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VIP Cheatsheet: Hoc c6 giam sat

Afshine AMIDI va Shervine AMIDI

Ngay 17 thang 5 nam 2020

Dich bdi Tran Tudn Anh, Pam Minh Tién, Hung Nguyén va Nguyén Tri Minh

Gidi thiéu vé hoc cé giam sat

Cho mét tap hop cac diém di liu {:r:(1>, e

a:(’")} tuong Gng véi dé 1 tap cac dau ra {y<1),

chiing ta muén xay dung mét bd phéan loai hoc duge cich du doan y tit .

0 Loai du doan — Céc loai m6 hinh du doén duge téng két trong bang bén dudi:

Hbi quy

Phéan loai

Pau ra

Lién tuc

Lép

Cac vi du

Hbi quy tuyén tinh

Hoi quy Logistic, SVM, Naive Bayes

0 Loai md hinh — C4c mé hinh khic nhau dugc téng két trong bang bén dudi:

Least squared error

MAt méat Logistic

Méat mat Hinge

Cross-entropy

log(1 4 exp(—yz))

max (0,1 — yz)

— [ylog(2) + (1 — y) log(1 — 2)]

yER

y=0 1

0 y=1

Hbi quy tuyén tinh

Hbi quy Logistic

SVM

Mang neural

y™ Y,

M5 hinh phan biét

M6 hinh sinh

Muc tiéu

Uéc lugng true tiép P(y|z)

Uéc lugng P(z|y) dé tiép
tuc suy luan P(y|x)

Nhitng gi hoc duge

Bién quyét dinh

Phan bb xdc suit ciia dit lieu

Hinh minh hoa

‘2 9
«;,’5/0 Xy
@

Céac vi du

Hbi quy, SVMs

GDA, Naive Bayes

Céc ki hiéu va khai niém téng quéat
0O Hypothesis — Hypothesis dugc ki hi¢u 1a hg, 14 mét mo6 hinh ma ching ta chon. Véi dit lieu

dau vao cho trude z(¥), mé hinh dy dodn du ra 1a hg(z(®).

0 Ham méit mét — Him mét mat 13 mét ham s6 dang: L : (z,y) € R x Y — L(z,9) € R lay
dau vao 13 gia tri du dodn duge z tuong tng véi dau ra thuc té 1a y, ham cé dau ra 13 sy khac
biét gitta hai gié tri nay. Cdc ham mét mat phd bién dugc téng két & bang dudi day:

0 Ham gia tri (Cost function) — Cost function J thudng dugc sit dung dé danh gis hiéu
ning ctia mé hinh va dugc dinh nghia véi haAm méat mat L nhu sau:

m

=1

JO) = Lihg(z),y®)

O Gradient descent — Bing viéc ki hiéu a € R 13 téc d6 hoc, viéc cap nhat quy téc/ luat cho

gradient descent dugc mé ta véi téc dé hoc va cost function J nhu sau:

\0 — 60— avJ()

Chai 4j: Stochastic gradient descent (SGD) la viéc cdp nhdt tham sé dua theo moi vi du hudn
luyén, va batch gradient descent la dua trén mot 16 (batch) cdc vi du hudn luyén.

O Likelihood — Likelihood ctia mét mé hinh L(6) v&i tham s6 6 dudgc sit dung dé tim tham sb
téi wu 0 théng qua viéc cuc dai hod likelihood. Trong thuc té, chiing ta s dung log-likelihood
£(0) = log(L(#)) dé dé dang hon trong viéc t6i wu hod. Ta cé:

6°P' = arg max L(9)
0
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0 Giai thuat Newton — Giai thuat Newton 14 mét phuong thitc sé tim 6 thod man diéu kién
¢'(0) = 0. Quy tac cap nhat ctia né la nhu sau:

¢(0)

0+ 0—
= g// (0)

Chii 4j: Tong qudt hod da chiéu, con dugc biét dén nhu la phuong thic Newton-Raphson, cé quy
tde cap nhdt nhu sau:

00— (V30(0)) " Vol(6)

Hbi quy tuyén tinh

Chtng ta gid st & day rang y|z;0 ~ N (u,02)

0 Phuong trinh chudn — Bing viéc ki hiéu X 14 ma tran thiét ké, gid tri cta 6 lam cuc tiéu
hoé cost function 14 mét phuong phap dang déng nhu sau:

0= (XTx)"1xTy

0 Giai thuat LMS — Bing viéc ki hiéu a 1 téc d6 hoc, quy téc cap nhat cla giai thuat Least
Mean Squares (LMS) cho tap huin luyén ctia m diém dit liéu, con duge biét nhu 1a quy tic hoc
Widrow-Hoff, 1& nhu sau:

Vi, 65 < 65 + az [y = ho(2)] xy)

=1

Chu y: Ludt cap nhat la mot truong hop dac biét ciua gradient ascent.

O LWR — Hdi quy trong sb cuc bo, con duge biét v6i cai tén LWR, 14 bién thé ctia hoéi quy
tuyén tinh, né sé danh trong sb cho mdi vi du huan luyén trong cost function ciia né béi w(® (z),
dugce dinh nghia véi tham sé 7 € R nhu sau:

) () — 2)2
w® (z) = exp <()>

272

Phan loai va logistic hdi quy

O Ham Sigmoid — Ham sigmoid g, con dugc biét dén nhu 14 ham logistic, duge dinh nghia nhu
sau:

Vz eR, |g(z) €]0,1]

Tite s

O Hbi quy logistic — Chiing ta gia sit § day rng y|a; 6 ~ Bernoulli(¢). Ta c6 céng thiic nhu
sau:

¢ =ply=1|z;0) = =g(0"x)

1
1+ exp(—0Tz)

Chii 1j: khong cé gidi phdp dang déng cho trudng hop cia hoi quy logistic.

O Hbi quy Softmax — Hbi quy softmax, con dudc goi 1a héi quy logistic da 16p, duge sit dung
dé téng quat hoa hoi quy logistic khi ¢é nhiéu hon 2 16p dau ra. Theo quy ude, ching ta thiét
lap 05 = 0, lam cho tham s6 Bernoulii ¢; ctia mdi 16p i bing véi:

i = exp(6] z)

T K
Z exp(@fx)

j=1

Mb hinh tuyén tinh téng quat

O Ho sb mii — Mot 16p ciia phan phdi dude cho ring thudc vé ho sé mii néu né cé thé dugce viét
dudi dang mot thuat ngit ctia tham sb tu nhién, ciing duge goi 14 tham sb kinh dién (canonical
parameter) hofic ham két ndi, n, mot sé litu théng ké day da T'(y) vd ham phan viung log
(log-partition function) a(n) sé c6 dang nhu sau:

p(y;n) = b(y) exp(nT'(y) — a(n))

Chi §: chiing ta thuong cé T(y) = y. Dong thdi, exp(—a(n)) ¢é thé duge zem nhu la tham sé
chudn hod sé ddm bdo rang tong cdc zdc sudt la mot.

o} day 1a cic phan phdi mil phd bién nhit dugce tdng két & bang bén dudi:

Phan phdi n T(y) a(n) b(y)
Bernoulli log (%) Y log(1 + exp(n)) 1
) 2 1 2
Gaussian u Y % Van P *yT
. 1
Poisson log(\) y e =
y!
. n
Geometric log(1 — ¢) Y log (ﬁ) 1

0 Gia thuyét GLMs — M6 hinh tuyén tinh téng quat (GLM) véi muc dich 14 du dodn mot
bién ngau nhién y nhu 1a ham cho bién z € R* ! va dua trén 3 gia thuyét sau:

he(z) = Ely|z; 0] 3) |n

(1) | y|z;0 ~ ExpFamily(n) ‘ (2) 0Tz

Chu y: Binh phuong nho 'thtfﬁ thong thuong va hoi quy logistic déu la cdc trudng hop ddac biét
clia cdc mé hinh tuyén tinh tong qudt.

Maéy vector hd trg

Muc tiéu ctia méy vector hd trg 13 tim ra dong t6i da hoa khodng cich nhé nhit t6i dong.

O Optimal margin classifier — Optimal margin classifier h 1a nhu sau:

h(z) = sign(w®z — b)

véi (w,b) € R™ x R 1a giai phap cho vAn d& téi wu hod sau day:
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vector hé trg

Chii j: dudng thdng c¢é phuong trinh ld |

0 M4t mat Hinge — MAt mét Hinge dudc st dung trong thiét 14p ctia SVMs va né duge dinh
nghia nhu sau:

| L(z9) = [1 - 2]+ = max(0,1 - y2)

0 Kernel (nhan) — Cho trudc feature mapping ¢, ching ta dinh nghia kernel K nhu sau:
| K(@.2) = 6@)79(2)|

_ lz=2?

Trong thuc té, kernel K dugc dinh nghia bdi K(z,2) = exp ( 502

) dugce goi 1a Gaussian
kernal va thuong dugc st dung.

© (¢]

(e} % 4 (6} o 4
) )
o [6) 9}
© % o 000 0%3 © % \o
e 0 © o e o® @
9] @0 o © @ @0
oo ° ® o0q %e oo °
) 5) o ° 5) 5)
5 % &6
@ OO 1) [6)

Viéc str dung mét kernel
mapping ¢

Chii §j: ching ta ndi rang ching ta st dung "kernel trick"dé tinh todn cost function st dung

kernel bdi vi chiing ta thuc su khong can biét dén dnh za tudng minh ¢, né thuong khd phic

tap. Thay vao dé, chi can biét gid tri K(x,z).

Phan tach phi tuyén ey ===p Bién quyét dinh trong khong gian géc

0 Lagrangian — Ching ta dinh nghia Lagrangian £(w,b) nhu sau:

l
L(wb) = f(w)+ Y Bihi(w)
=1

Chii 9j: hé s6 B; dudc goi la boi sé Lagrange.

Generative Learning

M6t mo hinh sinh dau tién cb ging hoc cach dit liéu dude sinh ra théng qua viéc udc lugng
P(x|y), sau d6 ching ta c6 thé sit dung P(z|y) dé wéc lugng P(y|x) bing cich sit dung ludt
Bayes.

Gaussian Discriminant Analysis

0 Thiét 1ap — Gaussian Discriminant Analysis gid st rdng y va x|y = 0 v& z|y = 1 1a nhu sau:

y ~ Bernoulli(¢)

aly =0~ N(uo) | va [aly=1~N(u,Y)

O Su wéc lugng — Bang sau day téng két cdc udc luong ma chiing ta tim thiy khi téi da hod
likelihood:

o~

@ g

1 Z:r;l 1{y(“=j}x<i) 1« i ; T
— > 1o T = @D —p )@ = i)
m ; {y)=1} Zi=1 L=y m Z y y

i=1

(=001 )

Naive Bayes

0 Gia thiét — M6 hinh Naive Bayes gid sit ring céc features ciia céc diém dit lieu déu doc lap
v6i nhau:

P(zly) = P(z1,22,..ly) = P(z1]y) P(z2]y)... = H P(zi]y)
=1

0 Giai phap — Tbi da hod log-likelihood dua ra nhitng 15i gidi sau day, véi k € {0,1},1 € [1,L]

C#ily =k waal) =1

and | P(z; =lly=k) = 0D =k

1 .
Ply=k) = — x #{jly"”) = k}

Chi y: Naive Bayes dugc st dung rong rai cho bai toan phan logi van ban va phdt hién spam.

Cac phuong thiic Tree-based va ensemble

Céc phuong thitc nay cé thé dugc sit dung cho ca bai todn hdi quy 14n bai todn phan loai.

O CART - Cay phan loai va hdi quy (CART), thudng duge biét dén 1a cay quyét dinh, cé thé
dugc biéu dién dudi dang cdy nhi phan. Ching c6 cic uu diém cé thé duge dién gidi mot cach
dé dang.
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O Rirng ngiu nhién — La mot ki thuat dua trén ciy (tree-based), st dung sé lugng 1én céc
cay quyét dinh dé lga chon ngiu nhién cic tdp thudc tinh. Ngudc lai v6i mot cay quyét dinh
don, ki thuat nay kha khé dién giadi nhung do c6 hiéu ning tét nén da trd thanh moét giai thuat
khé phd bién hién nay.

Chai 9j: rimg ngdu nhién la mot loai gidi thudt ensemble.
O Boosting — Y tudng ciia cdc phuong thitc boosting 14 két hop céc phufdng phap hoc yéu hon

dé tao nén phuong phip hoc manh hon. Nhitng phuong thitc chinh dugc téng két & bang dudi
day:

Adaptive boosting Gradient boosting

- Céc phuong phap hoc
yéu huan luyén trén cdc phan
16i con lai

- Céc trong s6 ¢cb gid tri 16n dugc dat
Va0 cac phan 16i dé cai thlen & budc
boosting tiép theo

- "Adaboost"

Céc céach tiép cén phi-tham sé khic

O k-nearest neighbors — Giai thuét k-nearest neighbors, thudng dugc biét dén 1a k-NN, 1a
céch tiép can phi-tham s, & phuong phip ndy phan 16p clia mét diém dit liéu duge dinh nghia
bdi k diém dit liéu gan né nhat trong tap hudn luyén. Phuong phdp nay cé thé dudc sit dung
trong qué trinh thiét 1ap cho bai toan phan loai cling nhu bai todn hdi quy.

Chai §j: Tham s6 k cao hon, dé chéch (bias) cao hon, tham sé k thdp hon, phuong sai cao hon.

@ @ @
© ® ®
o (902:, © o o @og) © o o @og) © o
%%oo S 02%00 § ® o §
0 Q@ @ Q 0 Q@ €L Q og%ooo
o %o o%)o@cbo) o %o o%oo@%@ o %o o%:)oﬁ@%@
o 0 8 OQJ o 0o 8 OQ) o O 8 OQ>
Po° & ®o° & ®o° &
o 00 o 00 o 00
@ @ @
E=1 k=3 k=11

Ly thuyét hoc

0 Union bound — Cho k su kién 1a Ay, ..., Ax. Ta c6:

P(A1 U... UAk) < P(Al) + ...+ P(Ak)

@ ©09

A1 UAyU A

0 Bat ding thitc Hoeffding — Cho Z1, .., Zm 1a m bién iid dugc dua ra tit phan phdi Bernoulli
clia tham s6 ¢. Cho ¢ 14 trung binh mau ciia ching va v > 0 ¢6 dinh. Ta cé:

P(lé — 9] > 7) < 2exp(—292m)

Chi 9: bat ding thite nay con duge biét dén nhu la rang bude Chernoff.

0 L3i huén luyén (Training error) — Cho trudc classifier h, ta dinh nghia training error ?(h),
con duge biét dén 14 empirical risk hodic empirical error, nhu sau:

m
1
= D Lingaty ey
=1

0 Probably Approximately Correct (PAC) — PAC 1a mot framework véi nhidu két qui vé
li thuyét hoc da dugce chitng minh, va c6 tap hop céc gid thiét nhu sau:

o tap huan luyén va test cé cling phan phdi

e cac vi du hudn luyén dugc tao ra doc lap

z(d }, va mot tap hop céc classifiers
y(@} nao, ta co:

0 Shattering (Chia nhé) — Cho mét tap hop S = {z(1),
H, ta néi ring H chia nhd S néu véi bat ki tap cac nhan {y), ...,

’ JheH, Vie[ld], hz®)=y®

O Pinh li gidi han trén — Cho H 14 mdt finite hypothesis class ma |H| = k véi 6, kich cd m
1a ¢ dinh. Khi dé, v8i xdc suat nhé nhat 1a 1 — 6, ta co:

0 VC dimension — Vapnik-Chervonenkis (VC) dimension cta class infinite hypothesis H cho
truge, ki higu 14 VC(H) 14 kich thude ctia tap 16n nhat dugc chia nhd béi H.

Chi §: VC dimension ciia H = {tdp hop cdc linear classifiers trong 2 chiéu} la 3.

(@) (@) & & o o (@) ©}
\ \
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O Pinh li (Vapnik) — Cho H véi VC(H) = d va m 14 sb lugng céc vi du huan luyén. Véi xac

suat nhoé nhat 1a 1 — 4§, ta c6:

o< (i) +0 (1 o () + Lo

)

)
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