Bién soan: TS. PO THANH NGHI - TS. PHAM NGUYEN KHANG

GIAO TRINH

NGUYEN LY MAY HOC

2 NHA XUAT BAN DAI HOC CAN THO
= 2012




BIEN MUC TRUGC XUAT BAN THU'C HIEN BOT
TRUNG TAM HQC LIEU TRUONG PAI HQC CAN THO

D5, Thanh Nghi
Giao trinh nguyén 1y may hoc / D3 Thanh Nghi, Pham Nguyén Khang .- Cén Tho :
Nxb. Pai hoc Can Tho, 2012
154 tr. : minh hoa ; 24 cm
Sach c¢6 danh muc tai liéu tham khao

1. Machine learning 2. Image processing
3. Nguyén ly may hoc 4. Giai thuat may hoc
I. Nhan dé II. Pham, Nguyén Khang

006.31 - DDC 22
Ngh300 MFN 175317



LOI GIOI THIEU

Nhiam gop phan lam phong phii thém ngudn tu lidu phuc vu nghién ctru,
hoc tap cho ban doc trong va ngoai nganh Cong nghé thong tin, Nha Xuit ban
Pai hoc Can Tho xin dugc phép 4n hanh va gidi thiéu cung ban doc quyén sach
gido trinh “Nguyén 1y may hoc” do TS. PS Thanh Nghi va TS. Pham Nguyén
Khang bién soan. Gido trinh bao gébm 6 chwong véi 154 trang; duoc to chirc
thanh 4 phdn mot cach cé hé théng. Phin 1 gidi thidu khai quat vé may hoc va
nguyén 1y hoc théng ké. Phan 2 trinh bay céc giai thuat hoc ¢ giam sat tiéu biéu.
Phan 3 trinh bay cac giai thuat hoc khong giam sat. Phan 4 gi6i thidu cac ung
dung phd bién ctia may hoc. Noi dung cac chuong gi6i thiéu nguyén 1y hoc thong
ké, mang no-ron nhan tao, may hoc véc-to hd trg (SVM), phuong phap danh gia
md hinh phan 16p, cac giai thudt gom nhém dir liéu nhu k-means, ban do tu to
chtrc (SOM), cuc dai héa ky vong (EM) va ng dung nhén dang ky tu s6 viét tay,
phan 16p ty dong van ban. Thém vao d6, cudi mdi chwong con co rat nhiéu bai
tap va tai liéu tham khao hiru ich cho ban doc. Gido trinh 1a tai liéu tham khao c6
gia tri cho sinh vién nganh Cong ngh¢ théng tin va ban doc mubn tim hiéu va
nghién ctru vé méy hoc.

Nha Xuét ban Pai hoc Can Tho chan thanh cam on cac Tac gia va su dong
gop y kién cta quy Thay C6 trong Hoi dong tham dinh truong Pai hoc Can Tho
dé gido trinh “Nguyén 1y may hoc” dugc ra mét ban doc.

Nha Xuét ban Pai hoc Can Tho tran trong gidi thiéu dén giang vién, sinh
vién va ban doc giao trinh nay.

Chan thanh cam on!

NHA XUAT BAN PAI HQC CAN THO



LOI NOI PAU

D3 trai qua nhiéu thap ky, chung ta chimg kién sy phat trién ctia nganh
khoa hoc may tinh. Xuat phat diém tir cong nghé ché tao phan ctmg, 1ap trinh cip
thap, dén cong nghé thong tin, t6 chirc, quan 1y va xir 1y hiéu qua hé thdng thong
tin. Hién nay, nganh khoa hoc mdy tinh dang budc vao thoi ky cong nghé tri
thire, 6 murc triru twong cao hon, 1am may tinh tré nén théng minh hon, dé c6 thé
gitp con nguoi gidi quyet nhiéu van @& phuc tap trong thuc tién. Chang han nhu
mdy hoc la hudng tlep can nham phat trién cac ky thudt cho phép cac may tinh c6
thé hoc tir dir liéu dé nhan dang cac mau phirc tap va dua ra cac quyét dinh thong
minh. My hoc c6 tinh (mg dung rét cao trong thuc té nhu chan doan y khoa, phat
hién thé tin dung gia, phan tich thi truong chimg khoan, phan loai cac chudi
DNA, nhan dang tiéng noi va chit viét, dich tu dong, choi tro choi va diéu khién
robot. Chinh vi vdy, nguyén 1y may hoc trd thanh mén hoc chuyén nganh rat
quan trong cia chuong trinh dao tao cu nhan, ky su va thac si cong nghé thong
tin. Trong thoi gian giang day vira qua, ching toi nhan thdy c6 qua it tai lidu
tham khdo trinh bay mét cach c6 hé thdng vé nguyén 1y may hoc. Chinh vi ly do
d6, ching t6i da thuc hién bién soan quyén gido trinh “Nguyén 1y may hoc”
nhim muc dich cung cép thém tai lidu tham khao bang tiéng Viét dén doc gia la
sinh vién chuyén nganh cong nghé thong tin.

Gido trinh dwgc soan dua trén kién thire, kinh nghiém hoc tap nghién
ctru, giang day cua chung toi trong sudt tir nim 2000 dén nay va cac tai lidu
tham khao chinh dugc trinh bay trong muc tai li¢u tham khao cua tirng chuong.
Chung t6i cung cap cac kién thuc co ban va céc giai thich nham don gian viéc
trinh bay cac giai thuat hoc. Cudi mdi chwong cé bai tap giup doc gia 6n tap lai
kién thirc cta chuong va trao doi k¥ ning thuc hanh. Gido trinh duoc to chirc
thanh sau chuong:

Chuong 1 tap trung vao viéc gidi thiéu cac kién thirc co ban ciia may hoc.
Noi dung bao gom khai niém hoc ¢6 giam sat, hoc khong giam sat, nguyén 1y hoc
thong ké dugc xem la nén tang cua cac ky thuat hoc tur dir li€u.

Chuong 2 gi6i thiéu kién thic co ban vé giai thuat hoc c6 gidam sat mang
no-ron nhan tao. Chiing t6i trinh bay vé mé hinh mang no-ron ciia McCulloch va
Pitts, kién trac mang no-ron, gidi thuat huén luyén mang Perceptron, mang no-
ron da t;‘ing cho van dé phan 16p.

_Chuong 3 gidi thiéu vé giai thuat hoc co giam sat may hoc véc-to hd tro
cho véan dé phan 16p, hdi quy va phat hién phan tir ca biét. Noi dung bét dau tir
viéc md hinh hoa bai toan dén giai thuat may hoc véc-to hd tro. Chuong dugc két
thiic v6i phan thao luan vé giai thuat may hoc véc-to hd tro.

Chuong 4 cung cp cho sinh vién vé phuong phap danh gia hiéu qua cua
giai thuat hoc c6 giam sat. Cac nghi thirc kiém tra va tiéu chi dé so sanh hiéu qua
cua giai thuat hoc.



Chuong 5 tap trung trinh bay cdc giai thut hoc khong giam sat nhu giai
thuat gom nhom k-means, ban dd tu to chirc va giai thuat cuc dai hoa ky vong.
Chung t6i gidi thi¢u kién thirc co ban tir viéc mé hinh hoa bai toan dén giai thuat
hoc cho gom nhom.

Chuong 6 gidi thiéu hai tmg dung phd bién trong thuc té ciia may hoc la
nhan dang chir viét tay va phan loai van ban ty ddng véi mang no-ron, may hoc
véc-to ho tro.

Noi dung giao trinh dugc giang day cho sinh vién k¥ su, thac si cong nghé
thong tin trong thoi lugng 30 tiét 1y thuyét. Giang vién c6 thé phan bd thoi gian
day ly thuyét két hop véi cac ting dung minh hoa cua may hoc. Chuong 1, 2, 3, 4
6 thé dugc giang day trong 18 tiét 1y thuyét. Chuong 5 ¢ thé dugc trmh bay
trong 10 tiét 1y thuyet va thot gian con lai 1a cia chuong 6. Néu giang day cho
sinh vién k¥ su, can giam bt hai gidi thuat ban dd tu td chitrc va cuc dai ky vong
cho gom nhém.

Trong thoi gian bién soan tai liéu, chiing t6i nhan duoc sy hd trg quy bau
vé vit chét, tinh than tir Khoa Cong Nghé Thong Tin va Truyén Théng, Truong
Pai Hoc Can Tho. Chung t6i dic biét guri 161 cam on dén Quy Thay C6 thudc B
Mbn Khoa Hoc May Tinh, H6i BPong Thim Dinh Gi4o Trinh, di nhiét tinh gop y
cho bén thao.

Do thoi gian ¢6 han va lan dau tién bién soan, tai liéu khong thé tranh khoi
nhitng thiéu s6t. Chung t6i mong nhan dwoc sw gop y chan thanh tir quy doc gia
dé quyén sach ngay duoc hoan thién hon.

Can Tho, thang 6 nim 2012

D Thanh Nghj - Pham Nguyén Khang
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THUAT NGU

Machine learning: may hoc

Supervised learning: hoc c6 giam sat

Unsupervised learning: hoc khong giam sat

Classification: phan 16p (hoc c6 giam sat)

Regression: hdi quy

Clustering: gom cum, gom nhém (hoc khong gidm sat)
Minimizing a risk functional: cuc tiéu rii ro

Empirical risk minimization: cuc tiéu rui ro thuc nghiém
Empirical inference: suy dién thuc nghiém
Vapnik-Chervonenkis dimension: chiéu VC

Structural risk minimization induction principle: Nguyén 1y quy nap cuc tiéu rii ro cu tric
Neural network: mang no-ron nhan tao

MLP (multilayer perceptron): mang perceptron da tang
Convolutional neural network: mang no-ron tich chap
Overfitting: hoc vet

Underfitting: hoc khong thugc bai

SVM (Support vector machines): may hoc vécto hd tro
Hyperplane: siéu phang

Kernel: ham nhéan

Feature space: khong gian trung gian hay khong gian dic trung
Density function estimation: u6c lugng ham mat do xac suét
SOM (Self-organizing map): ban do tu to chuc

MLE (maximum likelihood estimation): phuong phap hop 1y cuc dai
EM (Expectation maximization): cyc dai héa ky vong

Decision tree: ciy quyét dinh

Naive Bayes: Bayes tho ngay

KNN (k nearest neighbors): k lang giéng

Mau tin con dugc goi la diém dir li¢u, phan tir. Thudc tinh dit ligu cling 1a truong dir ligu,
bién hay chiéu dir liéu. Mot 16p cia dit liéu thudong dugc gan mot nhan hay con goi la nhan.
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Chuong 1
GIOI THIEU

May hoc, co tai liéu goi 1a hoc may (machine learning), 1a mét linh vuc
ctia tri tué nhén tao, lién quan dén viéc phat trién cac k¥ thuat cho phép cac may
tinh ¢cé thé hoc tir dit liéu. May hoc la tiép can dé tao ra cac chuong trinh may
tinh c6 thé hoc tu dong tir dit liéu dé nhan dang cdc mau phtc tap va dua ra cac
quyét dinh thong minh. Véan dé khé khin c6 thé thiy ¢ day 1a dau vao cua tap
hanh vi tng xur 14 rat 16n, nhung ching ta lai ¢6 tap dir liéu quan sat dé may hoc
1a hitu han, khong thé phu duoc toan bo tap hanh vi ung xir. Chuong trinh may
hoc phai tong quat tir dir 1iéu hitu han cho trude, co thé sinh ra hanh vi tng Xu
thich hop cho nhiing trudng hop (dir liéu) moi dén. Méy hoc c6 tinh tmg dung rat
cao trong thyc t& nhu tim kiém thong tin, chan doan y khoa, phat hién thé tin
dung gid, phan tich thi truong chimg khoan, phan loai cac chudi DNA, nhan dang
tiéng no6i va chir viét, dich tw dong, choi trd choi va diéu khién robot.

Trong chuong nay, ching toi trinh bay cac khai niém co ban trong may
hoc. Trudc tién, ching toi gioi thiéu ngan gon vé may hoc. Tiép dén, cac van dé
chinh trong may hoc bao gom hoc c6 giam sat (supervised learning, vi du nhu
phan 16p, hdi quy) va hoc khong giam sat (unsupervised learning, vi du nhu uéc
luong mat do, gom nhom dir li€u). Chung t6i s€ trinh bay nguyén ly hoc thong ké
[Vapnik, 1995], [Vapnik, 1999], la nén tang nguyén ly hoc may, nguyén 1y cuc
tiéu rui ro thyc nghiém, yéu td quan trong trong hoc thong ké, chiéu VC (Vapnik-
Chervonenkis dimension), tai sao mang no-ron va may hoc SVM la giai thuat
hoc téng quat nhat.

1.1 KHAI NIEM CO BAN MAY HQC

May hoc 1a chuong trinh may tinh cho phép hoc tuw dong tir dit lidu dé
nhan dang cidc miu phirc tap, tao ra hanh vi img xtr thong minh véi truong hop
méi dén. [Mitchell, 1997] dinh nghia vé hoc may nhu sau: mot chuong trinh may
tinh dugc goi 1a hoc tir kinh nghiém E v&i mot vai 16p cua van dé 7' va do do hiéu
qua P, néu hiéu ndng cua véan d& trong 7, danh gia theo tiéu chi P, dugc cai thién
tur kinh nghiém E.

' ‘Kinh nghiém £ chinh 1a dit liéu thye nghiém (hay con goi 1a vi du). Lép
van d¢ trong may hoc c¢6 thé phan thanh hai nhém chinh 1a hoc c6 giam sat
(supervised learning) va hoc khong giam sat (unsupervised learning).

Chung ta xét mot vi du sau day vé may hoc c6 giam sat. Gia sir ngudi ta
can xdy dung mé hinh hoc ty dong tir dit liéu, dé co thé dy béo choi golf hay
khong. Theo do, dir liéu weather [Mitchell, 1997], dung cho may hoc (nhu bang
1.1), ¢6 cac thudc tinh outlook (quang canh), temperature (nhiét d6), humidity
(46 4m), windy (gi6) va Play (l6p du bao: choi golf hay khong choi cho ting
truong hop cu thé). Mot giai thuat hoc 4 dung tap dir liéu weather dé hoc md
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hinh du bao H, sao cho mét ngay nao do co thoi tiét foutlook=rainy, temp=73,
humidity=90, windy=FALSE] thi m6 hinh H c6 thé du bao duoc co choi golf hay
khong. Hon nira, gidi thuat 4 cé thé cai tién mo hinh H dua trén tap dir li€u hoc
dé c6 thé cho két qua du bao tét.

Bang 1.1: Tap dir liéu weather

Outlook Temp. Humidity Windy Play
sunny 85 85 FALSE no
sunny 80 90 TRUE no

overcast 83 86 FALSE yes
rainy 70 96 FALSE yes
rainy 68 80 FALSE yes
rainy 65 70 TRUE no

overcast 64 65 TRUE yes
sunny 72 95 FALSE no
sunny 69 70 FALSE yes
rainy 75 80 FALSE Yes
sunny 75 70 TRUE Yes
overcast 72 90 TRUE Yes
overcast 81 75 FALSE Yes
rainy 71 91 TRUE no

Trong giai thich cac khai niém may hoc tiép theo sau day, chung ta thong
nhit dung thuat ngit tap dit liéu co m phan tir {x;, x,, ..., X}, V6i x; € R", 13 cac
véc-to n bién (thudc tinh, chidu) ngiu nhién, doc 1ap, phin phdi déng nhat
(independent and identically distributed, viét tit 1a i.i.d.).

Hoc ¢6 giam sat: thudt toadn hoc tao ra mot ham anh xa di liéu dau vao t6i
két qua dich mong mudn (nhén, 16p, gia tri can du bao). Trong hoc c¢6 giam sat,
tap dir liéu dung dé hudn luyén phai dwoc gan nhan, 16p hay gia tri cin dy bao.

Xét bai toan phan 16p (classification) xdy dung mé hinh H dugc hudn
luyén tir tap dir liéu {(x1, ¥1), (X2 12), .., (X Ym)} (VOi x; € R”, ¢6 nhan (16p)
twong ung y; 10i rac, vi du y; € {£1}), tach 16p, dé khi phan tir x méi dén, mo
hinh H c6 thé gan nhan (phan 16p) x vao mot trong sb 16p cho trude (vi du nhu
nhan cua x dugc H gan la -/, xem hinh 1.1).

Van dé hoc tir tap dir liéu weather dé du bao choi golf hay khong 13 mot vi
du vé bai toan phan 16p (trong truong hop nay, y; 1a roi rac, 2 16p 1a play = yes va
play = no).
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Hinh 1.1: Bai todn phdn lop

Bai toan hoi quy (regression), twong tu nhu bai toan phan 16p, xay dung
mo hinh H duogc huén luyén tir tap dit lieu {(x1, »1), (t2, 2), ooy (o Yu)} (VG x; €
R", twong ng y; 1a gia tri du bao 1a lién tuc, y; eRI), di qua dir li€u sao cho sai
khac 14 nho nhit, dé khi phan tir x méi dén, mé hinh A c6 thé dy bao x 1a mot
gia tri (vi du nhu x dugc H gia tri du bao 1a khoang cach tur x dén H nhu xem
hinh 1.2).

H

Hinh 1.2: Bai todn hoi quy

Pé minh hoa cho bai toan hdi quy, ching ta c6 thé xét van dé du bao
lugng mua cua tiéu ving song Mé kong. Véi tap dir liéu thu thap bao gdm cac
bién nhu nhiét do, birc xa mat trdi, do am, huéng gio, téc do gio, luong mua.
Giai thuat hoc 4 can hoc mé hinh dw bao H dé co thé dy bao luong mua (trong
truong hop nay, y; 1a s6 lién tuc do lwong mua can dy bao la bao nhiéu mm) cua
ngdy nao d6 khi biét duoc nhiét do, birc xa mit troi, do am, hudng gio va toc do
gi6 cua ngay do.
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Hoc khong giam sat: thuat toan hoc thuc hi€n mé hinh héa mét tap di
liéu dau vao, khong dugc gan nhan (16p, gia tri can du bao). Xét bai toan gom
nhom dit liéu, xdy dung mé hinh H duoc hudn luyén tir tap dit liéu {x, x,, .. xm}
(voi x; € R"), sao cho hai phan ttr dit liéu cua cing nhom phai c¢é tinh chat rat
gidng nhau hon 1a hai phan tir thudc hai nhom khac nhau. Vi du nhu hinh 1.3,
xay dung mo hinh A gom nhém dir 1i€u thanh ba nhom.

Nhém 2

Nhém 1

Hinh 1.3: Bai toan gom nhém dir liéu

Vi du nhu ching ta cin gom nhém sinh vién c6 cac didc trung tuong tu
nhau nhu s¢ thich, ket qua hoc tap, trinh d ngoai ngit, tinh niang dong.

Ngoai ra, con cé 16p bai toan nhu:

Hoc ban giam sat (semi-supervised learning): két hop dir lidu c6 gan
nhan va khong gan nhan dé tao mét bd phan 16p.

Hoc tang cwong (reinforcement learning): thuét toan hoc mét ung xur
dya vao quan sat v¢ thé gidi. Mdi hanh dong déu c6 tac dong tdi moi truong va
mdi trudng cung cap thong tin phan hdi dé hudng dan cho thuat toan trong qua
trinh hoc.

1.2 NGUYEN LY HQOC THONG KE

Pé nghién ctru nén tang 1y thuyét cua nguyén Iy may hoc, chung téi trinh
bay nguyén Iy hoc théng ké [Vapnik, 1995], [Vapnik, 1999]. Trudc tién, chung ta
s& lam quen v6i mo hinh wdc lugng ham, cuc tiéu héa rui ro, dy 1a khung tong
quat cia cac bai toan hoc may nhu phan 16p, hdi quy, udc luong mat do dir lidu.
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1.2.1 M5 hinh wéc lwong ham
Mo hinh may hoc tir dit liéu co thé duoc mo ta boi ba bd phén nhu sau.

1. Bo sinh cac véc-to ngau nhién x, doc 1ap, cing phan phdi xac suit
c0 dinh nhung chua dugc biét trude P(x).
2. Mot giam sat (supervisor) tra vé ¢ dau ra mét véc-to y khi nhén ¢

dau vao véc-to x, theo ham phan phéi x4c suét co diéu kién P(y|x)
¢ dinh nhung chua dugc biét trude.

3. Mot may hoc co thé cai dat mot tap ham f(x,a), voia € A

(A la tdp hop cdc tham s6, a khéng nhat thiét la mot véc-to, chinh
vi vay f(x,a) dwoc dung ¢ ddy la tdp ham bat ky).
Vién dé hoc may chinh 1a tim kiém (chon lya) tir tp ham cho trudc f{x,a),
o € A, mdt ham ma sao cho két qua du bdo thu dugc gan nhat voi két qua cua
giam sat. Sy lya chon ham dua vao tap dit liéu huan luyén c6 m phan tu:

cu v, (2, ¥2)s es (X Vi) (1.1)

v6i x; € R", 1a cac véc-to n bién (thudc tinh, chiéu), c6 nhan (16p) twong
g y;, va P(x,y) = P(x)P(y|x).

1.2.2 Cuec tiéu héa riii ro (minimizing a risk functional)

Xem xét vin dé lua chon ham xép xi tot nhét cho du bao cua giam sat,
cling chinh 14 d6 do sy sai khac (loss) L(y, f{x,a)) giita gia tri thuc, can duoc dy
bao y cua giam sat (két qua mong doi, dich) va gia tri du béo f{x,a) thu duoc tir
moé hinh may hoc khi nhan dau vao x. Sy sai khac duoc tinh thong qua rii ro R(a)
nhu sau:

RLf1= [ L(y, f(x,@))dP(x,) (1.2)

Muc tiéu ciia may hoc 1a tim ham f{x,a) tir 16p ham f{x,a), a € A, dé
cuc tiéu rui ro R[f] nhu coéng thic 1.2 trong khi chua biét vé& P(x,y), chi c6
dugc tap dir liéu trong (1.1). Nguyén 1y cyc tiéu hoa rui ro dya vao ham sai
khac (loss) 1a khung tong quéat cho ca ba bai toan phan 16p, hdi quy va udc
luong mat o dir ligu.

Bai toan phan 16p:
Tap dir licu {x, y} = {(x;, ), (X2, ¥2) s (X Yw)} (V61 X; € R”, 6 nhan
(16p) tuwong Gng y; € {£1}), 16p ham f{x,a) v&i aed, ham sai khac (loss):

y=f(xa)

V£ f(xna) (13)

0
L(y, f(x,a)) = {1





