KHAI PHA DU LIEU - CHUONG 3
HOI QUY DU LIEU (DATA REGRESSION)

Tong hop kién thiic, cau hoi tu luan va tric nghiém

1. GIOI THIEU VE HOI QUY

1.1. Pinh nghia Hoi Quy

+ J. Han et al.: Hdi quy 12 co ché thong ké cho phép du doan céc gid tri sd thuc va lién
tuc.

+ R.D. Snee (1977): Hodi quy 1a co ché théng ké cho phép du doén, kiém soat va hoc
cdc quy tac sinh ra dif lidu tif thuc nghiém.

+ Wiki (2009): Phan tich hdi quy 1a co ché théng ké udc lugng mbi quan hé gitta cic
bién doc lap.

Phan biét quan trong:

 Hoi quy (Regression): Du dodn gi4 tri s6 thuc (real-valued output) — vi du: gid nha,
gia c6 phiéu.

 Phan 16p (Classification): “Duy doan” cho gia tri roi rac (discrete values) — vi du:
spam/not spam.
1.2. M5 hinh héi quy

Phuong trinh hoi quy tong quat:
Y = f(X,6)

* X: tap bién doc lap/du bio (predictors/independent variables) — mo ta cac thay ddi
ciaY.

* Y: bién ddp ting/phu thudc (response/dependent variable) — mo ta su kién quan tam.

* 0: hé sb hoi quy (regression coefficients) — mo ta mic do anh hudng tuong ddi cia
X1énY.



1.3. Phéan loai mé hinh hdi quy

. Tuyén tinh (Linear) vs. Phi tuyén (Non-linear): Linear: quan hé tuyén tinh giita

céc tham s6 anh hudng 1én Y; Non-linear: ngudc lai.
« Don bién (Univariate) vs. Da bién (Multivariate): X = (X)) vs. X =(X1,Xa,...,Xg).
 Tham sé (Parametric), phi tham $0 (Nonparametric), ban tham $0 (Semiparametric):

— Parametric: Y = 09+ 0, X (s tham sb hitu han).
— Nonparametric: ¥ = 6y + f(X) (s6 tham s6 vo han).

— Semiparametric: ¥ = 8+ 01X; + f(X2) (hitu han tham s6 quan tam).
« Poi xitng (Symmetric) vs. Bit dbi xitng (Asymmetric):

— Symmetric: m6 hinh mo ta (log-linear models).

— Asymmetric: md hinh dy doan (generalized linear models).

2. HOI QUY TUYEN TINH PON BIEN

2.1. Gia thuyét va ham muc tiéu
MO hinh: hg(x) =80+ 6x
Ky hiéu:
* N: s6 mau huin luyén.
o x( (0 gia tri dau vao/dau ra cia mau thi i.

Sai s6 du doan (residual): () = g (x()) — y()
Ham chi phi (Cost function - MSE):

N 2
90591 = Z( ))
Muc tiéu: Tim (6;,67) d€ tdi thi€u hoa J (8¢, 01).

2.2. Phuong phap Gradient Descent

Y tudng: Xuét phét tit diém ngiu nhién (69,8, ), lip lai cap nhat d€ giam J:
Thuit toan (cip nhat dong thai 6 va 0,):
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Learning rate o:
* o qua nho: hoc cham, mét nhiéu vong lip.
* o qué 16n: khoé hdi tu, J ¢6 thé khong gidm tai mbi budc.

« Thuc nghiém: thit o € {0.001,0.003,0.01,0.03,0.1,0.3,...}.

2.3. Cong thitc truc tiép (Closed-form)

. N .o A D_y(yD—3) . a _ oA
Khi 6 = 0: Duing lai 6 6 = W vaBy=7y—0;x.

3. HOI QUY TUYEN TINH DA BIEN

3.1. Mo hinh da bién

he(x) =00 +01x1 +02x2+ ...+ 0px, = ol x

(V6ixg=1)
Ham chi phi:

3.2. Feature Scaling (Chuin héa diic trung)

Vén dé: Cac thudc tinh ¢6 thang do khdc nhau (vi du: kich thudc nha 0-2000 ft2, sb
phong 1-5) lam gradient descent hdi tu chdm do contour plot J bi kéo dai.
Giai phap: Chuén héa tit ca dic trung vé cung thang do, vi du x; ~ [~ 1,1]:
;o XjiTHj

xj= (mean normalization)
range;



3.3. Phuong phap Normal Equation

Thay vi ding gradient descent lip, c6 thé tinh truc tiép:
0=x"x)"'xTy

trong d6 X la ma tran N X (n+ 1) (thém cot xo = 1), ¥ 1a vector N x 1.
So sanh Gradient Descent va Normal Equation:

Gradient Descent Normal Equation
Can chon o, Khong can chon o
Can nhiéu vong lip Khéng can lip

Hoat dong tot khi n 16n (n = | Phéi tinh (X7X)~! - O(n?)
10%)

Khong hiéu qua khi n > 10*

Vén dé khong kha nghich (Non-invertible): Xéy ra khi: (1) cac bién phu thudc tuyén
tinh (vi du: kich thuéc m va feet); (2) n > N (nhiéu bién hon méu).

4. HOI QUY PHI TUYEN
Khi ¥ 13 ham phi tuyén theo tham s 6:
Y = f(X,0) (vidu: ham md, logarit, Gaussian)

Xiéc dinh 0 t6i vu bang: thuat todn t6i vu cuc b (local optimization) hodc t&i wu toan

cuc (global optimization) tdi thi€u héa téng binh phuong sai s6.

5. UNG DUNG VA VAN PE TRONG HOI QUY

5.1. Ung dung
« Tién xtt Iy DM: Lam min dit liéu, loai bd nhiéu.
+ Nhiém vu DM: Du doén gia tri s6, phan tich mo ta.

 Cac linh vue: Sinh hoc, ndng nghiép, kinh té, kinh doanh, tai chinh, bao hiém, e-

commerce, khoa hoc, robot, diéu khién ty dong.



5.2

Panh gia mé hinh hoi quy

Phuong phap tach du liéu:

Holdout method: Chia ngiu nhién D thanh tap huin luyén (2/3) va tap kiém tra
(1/3).

K-fold cross-validation: Chia D thanh k phan bing nhau. Lip & lan: dung phan k dé
ki€m tra, phan con lai d€ huin luyén. Tinh trung binh d6 chinh x4c.

Cac do do danh gia do chinh xac:

5.3.

SSE (Sum of Squared Errors): SSE = Y7, (§; — y;)? — do luong tdng thé, nhd hon
tot hon.

MSE (Mean Squared Error): MSE = 35E (;: 56 hé s6 hdi quy) — do phuong sai

n—m

con lai, nho hon tét hon.
S (Standard Error of Estimate): S = /MSE — sai s6 trung binh trong du doén, do
dd chinh xac cua du doan.
Van dé trong hoi quy
Gia dinh vé phan phéi dif liéu (quan hé giita bién doc 1ap va phu thude).
Tinh doc 1ap clia cic bién du béo.
Bién phai lién tuc (c4 predictors va responses).
Lugng dit liéu khong du 16n.
Xdc dinh dang md hinh héi quy phu hop.

Ky thuat nang cao: ANN (Artificial Neural Network), SVM (Support Vector Machine).

Céc yéu t anh hudng dén thanh cong ctia mé hinh hi quy:

1.

2.

Xiéc dinh bai toan ding dn.

Chon bién quan trong va dang md hinh.

. Tap dit liéu tbt (ca vé khbi lugng va chét lugng).

Thuét toan ude lugng hé sb tot (vi du: gradient descent).

Ky thuat kiém dinh md hinh.



6. TOM TAT
* Hdi quy la k¥ thuat théng ké du doan gia tri sb thuc lién tuc.

¢ Phan loai: Linear/Non-linear, Univariate/Multivariate,

Parametric/Nonparametric/Semiparametric.
* Don bién: hg(x) = 8y + 0;x; t6i thiéu héa J bing gradient descent.
* Pabién: hg(x) = 67 x; can feature scaling; c6 thé dung normal equation.
¢ Danh gia: SSE, MSE, S; holdout hoéc k-fold cross-validation.

+ Don gian nhung hitu ich; ing dung rong rii; 1a vi du dién hinh vé déng gép ctia thdng
ké vao DM.



7. CAU HOI TU LUAN

Caul.

Cau 2.

Cau 3.

Cau 4.

Cau 5.

Cau 6.

Cau7.

Cau 8.

Cau 9.

Cau 10.

Cau 11.

Cau 12.

Cau 13.

Cau 14.

Hoi quy (Regression) 1a gi? Phan biét hdi quy véi phan 16p (Classification). Néu it
nhét 3 vi du ting dung thuc tién ctia hoi quy trong khai pha dit liéu.

Giai thich phuong trinh hdi quy ¥ = f(X,0). Céc thanh phan X, Y, 6 biéu dién diéu

gi? Y nghia ciia ddu va do 16n ciia hé s6 6, 1a gi?

Trinh bay day dii cac loai md hinh hoi quy: linear/nonlinear, univariate/multivariate,

parametric/nonparametric/semiparametric. Cho vi du cu thé cho mbi loai.

Ham chi phi (Cost function) J(8,0;) trong hdi quy tuyén tinh don bién 1a gi? Tai
sao stt dung MSE thay vi MAE (Mean Absolute Error)?

M6 ta chi tiét thuat todn Gradient Descent cho hdi quy don bién. Tai sao can cap
nhat 6y va 6; dong thoi? Didu gi x4y ra néu cap nhat tudn ty?

Learning rate o trong Gradient Descent dnh hudng dén qua trinh hoc nhu thé nio?

Trinh bay cdc trudng hgp o qua nhé, o qué 16n va o phu hgp. Cach chon o thuc té?

Trinh bay md hinh hoi quy tuyén tinh da bién. Su khac biét vé thuat todn Gradient

Descent gitta don bién va da bién 1a gi?

Feature Scaling 13 gi? Tai sao Feature Scaling quan trong trong hdi quy da bién
v6i Gradient Descent? Mo t4 hiéu tng ctia thiéu scaling 1én contour plot ctia J.

So sanh Gradient Descent va Normal Equation d€ t6i uu hdi quy da bién. Khi

nao nén dung mdi phuong phép?

Giai thich vin dé ma tran khong kha nghich (Non-invertible) trong Normal

Equation. Nguyén nhan va cach khic phuc nhu thé nao?

Phuong trinh Normal Equation 1a gi? Din xuit cong thic 6 = (X7X)~'X7Y va

giai thich y nghia cta tiing ma tran.

Hdi quy phi tuyén (Non-linear Regression) khiac hdi quy tuyén tinh nhu thé nio?
Cho 3 vi du vé& ham phi tuyén va tinh hubng thuc té phu hop.

Trinh bay phuong phap K-fold Cross-Validation dé danh gia m6 hinh hdi quy. Uu
diém ctia K-fold so véi Holdout method 1a gi? Gi4 tri k nao phd bién?

Giai thich SSE, MSE va S (Standard Error of Estimate). Mdi quan hé gitta 3 do do

nay 1a gi? Khi ndo thi mo hinh dugc coi 1 ¢6 do chinh xac t6t?



Cau 15.

Cau 16.

Cau 17.

Cau 18.

Céau 19.

Cau 20.

Trinh bay vi du hdi quy da bién véi tap dit liéu ban hang: y = Quantity Sold =
8536.21 — 835.72 x Price +0.592 x Advertising. Gidi thich y nghia clia cac hé sb.

Giai thich tai sao hdi quy tuyén tinh don bién v6i dang hg(x) = 8y + 61x tao ra
convex cost function J va khong c6 local minima?

Trinh bay tng dung cla hodi quy trong tién xi ly dix liéu (cu thé trong Data
Smoothing va Noise Removal). Hdi quy dudc ding nhu thé nao dé loai bé nhiéu?

Phan biét Symmetric regression va Asymmetric regression. Loai nao phu hgp
cho nhiém vu du dodn trong DM? Cho vi du cu thé.

Néu 5 yéu t6 anh hudng dén sy thanh cong cia mo hinh hdi quy. Yéu t6 nao ban

cho 12 quan trong nhit v tai sao?

So sdnh hdi quy tuyén tinh truyén thong véi ANN (Artificial Neural Network) va
SVM (Support Vector Machine) trong bdi cdnh hoi quy niang cao. Khi ndo can
dung cac phuong phap nang cao?



8. CAU HOI TRAC NGHIEM

Caul.

Cau 2.

Cau 3.

Cau 4.

Cau 5.

Cau 6.

Hbi quy (Regression) trong DM dung d€ du doan:
A. Gid tri r0i rac (nhan 16p).
B. Gi4 tri sb thuc va lién tuc.
C. Ciéc tap phé bién trong tap giao dich.
D. S6 lugng cum trong tap dif lidu.
M6 hinh hdi quy ¥ = 8 +0;X thudc loai:
A. Nonparametric univariate.
B. Parametric univariate linear.

C. Semiparametric multivariate.

D. Nonlinear parametric.
Ham chi phi J(89,0,) trong hdi quy tuyén tinh dugc t6i:
A. Téi da héa.
B. Tbi thiéu hoa.
C. Giit ¢6 dinh.
D. Tbi da hda & budc dau, tbi thiéu héa & budc sau.

Sai s6 du doan (residual) e(!) dugc dinh nghia la:

Ay —5

B. ho(x()) —yW
C. x)—x

D. 0;x() —8y

Trong Gradient Descent, learning rate o qué 16n dan dén:
A. Hai tu rat nhanh dén nghiém téi uu.
B. Hoi tu chim, can nhiéu vong Lip.
C. J(8) c6 thé khong giam tai mdi budc, thuét toan c6 thé khong hoi tu.
D. Gradient descent luon hdi tu bit ké a.

Trong Gradient Descent don bién, cip nhat g va 8; phai:



A. Cap nhat 8y truéc, sau d6 mdéi ding 89 mdi dé cap nhat 6.
B. Cép nhat 0; trudc, sau d6 cap nhat 0.

C. Cap nhat dong thdi (simultaneously update).

D

. Céap nhit luan phién theo tiing vong lap.
Cau 7. Feature Scaling trong hoi quy da bién gitip:

A. Ting d6 chinh x4c ctia mo hinh hdi quy.

B. Gradient Descent hoi tu nhanh hon bing cich cin bing thang do cdc dic
trung.

C. Giam overfitting.
D. Tu dong chon gia tri o ti uu.

Cau 8. Normal Equation 8 = (X”X)~!XTY ¢6 uu diém so véi Gradient Descent la:
A. Hiéu qué hon khi n rit 16n (n > 10%).
B. Khong can chon o va khdng can vong Lip.
C. Ludn tim dudc nghiém t6i wu toan cuc dii J khong 1.
D. C6 thé dp dung khi ma tran (X7 X) khong kha nghich.

Cau 9. Ma tran (X7 X) trong Normal Equation khong kha nghich khi:
A. S6miu N qua nhé van < N.
B. Ton tai bién phu thudc tuyén tinh hoic sb bién n 16n hon s6 mau N.
C. Tét ca bién déu ddc lap tuyén tinh.
D. o dudc chon qua nho.

Cau 10. Mo hinh hdi quy ¥ = 8¢ + f(X) thude loai:

A. Parametric.
B. Nonparametric.
C. Semiparametric.

D. Linear.
Cau 11. D6 do nao sau ddy do ludng tong thé sai sb cia mé hinh hdi quy?

A. MSE.

B. S (Standard Error of Estimate).

10



Céau 12.

Cau 13.

Cau 14.

Cau 15.

Cau 16.

Cau 17.

C. SSE (Sum of Squared Errors).
D. R%.
MSE (Mean Squared Error) dugc tinh bang:
A. SSE x (n—m)
B. SSE/(n—m)

C. VSSE
D. SSE/n

Trong danh gid mo hinh hoi quy, K-fold cross-validation véi k = 10 c6 nghia la:
A. Chia dif liéu thanh 10 phan, mdi 1an diing 9 phan test va 1 phan train.
B. Chia dit liéu thanh 10 phan; m&i 1in ding 1 phn test, 9 phan train; lip 10 lan.
C. Lip gradient descent 10 1an.
D. Chon 10 gi4 tri o khéc nhau va iy trung binh.

Hoi quy tuyén tinh don bién dang hg(x) = 8¢ + 01x? thudc loai:
A. Phi tuyén vé tham sb (nonlinear in parameters).
B. Tuyén tinh vé tham sb (linear in parameters).

C. Phi tham sb (nonparametric).

D. Bén tham sb (semiparametric).
Déu ctia hé s6 0, trong mo hinh hoi quy biéu dién:
A. D06 16n tuyét dbi clia anh hudng X; 1én Y.
B. Huéng anh hudng (tuong quan thuin/nghich) cia X; 1én Y.
C. Miic d6 tuong quan giita X; va cac bién khac.

D. Xdc suét bién X; xuét hién trong mé hinh.
Standard Error S ctia m6 hinh hdi quy do lutng:

A. Téng binh phuong sai sb.
B. Sai sb trung binh trong qua trinh du doan, do do chinh x4c ctia du doan.
C. Sai s6 khi udc lugng 0 bang gradient descent.

D. S6 vong lip can thiét dé hoi tu.

Khi vé J(8) theo sb vong ldp, thut toan gradient descent khong hdi tu khi:

11



A. J(0) giam don diéu qua mdi vong lip.
B. J(6) gidm nhanh lic dau roi chdm dan.
C. J(0) ting hodc dao dong.
D. J(8) bing 0.
Cau 18. V4i mo hinh y = 9323 — 823 x price va R> = 0.65, R? cho biét:
A. 65% bién dong clia y dugc giai thich bdi mo hinh.
B. 65% cac du doan la chinh xac.
C. SSE bing 0.65.

D. MO0 hinh chinh xac 65% truong hop.
Cau 19. Phuong phap Holdout chia di liéu thanh:
A. k phan bing nhau.
B. Tap huén luyén va tap kiém tra (thudng 2/3 va 1/3).
C. Tap huén luyén, tap validation va tap kiém tra.
D. 10 fold d€ cross-validation.
Cau 20. Hdi quy tuyén tinh don bién véi J(8p,0;) = MSE c6 hinh dang ctia J la:
A. Ham 16m (concave function).
B. Ham 16i (convex function) — dang bowl/paraboloid.
C. Ham c6 nhiéu diém cuc tiéu cuc bo.
D. Ham tuyén tinh phang.
Cau 21. V6i hoi quy da bién, khi 7 = 10° (triéu bién), nén ding:
A. Normal equation vi khong can vong lip.
B. Gradient descent vi Normal equation tinh (X7 X)~! rit ton kém.
C. C4 hai déu hiéu qua nhu nhau.

D. Chi c6 thé dung K-NN regression.
Cau 22. Ky thuat hdi quy ning cao nao dugc dé cap trong slide C3?

A. K-Means va DBSCAN.
B. Logistic Regression va Decision Tree.

C. ANN (Artificial Neural Network) va SVM (Support Vector Machine).

12



D. Apriori va FP-Growth.
Cau 23. M6 hinh Y = 0y +0,X; + f(X3) thudc loai:

A. Parametric.
B. Nonparametric.
C. Semiparametric.

D. Linear nonparametric.
Cau 24. Trong hdi quy, néu 8; = —835.72 (hé sb ctia bién Price), diéu d6 c6 nghia:
A. Gidtang 1 don vi thi Quantity Sold tang 835.72.
B. Gia ting 1 don vi thi Quantity Sold giam 835.72.
C. Quantity Sold luon bing —835.72 x Price.

D. Price va Quantity Sold khong c6 quan hé tuyén tinh.

Cau 25. Hbi quy tuyén tinh don bién c6 gia thuyét:

Cau 26. Trong Gradient Descent, diéu kién diing (convergence) thudong 1a:
A. S6 vong lip dat diing n.
B. J(6) khong thay ddi dang k€ gitta cac vong ldp (hodc thay d6i dudi ngudng).
C. 8p=6, =0.
D. J(8)=0.
Cau 27. Ung dung ciia hdi quy trong tién xi Iy dif liéu la:
A. Phén 16p diém dit liéu vao céc nhém.
B. Lam min va loai bé nhiéu dit liéu.
C. Tim cic luat két hop.
D. Phan cum dit liéu.

Céu 28. Khi dung Normal Equation v6i n = 4 bién vd N = 4 mau, riii ro 16n nhét la:

13



A. Gradient descent khong hoi tu.
B. (XTX) c6 thé khong khd nghich do n ~ N (qua it miu so v6i bién).
C. aqualén.

D. Dii liéu khong c6 phan phbi Gaussian.
Cau 29. Tdng binh phuong sai s6 (SSE) trong danh gid hdi quy dudc tinh bang:

A Yy 9= il
B. Y (5i—yi)?
C. LYl (9i—yi)?
D. ./SSE

n—m

Cau 30. M5 hinh /g(x) = 89 + 81x + 0x? biéu dién:

A. Hbi quy phi tuyén vé tham s6.
B. Hbi quy tuyén tinh vé tham s6 (linear in parameters) véi x> 1a mot dic trung.
C. Hdi quy phi tham sb.
D. Khong thé x4c dinh.
Cau 31. Trong cross-validation, muc dich ctia viéc duing dit liéu khong thy trong qué trinh
huén luyén (unseen test data) dé danh gid Ia:
A. Kiém tra kha niing tdng quat hoa (generalization) ctia md hinh.
B. Tbi uu hoa thém céc tham sb 6.
C. Giam SSE ctia tip huin luyén.

D. Ting toc d6 huin luyén.

14



PAP AN

Cau héi tu luan — Huéng dan tra i

Cau

Noi dung can trinh bay

Hbi quy: du dodn gia tri s6 thuc. Khac phan 16p & output (lién tuc vs. rdi
rac). Vi du: du dodn gid nha, gi4 c6 phiéu, doanh s6 ban hang.

X: bién doc 1ap/du bao; Y: bién phu thudc/dap ting; 0: hé s6. Dau 6;: huéng
anh hudng (+: thudn, -: nghich). D6 16n |6;|: mic d6 anh hudng.

Linear: Y = 0y + 0,X; Nonlinear: ¥ = ¢®1X; Univariate: 1 bién dau vao;
Multivariate: nhidu bién; Parametric: hitu han tham sb; Nonparametric:
Y = f(X); Semiparametric: ¥ = 0;X + f(X3).

J = 35 ¥ (he(x®) — )2 MSE hon MAE vi: khé vi lién tuc (d& liy dao
ham), phat sai s6 16n manh hon, t6i vu héa thuan 1i hon.

Khdi tao (89,01 ); lip: tinh gradient cho ca 8y va 8 bang tham s6 hién tai;
cip nhat dong thai. Néu tuin tu: 0, cip nhat sau sé dung 8y mdi = gradient
tinh sai, sai két qua.

o nho: J gidm cham, nhiéu vong lip. o 16n: J ting/dao dong, khong hoi tu.
Chon thuc té: thit 0.001, 0.003, 0.01, ... theo cAp s6 nhan; vé J vs. sb vong
1ip dé€ kiém tra.

Da bién: hg(x) = 67x = 8 + Y. 0,x;. Gradient descent cip nhat n+ 1 tham

s6; cong thiic gradient: a%JI_ = L ¥ (he(xW) — y("))xy).

Feature Scaling: chun héa dic trung vé ~ [—1,1]. Thiéu scaling: contour
plot cia J bi kéo dai hinh elip, gradient descent di theo dudng ziczac =
hoi tu cham.

Gradient descent: can chon o, ldp nhiéu; tot v6i n 16n. Normal equation:
khong cin o, khong lip; phéi tinh (X7 X)~! O(n?); khong dung khi n >
10%.

10

Non-invertible khi: (1) bién phu thudc tuyén tinh (vi du: kich thuéc m va
feet?) — x6a bién triung; (2) n > N — gidm s6 bién hoic thu thap thém di
liéu.

11

Normal equation: dat gradient = O: g—é =0=X'X0=X"Y = 0=
(XTX)~'XTy. X: ma tran dic trung N x (n+1); Y: vector nhan N x 1;
(XTX)~!: gid nghich dao.

12

Phi tuyén: Y 1a ham phi tuyén theo 0. Vi du: (1) ¥ = 09e®X — ting trudng;

(2) Y =0plog(0;X) — suy gidm logarit; (3) Y = ﬁ — sigmoid.

15




Cau

Ni dung can trinh bay

13

K-fold: chia thanh k phan; ldp k l1an, mdi lan dung 1 phan test; tinh trung
binh d6 chinh xé4c. Uu di€m so véi holdout: it phu thudc cach chia dit liéu,
st dung toan bd dif liéu d€ train/test. k = 10 phd bién nhat.

14

SSE: téng binh phuong sai s6 (overall measure). MSE = SSE/(n-m):
phuong sai con lai (nhé = it phuong sai chua giai thich). § = v/MSE: sai sb
trung binh du doén (don vi giéng Y). Md hinh t6t khi SSE, MSE, S nhd.

15

09 = 8536.21: gia tri cd s6 khi Price=0 va Advertising=0 (khong c6 y nghia
thuc té & day). 8; = —835.72: Gia ting 1$ thi QS gidm 835.72 (quan hé
nghich). 8, = 0.592: Quang cdo tang 1$ thi QS ting 0.592.

16

J(89,81) 12 ham toan phuong (quadratic) — hinh bowl (paraboloid 16i). Ham
16i khong c6 diém cuc tiéu cuc bo, chi ¢6 1 cuc tiéu toan cuc = gradient
descent luon tim dudc nghiém tbi uu.

17

Hdi quy trong preprocessing: (1) Data smoothing — diung dudng hdi quy
dé€ 1am min dif liéu (thay gi4 tri thuc bang gid tri trén dudng hodi quy); (2)
Noise removal — x4c dinh diém xa dudng hoi quy 13 nhiéu va loai bd.

18

Symmetric regression: mo hinh mé td — khong phan biét bién phu
thudc/doc lap (vi du: log-linear). Asymmetric: mo hinh du doan — phan biét
ro X vaY (vidu: generalized linear). Trong DM du doan, dung asymmetric.

19

5 yéu td: (1) Xac dinh bai toan diing dan; (2) Chon bién va dang mé hinh;
(3) Dit liéu t6t; (4) Thuat toan udc lugng tot; (5) Ky thuat kiém dinh. Quan
trong nhét: dif liéu t6t — garbage in, garbage out.

20

Hdi quy tuyén tinh: don gian, gidi thich dudc, hoat dong t6t khi quan hé
tuyén tinh. ANN: xi ly phi tuyén phiic tap, nhiéu tham sb, it giai thich.
SVM: hiéu qué véi chiéu cao, robust véi outlier. Ding nang cao khi: quan
hé phi tuyén manh, dit liéu phiic tap, yéu ciu do chinh xic cao.

Cau hoi trac nghiém - Pap an

Cau | PA || Cau | PA || Cau | PA || Cau | PA
1 B 11 C 21 B 31 B
2 B 12 B 22 C 32 B
3 B 13 B 23 C 33 B
4 B 14 B 24 B 34 B
5 C 15 B 25 B 35 B
6 C 16 B 26 B 36 B
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