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1 Gié6i thidu

Trong bat ky bai todn hdi quy nao — tit du bdo gid nha, nhu cau ning luong cho dén du doan nhu cau
thudc hay cuong do tai trong trong ki thuat — viéc danh gia mo hinh quan trong khong kém gi viéc
x4y dyng md hinh. Khong c¢6 mé hinh nao du dodn chinh xdc 100% moi diém dit liéu. Cau hdi thuc té
hon luén 1a: m6 hinh sai léch bao nhiéu so véi thuc té, sai léch dé ¢6 dt nhd dé chap nhéan trong boi
canh ting dung, va thuéc do nao phan 4nh ding “chat lugng du dodn” ma ta quan tam.

Bai blog nay dudc xay dung tit hai ngudn chinh: mot bai téng quan hoc thuat vé céc thude do cho
bién lién tuc trong mo6 hinh hdi quy va hoc méy, va mot bo slide gidng day vé Evaluation Metrics for
Regression (From metrics to loss functions), trong dé phan loai metric theo nhém: sai s6 phu thudc
thang do, sai s6 phan tram, sai sé tuong ddi, thude do tuong déi va cic dang sai sb duge chuan hoa.

Nguon tham khao chinh

Bai viét nay dua trén hai huéng tiép can:

1. Mot bo 14 thude do 16i cho bién lién tuc, gom céac chi s6 nhu Mean Bias (MB), Mean
Absolute Error (MAE / MAGE), Root Mean Squared Error (RMSE), cédc dang sai sb
chuan hod, hé s6 tuong quan Pearson R, VAF, v.v., kém phan tich uu/nhudc va vi du sb.

2. Bo slide vé Ewvaluation Metrics for Regression, trong d6 hé théng hod metric theo nhém
(scale-dependent, percentage, relative, scaled errors, others) va lién két ching v6i ham mat
mat ding dé huan luyén mo hinh.

Muc tiéu 14 khong chi liét ké cong thitc, ma con dan ngudi doc di theo mot cau chuyén: tit cadch dinh
nghia sai s, dén viéc lya chon metric phit hgp cho titng tinh huéng, nhin thay ré cic bay phd bién (nhu
MAPE khi gi4 tri thuc gan 0, hay RSE khi c6 outlier), va cubi cuing 1 két ndi metric danh gia v6i ham
mat mat diing trong toi wu mo hinh.

2 Thiet 1ap van dé va ky hiéu co ban

Gid sit ta c6 mot tap dit libu gdom N quan sat. Tai mdi quan sét i:
o 7; la gid tri thyc (real / target),
o p; la gid tri dg doan (prediction),

e sai so tai diem do 1a e; = p; — ;.

*Duya trén Plevris et al., Investigation of Performance Metrics in Regression Analysis and Machine Learning-Based
Prediction Models, va Muraina et al., Data Analytics FEvaluation Metrics Essentials: Measuring Model Performance in
Classification and Regression.
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Ta ky hiéu vector:
I':(’I”l,...,’I”N)T7 p:(pl)"'apN)T'

Gi4 tri trung binh ctia bién thuc va bién du dodn lan Iugt la:

Trong céc phan sau, ta sé st dung cing moét bo vi du nhé dé tinh tay, nhadm so sdnh hanh vi cia
cac metric dudi nhimng kich ban khac nhau.

Vi du dit liéu co ban. Gia st ta c6 5 quan sit vé gid nha (don vi: nghin USD):

Actual r = (200, 300, 250, 500, 300),

va ba md hinh du doan:

pM) = (210,290, 260, 500, 300),

p® = (210,290, 260, 500, 600),

p® = (210, 290, 260, 800, 600).
Mo hinh (1) gan diing voi tt cd céc didm; mé hinh (2) mic mot 15i kha 16n & didm cudi; mo hinh
(3) mac hai 16i rat 16n. Ta sé quay lai vi du nay nhiéu lan dé xem metric ndo “nhay” véi ting loai sai

z

SO.

3 Sai s6 phu thudc thang do: ME, MAE, MSE, RMSE

Mean Error (ME): do thién léch trung binh
Mean Error (ME) don gidn 14 trung binh cdng ciia sai s6 c6 dau:

1 N

ME = NZ(IH—T:’) =p—T.
i=1
Néu M E > 0, m6 hinh ¢6 xu huang dy doén cao hon thuec té (overestlmate) néu ME < 0, m6 hinh
thuong du doan thap hon thuc té (underestimate). Khi M E ~ 0, ta néi rang vé trung binh mé hinh
khong thién 1éch.

Ap dung cho p®:
10-104+10+040

e = (10,-10,10,0,0), MEW = 5 =2.
Vi p@:
S (10.-10.10.0.300), AE® - 10710 150+0+300 .

Ta thdy ME ting manh ¢ mo hinh (2) vi ¢6 mot sai s6 rat 16n. Tuy nhién, néu sai s6 duong va &m
cAn bang, ME cé thé bang 0 ngay ca khi m6 hinh rat té. Vi viy ME chii yéu ding dé phét hién hudng
thién léch, chtt khong phai dé danh gia chat lugng tong thé.
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Mean Absolute Error (MAE): miic sai léch trung binh dé hiéu
MAE duge dinh nghia la:

1 N
MAE = & Z lpi — il
i=1
Véi vi du trén:

_ 10| + [-10] 4+ [10] +0+0 30
B 5 5
(2) _ |10] +[=10[ + [10] 4+ 0 4 [300] _ 330

B 5 5

MAE ciing don vi v6i bién muc tiéu (nghin USD), nén ta c6 thé néi: “trung binh, du dodn léch 6
nghin USD” (m6 hinh 1) hay 66 nghin USD (m6 hinh 2). MAE khéng cho phép sai s6 duong va am
triét tiéu nhau, nén tranh dudc van dé cia ME.

Tuy nhién, vi du vé gid nha ciing cho thiay mot diém yéu khac cia MAE: néu ta cé 4 16i nhd va 1
16i rat 16n, MAE van chi 14 mot con s6 trung binh duy nhat, khong cho ta biét rang ton tai mot quan
sét c¢6 161 cuc ky nghiém trong. Ching han, néu ta thay moé hinh (2) bing mé hinh (3) v6i hai outlier
rat 16n, MAE van chi phan 4nh mtc “trung binh”, khong ké duge cau chuyén chi tiét vé phan b sai
s6. O vi du gi4d nha, diém yéu cia MAE hién 1én 16 hon khi ta nhin k§ vao ting sai sé chit khong chi
nhin mot con s6 trung binh. Nhé lai bo dit liéu thuc

MAE®M

=06,

MAF = 66.

r = (200, 300, 250, 500, 300),
va hai mo6 hinh:
p = (210,290, 260,500,600),  p® = (210,290, 260,800, 600).
V6i mo hinh p@| sai sb tai timg quan sat la:
e® =p® —r = (10,-10, 10,0, 300),
nén sai s6 tuyét doi la (10, 10, 10,0, 300). Téng sai s6 tuyét déi bang 1041041040+ 300 = 330, vi viy

30 _

MAE®
5

66.
Ta thiy c6 bén diém gan nhu “6n” (16i chi 0 ho#ic 10 nghin USD), nhung mét diém cudi cung bi du
doén léch dén 300 nghin USD. Tuy nhién, khi nén tat cd vao MAE, ta chi con lai con s6 66, hoan toan
khong biét duge rang trong 5 cin nha c6 mot cin bi du doan cuc ky sai.

Gi6 néu ta chuyén sang mo6 hinh p®:

p® = (210,290, 260, 800, 600),

thi sai s6 tré thanh

HE) () —r = (10, —10, 10, 300, 300),

=P
va sai s6 tuyét d6i 1a (10, 10, 10, 300, 300). Liic nay tong sai sb tuyét ddi bang 104-10+104-3004-300 = 630,
nén

MAE® =

630
— = 126.
)

R6 rang, MAE da tang tit 66 1én 126, phan anh viéc mo hinh (3) té hon mo hinh (2). Tuy nhién,
MAE van chi cho ta biét rang “trung binh mdi cin nha sai khoang 126 nghin USD”. Né khong néi roé
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rang cu tric sai sé da thay d6i rat nhiéu: thay vi chi c6 mot outlier cuc 16n nhu & mo6 hinh (2), gis ta
6 t6i hai can nha bi dy doan léch 300 nghin USD & mé hinh (3), va vi tri clia cic outlier (can nha thit
tu va thit ndm) ciing mang ¥ nghia rat khac néu dé 1a nhitng can gid cao, rii ro 16n.

Néi céch khac, MAE gop ca bon 16i nho va mét (hosic hai) 16i cuie 16n vao mot con sé duy nhéat. Néu
chi nhin vao MAE ma khong xem phéan b6 sai s6 (vi du: bang 13i, histogram hoic boxplot residual), ta
khong biét dugc c6 bao nhiéu quan sat gan nhu chinh x4c, c6 bao nhiéu quan sit bi du dodn “tham
hoa”, va nhiing 16i 16n dé nam & dau (viing gia thap hay ving gid rat cao).

Chinh vi vy, MAE rat t6t dé tom tit “mic sai léch trung binh”, nhung lai khéng ké dugc cau
chuyén chi tiét vé phan bd sai sb6: mot mo hinh c¢é thé c6 cing MAE v6i mé hinh khac nhung phén
b6 16i hoan toan khac nhau (nhiéu 16i vita phai so véi vai 16i cute 16n). Trong thic hanh, ta thudng phai
két hop MAE véi cac thong tin khac nhu RMSE, gia tri 16i 16n nhat, cdc quantile ctia sai s6 hodc biéu
dd residual dé thay dugc biic tranh day du hon.

Mean Squared Error (MSE) va Root MSE (RMSE): phat nang outlier

MSE dugc tinh bang:
N

1 2
MSE = N;(pi—n) s

va RMSE 1a can bac hai:
RMSE =vMSE.

Tinh tay cho hai m6 hinh:

(1) _ 10° +(=10)> + 10° + 0* + 0> _ 100 + 100 + 100
B 5 B 5

MSE =60, RMSEW ~ 7.75.

102+ (-10)% +10? + 0> + 300> _ 100 + 100 + 100 + 0 -+ 90000

- - = 18060, RMSE® ~134.3.

MSE®

O day ta thiy o diém manh cta MSE/RMSE: mét outlier duy nhét (300) lam RMSE tang vot, béo
hiéu ring mé hinh méc mét 16i cuc ky nghiém trong & dau dé. Trong nhiéu bai toan nhay cam véi rii
ro (nhu du bdo tai trong chiu luc hofic liéu thudc), viée phat ning sai sb 16n 1 diéu mong mudn.

Déi lai, MSE ¢6 don vi binh phuong, khé dién giai truc tiép; RMSE dién giai duge nhung lai rat
nhay cam vdi outlier. Trong slide bai gidng, vi du vé doanh s6 theo viing minh hoa rat 16 viec RMSE
c6 thé bi chi phdi gan nhu hoan toan bdi moét vai ving cé sai sb6 tuyét déi qua 16n, trong khi RMSLE
lai “diu” hon véi nhitng outlier nay. Ta c¢6 thé cu thé hod vi du d6 bang mot bo sé don gian nhu sau.

Gi4 sit doanh s6 thuc té ctia 5 ving (tinh theo don vi nghin don vi sdn pham) la

r = (10, 12, 15, 18, 1000),

trong d6 bén viung dau 1 thi trudng nhé dén trung binh, con ving thit nim 13 mot thi trudng rat 1én.
M5 hinh du dodn cho nam viing lan lugt 1a

p = (9, 11, 16, 17, 600).

Nhu viy, bon ving dau duge du doan kha sat, sai s6 chi khoang 1 don vi, nhung viung cudi cting bi du
dodn thiéu t6i 400 don vi (tit 1000 xudng 600).
Ta tinh sai s6 tai titng ving:

€ =Dp; —T; = e —= (—]., —]_, 17 —]_, —4_00)
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Sai s6 tuyét dbi tuong ting la

(|€1|, ‘€2|, |63|7 |€4|7 ‘€5|) = (17 1) 17 1) 400)

RMSE bij chi phdi gidn nhu hoan toan bgi viing outlier.
Pau tién, ta tinh RMSE:

RMSE =

Binh phuong sai s6 ting ving 1a
(e2,e2,e2,e2 e2) = (12,12,1%,1%,400%) = (1, 1, 1, 1, 160000).

Téng binh phuong sai s6 13

5
D el =1+41+41+ 1+ 160000 = 160004,
=1

160004
RMSE =/ 60500 ~ 178,9.

Néu nhin vao cau tric nay, ta thidy bén ving dau déng gép téng cong chi 1+ 141+ 1 = 4 vao tong
binh phuong sai s6, trong khi riéng vimng thit naim déng gép t6i 160000. Néi cach khac, hon 99,99% gia
tri bén trong dau can ciia RMSE dén tit mét viing duy nhat. Dt m6 hinh lam kh4 t6t & bén ving nhd,
RMSE hau nhu chi phan d4nh mttc d6 “tham hoa” & viing 16n, gan nhu b qua thong tin rang cic ving
con lai duge du dodn én.

RMSLE giam bét siic nang ciia viung outlier nhé thang log.
RMSLE dugce dinh nghia 1a

N
1 2
RMSLE = |+ ;1: (log(r; + 1) — log(p; + 1))°.

Thay vi lam viéc trén thang tuyén tinh ctia doanh s6, RMSLE dua ci gid tri thuc va du doan lén thang
log. Diéu nay khién sy khac biét gitta nhitng con s6 rat 16n duge “nén” lai.
Ta tinh sai s6 trén thang log cho titng viung:

d; =log(r; + 1) —log(p; + 1),

va binh phuong ciia ching. Bén ving dau c6 gid tri nhé nén chénh léch log gitta r; va p; ciing rat nho;
binh phuong ciia cadc chénh léch nay vao khoang 0.0091, 0.0064, 0.0037 va 0.0029. Riéng vung thit nam,
do tit 5 = 1000 xudng ps = 600, chénh léch log 16n hon, binh phuong sai sé log vao khoang 0.26. Tong
binh phuong sai s6 log la xap xi

0.0091 + 0.0064 + 0.0037 + 0.0029 + 0.2603 ~ 0.2824,

RMSLE =~ 1/ 0'25824 ~ (0.238.

O day, ving thtt ndm vin déng gép phan 16n (khoang 92%) téng binh phuong sai sb log, nhung tj
trong nay da nhé hon rat nhiéu so véi ty trong trong RMSE, noi né chiém gan nhu toan bo. Dong thdi,
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gia tri tuyét dbi cia RMSLE (= 0.238) nam trén mot thang “vita phai”, phan anh rang mo hinh c6 mot
sai s6 tuong d6i dang ké ¢ vung 16n nhung khong dén mitc “nd tung” nhu RMSE ~ 178,9 trén thang
doanh sb.

Nhu vay, vi du doanh s6 theo ving cho thay su khac biét ro rang trong céch hai metric nhin vao
cting mot 16i 16n. RMSE, vén lam viéc trén binh phuong sai sé tuyén tinh, dé cho ving outlier chi phéi
gan nhu toan bo danh gid, khién mo hinh tréng rat té vé mit tong thé. RMSLE, nho phép bién déi log,
gidm b6t tac dong tuyét ddi clia sai sb & ving ¢é doanh s6 khéng 16, dé biic tranh khong chi xoay quanh
mot vai diém cuc tri. Diéu nay dic biét hitu ich trong cdc bai toan doanh s6, noi chénh léch vai tram
don vi 6 mot thi truong 16n d6i khi khong “tai hai” nhu chénh léch vai chuc don vi & mét thi truong
nhd, néu ta nhin moi thit trén thang ting trudng theo ty lé.

MAE vs. RMSE: chon ai?

Mot céch thuc té dé hiéu r6 mbi quan hé giita MAE va RMSE 1a dat chting canh nhau va hoi: tai sao
cung mot bo sai s6 ma hai con s6 nay lai khdc nhau nhiéu nhv vdy?

Vé mit toan hoc, MAE 1a trung binh ctia céc gia tri tuyét ddi |e;|, trong khi RMSE 1a cin bac hai
cua trung binh cac binh phuong e%. Khi binh phuong, nhiing sai s6 16n bi khuéch dai rdt manh: sai s6
10 khi binh phuong thanh 100, nhung sai s6 100 khi binh phuong thanh 10000. Diéu nay c6 nghia 1a
trong RMSE, mot vai 16i cuc 16n c¢é thé théng tri gan nhu toan bo gid tri trung binh, trong khi véi
MAE, ching chi déng gép tuyén tinh nhu moi 18i khéc.

Gia st ta c6 hai phan bd sai s6 khac nhau nhung cling s6 ludng quan sit. 0 phan b thit nhat, moi
sai s& déu quanh quan miic 5-10 don vi;  phan bd thi hai, da sb sai s6 chi khoang 1-2 don vi nhung thi
thoang xuat hién mot 16i ¢ 100. Néu ta tinh MAE cho ci hai truong hop, két qua c6 thé khong chénh
léch qué 16n: & phan bd dau, MAE c6 thé quanh 7;  phan bd thit hai, MAE c¢6 thé nhich 1én 10-15 do
bi kéo béi vai 16i 16n. Nhung néu tinh RMSE, biic tranh sé khac han. Trong phan bé dau, RMSE sé chi
nhinh hon MAE mot chit, vi khong cé sai s6 nao dt 16n dé chi phdi binh phuong. Trong phan bd thit
hai, chi can mot vai 16i ¢d 100 da di lam RMSE bat 1én rat cao, c¢6 thé lén 40, 50 hoéic hon, trong khi
MAE van 6 mtic khd “dé chiu”.

Chinh vi thé, khi ta so sanh MAE va RMSE trén cling mot tép 16i, néu thdy RMSE 16n hon MAE
rat nhiéu (chdng han MAE = 5 nhung RMSE = 20), d6 gan nhu 13 15i cdnh bdo rang phan phédi sai
s6 c¢6 duodi rat day hodc dang chtta vai outlier cuc 16n. MAE ltdc nay giéng nhu ngudi ké chuyén hién
lanh, m6 ta rang “trung binh sai khéng qua nhiéu”, con RMSE 1a ngusi nhan manh: “ding 1a da sb én,
nhung thinh thodng ¢6 nhiing ci sai kinh khing”.

0 gbéc do thiét ké hé théng, ta c6 thé xem MAE 1 thude do tuong dbi “robust”: mdi don vi sai sb
duge dbi xit nhu nhau, nén metric nay phan dnh t6t mtec sai léch dién hinh ma ngudi ding thuong gip.
Nguoc lai, RMSE dugc thiét ké dé nhan manh céc 16i 16n. Néu bai todn yéu cau an toan trong trudng
hop zdu nhat (vi du du béo tai trong, lieu thudc, hay r1i ro tai chinh), ta thudng quan tam téi viec
han ché nhitng ci sai 16n va do dé6 RMSE tré nén rat phit hop. Nguge lai, néu ta chi can bédo dam rang
“phan 16n thoi gian mo hinh du doan vita phai, thinh thoidng lac mot chit ciing duge”, MAE c6 thé 13
thudc do phit hop hon, vi né khéng dé outlier 1an &t toan bo danh gia.

Tém lai, khoadng céch gitta MAE va RMSE khéng chi 1a chuyén con sb, ma 1a mot chi bdo vé hinh
dang phan phdi sai s6. Khi hai gid tri ndy gan nhau, ta c6 thé yén tAm rang sai s dugc phan bd kha
dong déu. Khi RMSE bé xa MAE, ta nén ditng lai nhin kj residual: & dau dé dang ton tai nhitng du
doan rat té ma MAE mot minh khong ké hét cau chuyén.
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4 Sai sb phan triam: MAPE va sMAPE

MAPE: truc quan nhung nhiéu bay
Mean Absolute Percentage Error (MAPE) duge dinh nghia:

N

100

MAPE = —
e

ri = Di
i

Uu diém r6 rang nhat 1a tinh truc quan: ta néi duge ngay “mo hinh sai trung binh 12%” hay 30%.
MAPE khéng phu thudc vao don vi do, nén cé thé so sanh gitta céc tap dit liéu khac nhau.
|7 —pil

Ti

Tuy nhién, slide bai gidng chi ra nhitng vin dé rat quan trong: néu r; rat nhd hoic bang 0, co

thé bung nd vé han. Chang han, néu r; = 1 v p; = 2, sai s6 tuyét ddi chi 13 1, nhung sai s6 phan trim
14 100%. Diéu nay khién MAPE cuc ky nhay véi cadc quan sat cé gid tri gan 0, lam méo toan bo metric.

Vi du tinh tay don gian. Gia st ta du bdo nhu cau thudc (don vi: vién):

r = (100,100,2), p = (110,90,4).
Ta co:

MAPEzlgo<

1100 — 110|100 — 90| = [2—4]\ 100
+ + =

—(0.1 d4+1) = 40%.
100 100 2 3 (0.1+0.1+1) 0%

Mot 16i tuyét dbi 2 vién (tir 2 1én 4) & ngay thit ba, von cé thé khong qué nghiém trong vé mat thuc
té, lai chiém ty trong rat 16n trong MAPE vi mau s6 nhd. DAy chinh 14 biy ma slide minh hoa khi so
sanh nhiéu kich ban du bao véi cling mot sai s6 tuyét doi nhung gid tri that khic nhau: sai s phan
tram bién thién rdt manh theo do l6n cia r;.

sMAPE: cb ging “can bang” nhung khong hoan hao

Symmetric MAPE (sMAPE) dugc dé xuat dé khiic phuc phan nio van dé ctia MAPE bang cich ding
trung binh ctia 7; va p; ¢ mau so:

N
200 i — pil

SMAPE = — _—
N ; il + [pil

Nho vay, khi r; = 0 nhung p; nhd, mau sé van duong va metric khéng bing né vo han. Pong thoi,
viéc ding r; + p; ¢ dudi khién sMAPE d6i xit can bang hon giita over-forecast va under-forecast.

Tuy nhién, sSMAPE van c¢6 nhitng hanh vi khé truc gidc. Trong slide, hai md hinh khdc nhau (mot
mo6 hinh dy dodn 10 thay vi 1000, mot mé hinh dy dodn 1000 thay vi 10) ¢6 cuing sMAPE khoéng 196%.
Trong khi vé ¥ nghia thuc té, du doan 10 cho 1000 khéc rat nhic¢u so v6i du doan 1000 cho 10, nhung
SMAPE khong phéan biét ré6 duge. Piéu nay nhac ta rang metric nio ciing mang mot “géc nhin” riéng,
khong cé thuée do hoan hao cho moi tinh hudng. Mot vi du rat cuc doan nhung gitip nhin ré giéi han
cua sMAPE la truong hgp chi ¢ mét quan sat, nhung moé hinh du doan “nguge dsi”. Gid st gid tri thuc
1a 7 = 1000 va md hinh duy dodn p = 10. Khi dé, sai s6 tuyét déi 1a |r — p| = [1000 — 10| = 990. Theo
dinh nghia,

-pl 990 990

|r
MAPE = 200 — 200 X =200 X —
s “ T+ ol " 1000 + 10 " 1010

£ 990 A
Ta ¢6 {515 =~ 0,9802, nén

sMAPE ~ 200 x 0,9802 ~ 196,04%.
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Bay gid, ta ddo ngudc tinh hudéng: gia tri thuc 1a r = 10 nhung mo hinh lai du dodn p = 1000. Sai
s6 tuyét doi van 1 |r — p| = [10 — 1000| = 990. Ap dung lai cong thitc sSMAPE:
—p 990 990

|r
MAPE =200 x =Pl _op0x — 7 _ 900 x .
5 “ T+ ol " 10 + 1000 1010

Mau s6 10 4 1000 van bang 1010, tit s6 van 1 990, nén ta thu duge ding ciing mot gid tri
sMAPE =~ 196,04%.

Vé mat toan hoc, dieu nay khong cé gi la: trong cong thiic ctia sSMAPE, hai s6 » va p chi xuat hién
duéi dang |r — p| & tit va |r| + |p| & mau. Néu ta hoan ddi vi trf clia ching (tit r = 1000, p = 10 sang
r =10,p = 1000), ca tit s6 1an mau s6 déu khong thay ddi, nén sMAPE cho cling mot két qua. sMAPE
thue sy “déi xtmg” gitta over-forecast va under-forecast theo diing nghia den.

Tuy nhién, néu nhin tit géc do thuc té, du dodn 10 cho mot gid tri that 14 1000 va duit doan 1000 cho
mot gid tri that 14 10 khong hé giéng nhau. Trong bdi canh du béo nhu cau, ching han, truong hop dau
c6 thé khién doanh nghiép bi thiéu hang tram trong, mat doanh thu 16n vi chi chuan bi 10 don vi thay
vi 1000. Truong hop thit hai lai dan dén ton kho khéng 16, chi phi luu kho, hu héng, rii ro tai chinh
khéc. Mttc do rii ro, loai rti ro, va cdm nhén ciia ngudi sit dung mé hinh & hai tinh hudng nay cé thé
rat khac nhau.

Thé nhung, sSMAPE géi ca hai truong hop nay vao cting mot con sb6 xap xi 196%. N6 chi néi rang
“m6 hinh sai gan gap d6i muc t6i da c6 thé trén thang ddi xtmg nay”, nhung khéng cho biét theo
hwdéng nao (thita nhiéu hay thiéu nhiéu), ciing khong phan biét duge béi canh nao 1a nguy hiém hon.
T vi du nay, ta thdy r6 mot giéi han: sMAPE dugc thiét ké dé dbi xit cong bang giita over-forecast
va under-forecast vé mit todn hoc, nhung chinh sy ddi xting d6 khién né khong phan anh hét y nghia
thuc tién ctia ting kiéu sai lam.

Diéu nay nhic ta rang mdi metric luén mang theo mét “géc nhin” cu thé vé sai s6. sSMAPE coi viéc
du dodn qué cao va qué thap 1a tuong duong néu xét theo do chénh léch tuyét déi va tong do 16n cta
hai con s6. Céch nhin nay phu hgp khi chi phi ctia viéc du dodn thita va thiéu gan nhu giéng nhau.
Nguoc lai, trong nhitng bai toan ma thiéu hang nguy hiém hon tdn kho, hoiic ngudc lai, ta can nhiing
metric khac (hodc b sung thém phan tich chi phi) dé phan biét hai loai 161 d6. Khéng cé thuée do nao
hoan hio cho moi tinh hudng; diéu quan trong la hiéu ré “ling kinh” ma mdi metric dang st dung, dé
khoéng bi con s6 dep trén gidy che mat cau chuyén thuc sy cta dit liéu.

5 Sai sb tuong d6i va thuéc do tuong dbéi: MRAE, GMRAE, RelMAE,
RSE

MRAE: so v6i mdot mé hinh mbc

Mean Relative Absolute Error (MRAE) khong chi nhin vao sai s6 ctia mo hinh, ma con so sanh véi sai
s6 clia mot mo hinh méc (benchmark), thuong 1a phuong phédp don gidn nhu naive forecast:

trong dé b; 1a du dodn ctia md hinh mbe.

Néu MRAE < 1, m6 hinh dang danh gi4 t6t hon benchmark; néu M RAE > 1, m6 hinh té hon
mobc. Vé mat cau chuyén, MRAE trd 15i cAu hoéi: “M6 hinh ctia t6i tot hon hay té hon so v6i mot cach
du bdo cuc ky don gian?”
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Nhung MRAE ciing rat nhay v6i mau s6 nhé. Trong slide, van dé clia céc chi sé dang “twong dbi so
v6i benchmark” nhu MRAE duge minh hoa bang mét tinh huéng khé tinh té: khi m6 hinh mébc b; du
bdo gan nhu hoan héo so véi gid tri thuc r;, sai s6 |r; — b;| & mau s6 trd nén rat nhd, khién ti 1¢

\7”1‘ —pz"

|ri — bil

dé dang “nd tung” chi vi m6 hinh ciia ta khong t6t bang mot du bdo gan nhu hoan hao. Chi sé khi d6
bi phéng dai, trong vo ciing té&, du trén thuc té sai s6 ctia md hinh khong qué khiing khiép néu ta nhin
& thang do gbc.

Ta c6 thé cu thé hod bang mot vi du don gian. Gia sit gia tri thuc tai mot thoi diém 1a

M6 hinh méc (benchmark) st dung mot cach du bdo rat thong minh, vi du nhu trung binh trugt cé
trong sb, va vo tinh cho két qua gan nhu chinh xé4c:

b; =99.

Sai s6 ctia benchmark khi dé 1a

Mo hinh ctia ching ta, trong khi d6, du doan
Pi = 95.

Sai s tuyét dbi ctia mo6 hinh 14
|ri — pi| = [100 — 95| = 5.

Néu ta nhin trén thang do gbc, viéc sai 5 don vi quanh mdc 100 khong phéi 14 mot thdm hoa; MAE &
miic 5 van c6 thé duge coi 14 chdp nhan duge trong nhiéu bdi canh. Nhung khi ta tinh MRAE tai diém
nay,
ti 16 tuong déi = Iri=pl 5 _ 5,
|Ti — bz| 1

nghia 1 chi s6 riéng & diém nay néi rang mo hinh cta ta té gip 5 lan benchmark. Néu tap dit liéu chi
cb vai quan sat nhu vay, gid tri MRAE trung binh s& bi kéo lén rat cao, tao cAm gidc mo hinh 13 “tham
hoa” so v6i mbe, du trén thuc té né chi don gidn 1a khéng t6t bing mot du bdo gan nhu hoan hao.

Van dé tré nén nghiém trong hon khi sai s6 ctia benchmark con nhé hon nita. Hay tudng tuong
benchmark doan ding dén mic

b; = 99,9,

khi d6
|r; — b;| = 100 — 99,9] = 0,1.

Néu mo6 hinh ctia ta van du dodn p; = 95, sai s6 tuyét déi van 1a 5. Nhung ti 1& tuong ddi gio 1a

|7 — pil )
—_— = = 50.
|T'i — bz’ 0,1

Chi vi benchmark may mén (hoiic rat tinh vi) dodn gan nhw chinh xdc, mau sb trong ti 1& tré nén cuc
nhé. Két qua 1a MRAE tai diém nay vot lén 50, goi ¥ rang mé hinh ciia ta té gap 50 lan benchmark.
Nhin vao con s6 50, nhiéu ngudi s& nghi mo6 hinh gan nhu vé dung, trong khi trén thuc té né chi sai 5
don vi quanh mirc 100.
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Hién tuong nay cho thdy mot diém yéu mang tinh cAu tric clia cic metric dang

i — pil .

Iri — bl -

chiing cyc ky nhay v6i nhitng tinh huéng ma benchmark lam qud tot. Khi |r; — b;| tién gan 0, bat ctt
sai s6 ndo clia md hinh cling bi “phéng dai” 1én ti 16 rt 16n, din dén mot chi s tong hop bi léch hin
vé nhitng diém nay. Néu trong ca chudi thoi gian, benchmark c6 thém vai 1an doan gan nhu hoan hio,
MRAE trung binh cé thé bi chi phéi béi nhitng quan sat hiém hoi d6, dut phan 16n thdi gian moé hinh
ctia ta hoat dong & mic chdp nhan dugc.

Diéu nay khong cé nghia 1a MRAE v6 dung. Khi benchmark 13 mot m6 hinh don gidn (nhu naive
forecast) va hiém khi chinh xac tuyét déi, MRAE 1a mot thude do hitu ich dé tra 16i cAu héi “mé hinh
clia toi tot hon baseline bao nhiéu lan”. Tuy nhién, vi du trén nhic ching ta rang néu benchmark déi
khi rat gan véi dit liéu that, dic biét trong nhitng khodng thdi gian it nhiéu, cdc metric chia cho |r; — by
can dudc dién gidi than trong. Thay vi nhin vao MRAE mot ciach mit quang, ta nén két hop véi cdc chi
s6 khac nhu MAE, RMSE, hodc tham chi xem truec tiép phan bd |r; — b;| dé hiéu bdi canh: benchmark
¢ thue su 1a mot “ddi thii cong bang” hay chi tinh ¢ cuc ky may mén & mot vai diém dit liéu.

GMRAE: liy trung binh hinh hoc dé giam anh huéng outlier

Geometric Mean Relative Absolute Error (GMRAE) dung trung binh hinh hoc ctia céc ti 1& thay vi
trung binh cdng:

Viéc dung tich va can bac N lam gidm anh hudéng ctia mot vai ti 1€ qué 16n hoac qua nhd, nén
GMRAE thuong 6n dinh hon MRAE véi outlier. Tuy nhién, nhu slide minh hoa, trung binh hinh hoc
lai nhay véi cc gid tri rat nho va cé thé tao cam gidc “can bang” hon thuc té: mot 161 cue nhé tai mot
thoi diém nao dé6 c6 thé kéo GMRAE xudng, lam ta nghi rang m6 hinh én dinh, trong khi thuc té ton
tai vai 16i rat 16n & cic thoi diém khac. Ta c6 thé minh hoa vAn dé nay bing mot vi du sb cu thé véi
bén thoi diém du bdo. Tai moi thoi diém 4, ta xét ti 1é

_ |ri —pil

" i - il

gitta sai s6 tuyét dbi ctia moé hinh va sai s6 tuyét dbi ctia benchmark. Gia sit trong bén thoi diém, ta
thu dugce céc gia tri:
q1 = 07017 q2 = 57 q3 = 107 q4 = 10.

Dién gidi mot cach don gian, diéu nay cé nghia la:

e O thoi diém tht nhit, mo hinh t6t hon benchmark rit nhidu (sai s6 chi bang 1% sai s ctia
benchmark).

o O thoi diém tht hai, mé hinh té hon benchmark 5 lan.
¢ O hai thi diém cudi, mo6 hinh t& hon benchmark t6i 10 lan.
Néu ta ding MRAE (trung binh cong), gid tri thu duge 1a

1 1 1 25.01
MRAE:Q1+Q2?:(J3+Q4:0,O +5I 0+10 _ 5410

~ 6,25.

10
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Con sb 6,25 phan anh khé r6 rang rang, trung binh, mé hinh té hon benchmark nhiéu lan; né bi kéo
manh bdi hai 16i rat 16n (gip 10 1an) va mot 16i khé 16n (gip 5 lan).
Tuy nhién, néu ta ding GMRAE (trung binh hinh hoc), ta lai c6:

GMRAE = (q1 - g2 - q3 - q)"* = (0,01 x 5 x 10 x 10)/%.

Tich trong ngoac la
0,01 x 5 x 10 x 10 = 0,01 x 500 = 5,

GMRAE = 5'* ~ 1,50.

0 day ta thdy hiéu ting rat ro: chi vi c6 mot thoi diém dau tién ma mo hinh tét vugt troi (ti lé
0,01), tich q1g2g3qs bi kéo xudng khd manh, khién cidn bac bén ctlia tich chi con khodng 1,5. Nhin vao
GMRAE =~ 1,5, ta dé ¢ cam gidc rang mo6 hinh “chi té hon benchmark mot chit” va tuong dbi cin
bang. Thuec té, trong ba thoi diém con lai, mé hinh té hon benchmark 5-10 1an, mot mtc chénh léch rat
dang lo ngai.

Vi du nay cho thay trung binh hinh hoc nhay véi céc gia tri rat nhé: chi can mot diém du doan gan
nhu hoan héo (so v6i benchmark) 1 di kéo GMRAE xuéng déng ké, che bét 4n tugng vé nhitng 15i rat
16n & céc thoi diém khic. Néu ta chi nhin vao GMRAE, ¢6 thé di dén két luan lac quan rang mé hinh
“6n dinh quanh mtec 1,5 1an té hon benchmark”, trong khi phan bd thuc su ctia ty 1é ¢; lai rdt mat can
ddi: mot diém cuce tot va nhiéu diém cuc té.

Diéu nay khong c6 nghia GMRAE 13 mo6t metric “xau”, ma chi nhic ta rang mdi chi s6 déu mang
mot géc nhin ritng. GMRAE wu &i cdc mo hinh c6 vai diém cue tot (ti 1é rat nhd), va “gidm nhe” anh
huéng clia cic diém cuc xadu. Néu muc tiéu cla ta 1a danh gid mic do té nhat hoac mitc d6 té trung
binh theo nghia tuyén tinh, MRAE hoic céc thong ké khic (nhu quantile clia ¢;) s& phit hgp hon; con
néu ta quan tam dén hiéu suit tuong d6i “dién hinh” trén thang nhan, GMRAE lai 14 mét cong cu hitu
ich.

RelMAE: so sAinh MAE véi benchmark
Mot cach nhin khéc la Relative Mean Absolute Error (ReIMAE):

M AFEnodel _ Z |Ti - pi|
MAEbenchmark Z |Ti - bz| ’

Néu RelM AE < 1, m6 hinh t6t hon benchmark; néu RelM AE > 1, mo6 hinh té hon. Metric nay
don gian, d& hiéu va khéng phu thudc vao don vi. Tuy nhién, vi du trong slide cho thiay ReIMAE ciing
c6 thé che md 18i cuc 16n: mot 161 100 & chi mot thoi diém c6 thé bi “dim” xudéng béi nhiéu 16i nho &
cac thoi diém khac, khién ReIMAE chi nhinh hon 1 mot chit va khéng phan 4nh ding mttc do nghiém
trong ctia outlier. Mot céach khac dé nhin thay han ché ctia céc chi sb tuong ddi so v6i benchmark 13
thong qua ReIMAE. Nhéc lai, ReIMAE dugc dinh nghia 13 t§ s6 gitta MAE ciia mé hinh v MAE cia
benchmark:

RelMAFE =

MAEmodel _ Zz]\;l |Ti - pi’
MAEbenchmark Zi\il ‘T‘i — bl|

Néu ReIMAE nhé hon 1, ta két luAn mé hinh t6t hon benchmark; néu 16n hon 1, mo6 hinh kém hon. Vé
mit truc gidc, day 1a mot thude do rat tién: chi can moét con sé dé biét minh “hon hay kém baseline
bao nhiéu lan”. Tuy nhién, vi du trong slide cho thiy ReIMAE ciing c¢6 thé che md nhiing 18i cuc 16n,
vi né chi nhin tong sai s6 tuyét d6i, khong quan tam sai s dé phan bé nhu thé nao theo thoi gian.

RelMAE =

11
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Hay xét mot vi du cu thé véi 6 thoi diém du bao. Gia tri thuc r; ¢6 thé 1a bat ky, & day ta chi tap
trung vao do 16n sai s6. Gia sit benchmark cé sai s6 tuyét déi tai 6 thoi diém la:

Ir; — b+ 10, 10, 10, 10, 10, 10.

Benchmark 6n dinh, ludén sai 10 don vi § mdi thoi diém, nén

10+10+10+10+10+10

MAEbenchmark = 6

10.

M6 hinh ctia ta ¢é sai s6 nhu sau:
|ri —pil = 8, 8, 8, 8, 8 100.

O 5 thoi diém dau, mo hinh t6t hon benchmark (chi sai 8 thay vi 10). Nhung & thoi diém cudi, né méc
mot 16i cue 16n: sai 100 don vi. MAE ctia mdo hinh 1a:

6

> ri - pil =8+ 8+ 8+ 848+ 100 = 140,
=1

140
MAEmodel - ? ~ 23,33

T day, ReIMAE bang:
23,33

10
Con s6 2,33 né6i rang trung binh md hinh té hon benchmark khoang 2,3 1an vé sai s6 tuyét déi. D6 da
14 mét canh bao khé ré. Tuy nhién, hay tinh chinh vi du mot chit dé thiy ré hon viéc outlier c6 thé bi
“dim”.

Gia st benchmark lai t& hon mot chit, véi sai so:

RelMAFE =

~ 2,33.

|ri —bi| 20, 20, 20, 20, 20, 20,
nén
MAEbenchrnark = 20.
Mo hinh van giit sai sb
lri —pil : 8, 8, 8, 8, 8, 100,

ttic 14 & 5 thai diém dau né vugt tréi benchmark (8 so véi 20), chi cé mot thai diém cudi ciing 1a rat té.
Khi do:

6
> lri—pil =140,  MAEmoa ~ 23,33.
1=1

Va ;
D i —bil =20 x 6 =120,  MAEpenchmark = 20.
=1
Ty s6 ReIMAE trd thanh:
2
Rel M AFE = 3’33 ~1,17.

Nhin vao ReIMAE ~ 1,17, ta dé& dién giai rang mo hinh “chi té hon benchmark khoang 17%” vé
mit MAE. Diéu nay nghe c¢6 vé khong qud kinh khiing, diic biét néu ta chi nhin con s6 1,17 ma khong

12
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xem chi tiét timg thai diém. Nhung phan tich k¥ hon, ta thay btic tranh hoan toan khac: trong 5/6 thoi
diém, mo6 hinh rat t6t, sai s6 chi bang 40% sai s6 ctia benchmark (8 so v6i 20), nhung d6i lai, & 1 thoi
diém, mé hinh méc 16i cue Idn (100 don vi). Néu bdi canh ting dung 13 moét hé théng nhay cam, vi du
du béo liéu thube, du trit hang hod gid tri cao, hay canh bdo rti ro, thi chi mot 16i 100 duy nhat nay
ciing c¢6 thé gay hau qua nghiém trong.

RelMAE, vi chi quan tAm t6i tong sai sb tuyét d6i, da dé cho 5 16i nho “dim” bét anh hudng ciia
mot 16i cuc 16n. Trung binh cdng 5 lan rat t6t va 1 1an rat té cho ra mot con sb chi hai cao hon baseline;
trong khi vé mit rii ro, ¢6 thé ta sin sang chdp nhan moét mé hinh luén sai 20 nhung én dinh, hon 1a
mdt moé hinh thuong sai 8 nhung thinh thoang “nd” 100.

Vi du ndy cho thiy ReIMAE c6 xu huéng tron hod moi thit vé mot hé sé tuwong déi duy nhat, nén
dé che khuat céc outlier. Néu chi nhin vio ReIMAE ma khong kiém tra phan bé sai s6 theo thdi gian
(hodc khéng kiém tra thém céc théng ké nhu 16i 16n nhit, quantile ciia 16i), ta cé thé danh gia thap
mitc do nghiém trong clia mot vai sai s6 cue 16n. Ciing gidng nhu cdc metric khac, ReIMAE rat hitu ich
dé so sanh tong thé mo hinh véi benchmark, nhung khong nén dude st dung mot minh khi bai todn
nhay cam vdi 16i cuc tri. Trong nhitng tinh huéng nhu vy, can két hop thém céc thuée do khac hoac
phén tich tap trung vao céc trudng hop xau nhat dé cé cai nhin day du hon.

Relative Squared Error (RSE): lién hé véi R?

Relative Squared Error (RSE) so sanh téng binh phuong sai sé ctia m6 hinh véi tong binh phuong sai
s6 cia mot baseline don gidn 14 du dodn bang trung binh:

Zij\i (ri —pz’)Q
i=1(ri =)

RSE gan 0 nghia 1a md hinh rat tot (sai s6 binh phuong nhd), RSE gan 1 nghia 1a khong tot hon
nhiéu so v6i viéc dodn bang trung binh, va RSE 16n hon 1 nghia 1a mé hinh té hon baseline.

Trong slide, hai case study vdi va khong c6 outlier cho thay mot hién tugng thi vi: khi thém mot
outlier rat 16n vao c& md hinh va benchmark, tong sai s6 binh phuong ciia cé hai déu tang manh, nhung
theo cach nao dé khién ti 16 RSE tién gan 1. Két qua 1a, RSE gidm tit 2.22 xudng con khoang 0.99 khi
thém outlier, tao cadm gidc md hinh “tién bo”, trong khi thuc té cd hai (mo6 hinh va benchmark) déu
trd nén té hon nhiéu. Pay 1a vi du ro rang vé viéc mot metric tuong déi ¢ thé danh lita ta néu ca mo
hinh va baseline déu bi kéo bdi outlier theo huéng giéng nhau. Hién tugng thu vi ciia RSE (Relative
Squared Error) duge thiy rat ro khi ta so sanh hai case study: mot bo dit liéu khong cé outlier va mot
bd dit litu dude thém cling mot outlier rat 16n vao ca mo hinh 1an baseline. Nhé lai dinh nghia:

S (ri — pi)?
RSE == N——27
iz (i = 7)

trong d6 tit s6 13 tong sai s6 binh phuong ctia mé hinh (RSS), con mau s6 chinh la téng binh phuong sai
s6 ctia baseline du dodn bang trung binh (TSS). N6i cich khiac, RSE so sanh mé hinh v4i mot baseline
“ngdy ths” la luén doan 7.

Case 1: khong cé outlier, mé hinh t& hon nhiéu so v&i baseline.
Xét bo dit litu dau tién véi bdn quan sit:

r) = (10, 12, 15, 18), p) = (14, 16, 20, 24).

Trung binh cta gia tri thuc la

Ly 10+12+15+18
= 1

= 13,75.

13
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Téng binh phuong sai s6 so véi trung binh (TSS — tiic chat lugng baseline “dodn bang 7) 1a:

4
75SM = 3"tV —#1)2 = (10 - 13,75)% + (12 — 13,75) + (15 — 13,75)% + (18 — 13,75) = 36,75.
=1

Sai s6 ctia mé hinh tai ting diém 1a
e =p" — () = (4, 4,5,0),
nén tong sai sé binh phuong (RSS) 1a
RSSW = 4% + 4% 152 1 6% = 16 + 16 + 25 + 36 = 93.
Tu dé,

RSSW 93
RSEM = =

T7SSL 36,75
Gi4 tri RSEM > 1 cho thdy mo hinh dang té hon rat nhiéu so v6i baseline “chi dodn méi 7. Trong
case nay, truc gidc va con sd déu khép: baseline dodn ciing khong dén ndi té, trong khi mo hinh hau
nhu ludn léch ra xa khoi r;.

=~ 2,53.

Case 2: thém mot outlier 16n cho ca d@ liéu va mé hinh.
Bay gio, ta thém mét quan sat th@ nam 1a mot outlier rat 16n. Gia tri thuc méi:

r® = (10, 12, 15, 18, 500),

va mo6 hinh du doan:
p® = (14, 16, 20, 24, 50).

Hay chii ¥: 6 bén diém dau, mo hinh van té nhu cii (sai 4, 4, 5, 6), va & diém thit nim mo hinh ciing
sai rat 16n (500 so v6i 50 1a chénh 450 don vi). Tic 1a cd baseline 1dn mo hinh déu sé bi outlier nay kéo
cho “té di” rat nhiéu vé mit sai sb tuyét doi.

Trude hét, tinh lai trung binh méi:

~2) _ 10+12+1§+18+500:¥:111‘

Tong binh phuong sai s6 so véi trung binh (TSS) lic nay la:

T8S® = (10 — 111)? + (12 — 111)? + (15 — 111)? 4 (18 — 111) + (500 — 111)?
= 101% + 99% + 96 + 932 + 389°
= 10201 + 9801 + 9216 + 8649 + 151 321
= 189188,

Baseline “doén bang 7 = 1117 gis day ciing mic nhing 16i khéng 16: & cd 4 diém nhoé dau, né doan
cao hon nhiéu (tit 10-18 ma doan 111), con & diém outlier thit nim, né doan thip hon khé nhidu (tit
500 vé 111). Két qua la TSS tang tit 36,75 1én 189 188, titc baseline tré nén t& hon rat nhiéu.

Sai s6 ctia mo hinh méi 1a:

el = p® —r®) = (4, 4,5, 6, —450),

14
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nén téng binh phuong sai sb:

RSS® =42 1 42 4 52 4 6% + (—450)?
= 16 + 16 + 25 + 36 + 202500
= 202 593.

R& rang, md hinh cling té di rat nhiéu vé mit tuyét ddi: RSS nhdy tit 93 1én hon 202 nghin.
Tuy nhién, khi ta tinh RSE:

(2 _ RSS® 202593
T TSS® T 189188 T

RSE 1,07.

Hiéu tng “tién bd 4o0” ciia RSE.
Neu dat hai case canh nhau:

RSEW ~ 253 (khong c6 outlier), RSE® ~ 1,07 (c6 outlier).

Ta thay mot diéu rat nghich 1y: sau khi thém mot outlier khdng 16, khién cd baseline 1an mé hinh déu
té hon nhiéu (TSS ting tit 36,75 lén 189 188, RSS tang tir 93 1én 202 593), thi RSE lai gidm manh tit
khoang 2,53 xudng con 1,07, tién rat gan t6i 1. Néu chi nhin vao RSE, ta c¢6 thé két luin rang “mo hinh
da tién bo ro rét so véi baseline”, vi tit chd té hon baseline hon hai lan, gis chi té hon khoang 7%.

Thuec té, dicu xay ra 13 outlier kéo ca hai vé phia xau di, nhung baseline (dy dodn bang trung binh)
bi outlier d6 phat ning hon mo hinh. Baseline phai “cAn bang” toan bo dit liéu, nén khi xuit hién mot
gid tri 500 bén canh céc gid tri 10-18, trung binh bi day 1én mot mitc ma lam cho cé céc diém nhd 1an
diém 16n déu bi 16i 16n. M6 hinh, trong vi du nay, vo tinh (ho#ic ¢b ¥) du dodn 50 cho diém 500: sai rat
ning, nhung van “it t&” hon so véi baseline dut doan 111. Ti s6 RSS/TSS vi thé gidm xudng, dit ca hai
sai s6 tuyét d6i déu buing né.

Day chinh 13 hiéu tmg “tién bo 40” ctia RSE (va néi chung 1a moi metric twong déi so v6i mot
baseline cu thé): néu cd mo6 hinh 1dn baseline déu bi kéo béi outlier theo huéng giébng nhau, nhung
baseline chiu tdc dong ning hon mot chit, thi RSE sé gidm, tao cdm gidc mo hinh té6t hon tuong doi,
di1 trén thang do tuyét déi, moi thit déu tré nén té hon rat nhiéu. Néu ta chi nhin vao RSE ma khong
kiém tra TSS, RSS, hodc khong xem truc tiép céc outlier trong residual, rat dé di dén két ludn sai ve
chat luong thuc sy ctia mo hinh.

T vi du nay, bai hoc la: céc metric tuong dbi so véi baseline, nhu RSE, rat hitu ich dé xem mo
hinh ¢6 vugt qua mot mbc don gidn hay khong, nhung chiing khong thé thay thé cho viéc phan tich
truc tiép sai s6 tuyét dbi va cau tric outlier. Khi dit liéu c6 kha ning xuat hién cic gié tri cuc doan, ta
can dic biét than trong khi dién gidi nhitng chi s kiéu “ti s6” nhu vay.

6 Sai s chuan hoa theo thang: MASE, RMSSE
Mot van deé 16n v6i MAE, MSE, RMSE 13 ching phu thudc vao thang do ciia dit liéu: cling mdt mé hinh

c6 thé trong “t&” néu don vi 13 nghin, nhung lai “én” néu don vi 1a triéu. Dé gidi quyét, ta ding cac
metric duge chuan hod bdi mot dai lugng dic trung (thusng 13 MAE in-sample ciia mot naive baseline).

MASE: Mean Absolute Scaled Error
Mean Absolute Scaled Error (MASE) dugc dinh nghia:

N
N Lict Iri = pil

v .
ﬁ Zt:Z |7t — 71

MASE =
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T s6 14 MAE ctia md hinh; mau sé 14 MAE ctia m6 hinh naive ding gid tri truéc d6 lam du béo.
Néu MASE < 1, m6 hinh t6t hon naive; M ASE > 1 nghia 1a du bdo con té hon cé viée chi lay gid tri
truge doé.

Vi du trong slide st dung ciing mét tap dit litu gom 5 quan sét lién tiép dé minh hoa cich tinh
MASE mét cach cu thé. Y tuéng ctia MASE 1a chudn hod MAE ctia md hinh bang mét méc tham chiéu
rat don gian: sai s6 tuyét dbi trung binh ctia m6 hinh naive du béo gid tri hom nay bang gid tri hom
qua. Nhd vay, ta khong chi biét mo hinh sai bao nhiéu, ma con biét né tét hon hay té hon so v6i mot
chién lude rat ngay tho.

Gia stt ta c6 chudi thai gian nhu cau (hodc doanh s6) theo ngay:

r = 100, ro = 110, r3 = 105, T4 = 120, s = 115.

Bu6c dau tién dé tinh MASE 13 tinh mau s, ttic 1A MAE ctia m6 hinh naive ding gid tri hom trude
dé du bdo hém sau. Khi d6, du bdo naive tai cdc thdi diém tir 2 dén 5 1a:

fénaive) —r, = 100, fénaive) — y = 110, finaive) — 15 = 105, fénaive) — 1y = 120.
Sai s6 tuyét dbi clia mé hinh naive tai ting diém la:
Iy — #1110 — 100] = 10,
Irg — 7Y | = 105 — 10| = 5,
Iy — ")) = 120 — 105] = 15,

Irs — PY| = [115 — 120] = 5.

Téng sai s6 tuyét d6i clia naive 1a 10 + 5+ 15 +5 = 35. Vi chi c6 4 du béo (tit thoi diém 2 dén 5), MAE
clia naive bang:

- - - - 35
MAE, ... — lre — 71| + |r3 — 1o 1— [ra —r3[+[rs —ra| _ i

= 8,75.

Biéu thtc trong slide
|re — 1| + |rg — ro| + |ra — r3| + |15 — 74
4
chinh 1 céch viét ¢6 dong ctia MAEaive v6i du béo kiéu “hém nay bang hém qua”.
Bay gid, gid sit ta c6 hai mo hinh dur b4do khac nhau cho ciing chudi nay.

M5 hinh A du béo:

P =100, piM =108 p{M =107, p{M =118 P =117

Sai s tuyét dbi ctia mo6 hinh A la:
iy — p{™| =100 — 100| = 0,
Iry — p§M| = 110 — 108] = 2,
Irs — p§| = [105 — 107 = 2,
ry — piY) = 120 — 118] = 2,

Irs — ptM| = 115 — 117 = 2.
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Téng sai s6 tuyét d6ila 04+2+24+2+2 =28, nén

MAE, = g =1,6.
MASE ctia md6 hinh A sé 14 MAE cda A chia cho MAE cia naive:
MAE, 16

MASE, =

= ~ 0,18.
MAEnaive 8775 ’

Gié tri MASE ~ 0,18 nh6 hon 1 rat nhiéu, c¢6 thé dién giai la: mo6 hinh A chi méc khoang 18% miic
sai s6 trung binh ctia mot chién lugce naive, titc 1a t6t hon naive khoang ﬁ ~ 5,5 lan.
M5 hinh B lai du doan kém hon. Gié si:

PP =105, pP =115, pP =110, p¥ =125, P =120.

Sai s6 tuyét doi:
i — p{?| = 100 — 105| = 5,

o — 3P

irs — p{P)| = 105 — 110| = 5,

| = |110 — 115| = 5,

rs — p$P)| = 120 — 125| = 5,
Irs — ptP)| = 115 — 120] = 5.
Téng sai s6 tuyét d6ila 5+ 5+ 5+ 5+ 5 = 25, nén

MAEg = 2; = 5.

MASE ctia m6 hinh B 1a:
MAEg 5

MAEnaive - 8775

M6 hinh B van t6t hon naive (vi MASEp < 1), nhung kém mo hinh A (vi 0,57 > 0,18). Thay vi néi
rSi rac rang “MAE ctia A 14 1,6 con ctia B 1a 57, MASE cho ta mot thuée chudn hod: A chi méc 18%
sai s6 clia naive, con B méc 57% sai s6 ciia naive.

Piém manh ciia MASE 1& mau s6 2=t =ral phan gnh mie do bién dong noi tai ctia chinh
chudi d6. Néu chudi ¢ bién dong cao (cic chénh léch |ry —r;_1| 16n), chién luge naive ciing sé mac sai sd
16n; néu chudi rat on dinh, chién lude naive sé rat chinh xac. Khi ta chuan hod MAE ctia m6 hinh theo
mitc sai s6 “tu nhién” nay, ta c6 thé so sinh MASE ctia nhiéu chudi khic nhau trén cling moét thang:
moét md hinh ¢6 MASE = 0,5 nghia 14 né sai bang moét nita mo hinh naive, bat ké chudi dang & thang
do 10, 100 hay 10 000.

Nho viy, MASE tré thanh mot “chuan chung” rat hitu ich: né tra 16i cau héi “mé hinh ciia toi tot
hon du bdo don gidn bao nhiéu lan” theo mot cach khong phu thuoc vao don vi do ludng, cho phép so
sanh hiéu qua mo hinh gifta cdc chudi thdi gian c6 thang do va dd bién dong khac nhau.

MASEp =

=~ 0,57.
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RMSSE: Root Mean Squared Scaled Error
RMSSE la phién ban “binh phuong” cia MASE:

N
% D i (Ti — pi)?

RMSSE = | — M= .
N Dot (Tt = 71e-1)

RMSSE thita huéng tinh nhay véi outlier ctia RMSE, nhung st dung mau sb dé chuan hod, gitip so
sanh giita céc chudi cé thang do khac nhau. Hai metric MASE v RMSSE dic biét pho bién trong boi
canh danh gid mo6 hinh du bao chudi thdi gian trén nhidu sin phdm/danh muc véi mitc doanh sb rat
khéc nhau. Dé thiy ro két ludn nay, ta xdy mot vi du cu thé v6i hai san phadm cé thang do doanh sb
rat khac nhau, nhung ciing 4p dung RMSSE dé so sanh.

Buéc 1: Pinh nghia RMSSE

RMSSE (Root Mean Squared Scaled Error) 1a phién ban “chuan hod” ctia RMSE, thuong duge dinh
nghia (trong bdi cdnh chudi thoi gian) 1a:

T+h
% Zt:TH(Tt - Pt)2

RMSSE = | -2t .
71 otma(Tt — Tt-1)

trong do:
o 7 1a gid tri that trong giai doan forecast (tit T + 1 dén T + h),
e p¢ la du bdo ctia mo hinh,

o mau s6 1a MSE ciia mé hinh naive “hom nay bang hom qua” tinh trén giai doan lich sit (tit 1 dén
T).

Néu bd phan cian bdc hai, ta thu dugc MSSE (Mean Squared Scaled Error); RMSSE don gidn 1a
VMSSE.

Budc 2: Hai san phdm c6 thang do rat khac nhau
Gia sit ta c6 hai san pham:

« San pham A: mét mit hang ban 1é v6i doanh sé nho (vai chuc don vi/ngay).

 San pham B: mot mat hang ban budn véi doanh s rat 16n (vai nghin don vi/ngay).
San pham A (thang nhé). Gia st dit liéu lich st 5 ngay ctia san pham A 1a:

rd — (10,12, 11, 13, 12).
Ta c6 4 chénh léch lién tiép:
12-10[=2, [11-12/=1, [13—11|=2, [12—13|=1.

Binh phuong chénh 1éch:
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Téng bang 4 + 1+ 4 + 1 = 10. MSE ctia naive trén giai doan lich sit 1a:

5
4 _ P& Ay _ 10 _
MSEW) — T tz; — )2 = - =25

Gia stt giai doan forecast ¢6 3 ngay (h = 3), vdi gid tri that va du bdo tit md hinh:

(4)

Ttorecast —

(A)

p forecast —

(11, 14, 13), = (10, 16, 10).

Sai s6 binh phuong:
(11-102=1, (14-16)>=4, (13-10)*>=9.

Téng 14 1 +4 +9 = 14, nén

14
MSEW | — 5~ A6T.
Tit d6, MSSE va RMSSE cho san phém A la:
(4)
MSE
MssEA = MBEnoaa _ 467 1,87,

MSEW 2,5

nalive

RMSSEW =V MSSEW ~ /1,87 ~ 1,37.
Dién gidi: md hinh A c¢6 sai s6 binh phuong trung binh 16n hon naive khoang 1,87 1an (RMSSE khoang
1,37).
San pham B (thang 16n, cé outlier). Gid xét san pham B véi doanh s6 16n, dit liéu lich sit 5 ngay:

i8] — (1000, 1020, 980, 1010, 995).

Chénh léch lién tiép:
|1020 — 1000| = 20, [980 — 1020| = 40, [1010 — 980| = 30, [995 — 1010| = 15.
Binh phuong;:
202 =400, 40% =1600, 30% =900, 15% = 225.
Téng bang 400 4+ 1600 + 900 4 225 = 3125. MSE ciia naive:

12
MSg®) = 3125 _ — 781,25.

naive 4

Giai doan forecast 3 ngay ciia san pham B (c6 mot outlier rat 16n):

(B)

(B)
Tforecast —

Ptorecast =

(990, 5000, 1005), = (1000, 3000, 900).

Sai s6 binh phuong:
(990 — 1000)? = 10? = 100,
(5000 — 3000)% = 20002 = 4,000,000,
(1005 — 900)2 = 105% = 11,025.
Téng sai s6 binh phuong 1a
100 4 4,000,000 + 11,025 = 4,011,125,
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nén 4011,125
MSE) | — g~ 1337042
Tt dé: -
prssp® - MSFhoi 1337042
MSE®) 781,25

naive

RMSSE®B) = \/MSSE®B) ~ /1,71 ~ 1,31.

Buéc 3: RMSSE vira nhay véi outlier, vita so sinh dugc giita cac thang do
Néu ta chi nhin RMSE trén thang gbc:
RMSEW = \/m ~ 2,16 (don vi: sén pham A),
RMSEWP) = /1,337,042 ~ 1156 (don vi: sin pham B).

Hai con s6 niy niam & hai thang rat khac nhau (khoang 2 so véi hon 1000), nén khong thé so sanh tric
tiép: viéc sai 2 don vi trén thang 10-20 khong cung ¥ nghia véi sai 1000+ don vi trén thang 1000-5000.
Khi chuyén sang RMSSE, c& hai duge chuan hod theo mitc bién dong noi tai ca ting chudi:

RMSSE®W ~137, RMSSE"®) ~131.

Hai gi4 tri nay bdng nhién tré nén so sdnh duwgc: ci hai mo6 hinh déu cé 16i binh phuong trung binh 16n
hon naive (RMSSE > 1), va mtic do té hon naive kha tuong duong nhau (khodng 1,3-1,4 1an). Néi cach
khac, dit san pham B c¢6 mot outlier rat 16n (don dit hang 5000 so véi du bdo 3000), RMSSE khong bi
s6 tuyét déi 2000 “lam né tung” chi s6, vi né nhin moi thit trén nén maic dé dao dong binh thuong cia
chudi d6 (duge do bang MSE ciia naive).

Dong thoi, RMSSE van thira hudng tinh nhay véi outlier cia RMSE: trong san pham B, sai
s6 2000 dugc binh phuong thanh 4 triéu, chi phéi gn nhi toan bo MSE?), . Néu trong forecast clia B
khong c6 outlier d6 ma chi toan sai sé6 nhd, RMSSE ctia B sé giam dang ké. Diéu nay cho thiy RMSSE
van “dau” véi céc 18i cue 16n (nhu RMSE), nhung nhd duge chia cho MSE aive, n6 ké cdu chuyén trén
thang “so vdi bién dong tu nhién cia chuoi” thay vi trén thang tuyét doi.

Budc 4: Lién hé MASE va RMSSE trong thuc té

Trong céc hé théng du bao chudi thoi gian da san pham (vi du: hang nghin SKU vé6i doanh sb tit vai
don vi dén hang chuc nghin don vi méi ky), viéc bao cdo MAE hay RMSE thé cho timg chudi gan nhu
v6 nghia khi so sanh chéo. Mot mo6 hinh ¢6 RMSE = 100 trén mit hang doanh s6 trung binh 10000 cé
thé tot hon nhiéu so v6i mét moé hinh ¢6 RMSE = 10 trén mit hang doanh s6 trung binh 20.

Chinh vi vay:

e MASE chuan hod sai sb tuyét dbi theo sai s6 “tu nhién” ctia du béo naive, gitp tra 16i: “mé hinh
sai bao nhiéu lan so vdi moét chién lhidc cuc ky don gidn”.

« RMSSE lam diéu tuong tu cho sai s6 binh phuong, giit lai d6 nhay véi outlier cia RMSE, nhung
trén mot thang c6 thé so sanh giita céc chudi.

Hai metric nay dic biét phd bién trong cdc bai toan nhu Demand Forecasting, Inventory Planning,
hay Sales Forecasting, noi ngudi ta can xép hang va so sanh hiéu suit clia cing mét mo6 hinh (hosc
nhiéu mé hinh) trén hang tram, hang nghin chudi thoi gian khac nhau, v6i thang do va mitc dao dong
rat da dang. Thay vi d&m chim trong mét ritng MAE/RMSE khéng ciing don vi, ciAc nha phan tich chi
can nhin vio MASE va RMSSE dé xem, trén timg san pham, mo hinh dang t6t hon hay té hon naive
bao nhiéu lan, va tong thé hé thong forecast dang hoat dong ra sao.
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7 Cac metric khac: RMSLE, Percentage Better, li€n hé véi loss function

RMSLE: gidam anh hudng ctia outlier theo log-scale
Root Mean Squared Logarithmic Error (RMSLE) dugc dinh nghia:

N
1 2
RMSLE = | + ;1: (log(r; + 1) — log(p; + 1))°.

Nho phép log, RMSLE tap trung hon vio sai s6 tuong doi (theo ty 1&) va gidm anh hudng clia céc
outlier rat 16n. Slide vé doanh s6 theo ving minh hoa rang trong khi RMSE bi kéo 1én rat cao béi mot
vai viing c¢6 du doan léch xa, RMSLE lai gitt gié tri & mitc hop 1y hon, phan 4nh rang vé mit tj Ié, mo
hinh khong té dén vAy & hau hét céc ving.

Vi du. Gi4 sit doanh s6 thuc (trieu USD) 1a (2,3,5,10) va du doén 1a (2.1,3.2,5.5,20). RMSE sé bi
chi phéi béi sai s6 10 § diém cudi, trong khi RMSLE lam gidm do ning ciia sai s6 nay vi log(10 + 1)
va log(20 + 1) khong cach xa nhau nhiéu bang 10 va 20 trén thang tuyén tinh. Piéu nay phi hop trong
nhitng bai todn ma chiing ta quan tAm dén ty 1é ting trudng (growth rate) hon 1a chénh léch tuyét doi.

Percentage Better (PB): dém s6 1an “thing” benchmark

Thay vi tinh trung binh 16i, chi s& Percentage Better (PB) dém ty 1é s6 lan mo hinh cé 16i nho hon
benchmark:

100
PB(MAE) = Zl |ri — pi| < |ri —bil).

Néu PB = 60%, ta hiéu don gian 1a “trong 60% s6 lan, mé hinh du dodn t6t hon mo6 hinh mbc”.
Metric nay khéng nhin vao d6 16n sai s6, ma chi quan tAm dén viéc “thing/thua” ting lan, nén phit
hop khi ta mudn t6i da hod xéc suat du dodn tot hon baseline, chtt khéng t6i wu gia tri ky vong clia sai
$6.

Pearson R: can nhung chua du

Hé s6 tuong quan Pearson:

iy (pi = p)(ri—7)

\/Zz 1 (pi = \/Zz 1 (ri = 7)?

do mitc do tuong quan tuyén tinh gitta du doan va gia tri that.

Vi du. Dung lai dit liéu gid nha v6i mo hinh (1):

= (200, 300, 250, 500, 300), p) = (210,290, 260, 500, 300).
Ta tinh:

2 2 21 2 2
_ 00 + 300 + 20+500+300:3107 50 = 0+ 290 + §0+500+3002312'

Sau dé6 tinh tich léch chuan va v.v. (ban c6 thé trinh bay chi tiét trong phu luc néu muédn). Két qua
R s& rat gan 1, vi mo6 hinh (1) bam rat tot xu huéng cia dit liéu.

Case mé hinh gip déi. Gis xét mé hinh (3): p® = 2r = (400, 600, 500, 1000, 600).
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Ta cé:

_(3) _ 400 + 600 + 500 4 1000 + 600
b= 5
Néu ban tinh R gitta r va p(®), ban sé thu duge R = 1 (tuong quan tuyén tinh hoan hio), du sai sb
tuyét doi rat lén:

= 620.

e® = (200, 300, 250, 500, 300).

MAE ltic nay 1a 310 nghin USD, cuc ky té vé mat thuc té. Vi du nay cho thay: R cao khéng bao dam
dy doan tét, n6 chi néi rang mdi quan hé tuyén tinh gitta ~ va p rat chit (6 day la p = 2r).

Variance Accounted For (VAF)

Variance Accounted For dugc dinh nghia:

N
VAF —1— Zi:l(pi - Ti)2
=5
> i (ri —7)2
Néu tit s6 nho (sai s6 binh phuong nho), VAF gan 1; néu tit s6 16n, VAF cé thé bang 0 hodc am (titc

13 mé hinh té hon ci viéc doan bang trung binh). VAF vé mit cong thiic gibng v6i cich dinh nghia R?
trong hoi quy tuyén tinh, nhung & day khong can gid dinh mé hinh 13 dudng thing.

R? trong hdi quy tuyén tinh
Trong hoéi quy tuyén tinh don, ta cé:

ESS RSS

2
:7:1—7
R TSS TSS’

trong do:
N

N
TSS =Y (ri—7)% RSS=) (ri—p)’, ESS=TSS— RSS.
=1

i=1

V6i mé hinh tuyén tinh phit hop, ¢6 thé chting minh rang:
2 2
R* = RPearson’

tttc 1a binh phuong hé s6 tuong quan gitta r va p.

Vi du. Gia st
r=(1,2,3), p=(12,1.9,3.1).

Ta cé:
F=2 TSS=(1-2%+02-2%*+(3-2?%*=2.
Sai s6:
RSS=(1-122+(2-19)%+(3-3.1)>=0.01 +0.01 + 0.01 = 0.03.
Do dé:

R2=1- % = 0.985.

Néu ban tinh Pearson R cho 7 va p, ban sé thu dudc R ~ 0.992 va Rl%earson ~ 0.985, khdp v6i R? tu
TSS/RSS.
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Khi R? khéong con 1a R? nita

Khi m6 hinh khéng phdi 1a hdi quy tuyén tinh (vi du: mang no-ron, cdy quyét dinh, mé hinh phi tuyén
bat ky), nhiéu thu vién van trd vé mot gia tri dang:

>o(ri — pi)?
2ri—7)?’

va goi d6 1a “R?”. Vé mit sb6 hoc, n6 gibng VAF, nhung khéng con dam bao bang binh phuong hé sb
tuong quan nita. Gid tri nay c6 thé 16n hon 1 hofic 4m, néu mod hinh rat té. Van dé xay ra khi ta doc
két qua ma twdng né 1a “R? kinh dién” trong hdi quy tuyén tinh, roi suy dién nhu trong gido trinh hdi
quy. Vi vay:

RSquared =1 —

e V6i m6 hinh phi tuyén, hiy coi 1 — RSS/TSS 1a mot dang chi s6 tuong dbi (giong VAF).
« Khéng nén dung R? nhu thuéc do duy nhét dé danh gid mo hinh.
« Nén két hgp thém MAE, RMSE, IOA, VAF, v.v.

Adjusted R?: phat cic bién vd nghia

Khi c¢6 nhiéu bién doc lap, R2 luén tang khi thém bién, ké ca bién vo nghia. Vi viy, ta diung Adjusted
RZ:
(1—R*»)(N —-1)

N—-k—-1 "~
trong d6 k 1a s bién doc 1ap. Adjusted R2 “phat” mo hinh khi thém bién ma khong cai thién thuc su.
Néu mét bién méi lam R? ting nhung khong dit manh dé bu cho viéc mat thém mét bac tu do, Adjusted
RZ sé giam.
Vi dy. M6 hinh A dung 1 bién, cho R? = 0.70 v6i N = 100. M6 hinh B thém 1 bién nita, R? ting lén
0.72. Tuy nhién, khi tinh Adjusted R2, ¢ thé xay ra:

2
Radj =1-

R2yia =0.695, R2

aij == 0690

Lic nay, du R? cia B cao hon, Adjusted R? ctia B thap hon A, ham ¥ rang bién méi thuce chat khong
gitip mo hinh giai thich di liéu t6t hon khi tinh dén do phic tap.

8 Taylor Diagram: nhin ba théng ké trong mét hinh
Taylor diagram cho phép hién thi dong thoi:

o+ Do léch chuin ctia dy dodn oy,

« Heé s6 tuong quan R,

o CRMSD (Centered Root Mean Square Difference) gitta p va r.

Dua trén quan hé:
CRMSD? = o2 + 0]2, — 20,0, RR.

Trong biéu do:
« Diém “REF” (dit liéu that) nam trén truc hoanh véi d6 léch chuan o, R = 1, CRMSD = 0.
« Mo&i mé hinh tuong ting mot diém khéc; cang gan REF thi mé hinh cang t6t.

DPay 1a cong cu truc quan manh dé so sanh nhiéu md hinh hdi quy cling ltc.
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9 Loss vs Metric: train bing gi, danh gia bing gi

Mot diém quan trong: loss function ding dé train mo hinh, con evaluation metric ding dé ddanh gid
sau train. Loss can kha vi (hodc it nhat 1a téi uu dugc bang thuit todn minh chon), trong khi metric
khong nhat thiét phai kha vi.

o MSE/RMSE thudng dugce ding nhu loss vi dé dao ham va t6i wu.

« MAE khé t6i wu hon (gradient khéng tron tai 0), nhung néu muc tiéu business la gidm sai s6
tuyét doéi trung binh, viec ding MAE lam loss lai rat hop 1.

« Huber loss 1& mot lira chon dung hoa: nho thi gibng MSE, 16n thi giong MAE.
Huber loss:

1 2 z

5(ri —pi)7, neu |r; — p;| <9,
Lé(riapi) = 2< ’ Z) 1¢2 ’ ’ . l’

dlri — pi| — 50%, ngugce lai.

Diéu quan trong la: néu ta ddnh gid moé hinh bang MAE, nhung lai train bang MSE, thi mé hinh
sé toi vu theo mean trong khi ta quan tAm t6i median. Su thiéu nhat quan nay cé thé khién mo hinh
“t6t theo loss” nhung khong t6t theo metric ma business dung dé do luong thanh céng. Mot cach dé
hiéu nhat dé thiy vai tro khac nhau gitta loss function va evaluation metric 14 dung mét vi du sb
don gian, roi ¢6 tinh cho loss va metric “nhin” theo hai huéng khac nhau.

Gia st ta dang lam mot bai todn hoi quy 1 chiéu rat don gidn: du dodn mot gid tri duy nhat ¢ (vi
du, “mtc nhu cau trung binh”) cho tat ca cdc quan sit. Ta c6 5 gid tri thuc:

r = (10, 11, 9, 10, 100).

Bén diém dau quanh quanh 9-11, con diém thit nam 13 mét outlier rat 16n (100).

a. Néu diing MSE lam loss: md hinh sé “uu tién” mean

Ta gid st mo6 hinh chi hoc mot hing s6 ¢ va ta train bang MSE:
Lysg(c) = EZ(r' —c)?
5t ‘

Ta biét két qua t6i wu (vé mat 1y thuyét) sé 1a

N _ 10+11+9+10+100 140
CMSE =T = 5 :?:28

Vay mo hinh “t6i wu theo MSE” s& dut dodn
p; = 28 cho moi .
Ta tinh MAE (metric) cia mo hinh nay:
1
MAB(c = 28) = (|10 - 28] + |11 — 28] + |0 — 28| 4 |10 - 28] +[100 — 28)) .

Céc sai s6 tuyét doi la:
18, 17, 19, 18, 72.
Tong sai sb tuyét doi:
18 +174+ 194+ 18+ 72 = 144,
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144

Nhin vao ¢ = 28, ta thay:
« Boén quan sat “binh thuong” quanh 9-11 bi du doan léch rat xa.
o Chi c6 outlier 100 1a gan hon (sai 72) so v6i néu ta chon mot gia tri nho.

 Tuy nhién, vi loss 14 MSE, thuit toan da chon “hy sinh” bén diém binh thuong dé gidm bét 161
binh phuong & diém 100.

Néu business quan tdm téi “trung binh binh phuong sai s6” (vi du trong mot s6 bai toan do ning
lugng, power loss, v.v.), thi cdch lam nay 13 hop 1y. Nhung néu business do luong bang MAE (“trung
binh sai léch tuyét dbi”), day chua chic 14 best choice.

b. Néu diing MAE lam loss: md hinh sé& “uu tién” median

Gid ta tudng tuong ta train bing MAE:
10
Lyiag(c) = = ; ri — .

Vé 1y thuyét, nghiém ti uu 1a median ctia tap 7. Sap xép:
(9, 10, 10, 11, 100),

median 1 10. Vay mé hinh “t6i uu theo MAE” sé du doén:
p; =10 cho moi i.

Ta tinh lai MAE:

1
MAE(c=10) = R (|10 — 10| + |11 — 10| + |9 — 10| + |10 — 10| + |100 — 10]) .
Céc sai s6 tuyet doi:
0, 1, 1, 0, 90.
Téng 1a 92, nén:
92

MAB(c=10) = — = 184.
So sanh:
MAE(c=28) = 28,8 (train bing MSE, t5i wu mean),
MAE(c=10) = 18,4 (train bang MAE, t6i tu median).

Néu metric danh gid ma business diing 14 MAE, mé hinh t6i wu MSE 16 rang ¢ hon mo hinh
t6i wu MAE. M6 hinh MSE chiu 4nh huéng manh ctia outlier 100, trong khi mé hinh MAE “bé qua”
phan nao outlier v tdp trung phuc vu nhém khach hang chinh quanh 9-11.

bay 1a vi du ro rang:

o Néu ta train bing MSE nhung ddnh gid bang MAE, m6 hinh “t6i wu theo loss” chua chic 1a mé

hinh t6t nhat theo metric ma business quan tam.

« MSE huéng m6 hinh vé mean, con MAE huéng mé hinh vé median. Néu business dimng MAE dé
b4o cdo, ma ddi ky thuat lai t&i wu MSE, thi muc tiéu clia hai bén dang léch nhau.
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c. Huber loss: dung hoa gitta MSE va MAE

Nhé lai Huber loss:
1 2 z
5(ri —pi)7, neu |r; — p;| <9,
L(ripy) = { 2705 oven =l
dlri — pi| — 50%, nguge lai.

Ta chon mét ngudng §, vi du § = 5. Khi dé:

o« Néu sai s |r; — p;| < 5, ta diing loss dang binh phuong (giéng MSE) dé giit tinh tron, gradient
mugt.

« Néu sai s6 16n hon 5, loss chuyén sang dang tuyén tinh (gan gibng MAE), gidm bét anh huéng
cua outlier.

Ta so sanh Huber loss cho hai mé hinh ¢ = 28 va ¢ = 10 trén cung du liéu r» = (10, 11,9, 10, 100),
v6i § = 5.

Trudng hgp ¢ = 28: Sai s6:
(10 — 28, 11 —28, 9 —28, 10 — 28, 100 — 28) = (—18, —17, —19, —18, 72).
Tuyét doi:
18, 17, 19, 18, 72.
Tét ca déu 16n hon § = 5, nén moi diém déu roi vao nhanh |r; — p;| > 6:
Ls(ri,pi) = 8| — pi| — 0%
Véi § =5, ta cé:
L5(10,28) =5-18 — 3 -25 =90 — 12,5 = 77,5,
Ls(11,28) =517 — 12,5 = 72,5,
Ls(9,28) =5-19 — 12,5 = 82,5,
Ls(10,28) =518 — 12,5 = 77,5,
Ls(100,28) =5-72 — 12,5 = 360 — 12,5 = 347,5.

Téng:
Z Ls(r;,28) = 77,5 + 72,5 + 82,5 4+ 77,5 + 347,5 = 657,5,

Huber loss trung binh:

— 657,5
Ls(c=28) = 5’

= 131,5.

Trudng hgp c = 10:  Sai s6:
(10 — 10, 11 — 10, 9 — 10, 10 — 10, 100 — 10) = (0, 1, —1, 0, 90).

Tuyét doi:
0, 1, 1, 0, 90.

Vé6i § = 5:
« Bén diém dau c6 |e;| < 5 dung nhanh MSE.

o Diém thtt nim c6 |es| = 90 > 5 diing nhdnh MAE.
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Ta tinh:
L;(10,10) = %<0>2 =0,
Ls(11,10) = 3(1)* =
L5(9,10) = 3(1)* = 0,5,
Ls(10,10) = 0,
Ls(100,10) = 5-90 — 12,5 = 450 — 12,5 = 437,5.
Téng:

> Ls(ri,10) =04 0,5 4 0,5 4 0 4 437,5 = 4385,

Huber loss trung binh:
— 438,5
Ls(c=10) = 5’

= 87,7.

So sanh: o
5(6 28) = 131,5, Ls(c = 10) = 87,7.

Véi Huber loss, mo6 hinh ¢ = 10 (gan median) van “thing” mé hinh ¢ = 28, nhung:

o Outlier 100 bi phat manh les| = 90 > 4, roi vao nhanh tuyén tinh).

(vi
« Céc sai s6 nhé (0, 1, 1, 0) duge nhin duéi dang binh phuong, gitip gradient tron va 6n dinh trong
qué trinh t6i vu.
d. Két luan tir vi du
Vi du nhé nay cho thay:
e Loss function (MSE, MAE, Huber, ..) quyét dinh mé hinh hoc cdi gi trong qué trinh train.

« Evaluation metric (MAE, RMSE, MAPE, ..) quyét dinh ta ddnh gid mé hinh nhu thé ndo sau
khi train xong.

o Néu ta train bang MSE nhung ddnh gid bang MAE, mé hinh sé uu tién mean trong khi business
do thanh cong bang median. Su léch pha nay c¢é thé khién mo hinh “dep trén loss” nhung khong
t6i wu trén metric thuc su quan trong.

 Huber loss 1& mét vi du cho cdch thiét ké loss gan v6i metric mong mudn (gidm anh hudng outlier
nhu MAE) nhung van gitt tinh tron dé téi uu bang gradient (giéng MSE).

Diéu quan trong trong thuc té la: ngay tit khi thiét ké hé théng, ta nén xac dinh ré metric ma
business dung dé do luong thanh cong (MAE, MAPE, RMSE, ...), 16i chon hoic thiét ké loss function
sao cho “nhin cling huéng” v6i metric dé, thay vi dé loss va metric kéo mé hinh theo hai muc tiéu khéc
nhau.
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10 Mot canh bao nhé: ditng ding “accuracy” cho héi quy

Luu y thudng gap

Trong classification, “accuracy” 14 metric phd bién: ty 1é du dodn ding trén téng mau. Trong
regression, khai niém “duy dodn ding tuyét d6i” gan nhu vo nghia (hiém khi p; triing chinh x4c
r;), nén khéng dung accuracy dé néi vé chat lugng mé hinh hoi quy.

Céch néi nhu “mo hinh dat accuracy 90% trong bai toan du bdo gid” 1a sai khai niém. Thay vao
d6, hay néi: MAE = 2.3, RMSE = 3.1, R? = 0.82, VAF = 0.80, ...

\. .

Thong diép rat thuc té: khéng metric nio da dé mot minh “ké hét cau chuyén”. Mbi chi sb
chi cho ta mot 14t cit ctia hiéu ndng mo hinh, gibng nhu nhin mot cin phong qua mot 6 cira sé. Néu ta
chi bam vao mot con s6 duy nhéat, rat dé hiéu sai hodic bé 18 nhitng rii ro quan trong.

10.1 Classification: tai sao khong thé chi nhin accuracy

Trong bai toan phan loai, nhiéu ngudi c6 xu hudng chim chim nhin vao accuracy vi né dé hiéu: ty 1é
du dodn ding trén tong sé6 mau. Tuy nhién, bai conference nhéic lai mot vi du kinh dién:

Gia st ta c6 mot bai todn phan loai bénh, trong dé chi ¢6 1% bénh nhan 1a duong tinh, 99% la 4m
tinh. Néu m6 hinh luén du dodn “Am tinh” cho tat cd moi ngudi, accuracy sé 1a 99%. Con s6 nay trong
rat “dep”, nhung mo hinh hoan toan v6 dung: né khong phét hién duge bat ky ca bénh nao.

Chinh vi vy, trong classification ngudi ta luén dé xuat bo chi s6 tdi thiéu gdm:

« Accuracy: nhin tong thé mo6 hinh ding bao nhiéu phan tram trén ca 16p duong va am.

« Precision: trong s6 nhitng mau mo6 hinh du doan 14 duong, c6 bao nhiéu phan tram thuc su
duong. N6 tra 16i cdu hoi “khi md hinh néi ‘cd bénh’, ta tin duge t6i mic nao?”.

« Recall: trong s6 nhitng mau thuc su duong, moé hinh bit duge bao nhiéu phan tram. N6 tra 15i
cdu héi “m6 hinh bd s6t bao nhidu ca bénh?”.

« Fl-score: trung binh diéu hoa giita precision va recall, gitip cAn bang hai yéu t6 nay khi ta mubn
t6i wu ca phat hién ding va trdnh bdo dong gia.

Vi du: néu mot mo hinh ung thu c6 accuracy 99% nhung recall chi 5%, nghia 1a né bd 16 95% ca
bénh; mét mo hinh khéc ¢ accuracy 96% nhung recall 90% v precision 85% cé thé 1a lua chon t6t hon
nhiéu, dit nhin vao accuracy thuan tuy thi c6 vé “kém hon”. Bitc thong diép ¢ day la: accuracy mot
minh thudng la khéng da, phai nhin kém precision, recall, F1 (va déi khi thém ROC-AUC)
dé hiéu that sy mo6 hinh dang lam gi.

Dé quan sat hon su khéc nhau gitta céc loai 16i trong bai toan phan loai (false positive, false negative,
true positive, true negative), ta xem xét vi du kinh dién vé chan doan mang thai trong Hinh ?7?.

Trong vi du nay, truc doc thé hién gia tri dy doan ctia mo6 hinh (bac sinéi “ban c6 thai” hay “ban
khéng c6 thai”), con truc ngang thé hién gia tri thuc té& (thuc su c6 thai hay khong):
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Actual Values

Predicted Values

Hinh 1: Vi du vé Confusion Matrix

o True Positive (TP): géc trén bén trai. Bénh nhan thuc su cé thai (actual = 1) va béc s cing
néi “Ban c6 thai” (predicted = 1). Day 1a truong hgp du dodn ding duong tinh.

o True Negative (TN): géc duéi bén phéi. Bénh nhan khéng cé thai (actual = 0) va béc si ndi
“Ban khong c6 thai” (predicted = 0). Day 1a du dodn ding 4m tinh.

o False Positive (FP) — Type I Error: géc trén bén phai. Bénh nhan khong cé thai (actual =
0) nhung béc si lai néi “Ban ¢6 thai” (predicted = 1). Day 1a 107 bdo dong gia (Type I): md hinh
két luan c6 su kién trong khi thuc té khong c6. Trong nhiéu bai todn y khoa, false positive giy lo
18ng, tén thém xét nghiém, nhung van c6 thé chip nhan néu gitp ting kha ning phéat hién bénh
sOm.

o False Negative (FN) — Type II Error: géc dudi bén trai. Bénh nhan thuc su cé thai (actual
= 1) nhung béc si n6i “Ban khong cé thai” (predicted = 0). Day 1a l6i b6 sét (Type IT): mo6 hinh
khong phét hién ra sy kién quan trong. Trong vi du mang thai (hodc ung thu, bénh nang), false
negative thuong nguy hiém hon nhiéu vi bénh nhan khéng dude chim séc, diéu tri kip thoi.

Hinh minh hoa gitip ta thiy vi sao trong bai toidn phan loai khong thé chi nhin accuracy. Mot mo
hinh cé accuracy cao nhung:

« néu chii yéu mac 15i false positive (Type I), chi phi 1& bdo dong gid, lam tén thém kiém tra, chi
phi van hanh;

« néu chii yéu méic 16i false negative (Type II), chi phi 1a b6 sdt ca bénh, c6 thé gay hau qua
nghiém trong cho bénh nhan.

Céac metric nhu precision, recall va F1-score chinh la cidch lugng hod nhitng trade-off nay: precision
nhay véi false positive, con recall nhay véi false negative. Vi du mang thai trong Hinh 1 vi thé 13 mot
minh hoa truc quan cho viéc phai nhin nhiéu metric ciing ldc, thay vi chi dua vao mot con sé duy
nhat nhu accuracy khi ddnh gid mo6 hinh phan loai.
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10.2 Regression: mot ciu chuyén nhiéu 16p v6i MAE, RMSE, R?, VAF va cic metric
chuan hoa

Trong regression, bai conference dé xuat mot “bd khung” tuong tu: khong chi bdo cdo mot con sé duy
nhat nhu RMSE hogc R?, ma nén két hop nhiéu metric dé ké mot cau chuyén day di hon vé sai s6.

e MAE cho ta biét “trung binh du doédn léch bao nhiéu don vi” so vé6i thuc té. N6 dé hiéu, khéng
nhay qua mic véi outlier va bam sat truc gidc ctia ngudi dung. Vi du: “trung binh mo6 hinh dy
béo sai khodng 2°C” hoac “sai khoang 5 nghin USD”.

« RMSE phoéng dai céc sai s6 16n do binh phuong, nén phan 4nh t&t hon rii ro ciia cic outlier:
néu RMSE cao hon nhiéu so v6i MAE, d6 gan nhu 14 dén vang béo hiéu c6 nhitng trudng hop mo
hinh du do4n rat té ma MAE dang “lam min” di.

e R? va Adjusted R? cho ta géc nhin vé t¥ 1é phuong sai ctia dit liéu dugc mo hinh giai thich. Vi
du: R? = 0,85 nghia 14 85% bién thién ctia bién muc tiéu duge méd hinh nam bat. Adjusted R?
gitip can nhic thém d6 phiic tap ctia md hinh khi c6 nhiéu bién doc lap, tranh viéc R? ting 4o
chi vi thém bién khong can thiét.

e VAF (Variance Accounted For) tuong tu nhu mot dang R? tinh trén tong thé, cho biét mo
hinh gidm dugc bao nhiéu phan trim téng binh phuong sai sé so v6i viéc chi dodn bang trung
binh. VAF am 13 dau hiéu mo hinh con té hon ca baseline trung binh.

+ Céc metric chuian hoa (nhu MAPE, MASE, RMSSE, NME, FGE, ...) gitp dit cic mé hinh
trén nhic¢u thang do khac nhau 1én cting mot chuan, dic biét hitu ich khi ta cé nhiéu series/doanh
muc véi mic d6 va don vi rat khac nhau. Vi du: MASE = 0,5 nghia 1a m6 hinh chi sai bang mot
ntta so v6i du bdo naive, dit chudi 1a dién ning, doanh s6 hay nhiét do.

Hay tudng tugng ta dang so sanh hai mo hinh du bdo nhu cau san pham:
e M5 hinh X ¢6 MAE = 5, RMSE = 6, R? = 0,9, MASE = 0,4.
e M5 hinh Y ¢6 MAE = 4, RMSE = 10, R? = 0,92, MASE = 0,3.

Néu chi nhin R?, m6 hinh Y trong “nhinh hon” (0,92 so véi 0,9). Néu chi nhin MAE, mé hinh Y
cling ¢6 vé t6t hon (4 so v6i 5). Nhung khi ta nhin vao RMSE, Y ¢6 RMSE = 10, cao hon rat nhiéu so
v6i X (6). Diéu d6 ngu y rang mé hinh Y, du trung binh sai it hon, lai ¢6 vai trudng hop sai cuc 16n,
lam RMSE bat cao. Néu day 1a bai todn nhay cdm véi rti ro (vi du thiéu hang, qua tai, hay rii ro tai
chinh), mé hinh X c6 thé 1a lita chon an toan hon, di MAE va R? thdp hon mot chit.

Néu thém MASE = 0,4 (X) va 0,3 (Y), ta biét rang cd hai déu t6t hon naive kh4 nhicu (chi sai
30-40% sai s6 clia m6 hinh “hém nay bing hém qua”). Khi nhin toan b6 bd metric, ta ¢ thé ké mot
cau chuyén ré rang cho business:

o+ C& hai mo hinh déu vugt xa baseline (MASE < 1).
e Mb hinh Y trung binh sai it hon va giai thich duge nhiéu phuong sai hon.

o Nhung mo hinh Y ciing c6 dudi sai sé ning hon (RMSE cao hon nhiéu), chita céc trudng hop “du
bao thdm hoa” ma X tranh dugce.
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T6ém lai: metric la cau chit, m6 hinh 1a ndi dung

Chon metric la chon cdch ké chuyén vé mé hinh. Véi classification, ta can cd accuracy, precision, recall,
F1 (v d6i khi thém ROC-AUC) dé hiéu mé hinh vita “dting nhiéu”, vita “bat dugc ca hiém” va “khong
bio dong gid qua nhiéu”. Véi regression, ta can it nhat mot metric vé do léch (MAE), mot metric nhay
v6i outlier (RMSE), mot metric vé phuong sai gidi thich (R? hodc VAF), va, néu c6 nhiéu series/thang
do, thém cic metric chuan hod nhu MASE/RMSSE.

Khéng ¢6 mot con s6 nao di dé két luan “mo hinh tét hay xdu”. Chi khi dit nhiéu metric canh
nhau, ta méi cé thé ké mot cau chuyén trung thuc, day dt va c¢6 ¥ nghia véi bbi canh business: mo6 hinh
sai bao nhiéu, sai theo kiéu gi, c6 bd sot ca quan trong khong, cé giy ra rii ro cuc doan khong, va c6
thuc su ddng dé dua vao van hanh hay chua.

11 Chon thudc do nao cho bai toan?
Khéng c6 mot metric nao 1a “t6t nhat” cho moi bai todn. Mot sb goi v thuc té:

« Panh gia co ban: luén bit dau v6i MAE va RMSE, kém theo R hodc R? dé xem mo hinh bét
duge xu huéng téng thé hay khong.

« Dit liéu c6 gia tri gan 0: tranh ding MAPE thuan tuy; can nhic NME, FGE, hoic chi s6 khong
chia truec tiép cho r;.

« Chi phi sai s6 16n rat cao: uu tién RMSE (hodc loss bac cao hon), vi né phat manh outlier.

+ So sanh nhiéu mé hinh/trén nhiéu series: st dung thém IOA, VAF va cdc metric chuan hod
nhu MASE, RMSSE; Taylor diagram dé c6 cai nhin da chiéu.

« M6 hinh phi tuyén phitc tap: dimg chi bdo cdo mot con s6 “R2”. Hay ghi ré cong thiic, va
luén kem MAE, RMSE, VAF, I0A, v.v.

12 Két luan: chon metric nhu chon géc nhin

Qua hanh trinh di qua ME, MAE, MSE/RMSE, MAPE, sMAPE, cdc dang sai s6 tuong d6i (MRAE,
GMRAE, RelMAE, RSE), sai s6 chuan hoa (MASE, RMSSE) va céc metric diic biét nhu RMSLE hay
PB, ta thay méi thudc do gibng nhu mét cip kinh khac nhau dé nhin vao mé hinh.

e ME cho ta biét mé hinh dang thién léch vé phia nao, nhung dé bi sai s6 duong va am triét tiéu.

« MAE dé hiéu, it nhay véi outlier nhung che md théng tin vé phan bd sai s6 (ddc biét 1a cac 15i
cuc 16n).

« MSE/RMSE phat nang outlier, phit hgp khi sai s6 16n 1a nguy hiém, nhung c6 thé bi chi phdi béi
mot vai diém dit liéu.

« MAPE va sMAPE mang lai truc gidc phan trim, nhung phai cuc ky can than khi dit liéu c6 gia
tri gan 0 hodc phan b6 khong can bang.

 Metric tuong d6i (MRAE, ReIMAE, RSE) hitu ich khi so v4i mot baseline cu thé, nhung dé& bi
danh 1tta khi c& mo hinh 1an baseline déu chiu anh hudéng ciia outlier.

« MASE va RMSSE gidi quyét bai toan khac thang do, gitip so sanh mé hinh trén nhiéu chudi khac
nhau.
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« RMSLE phi1 hop khi ta quan tAm dén ti 1é vA mudn gidm anh huéng clia nhitng gid tri cuc 16n.

Diéu quan trong nhat khong phai 14 thudc long cong thitc, ma 13 hiéu cdu hdéi ma metric dang tra
15i. Trong mét du an thuc té, cau héi ¢ thé 1a: “Téi ¢ dam sit dung du bdo nay dé dat hang thém
1000 don vi sdn pham khéng?”, hodc “T6i ¢6 thé tin vao mo hinh nay khi né bdo nguy co qua tai cau
trong tuan t6i khong?”. Mdi cAu héi tuong @ng vdi mot mic dd nhay cam khac nhau véi outlier, véi
bias, v6i sai s6 tuong doi hay tuyét ddi. Cudi cting, hay nhé rang metric danh gia va loss function khong
nén tach roi. Néu ta do luong thanh céng bang MAE, viéc t6i wu md hinh theo MSE c6 thé dan ta dén
mot nghiém t6t theo trung binh nhung lai khéng t6i wu theo median. Khi metric va loss “nhin vé hai
huéng khidc nhau”, mé hinh sé rat khé dat t6i ding loai hanh vi ma ta thuc s mong mudn.
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