

AUCroc

Tong s6 mau.

Vector dac trung ctia mau thit i.

Nhan thue (1: Positive, 0: Negative).

Xac suat du dodn P(y; = 1| ;).

Ngudng phéan loai: §; = 1[p; > 7).

Nhan dy doan (sau khi ap nguong).

Méu Positive that duge dy dodn ding.

Mau Negative that duge dir dodn diing.

Maiu Negative bi nhim thanh Positive (bdo dong gia).

Mau Positive bi nham thanh Negative (bo sot).
TP+TN

TP+TN+FP+ FN’
TP

TP+ FP
TP

TP+ FN’
TN

TN+ FP’
Precision - Recall

Precision + Recall

Recall + Specificity
Balanced Accuracy = I =,

2
TP-TN — FP-FN
(TP + FP)(TP + FN)(TN + FP)(TN + FN)

Dién tich dudi dudng ROC.




IL.2. Téng quat vé cac evaluation metrics
I1.2.1.Phét biéu bai toan

Trong bai toan Binary Classification, ta ¢ tap dit liéu huan luyén D =
{(xi,y) Vo1, trong d6 x; € R"1a vector dic trung va y; € {0,1} 1a nhan (vé6i 1
biéu thi 10p Positive, 0 biéu thi 16p Negative).

Khi du doan, mé hinh ¢ thé tra vé:

(1) Nhan roi rac y™; € {0,1}

(2) Xac suat p"i=P(y;=1 | x;) €[0,1].

Trudng hop mo hinh xuét ra xac suét p’;, ta can chuyén doi thanh nhan

101 rac bang cach chon mot ngudng (threshold) = €[0,1]:

X 1 néup; >,
Yi =

0 néup; <

Thong thuong, ngudng mac dinh 1a 7= 0.5.

Pé danh gia hiéu qua du doan cia moé hinh, cong cu nén tang duoc su
dung 1a Confusion Matrix (tam dich: ma tran nham 1an). Tu cau trac nay,
nhiéu evaluation metrics duoc phat trién nham khic phuc han ché cua
nhimg chi s6 don 1¢ va phan anh diy du hon hiéu niang mé hinh.

Trong cac phan tiép theo, ta s& minh hoa cach 4p dung cac chi sd nay

thong qua vi du phan loai hinh anh ché va meo.



Predicted Predicted

Actual

True Negative (TN)

Hinh 6: Confusion Matrix cho bai toan phan logi hinh anh cho meéo.

Xét cu thé trong bai toan phan loai ché va méo, Confusion Matrix

dugc minh hoa nhu Hinh 6 va bao gdm bdn thanh phan chinh:

e True Positive (TP): s6 mau choé that sy duge md hinh du doan ding
la cho;

e True Negative (TN): s6 miu méo that sy duge du doan ding la
meo;

« False Positive (FP): s6 miu méo nhung bi nham thanh cho;

« False Negative (FN): s6 mau cho nhung bi nham thanh méo.

Dua trén bdn thanh phan ctua Confusion Matrix, ta c¢6 thé xdy dung
nhiéu chi s6 danh gia khac nhau nham phan anh cac khia canh riéng biét
vé hiéu qua ctia mé hinh, trong d6 pho bién nhét 1a Accuracy, Precision,
Recall va Fl-score. Khi m& rong sang bai toan Multi-Class Classification,
Confusion Matrix khong con gio1 han ¢ dang 2 % 2 ma tré thanh mot ma
tran vudng, véi moi hang va mdi cot twong tng véi mot 16p cu thé, tir d6

cho phép phan tich chi tiét hiéu ning ciia mé hinh trén timg 19p.



I1.2.2. Accuracy

Tir Confusion Matrix trén, ta c¢6 thé dinh nghia chi s6 don gian va phd
bién nhat 1a Accuracy (tam dich: d6 chinh xac). Chi sb nay do ti 1¢ tong s6
mau duoc md hinh du doan ding (ca chd va meéo) trén toan bo dit liéu,
duoc tinh theo cong thirc:

TP+ TN
TP+ TN+ FP+ FN

Accuracy =

Trong do6:

e Accuracy la do chinh x4c;

TP 1a s6 mau cho that sy dugc mo hinh du doan ding 1a cho;

TN 1a s6 mau meo that su dugc dy doan dung 1a meo;

FP sb mau méo nhung bi nham thanh ché;

FN s6 mau ché nhung bi nham thanh méo.

Noi cach khac, Accuracy cho biét trong toan b cac burc anh chd meo
can phan loai, m6 hinh da du doan dung bao nhi€u phan tram.

Luu y: Mac du dé hiéu va truc quan, Accuracy lai c6 han ché 16n trong
truong hop dir liéu mat can bang.

Chinh vi vay, can dén cac chi s6 khac dé bo sung cho Accuracy, giap
danh giad mo hinh toan dién hon trong nhiéu boi canh.
I1.2.3.  Precision

Sau khi da xem xét Accuracy trong bai toan phan loai ché méo, ta tiép
tuc dén vo1 mdt chi s6 khac tap trung vao chat luong cua cac du doan
Positive, d6 1a Precision (tam dich: d§ chuan xac).

Trong ngilt canh nay, Precision cho biét trong s0 tat ca cac birc anh ma
mo hinh dy doan 1a c/d, c6 bao nhiéu buc thuc su ding 1a cho. Chi s6 nay

duoc tinh theo cong thirc:
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TP

p . . -
recision TP + FP

Trong do:

Precision 13 36 chuén xac;

TP 1a s6 mau ché that sy dugc md hinh dy doan ding 1a cho;
FP s6 mau méo nhung bi nhim thanh cho.

Diéu nay co thé hiéu nhu sau:

Precision cao — mo hinh hiém khi nham meo thanh ché, hau hét cac du

doan cho déu chinh xac.

Precision thdp — mo hinh thuong xuyén gan nhan nham meéo thanh cho,

gy nhiéu bao dong gia.

Accurate :
Precise @
Not Accurate Not Accurate
Precise Not Precise
o

Hinh 7: Moi quan hé giita Accuracy va Precision.

Accurate
Not Precise

Luwu y: Accuracy va Precision déu phan anh muc d6 chinh x4c cta du
doéan, nhung ¢ hai khia canh khac nhau, dugc minh hoa & Hinh 7. Accuracy
do ludong do gan dung trung binh so vai gia tri thuc (cac du doan gan “tam”),
trong khi Precision nhan manh vao d6 tap trung va on dinh cta cac dy doan

(cac du doan nam sat nhau, du c6 thé 1éch khoi tam).



11.2.4. Recall

Bén canh Precision, mot chi s6 quan trong khac trong bai toan phan loai chd
meo la Recall (tam dich: d¢ phu) (con dugc goi 1a Sensitivity hodc True
Positive Rate). Néu Precision danh gia 6 “chic chin” cua nhimg du doan

cho, thi Recall lai do luong kha nang khong bo sot cac blic anh cho that su.

Noi cach khac, Recall cho biét trong toan bg cac anh chd, mo6 hinh da nhan

dién dung duogc bao nhiéu. Chi s6 nay duoc tinh theo cong thirc:

TP

Recall = ———
TP+ FN

Trong do:
e Recall 1a d6 phu;
o TP 14 s6 mau cho that sy duogc mo hinh du doan dang 14 cho;
e FN s6 mau ché nhung bi nham thanh méo.
Piéu nay c6 thé hiéu nhu:
o Recall cao — mo hinh phat hién hau hét cac anh cho, rat it bj bo sot.

e Recall thip — mo hinh bo qua nhiéu anh cho, lam giam d¢ tin cay
trong nhirng tng dung quan trong.
I1.2.5. Trade-off giira Precision va Recall
Tir hai chi s6 Precision va Recall trong bai toan phan loai ché méo, ta
c6 thé thay rang chung phan anh hai géc nhin khac nhau: Precision nhan
manh vao d6 chic chén cua nhirng du doan “ché”, con Recall lai nhan manh
vao viéc khong bo sot cac anh cho that. Van dé 1a hai chi s6 nay hiém khi dat
gia tri cao cung lic, ma thuong ton tai mi quan h¢ trade-off (tam dich: danh
d61).

Nguyén nhan xuat phat tir ngudng phan loai ma ta lya chon. Vi du:
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. Néu dit ngudng cao (vi du 0.9), md hinh chi gan nhin “ché” khi rat
chic chan. Khi d6 Precision cao (hﬁu hét cac anh duoge du doan 1a cho déu

that su 1a cho), nhung Recall thap vi nhiéu anh cho bi bo sot.

« Nguoc lai, néu dit ngudng thap (vi du 0.3), mé hinh trd nén “d&” hon
khi gan nhan “ché”. Khi d6 Recall cao (hau hét cac anh cho déu duoc phat

hién), nhung Precision thap vi nhiéu 4nh méo bi nham thanh ché.

* Nguong
1.0 — - = = - -
— - . . /
Precision Ve
Recall /
0.8 /
/
0.6 /
/
/
0.4 /
7/
7
7~
0.2 _ -~

0.0
-60000 -40000 -20000 0.0 20000 40000 60000

Hinh 8: Méi quan hé trade-off giita Precision va Recall theo ngudng.

Nhu vay, Precision va Recall gidng nhu hai mit ctia mot chiéc can: khi
mit ndy nang lén thi mat kia ha xudng. Do d6, trong thyuc té khong thé chi
t6i vu mot phia ma can co sy can b'fmg, tuy thudc vao muyc ti€u cua ing dung.
Vi nhing tinh hudng doi hoi ca hai yéu to, ta thuong dung cac chi s tong

hop nhu F1-score dé danh gi4 toan dién hon.
I1.2.6. Specificity

Song song véi Recall, mot chi s6 khac cling quan trong trong bai toan
phan loai cho meo la Specificity (tam dich: do dac hiéu) (con dugc goi 1a

True Negative Rate). Néu Recall do ludong kha nang mé hinh nhén dién hét
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cac anh cho that su, thi Specificity phan d&nh muc d6 chinh xac trong viéc
phat hién meéo, tirc 13 khong gan nham méo thanh cho.

C6 thé hiéu rang, Specificity cho biét trong toan bo cac anh méo, mé hinh da
du doan dung duoc bao nhiéu. Chi sé nay duoc tinh theo cong thirc:

TN
TN + FP

Specificity =
Trong do:
o Specificity 1a d dac hiéu;
« TN 1a s6 mau méo that sy duoc du doan ding 1a meo;
« FP s6 miu méo nhung bi nham thanh cho.
Y nghia trong thuc té:
« Specificity cao — mé hinh hau nhu khong nham meéo thanh ché, dam
bao dg tin cdy cho 16p Negative.
« Specificity thip — mo hinh thuong xuyén gan nham meo thanh cho,
tao ra nhiéu bao dong gia.

11.2.7. Fl-score

Sau khi da xem xét Precision va Recall trong bai toan phan loai cho
meo, ta dé dang nhan thay rang hai chi s6 nay thuong mau thuin véi nhau.
Pé dung hoa hai yéu t nay, ta sir dung F1-score (tam dich: diém F1),
mdt chi s6 duoc dinh nghia dya trén trung binh diéu hoa cta Precision va

Recall:

Precision . Recall

F1 — =2.
score Precision + Recall

Trong do:

e F1 — score 1a chi s6 can bang gitra Precision va Recall;

14



e Precision 1a ti 18 s6 anh duoc dy doan 1a ché va thuc su dung 1a cho;
e Recall 14 i 18 s6 anh cho that sy duge mo hinh nhan dién dang.

Fl-score dic biét hitu ich khi dit liéu bi mét can bﬁng, chéng han sb
luong anh méo nhiéu hon ché. Khi d6, F1-score gitup can nhiac dong thoi ca
hai loai 16i: bo sot ché that (FN) va bao dong gia khi nhAm méo thanh cho
(FP).

Noi cach khac, ta vira mudn mo hinh nhan dién duoc hau hét cac bic
anh cho (Recall cao), vira mudn dam bao rang nhiing anh dugc du doan 1a
cho thuc su dung 1a cho (Precision cao). F1-score chinh 1a thuée do phu hop

de can bang giira hai y€u cau nay trong bai toan phan loai ch6-meo.

Luu y: Dic diém cua Fl-score 14 chi cao khi ca Precision va Recall déu
cao; néu mot trong hai qua thap thi F1-score cling giam theo.
I1.2.8. Balanced Accuracy

Trong trudng hop dir liéu phan loai ché méo bi mét can bang, vi du sb
luong anh méo nhiéu hon han sb lugng anh chd, chi sé Accuracy thong
thuong c6 thé tré nén thiéu cong bang. Khi d6, Balanced Accuracy (tam
dich: d6 chinh xac can b'fmg) dugc sur dung dé diéu chinh bﬁng cach léy trung
binh giita Recall va Specificity. Chi sé nay duoc tinh theo cong thuc:

Recall + Specificity
2

Balaced Accuracy =

Trong do:
e Balanced Accuracy 1a @6 chinh xac can bﬁng;
e Recall do ti 18 s6 anh ché duoc mo hinh nhan dién dung;
o Specificity do ti 1& s6 anh méo duwoc mo hinh nhan dién dung.
Nho cach tinh trung binh nay, Balanced Accuracy phan dnh cong bang
hiéu qua ctia mo hinh trén ca hai 16p ché va méo, thay vi chi bi chi phdi boi

16p chiém da so.
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11.2.9. MCC (Matthews Correlation Coefficient)

Mot chi sb tong hop khac manh mé& hon 1a MCC (Matthews Correlation
Coefficient), con duoc goi la hé s6 tuong quan Matthews. MCC khong chi
xem xét TP va TN, ma con tinh dén ca FP va FN, nhd d6 cung cp cai nhin
can bang hon vé chat lwong mé hinh. Chi sb nay duoc tinh theo cong thic:

TP.TN — FP.FN

MCC = (TP + FP)(TP + FN)(TN + FP)(TN + FN)

Trong do:
« MCC 1a hé s6 tuong quan Matthews;

TP 1a s6 mau ché that sy dugc md hinh du doan ding 1a cho;

TN 1a s6 mau méo that sy dugce du doan dung 1a meo;

FP sb mau méo nhung bi nham thanh ché;

FN s6 mau ché nhung bi nhdm thanh méo.
Y nghia ciia MCC:
« Gia tri dao dong tir —1 dén 1.

e MCC = 1: md hinh phan loai hoan hdo (nhan di¢n ding tat ca cho va
meo).

« MCC = 0: md hinh khong t6t hon doan ngau nhién.
e MCC = —1: m0 hinh du doan hoan toan ngugc lai so vdi thuc té.

Chi s6 MCC dic biét hiru ich khi dit liéu mat can bang, vi n6 danh gia
hiéu qua tong thé dua trén ca bon gia tri cua Confusion Matrix, tranh thién
léch vé& 16p chiém wu thé.

. Luu y: Tét ca cac chi sé nhu Accuracy, Precision, Recall, F1-score
hay tham chi Balanced Accuracy va MCC déu duoc tinh toan dya trén mot
ngudng cb dinh dé phan loai.

tuy nhién, trong thuc té, mo hinh khong chi xuét ra nhan rdi rac ma con

dua ra xac suit p.. Néu ta thay doi ngudng phan loai, vi du tir 0.5 sang 0.7
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trong bai todn ch6-meo, s6 anh dugc gan nhan la cho s€ thay doi, kéo theo

toan bd cac chi sb trén ciing thay doi theo.
11.2.10. ROC Curve va AUC

Dé c6 thé so sanh mo hinh mot cach khach quan ma khong phu thudc
vao viéc chon ngudng, ta st dung ROC Curve va AUC. Day la nhiing cong
cu danh gié truc quan va téng quat hon, dya trén vi€c quét toan b cac gia tri

ngudng thay vi ¢d dinh tai mot diém duy nhat.

Trude hét, ta dinh nghia hai chi s6 quan trong:

TP ___FP
TPR= 1p P ] [ FPR= cp i

Trong do:
* TPR (True Positive Rate) hay Recall: ti I¢ anh choé that dugc nhan dién

ding la cho; « FPR (False Positive Rate): ti 1¢ anh meo bi nham thanh cho.

True Positive Rate—

0 False Positive Rate 1

Hinh 9: Puong cong ROC va phan dién tich AUC.

ROC Curve la d6 thi biéu dién mdi quan hé giira TPR va FPR khi thay doi
ngudng phan loai. Mot mé hinh t6t s& c6 duong ROC nam gan goc trén bén
trai, thé hién vira nhan dién dang nhiéu cho (TPR cao), vira han ché nham

meo thanh ché (FPR thép).
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AUC (Area Under Curve) la di¢n tich duéi duong cong ROC:

e« AUC = 1.0 — mo6 hinh phan loai hoan hao (phéan biét ché va meéo chinh xéc
tuyét doi).

« AUC = 0.5 — mb hinh khong t5t hon doan ngau nhién.
IIL. Thuc hanh
I11.1. Phap biéu bai toan

Gia st Doanh nghiép Al dang thir nghiém ba mo hinh hoc may dé phan

loai xe di qua st dung thanh hai 16p: Lép 0 (Chat lwong tot) va Lép 1 (Rai
ro cao). Muc tiéu 13 so sanh hiéu suat giita cac mé hinh theo day du thude

do da trinh bay (Accuracy, Precision, Recall, Specificity, F1, Balanced
Accuracy, MCC), tir d6 chon phuong an phu hop vé1 muc tiéu kinh doanh.

Bang 1: B dir liéu kiém dinh xe va dy doan cla cdc md hinh.

ID Xe Nim SX Kmdiddi Nhinthweté Model A Model B Model C

1 2022 12000 Tot Tét Tét Tét
2 2018 140000 Rui ro Rui ro Rui ro Rui ro
3 2021 35000 Tét Tot Tot Rui ro
4 2020 55000 Tét Rui ro Tt Tét
5 2017 190000 Rui ro Tét Tét Rui ro
6 2022 20000 Tét Tot Tot Rui ro
7 2019 80000 Tét Tét Tt Tét

III.1.1. Phan tich so’ bg bai toan Ruii ro kinh doanh:
« Sai 1am nghiém trong nhat 1a b6 sét (False Negative) - xe thuc su
riii ro nhung bi mé hinh dy doan thanh tot.
 Hau qua: chi phi bao hanh hoic stra chira cao hon, déng thoi lam
giam uy tin va niém tin caa khach hang.
« Trong thuc té, doanh nghiép thudng uu tién mo hinh c6 Recall cao

dé phat hi¢n dugc cang nhi€u xe rai ro cang tot.
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« Viéc chdp nhan mot sé bao dong nham (False Positive) thuong dugc
xem la it nguy hai hon so v41 bo sét xe rui ro.

I11.2. Loi giai

Budc 1: Pinh nghia Confusion Matrix

m Predicted ﬁ Predicted

ﬁ Actual ﬁ Actual

True Negative (TN)

Hinh 10: Confusion Matrix cho bai toan phan loai xe.

Trong do:

e TP (True Positive): s6 xe rui ro dugc mo hinh du doan dang 1a rii
10;

e TN (True Negative): sb xe t6t duge mé hinh du doan dang la tdt;

« FP (False Positive): s6 xe r6¢ nhung bi m6 hinh du doan nham 1a rui
ro (b4do dong gid);

« FN (False Negative): sd xe rui ro nhung bi mé hinh duy doan nham
la 16t (b6 s61).

Ddi chiéu du doan véi nhin thuc tur Béang 1, ta thu duogc:

Mo hinh TP FN FP TN
Model A 1 1 1 4
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Model B 1 1 0 5

Model C 2 0 2 3
Bwéc 2: Tinh day di cac chi s6

Vi mdi mo hinh, ta lan luot tinh todn bo cac chi so da gioi thiéu ¢ phan
trudc:

(1) Accuracy

Accuracy do ty 1€ du doan dling trén toan bo dir li¢u. Cong thirc:

TP +TN
TP+TN+FP +FN’

Accuracy =

Ap dung cho tirg mo hinh, ta dugc:

TP,+ TN, __ 144 5 o
1+4+1+1 7 .

Accuracys=
TP+ TN,4+ FP,+ FN,
TP+ TNp 145 6
Accuracyg= =T in.iq " = 7%
VB 1+540+1 7 ,
TPg+ TN+ FPg+ FNp
TPc+ TNc
Accuracyc= = L — ATl 4%
ye 2434240 7 .

TPc+ TNc+ FPc+ FN¢
(2) Precision

Precision do ty 1€ s xe thuc sy rui ro trong toan bg s6 xe ma mo hinh dy
doan 1a rui ro. Cong thirc:

. TP
Precision = —_  _ _.
TP +FP
Vi timg mo hinh, ta co:
11
Precision = 1+1  2=50%.

[

Precisiong=1+0=1.0 = 100%.
2

2
Precisionc= 2 + 2 T 4=50%.
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(3) Recall

Recall do ty 1é s6 xe rui ro duoc phat hién ding trong toan bd sb xe rui ro
thuc t€. Cong thuc:

TP

Recall = —— .
TP +FN

Vi tirng mo hinh, ta co:

1 1

Recally,=1+1 )

= 50%. Recallg=
1 1
1+1  2=50%.
2
Recallc=2+0=1.0=100%.

(4) Specificity

Specificity do ty 1& s6 xe tt dugce nhan dién ding trong toan bd s xe tot
thuc té. Cong thuec:

Specificity = —IN__
2 Y= IN+FP
V1 tirng mo hinh, ta co:
4 4
Specificity,= 4 + 5 = 80%.

ot

Specificityg=5+ 0= 1.0 = 100%.
3 JE—
Specificityc=3+2

(5) F1-score

Fl-score 1a trung binh diéu hoa giita Precision va Recall, giup can bang
gitra do chinh xé&c va kha nang phat hién. Cong thuc:

Precision - Recall

F1—score =2 - . .
Precision + Recall

Vi timg mo hinh, ta co:

21



2-05-05 0.5
= = =50%
Fl —scorey, 0.5+0.5 1 ° C.
F1 — scorep
2.-1.0-0.5 1.0

:7_7@)677
10+05 15 ¢

F1 — scorec
2-05-1.0 B 1.0

= ————— = — ~66.7%
0.5+ 1.0 1.5 @

(6) Balanced Accuracy
Balanced Accuracy dugc dinh nghla la trung binh cOng gitra Recall va

Spemﬁcr[y, gitip danh gia cong bang trong trudng hop dit liéu mat can
bang. Cong thirc:

Balanced Accuracy = Recall + Szpeciﬁcity .
V1 tirng mo hinh, ta co:
50% + 80%
BalancedAccy=_—__ =65%.
2
50% + 100%
BalancedAccg=__ =T75%.
2
100% + 60%
BalancedAcce=_— = 80%.
2

(7) MCC (Matthews Correlation Coefficient)

MCC 1a hé sb tuong quan Matthews, xem xét déng thoi TP, TN, FP, FN
deé dua ra thudc do can bang toan di¢n. Cong thirc:

TP-TN —FP -FN
(TP + FP)(TP + FN)(TN + FP)(TN + FN)

MCC =

Vi ting mo hinh, ta co:

1-4—1-1

MCCy \/(1 + DA+ DA+ 1)+ 1) /100 0.300
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N et 2~ 0645
Mce, VOTO0+DE+0GE 1) V60

2-3-2-0 6
= ~ (0.548

MCCC_ \/(2 +2)2+0)(3+2)(3+0) V120

Sau khi tinh toan chi tiét cho timg chi sd trén ba mo hinh, ta tong hop két

qua vao bang duoi day.

Bang 2: Bang chi s6 ddy du cho timg mé hinh (don vi: %). MCC hién thi

Mo hinh  Accuracy Precision Recall Specificity F1 Balanced Acc. MCC
Model A 71.4 50.0 50.0 80.0 50.0 65.0 0.300
Model B 85.7 100.0 50.0 100.0 66.7 75.0 0.645
Model C 71.4 50.0 100.0 60.0 66.7 80.0 0.548

Luwu y: Trong dit liéu nay ta chi c6 nhan roi rac ( khong co xac suat du doan
nén khong thé tinh AUC-ROC
Buwéc 3: Phén tich két qua & Két luan

Quan sat Bang trén, co thé théy su khac biét rd rét gitra ba mo hinh:

Model B: La md hinh ¢6 nhiéu chi sb vuot troi nhat. Vi Accuracy cao nhat
(85.7%), Precision tuyét dbi (100%), Specificity toi da (100%) va hé sé MCC
16n nhat (0.645), md hinh B gan nhu khong tao ra bao dong gia. Khi mé hinh
nay gan cd mot xe 1a rui ro, thi du doan d6 hau nhu chic chin chinh xac.
Pay 1a Iya chon phtl hop néu muc tiéu kinh doanh 13 t6i wu dd tin cdy canh
b4o va hiéu qua tong thé.

Model C: N6i bat & Recall (100%) va Balanced Accuracy cao nhat (80%).
Diéu nay c6 nghia 1a mo hinh C khong bé sét bat ky xe rii ro ndo, song lai
phai danh ddi bang sb luong bao dong gia (FP) cao hon. M hinh nay phu
hop trong bdi canh doanh nghiép dit wu tién vao an toan va uy tin, chap

nhan kiém tra bo sung dé xur 1y cac truong hop gan co nham.
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« Model A: Céc chi sb déu ¢ muc trung binh, v&i1 Precision va Recall chi dat
50%, dong thoi MCC thap nhat (0.300). Piéu niy cho thdy mé hinh nay thiéu
6n dinh va khong c6 wu diém ndi bat so v6i hai mo hinh con lai.

Két luan: Nhu vay, quyét dinh chon mo6 hinh phu thudc vao uu tién chién
lugc cua doanh nghiép:
- Model C: thich hop khi wu tién an toan tuyét ddi (khong bé sot xe rui
10).
- Model B: 1a Iyra chon téi uu néu doanh nghiép can d tin cdy canh bao

cao va hi€u qua tong thé.
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