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NOI dung

< Hoi quy tuyén tinh
= Khal niém
= Phan biét voi mé hinh phan lop
= Cac loai mé hinh tuyén tinh
= ng dung

< HOi quy tuyén tinh v&i mot bién
< HOi quy tuyén tinh v&i nhiéu bién
< HOi quy da thirc

% Biéu thtrc chuan
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Tinh hudng 1

« Nhuw thé nao dé dw doan gia nha?
: &
— Tap hop cac dir liéu lién quan dén gia nha. &=

— Chung lién quan dén kich thwéc nhw thé nao?

Housing price prediction.
400 +
X

300 + X w X X X X
Price (S) x X
in 1000 2%° T

X
100 + X
0 r t } ! |
0 500 1000 1500 2000 2500
Size in feet?

 Cho mot can nha co kich thuoce 750 thwoc vubng, vay
gia mong doi cua no la bao nhiéu?

S 3


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Tinh hudng 1 (it)

Housing price prediction.
400

300

' 230
)
in S 150

100

0 500 70 1000 1500 2000 2500

Size in feet?

«  Phuong phap giai quyét:
— Vé dwdng thang xuyén qua di liéu cé san
* Gia nha co thé la 150
— Vé duwong da thie bac 2

- Gia nha co thé 1a 230 \'
T 4
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* Cho trwdc mébt tap dir liéu da co “cau tra loi
dung” hay da cung cap cac gia tri output.

» Thuit toan sé hoc tr dir liéu cé san nay
(training data) dé rut ra dwoc mod hinh dw doan
(predictor).

M « Néu gia trj output 1a mét gia tri
lién tuc, ta c6 bai toan hoi quy

(regression).

« Néu gia fri output la roi rac horu han,
ta c6 Dba toan phan Iop
(classification). “~_’ o

T 5
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 Tap huén luyén

Size in feet? (x)

Price ($) in 1000's

cla gia nha )
2104 460 )

1416 232

1534 315 >m:47

852 178

y
« Ki hiéu:

— m: s6 mau huan luyén x1 = 2104

yl =

— X: bién “input’/dac trwng

— y: bién “output’/bién “target”

(x,y): mOt mau huan luyén

(x,y'): mau huan luyén the i (i=1,...,m)
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Ho6i quy tuyén tinh (1/2)

[ Training Set ]

v

[ Learning Algorithm ]

Size of Estimated
house price

« Co6 di¥ lieu hoc, can mot thuat toan hoc tét dé duw doan
gia tri output (lién tuc).

« Gia thuyét (hypothesis), thuat toan dwa ra mét ham hoi
quy (h) nhan gia tri input va tra ra gia tri dw doan.

« Ham don gidn dé giai quyét 1a ham héi quy tuyén tinh.



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ho6i quy tuyén tinh (2/2)

« Thé hién ham hoi quy tuyén tinh:
hg(x) =05+ 60:x; + ..

« Ham nay Ia “tuyén tinh” trén cac tham sb
6y, 64, ...,0,. Tham so cling dwoc goi la trong s
(weight).

« Pé don gian, ham cling dwoc goi 1a ham tuyén
tinh cda bién x (lién két tuyén tinh cla céc bién
Input).
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« Thé don gian nhat:

— Hoi quy tuyén tinh don thir trén |
mot bién input. ol
- hg(x) =0, + 0,x
— Univariate linear regression. _1"
 HOi quy da thc trén mét bién: m
—Vidu: hp(x) =8, + 0% + Oyx? oy

— Polinominal linear regression.

« HOi quy trén nhiéu bién input: ==  **Fu

- hg(x) =05+ 01x1 + 6,x, + ...

— Multivariate linear regression.

4000 —"100 200

Horsepower

200


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ham da thare

1

©
~]
W

©
n

I
b
3

Ham Gaussians

o

Hoi quy vé&i ham co s&

/\

e Gia tri input x cd thé l1a mdt gia tri thwe. Tuy
nhién nd cé thé dwoc thé hién qua cac ham phi
tuyén, nguoi ta goi la ham co’ sé (basic
function). Ki hiéu: ¢ (x)

hg(x) = 0 + 011 (x) + 0,¢,(x) + ...

« Ham hoi quy da thire 1a trwdng hop dac biét voi

ham co s& ¢(x) = x2 ...

Ham sigmoidal
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« Néu muc tiéu la dw doan hay du
bao (prediction/ forecasting), hoi
quy tuyén tinh dung dé “khép”
MmO hinh dw doan vo&i tap div liéu
guan sat dwoc cua (x,y).

« Sau khi c6 dwoc mo hinh, voi

X moi (chwa co y), mo hinh
dwoc sir dung dé doany.

11
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* Vi du &rng dung dv doan:

— Dy doan xu hwéng (trend estimation) cua gia dau,
GDP, cb phiéu tang hay gidm qua trng chu ky (time
series)

— Trong kinh t&, dw doéan chi tiéu tiéu dung, dau tw hang
ton kho, dinh gia xuat khau, nhu cau lao déng...

— Trong tai chinh, dwoc st dung dé dinh lwong rai ro &
murc hé thong.

Labor Supply Curve

Aszset

retum /
4 Risi-freg
, rate of
Labor supply is 4 raturn
upward sloping

Quantity Supplied - Bata

Wage

12
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U'ng dung cGia ham hoi quy TT (374

» Cho trwd'c mét bién y va tap cac bién x4, X, ...
c6 thé lién quan dén y, hoi quy tuyén tinh c6 thé
dwoc ap dung dé:

— Banh gia dé manh ctia moi quan hé 'y va x;.
— Hodc dé danh gia X; nao hoan toan khong Ilen guan
dény.

— Hoac xac dinh tap con nao cua x; chtra thong tin lap

laivéy.

T 13
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* Vi du wng dung 4o lien quan:
— Tim hiéu s lién quan cta hat thudc dén ty 1 to
vong va bénh tat.
— Tac dong cla hit thuoe khong phu thuge vao trinh
d6é hoc van, giao duc hay thu nhap.

’ =

14
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NOI dung

< HOi quy tuyén tinh
< HOi quy tuyén tinh véi mét bien
= Thé hién mé hinh
= Ham chi phi
= Gradient Descent cho mét bién
< HOi quy tuyén tinh v&i nhiéu bién
< HOi quy da thirc
< Biéu thtrc chuan

15
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Thé hién mé hinh

« Ham tuyén tinh dwoc thé hién:
hg(x) =0y + 0,x

« Pat x, = 1, ta co thé viét:

1
hg(X) — z H]X] = 0'x = xTH
j=0

e

16
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Vi du ham tuyén tinh don bién , Ze®

House sizes:

o ho(z) = —40 + 0.25z
1416

1534

892

17
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Hoc hoi quy tuyén tinh

VoI d lieu cho trwoc, muc tiéu la:
— Hoc céc tham s6 6 dé ma hg gan voi'y
trong cac mau huan luyén
 Phwong phap hoc:
— Dwa trén ham chi phi (cost function)

— Duwa trén biéu thirc chuan (normal
equation)

» Moi phwong phédp hoccé  /
thé ra cac bd tham so khac =
nhau.

T 18
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Bai tap 1 — Xac dinh HQTT /

. Cho di¥ liéu gia nha:

Size in feet? (x) Price ($) in 1000's
()
100 10
800 150

« X&c dinh ham hoi quy tuyén tinh don bién?
ho(x) = —10 + 0.2x

* VoI di lieu?

Size in feet? (x) Price ($)(;; 1000's
100 10
800 150
ho(z) = 0o + 012 153 315
852 178

T 19
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h@(x) = (90 + 9133

20
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T T T I T
10 12 14 16 18
Xo

12 12
10 10
2] @ l 8
= 8 ODD = 8
B B @
4 - 4 -
I I I I T T I T T I I I T T I T
4 31 a8 10 12 14 16 18 4 31 a8 10 12 14 16 18
KB xq.

Tap dir lieu trong Anscombe’s quartet co cung duong
hoi quy tuyén tinh nhuwng div liéu lai phan bo khac nhau
) 21
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Ham chi phi

 Phwong phap hoc dwa trén viéc danh gia sw
khac biét gilta ham h(x) so v&iy, goi la ham chi
phi (cost function):

1 | |
J©) = 5= > (hg(x)) = ¥')’
1=1

véi m 1a s6 mau duoc huan luyén

1 . . . 2 ,
Py dung cho dao ham va chuan hoa

ho: ham hoi quy tuyén tinh don bién ;)

yi: output mong muédn
* Muc tieu la lam cho ham chi phi
nho nhat: minimizeg o J(6) x

22
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 Pon gidn nhat, cho 6, = 0:

hg(x) = 01x
ho(x) 3T
2 4
J(01) J(H =0
0, =1 14
J(6)?
B O D G } ]
050 05 1 15 2 25
0
91 — O 5?

1i=1
= 5 —(02+0%+0%) =0

23
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3 X 3
T J(1) =0
J(61) . J(0.5) = 0.58
X
F————— 4+
050 05 1 15 2 25
04
(0.5) = 1i(h(i) 'y
JOS) = g L\heF) = Y 9, = 07

= 213((05 1)2+(1 —2)2+(1.5 — 3)?)
~ 0.58

24
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3 X
2 X 2
y J(61)

1 T 1
he(m) [ | [ | | |

O 'n 1 \.( \‘./ 91:0 l-e_J 1 1 1

0 1, 2 3 050 05 1 15 2 25

J(6)? O

1
m -
l

= (1)2+22+32)~2.3

JO = 50> (o(x) = ¥*)°

minimizeg J(0)tai 6, = 1

2X3

25
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500

400 ——x
. XXX
X
Price 300 e XX
X s K
X X
200 X "

100
/0/

Size in feet? (X)

hg(x) = 50 + 0.06x

0 1000 2000

3000

g

20 -20
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Ham chi phi J; cGa ham hoéi quy

hg khi chiéu 1én 6, va 6,
0.5
700
0.4
600+ 0.3
—~ 500/ 0.2
S 0.1
= 400 '
) =7 0
& 300 0.1
ks 0.15
& 200" -0.2¢ :
-0.3¢ |
100F « Training data I I
— Current hypothesis 0.4 i
0 1 ! _ 5 | 1 : 1 | |
1000 2000 3000 4000 %900 500 0 500 1000 1500 2000
Size (feet ) 0, 800
Mbi vong elip hay moéi mau dai dién
cho cung gia trj ham chi phi ]0 nhuwng

méi vi tri khac nhau thé hién cac 6,, 0,
khac nhau (contour figures/plots)

I 27
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Ham chi phi Jo cla ham hoi quy
he khi chiéu 1&n 6, va 6,

700 ‘ ‘ ‘ ‘ 051
0.4
600f
0.3
—~ 500 0.2r
S
2 400 Yo
£ +0r
300 01l
ke
& 200 0.2
0.3
1001 « Training data
— Current hypothesis 0.4/
O | | T T
_0-5 | H 1 | | I
1000 2000 3000 4000 1000 -500 0 500 1000 1500 2000
Size (feet”) b

minimizegy, g J(0)

Phuwong phap thir va sai cac gia trij 6,60, cho
den khi dat minimizeg g./(0) liéu co hiéu qua?

28
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Gradient Descent

 CO nhiéu ham J(6,, 6;) nhwng muc tiéu 1a tim
ham minimum J(8,, 6,)
* Phwong phap gradient descent:
— Bat dau véi bat ki gia tri nao cta 6,, 8, (thwong
chon = 0).
— Thay dbi 6,6, d& giam J (8, 6,) cho dén khi dat
dwoc gia tri toi thiéu.
— Méi lan thay d6i tham s6 6y, 6,, chon gradient (dao
ham) ma giam J(6,, 6,) nhiéu nhat co thé.

29
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 Piém bat dau & dau quyét dinh gia tri nhd nhat
dat dwoc (cuwc tiéu dia phwong).

31
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Thuat toan gradient descent 2

/repeat until convergence { B

9j = Qj (87 0 J(90,91) (fOI‘ ] = 0 and j — 1)
00 ;

J ~

» Qua trinh cap nhat cac 6; phai dong thoi:
tempO = 90 — OdaTJ(Qo, 91)
templ := 0, — O‘aa J(6p,01)
0y := tempO
01 := templ

temp0 := 0y — a5

« Cap nhat knong dung: ¢, —tempO

32
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Thuat toan gradient descent (tty” :

/repeat until convergence { B
s,

93' = Qj @ 'J(Qo,el) (fOl“j :Oandj: 1)
00

J y

a: goila tilé hoc (>0)
%](90, 6,): dao ham tirng phan &ng véi 6,, 6,. Y nghia
J

cua dao ham:
— La tiep tuyén tai diém trén dwong thang, néi Ién xu hudng
thay doi cua diém dir liéu.
— Di chuyén hwéng xudng sé la dao ham &m, vi vay sé cap
nhat J(6;) dén gia tri nho hon. Va ngworc lai.

S 33
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A J(61)

0, =0, — aa_01](91)

0, =60, —a X (sodwong)

0, =0, — “081](91)

0, =60, —aXx(soam)

34
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Hé s6 hoc a

0
01 =0 —a——J(0 1
1= 01— o (01)
» Néu hé so hoc a qué nhd, gradient
descent sé lay cac bw¢c thay doi
nhé, dan den cham hoi tu.

J(61)

>
01
A J(6)
« Néu hé sb hoc « quéa Ion, gradient
descent sé c6 thé nhay vuot qua
diem cue tieu. N6 co thé dan dén
khéng hoi tu, thAm chi con lam xau
di S
01

35
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- Gradient descent c6 thé hoi tu
/ tal cuc tieu dia phuong tham
chi v&i hé s6 hoc a cb dinh.

\

> 61 & cuc tieu dia phuong

/6;1
Gia tri hién tai cua 6, 0, =6 — aij(gl)
do

« Khi cang gan mot cuc tiéu, 20N
gradient descent sé& i dong colf N
buoc nhay nho hon nén ta khéng -
can thay déi hé s6 hoc a theo thoi S
glan. >

01
) 36
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HOi quy tuyén tinh voi gradient desgén »

« Pao ham trng phan cho hém chi phi:

0 0
a—gjfwo,el) “ 39 Zmz(he(x) - y)]

~ 96; 2m2(90+01x -y

» Vi j=0: aT?,-](Ho;Hl) = E iZ1(ho(x') — ¥*)

* VoI J=1: a%j](HO,Hl) = % m o (hg(xt) — y').x!

37
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Céch tinh dao ham ttrng phéan cta ham chi phi

0 0 1

55’0 = 5 Q(hm—-ﬁ

= 25 (hla) = 3) - - (ha(o) =

= (hs() (Z iz; — )
(he(z) —y) z;

repeat until convergence {

1

b = b0 — az; 3. (he(a®) =y ) Cap nhat 8, va 6,

Cwo [ motcach dong thoi
0, = 6 — oL Z (ho(20) — y@) - 20

} Day goi la luat cap nhat LMS (least mean squares)

) 38
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Ham chi phi hoi quy tuyén tinh c6 gap phai van de
cwe tieu dia phwong khong? Cach giai quyét?

AN

Ham chi phi hoi quy tuyén

tinh ludén 1A mét ham /o —

(convex function), nghia 9o

|a ludn cdé moét cuc tigu .

duy nhat. s

, & o0~

— Dang hinh gibng cai “t6”. T

— Chi c6 mét toi wu toan cuc,
nén gradient descent sé
lubn hdi tu tai diém t6i wu
toan cuc.

W
e "‘ “ .
- AR ey
\\\1“%}1“‘“““ - o
T Aty

LT

e i
S e

39
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[\
o
o

* Training data

— Current hypothesis

2000 3000 4000

Size (feetz)

500

o
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Cac loai gradient descent (1/2) /.

 Thuat toan gradient descent

repeat until convergence { N L. .
m | | o tren dwoc goi la “batch
b =0y — a; 21 (o) = y) gradient descent:
=
o N (1:_> — “patch” (hang loat): mdi budc
— 0 Z (h9($ )=y ) L cap nhat cua gradient descent
\ = st dung tat cd mau huan luyén
m
i=1-

« Ngoai ra, con coO
“stochastic”  gradient |Loopi
descent (“incremental”
gradient descent):

— Cé&c tham sb dwoc cap
nhat theo  gradient }
descent lien quan dén
chi mét mau huan luyén }

T 41

for i=1 to m, {

b; =0 +a(y" - he(z¥)) x ) (for every j).

J
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Céc loai gradient descent (2/2),”

Batch Gradient Descent Stochastic Gradient Descent

- Doi co hét dir liéu ré[ Mo - C6 thé bat dau tién trinh
cap nhat cac tham so. ngay khi co mot div liéu.

- Stochastic c6 tham so 6 dat gan dén cuc tiéu nhanh hon so
vOi Batch.

- Stochastic hiém khi héi tu dén cue tiéu va tham sé 6 sé& lam
cho ham chi phi dao déng xung quanh cwec tiéu. Tuy nhién
thwe té, gan dat dén gia tri cuc tiéu ciing da du tot.

- Vi vay, doi vai tap dir liéu lon, ngwdi ta thwdng ap dung
phuong phéap stochastic nhiéu hon so v&i batch.

42
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NOI dung

< HOi quy tuyén tinh

< HOi quy tuyén tinh vé&i mot bién

< Hoi quy tuyén tinh v&i nhiéu bién
* Dadac trung
= Hodi quy nhiéu bién
= Gradient Descent cho nhiéu bién

< Hoi quy da thirc

< Biéu thirc chuan

43
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Pa bién

 Pa bién = da dac trwng (multiple feature)
« Ham hoi quy tuyén tinh da bién:

Size (feet?) |Price ($1000) Size (feet?) | Number of | Number of | Age of home Price ($1000)

bedrooms floors (years)

2104 460 2104 5 1 45 460

1416 232 m—) 1416 3 2 40 232

1534 315 1534 3 2 30 315

852 178 852 2 1 36 178
hg(ai') =0y + O1x he(x) — 7

(x 13 kich thuéc nha) (x 14 kich thuéc nha, sb phong,

sé tang, tudi nha)

T 44
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Mot so ki hiéu

Size (feet?) | Number of | Number of | Age of home Price ($1000)
bedrooms floors (years)
X1 X2 X3 X4 y
2104 5 1 45 460
1416 3 2 40 232
1534 3 2 30 315 M =47
852 2 1 36 178

« Ki hiéu:
— n: sO dac trwng.
- x': input cia mau huan luyén thi i.
- xj: gia tr] clia dac trwng j trong mau huan luyén thi i.

T 45
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« Ham hoi quy tuyén tinh da bién (multivariate

linear regression):

— Vi du:

he(X) = 0y + 01x1 + 0,x, + ...+ 6,,x,,

hg(x) =80+ 0.1x; + 0.01x, + 3x3 — 2x,

Size (feet?) | Number of | Number of | Age of home Price ($1000)
bedrooms floors (years)
X1 X2 X3 X4
2104 5 1 45 460
1416 3 2 40 232
1534 3 2 30 315
852 2 1 36 178

46
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_90_
01
Vector tham s6 :
(parameter vector)
0,
» Ta c6 thé viét:
/_L
HT X0
- - ™~ X1
[60 81 92 Qn] X x2 —
X

Vector dac trung

_~” (feature vector)

hg(X) —_ HO + Hlxl + Hzxz
+ ..+ 60,x,= 0"x

L n_
) 47
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Gradient descent

« Pé xac dinh cac tham sé cho hoi quy tuyén tinh
nhiéu bién, ta clng dwa trén ham chi phi va

gradient descent.

« Ham chi phi:
1 m
J(@O, 91, o ooy On) — % Z(hg(:c(z)) — y(z))Q
=
» Gradient descent:
/Repeat { )
Oj .= 9j —Oéagjj(eo,...,gn)
. } (simultaneously update foreveryy = 0, ..., n)

)

48
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Pao ham tirng phan

Repeat {
1 & . , .
gj = 9j — Oﬁa Z(hg(x(")) _ y(ﬁ))xg”')
=1
} (simultaneouslyzupdate forevery7 = 0,..., 1)
Oy := 0y — Oz% Z(he(x("')) _ y(@))wg")
=1
O1:=01 — a— Z(he(w(i)) EROMNAL
1=1
Oy := 0y — = Z(hg(a;(i)) RO

~
|
—t
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HOi tu cla gradient descent /7 Zags™

« Cac dac trwng cd mién gia tri chénh léch nhau
nhiéu co thé dan dén cham hoi tu dén to1 wu

toan cuc.

e Vidu: x; = size (0 — 2000feet?)
X, = number of bedrooms (1 —5)

02

N

J(0)
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 Can dam bao cac dac trwng cé cung ti 1& twong
tw nhau.
— Hbi tu cua gradient descent trung binh sé nhanh hon.

_ size(feet?)
E.g. 1= size (0-2000 feet?) 1= 775000
T2 = number of bedrooms (1-5) _ number of bedrooms
Xy = -

o, T J(9) 0<x<1 0<x,<1

7> J(6)
—_—
— ) 9]_
| 01
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Scale dac trung

» Chuan hda trung binh (mean normalization):

Xi—U  Xi—U Xi—min_ xi—l

— Thay thé x; bang:
(ngoai trw x)

max’ max—-min' max-min’ o

— VI'dL_JZx _ size—1000
- 2000
H#bedrooms—2

ro —

5
—0.5 § I § 05, —0.5 S 9 S 0.5
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Van de cla gradient descent

« Liéu gradient descent cé giam sau mdi lan 1&p?
« Lap bao nhiéu lan thi da?
« Nhuw thé nao dé chon hé sé hoc a?

. N
min J (6 1(6) /
>

No. of iterations

/N
J(H) \MJ
| | | | | | >
0 100 200 300 400 No. of iterations

No. of iterations
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Giai quyét

 Pat ra mot nguwdng hoi tu &, néu J(0) nhd hon
ngwong nay thi dwng.

» St dung hé s hoc a dui nhd. Tuy nhién:
— Néu « qua nhd: cham hdi tu

— Néu a qua Ién: /() co thé khong gidm; tham chi
khéng hoi tu; hodc cé thé rat cham héi tu.

No. of iterations
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NOI dung

< HOi quy tuyén tinh

< HOi quy tuyén tinh vé&i mot bién
< HOi quy tuyén tinh v&i nhiéu bién
< Hoi quy da thirc

< Biéu thirc chuan

55


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Price 1
y) | x

) 0o + O,x + O,x7

0o+ O1x + 0,x% + 05x3

Size I(x)

ho(x) = 0y + 0121 + 0222 + O323
= 0y + 01 (size) + O3(size)? + O3(size)?

Tr1 = (si1ze
To = (siz€)?
r3 = (size)s
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Ham chi phi
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M=10

Bac 0

Béc 1 r |
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—©— Training
—O— Test

Root-Mean-Square (RMS) Error; Eruvs = v2E(w*)/N

M6t cach dé khac phuc over-fitting 1a st dung
phwong phap regularization
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0 1

Pa thirc bac 9 (mau dé) véi sé luong méu khac nhau
(N=15 va N=100)

Mot heuristic: sé,lwo’ng diém di lieu khdng nén nhé hon 5 hay 10 lan
sO lwgng tham s6 trong mo6 hinh da thirc — mo6 hinh cang phirc tap khi
d liéu tang — khdng hiéu qua
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NOI dung

< HOi quy tuyén tinh
< HOi quy tuyén tinh vé&i mot bién
< HOi quy tuyén tinh v&i nhiéu bién
< HOi quy da thirc
< Biéu thirc chuan

=  Khal niém

= Pao ham ma tran

= Toan t& “trace”

=  Cuec tiéu ham chi phi

62



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Mot sO van dé gradient descent /%

 Gradient descent: A
— Vector 8 khoi tao la bao nhiéu? J(0)
— Hé sb hoc a?
— Bao nhiéu vong lap?
— Khi nao héi tu?
_ C6 hoi tu khéng? .
— Nguwdng € nén la bao nhiéu? ...

Tl cac van dé trén, biéu thire chuan (normal
equation) cung cap mét giai phap tét hon.
— Phwong phap giadi quyét @ dwa trén phan tich.
— Cling c6 nhirng thuan loi va bat loi riéng.
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Cuc tri ham s6

« Xem xét ham chi phi don gian sau:
J(8) = abB? + b0 +c (v6i 0 lasé thuc)
« Tim 6 dé minimize J(6)

0 6) =0
%1()—

J(0)
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Cuc tri ham s6

 Tong quét:

1 - ) 2)\2
R+ (0001, 00) = 5 ;(he(ﬂ?( ) =)
a%j,](@) —...=0 (foreveryj)]
— LAy dao ham tirng phan va cho bang 0 dé tim diém

cwc tri.
— Tw do rat ra dwoce 8 lam minimize J(6)
» Viéc tinh dao ham trén toan tdp mau huan luyén
sé c6 thé phirc tap va ton thoi gian.
— Muc tiéu van can rut ra 6 dé lam minimize J(8), tién
trinh co thé khac nhau.
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5 30 ham ma tré . / ~,

« Cho ham f:R™" — R, dao ham cua f trén A:
_ af af _

of  of

—aAml aAmn—

Vi du f(A) — %All T SA%Z T A21A22 VC’)” ma trén

Vaf (A) =

A A . ,
A = [ H 12], dao ham cla f(4):
Ay A _ _
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Toan tw “trace’

« Cho ma tran A, “trace” cua A 1a tdng cac phan
twr trén dwdng chéo:

n
tr4A = Z Aii
=1

« Néu ala sb thuc, tra = a
« M6t sb tinh chat:
- trAB = trBA hay trABC = trCAB = trBCA

— trd = trA’
- tr(A+ B) = trA + trB
— traA = atrd
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Biéu thirc dao ham cua “trace’ Vil "

» Biéu thirc dao ham (tw c/m):
VAtrAB — BT
Vrf(4) = (Vuf (A)"
VitrABATC = CAB + CTABT
ValAl = |A] (A™H)"

. T (2) va (3):
V,rtrABATC = BTATCT + BATC

(1)
(2)
(3)
(4)

(5)
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Ma tran thiét ké

« Ma tran thiét ké (design matrix) cho gia tri nhap
clia cac mau huan luyén:
(xH)"
¥ — (XZ)T
(x™T

« Goi y la vector m-chiéu chira céc gia tri output
twong rng v&i cac mau:

y =
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Ham chi phi

* Do hy(x) = x'0:

xHTOT1  [y'] [ hex') —y'
X0 — 7 = (XZ?TH B y.2 _ | he (Xz? — y?2
x™'e)l  ly™l  Lhe(x™) —y™

« V&ivector z batky, zTz = ¥, z?2

1 1 L
(X0 - 5)7 (X6 - 7) = Eizzl(h@ (x)) =¥ = J(6)

70


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Pao ham ham chi phi

« Ap dung:
— Tinh chat tra = a cho bwdc 3 dao ham.
— Tinh chat trdA = trA” cho buédc 4 dao ham.
— Buwdc 5 sir dung biéu thiee (5) V,rtrABATC = BTATCT + BATC
véi AT =6, B =BT =XTX, C =1 va biéu thirc (1) V4trAB = BT.
 Pao ham ham chi phi:
Vel(#) = vgé(xe —NT(XH —7)

« Tim cwc tri bang
cach cho dao

1 N
= Vs (6" XTX0 — 07X 5 — " X0 + ¢'y) ham =0:
XTX0 =XTy
— %vg tr (0" X' X0 — 6" X"y — g X6+ 'y Y
= Vo (r6" X" X6 — 20 " X6) [9 = (X'X)7°X )’]

= % (X"X0+ X" X0 —2X"7)

= X'X0- X"y
T 71
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Gradient descent Normal equation

- Can chon hé s6 hoc «. - Khéng can chon hé so hoc.
- Can chay nhiéu vong lap. - Khéng can nhiéu vong chay.
- Lam viéc tot tham chi khi s6 |- Chican tinh (X7X)™1

chiéu (s6 dac trung) nlén |- DO phire tap 0(n®) nén

cham khi s6 n 1on.

- XTX c6 thé khéng kha
nghich (khac phuc bang
cach tranh trung lap dac
trwng, gidm so lwong dac
treng hay ap dung
regularization).
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 Gia slr di¥ liéu dwoc phan bd theo xac suat chuan

(gaussian):
N 1 (y® — g7 ()2
(@ 2®-9) = _
p(y[z™; ) \/%geXp( 5o

« Ham likelihood:

L(#) = Hp(y(”lﬂs’(”;é’)

ﬁ 1 ( (y@ — HTx(i))2>
= ex 3 .
V21O P 202
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« Tim maximum likelihood thong qua ham log:

/(@) = logL(h)

= 1
Dgg 5

(_y(z') . QT;};(’*‘:))?
(-5

1
T 2{]'2

m 1 (y@) — g7 2())?
; log exp (— 53 )

2T

L L IS0 _grpye

2re 02 24
1=1

= mlog

« Nhuw vay, ta thay rang maximum likelihood, dong nghia
vO'i VIEC minimum:;

1 . .
> Z(y(t) _ QTI(E))Q
=1
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HQTT c6 danh trong cuc b6~ /.

 HOi quy tuyén tinh c6 danh trong cuc bd co
dang ham chi phi sau:

Zi iy(i)(ay(i) — QTJJ(I))Q

» Trong so sé& danh gia dd wu tién cho tirng diém
dir lieu.
— Nhirng diém cd trong so cao thi thuat todn sé co
chon 6 dé lam cho ham chi phi nho.
— Nhirng diém co trong so thap thi thuat todn sé gan
nhw bo qua (diém nhiéu).

z (i) _ .)\2
« M6t cach chon trong so [3]: w'? = exp (_(1" = z) )
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