Chwong 8: May hoc




NOI dung

Céac khai nim vé may hyc
Cac K thuat hoc cia may

o Cay quyt dinh

o Mang neuron

o Giai thuat di truyen (Genetic)



Hoc May (Machine Learning)

Hoc (learning)a bt cir sr thaydoi nao trong it hé thong cho phép né
tién hanh &t hon trong hn thi hai khi &p lai cing ndt nhiém wu hoic voi

nhiém vu khac tr cing nét quan thé d6. (Herbert Simon)
Hoc lién quandén van dé khai quat hoait kinh ngheém (di
liéu ren luyén) => bai toarguy rep (induction)
Vi dir lieu ren luyén thuong han chg, nén throng khai quéat

hoa theo it 6 khia @anh naodo (heuristic) => tinhhién
léch quy map (Inductive bias)

C6 ba tép cin hoc:

o Cac plrong phap bc dua trén ky hgu (symbo-based): ID
o Tiép an két ndi: CAc mang neuron sinhdc

o Tiép cin di truyén hay tén hoa: gii thuat genetic



Cay quyét dinh (ID3)

La mot gial thuat hoc don gian nhrng thanh cong
Cay quyt dinh (D) la mot cach béu dién cho phép ching ta xac
dinh phan lai cua mdt d6i twong king cach kim tra gia tf caa mot s6
thudc tinh.
Gial thuat co:
o Pau vao: Mot doi tuong hay nét tap hop cac théc tinh mo & mot
tinh hwong
o Pau ra: thuong 1a quyt dinh yes/no, hiic cac phan |d.
Trong cay qugt dinh:
o MJi nut trong béu dién mot sur kiem tra trén mt thupe tinh naado,
moi gia tri co the cia no trong duong wi mot nhanh éa cay
o Cac nut la th hien ar phan lai.
Kich o cua cay @ tly thuc vao thir t ciia cac kém tra
trén cac thac tinh.



Vi du Cay Qb: Choi Tennis

Muc dich: hpc dé xem c6 chi Tennis khong?
Cay quyt dinh:

Quang énh
Do am Yes Gio

cao /\Trung binh my\h@



Quy nap cay Ob tw cac vi du
Vi du (hay dt liéu rén luyén cho k& thong) gom:

Gia tri cua cac thdc tinh + Phan lai cua vi du

Ngay Quang énh Nhiét do Po am Gio Cho1 Tennis
D1 Ning Nong Cao né Khéng
D2 Nang N6ng Cao Mnh Khoéng
D3 Amu Néng Cao N& Co
D4 Mua am ap Cao né Co
D5 Mua Mat B nke Co
D6 Mua Méat TB Manh Khong
D7 Am u Mat B Manh Co
D8 Ning am ap Cao né Khéng
D9 Nang Mat B nke (o)
D10 Mua am ap B nke Co
D11 Nang am ap B Manh Céo
D12 Am u am ap Cao Mnh Céo
D13 Am u Néng TB nk Co
D14 Mua am ap Cao Mnh khéng




Lam sao dé hoc dwoc cay QP

Tiép cin don gian

o Hoc mot cay ma cé it |4 cho ndi vi du.

o Hoc thuoe long ndt cach hoan toan cac vi.d

0 C6 the s khong thrc hién tot trong céc trong hop
khac.

Tiép cin ot hon:

o Hoc mot cay ntd nhueng chinh xac phudp véi cac vi
cu

o Occam’s razor — célon gian thuong |1a cai ét nhat!

Gia thuyét c6 khi nang nhit 1a gia thuyét don gian nht thong
nhat vai tat ca cac quan sat.



Xay dwng cay QD: Trén - xudng

Vong lap chinh:
A <- thudc tinh quyt dinh ©t nhat cho nat k
Gan A 1a théc tinh quyt dinh cho nut
Vi moi gid ti caa A, ao mot ndt con ndi cho nut
Sap xép cac vi d vao cac nut 1a

If cac vi di daduogc phan lai dung, drng ctr; Elsedp
lai trén ndi nUt 1a noi

Pé phan lai mot truong hop, c6 khi cay @ khong
can 9r dung tt ca cac théc tinhda cho, mic du no
van phan lai dung 4t ca cac vi d.




Céac kha nang co thé cua nat con

Cac vi a1 cO & am va dgong:

o Tach ndt 1an nixa

Tat ca cac vi di con ki déu &m hdc déu drong
0 tra vé cay quyt dinh

Khdng con vi d nao

o tra vé mac nhién

Khong con thac tinh nao (nkiu)

0 Quyét dinh dra trén ndt luat naodé (luat da )



Quang canh?

Cao

bo am?
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+:_

Quang canh?

Cao

No

B

Yes

Manh Nhe
: +:

NO Yes
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ID3 xay dwng cay Qb theo giai thuat sau:

function induce_tree (example_set, Properties)

begin
if all entries in example_set are in the same class
then return a leaf node labeled with that class
else if Properties is empty
then return leaf node labeled with disjunction of all classes in example_set
else begin
select a property, P, and make it the root of the current tree;
delete P from Properties;
for each value, V, of P,
begin
create a branch of the tree labeled with V;
let partition, be elements of example_set with values V for property P;

call induce_tree(partition,, Properties), attach result to branch V
end
end

end
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Pbanh gia hiéu suat
Chuing ta man c6 ndt cay @ c6 the phéan lai ding nbt
Vi du ma no clra trng thay qua.
Viéc hoc ar dung ndt “tap ren lugn” (traning set), v
Viéc danh gia hu suit sir dung ot “tap kiem tra” (test
set):

1.

2.

3.

Thu thap mot tap hop 16n cac vi d

Chia thanhap rén luyn va ip kiém tra

Str dung gii thuat va tip rén luyn dé xay drng g thuyét h (cay
QD) \ 9

bo phan tram @p kiém traduoc phan lai dang i h

Lap lai budc 1dé|:1 4 cho cac kichéctap kiém tra khac nhaduoc
chon mot cach nlu nhién.
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St dung ly thuyét théng tin
Chung ta mén chon cac thdc tinh cé tié giam thieu
chiéu sau aa cay @.

Thudc tinh 6t nhat: chia cac vi d vao cacip hop chra
toan vi dh am hac vi du duong.

Chung ta an mot phépdo dé xacdinh thuc tinh nao cho
kha nang chia 6t hon.

Thudc tinh naodt hon?

[29+, 3¢€-] Al = [29+, 3€-] A2 =7

/% 4

[21+, 6-] [8+, 30-] [18+, 34-] [11+,2-] 14



Entropy

Entropy(S) =6 lwong mongdoi cac bit én thiét d¢ ma hoa rit

16p (+ hay —) @a ndt thanh vién rat ra 6t cach ngu nhiéntr S

(trong tirdng hop i wu, ma caid dai ngin nht).

Theo ly thuyt thdng tin:ma cédo dai i wu 1a ma gan —log

bits cho théngfiép c6 xac sét 1a p.

e S |la ndt tap ren luygn

Py la phan cac vi d duong trong ip S
* Po la phan cac vi d am trongip S

- Entropydo d6 pha tén cia tap S

Entropy(S) =—-p, log, p, — P 109, Pg
Entropy(S) = > - p log, p
1

1
05 Lo
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Lwong thong tin thu dwoc
Information Gain

Gain(S, A) = rong gim entropy mongiol qua
ViéCc chia cac vi dtheo thgc tinh A
Gain(S, A) = Entropy(S) - > lis‘l Entropy(S,)

viNValueg A)

[29+, 36-] A1 ? [29+, 36-] A2

/% S

[21+, 6-] [8+, 30-] [18+, 34-] [11+,2-]

?
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Chon thuéc tinh ké tiép

S:[9+,5—] S:[9+,5 -]
E =0.940 E =0.940
Dj am Gio
Cao B Nhe Manh
[3+,4 —] [6+,1 —] [6+,2 —] [3+,3 —]
E=0.985 E=0.592 E =0.811 E=1.0
Gain(S,po am) Gain(S, Gio)

= .940 — (7/14).985 — (7/14).592 = .940 — (8/14).811 — (6/14)1.0
= 151 = .048
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Tim kiém KG gia thuyét trong ID3 (1)
s

KG gia thuyet day du =>gia
thuyét chac chan thuoc KG
nay

Pau ra |a ndt gia thuyét
(cay ) =>Cay nao?
Khong tré chon cay i 20
cau i

Khéng quay lui => gc tiéu
dia phrong

Lua chon tim kiem dya trén
thong ké => clu duoc ax
liéu nhieu

Thién Ech quy rap: thich
cay ndin hon.
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Chuyén cay vé thanh cac luat

Quang énh
nang Am u mua
PO am Yes Gio
cao Trung binh man nhe

If (Quanc-canh =ring) C (P6 am = Cao) Then G#i-Tennis = N
If (Quang-&nh =ring) O (D6 am = TB) Then Chi-Tennis = Yes
If (Quang-&nh =Am u) Then Chi-Tennis = Yes
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Khi nao nén s dung cay Qb

Céac vi di dwgc mo & bang cac ap “thudc tinh —
gia ti”, vd: Gié- manh, Gié- nhe

Két qua phan lai 1a cac gia trroi rac, vd: Yes, No

Dit liéu rén luygn c6 tré chia 16i (bi nhigu)

Dit liéu rén luyn c6 tre thiéu gia ti thuoc tinh
Vi du:
Phan lai bénh nhan theo cacchbh aia hp
Phan lai hong héc thét bi theo nguyén nhan
Phan lai nguoi vay tién theo ki ning chi té
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Table 13.1: Data from credit history of loan applications.

0 an toan ga not tal

Vi du: udc luongdc
khoan tin ding

CREDIT
NO. RISK HISTORY DEBT COLLATERAL INCOME
. high bad high none $0 to $15k
2. high unknown high none $15 to $35k
3. moderate unknown low none $15 to $35k
4. high unknown low none $0 to $15k
5. low unknown low none over $35k
6. low unknown low adequate over $35k
7. high bad low none $0 to $15k
8. moderate bad low adequate over $35k
9. low good low none over $35k
10. low good high adequate over $35k
11. high good high none $0 to $15k
12. moderate good high none $15 to $35k
13. low good high none over $35k
14. high bad high none $15 to $35k




Figure 13.13: M6t cay QB cho bai toan danh gia dé an toan cua tin dung.

/

credit history?

/\\

unknown bad

|

good

\

debt? collateral? debt?
/high Iow\ /none adec&te /high IO{
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income? income?
low risk low risk
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/

o0 $35k over $35k

N\
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/
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low risk
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Figure 13.14: M6t cay QD don gian hon.

income?

$0to $15k  $15 to $35k

high risk

debt?

/\

high

/

unknown bad

/

-/
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Figure 13.15: MOt cay Qb dang xay dwng.
income?

$0 to §$15k $15 to $35k

over $35k

Y

examples {1, 4,7, 11} examples {2, 3,12,14} examples {5, 6, 8, 9, 10, 13}

Figure 13.16: MOt cay Qb khac dang xay dwng.

$0 to 15k

unknown

income?

$15 to $35k

bad

high risk credit history?

good

over $35k

examples {5, 6, 8,9, 10, 13}

examples {2,3} examples {14} examples {12}
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Neural Networks

Nguoc lal v6i cac mo hinh dia trén Ky h¢u: Khdng chi tong
viéc Sr dung céc ky hiu mot cach trong minhdé giai quyét van dé.

Y tuong dra trén cac eiN&o:Xem tri t 1a sr phat sinh cac 1§
théng gom th:ng thanh phn don gian (neuron) ,tong tac Wi nhau thong
qua ndt qua trinh loc haic thich nghi may d6 cac t ndi gitra cac thanh
phan dugc diéu chinh.

Gat hai At nhiéu thanh cong trong rifmg rim gan day.
Tur dong ngha:
o Tinh toan neural (neural computing)
o Cac mang neural (neural networl
o CAc I két ndi (connectionist system)
o Cac It xir ly phan tan song song (parallel distributed processing)
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Neuron nhan tao

Thanh pln oo ban aia mang neuron 1a @t neuron nhan

tao.

Cé&c thanh pin caa mdt neuron nhamab:

o Cac tin hé¢u vao

o Cac tong 9

a Mot mac kich hat

2i WiX;

{0,1} {1,-1} real
real

o Mot ham ngong f: ) wx, — tin higu ra

\N1

W,

W,

26



'Neural Networks

= CA4c thc tinh Hng quat éa mit mang 1a:

o Hinh thai mang: mau két noi gitta (cac dng aia)
cac neuron.

o Gial thuat hoc: cachdiéu chinh céc tong $ trong qua
trinh X ly tap dix liéu ren luyn

o Co ché ma héa: sy théng dch aia cac tin Hu vao va

tin hiéu ra

N E
e

i 27

Wi,

o




Vi du: Neuron McCulloch-Pitts

X y X+y—2 Output
1 1 0 1
1 0 ~1 ~1
0 1 ~1 —1
0 0 —2 ~1

Céac neurron-dundé tinh-cac-ham-logic and va or
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Hoc Perceptron

Mang neurordon tang f(net)
Cacgiativao 1 hac -1

Céac tong © kiéu thuc et =Y, wx

Muc kich hat ) wx

Ham ngrong gioi han arng f: 1 if Y wixi >=t
-1 ) wix <t

Piéu chinh tong :  Aw, = ¢(d-f; wix.)) X
c: hing $ chi toc do hoc
d: dau ra mong mén
Néu két qua thuc va Ikt qua mong mén giong nhau, khdng lam
Néu két gua thuc 1a -1 va kt qua mong mén 1a 1, fing tiong $ ciaduong
thr i len 2cx
Néu két qua thuc 1a 1 va kt gqua mong mn 1a -1, gim trong $ caaduong
thir I xuong 2cx
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Phan loai cla cac hé thdng Hoc

HocC cO 3r hué’ng chn (Supervised learning)

1 Cho ¢ thong bt tap cac vi d va ndt cau té 1oi cho
moi Vi du.

o Rén luyén hé thong chodén khi né co th dua ra cau
tra lo1 ding cho cac vidnay.

Hoc kh()ng cO 3 huéng chn (Unsupervised learning)

o Cho k¢ thong mbt tap hop cac vi d va cho now kham
pha cac ru thich yp trong céc vi d.

Mang neuron & dung not hinh thirc hoc co
sy huéng din
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St dung perceptron trong bai toan

Class

phan loai
Raw
Data Data Feature |Features .
»|Transducer > »| Classifier
Raw Pattern | Extractor |Feature
Data Space Space
Space
X’I |
» Class;
. —_ 7| Classifier
X _,._ » Classy,

Features

Fig 14-4: Mot hé thong phan lai day du
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Vi du Perceptron

Cho tirdc: mét tap cac d lieu vao

Yéu Gu: ren luyén perceptron sao cho né phaailoacdau vao ndt cach

dangdan
X1 Xo Output
1.0 1.0 1
9.4 6.4 —1
2.5 2.1 1
8.0 7.7 —1
0.5 2.2 1
7.9 8.4 -1
7.0 7.0 —1
2.8 0.8 1
1.2 3.0 1
7.8 6.1 -1

10.0

0.0
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Vi du Perceptron: giai phap

2 tin héu vao X, X,
Mot tin hiéu vao thir be duoc st dyng nhr mot
thién v va co6 gia trco dinh kang 1,
cho phép tth chuygn duong phan céch
Muc kich hat: WXy + WoX, + Wy
Ham narong: ham du, >0 = +1, <0 = -1
day la ngrdng gidi han aing tuyén tinh hai ac
Cac tong D: duoc khdi tao nchu nhién
cap nhat 10 kn, v6i toc do hoc 14 0.2
Két qua: 1.3% + -1.1% + 10.9 = 0

A (o)
Wa
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Tinh tach r&i tuyén tinh

(linearly seperatable)
Trong ndt khong gian n o

chiéu, mot sy phan lai o o
mang tinh tugn tinh réu %

cacbpaiandécéthdugc — O

tach b1 boi mot mat n-1 O QO

chieu.

Perceptron khdng &giai 2

quyet cac bai toan phando O, 1) @l

khong tach &i tuyen tinh.
a Vi du: bai toan X-OR

(0,0) ~10)
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Luat Delta

ong quat hda perceptrorry cach:

Thay the ham ngdng gidi han arng king céc ham kic
hoat khac co kA nang lay vi phan
Vi du: mot ham kich het sigmoidal

f(net) = 1/(1 + @"neY Vai net =Y. wix;

f’(net) = f(net) * (1- f(net))
Str dung luat deltadé diéu chinh
thir k caa nut thir |

Aw = ¢(d - O) f(net)x,
=¢(d-0) O (1-Q) %,

AU ra mong méin
aura thit sy
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Lan truyén nguoc (backpropagation)

Tai cac n(t éa cac mngda ting, bi ma mdt nut phil chiu
trach nhém ding phai duoc chia pln cho cac nud tangan
va cac tong $ phal duoc diéu chinh mdt cach pho hp

Gldl thugt lan truy@n NgroC bat dau tai tang ra va trugn cac
101 NguoC Ve xuyen qua cadhgan.

Luat delta 6ng quaidé diéu chinh trong $ caadau vao thir k
caa nut thir I:
=c(d-0) 0 (1 -Q) %, cho nuté tang ra
Aw, = ¢’ (deltaw;) O, (1 - Q) X, cho nuté tang an
véi deltz = (d - 0) O (1-O)

j chay trén cac nutia ting ké tiép ma i d6 ndt i truyén cacdau ra @a no.
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Vi du mang Neuron: NETtalk

Van dé: phat am wn kin tiéng Anhddng
Pau vao:mot chidi
Pau ra:am v va tiong Am kém theo chodnky tu

Gial phép 26 output umts/;j)o \\\

80 hidden units OOOOOOOOOOOOOOOOOOOO

AN

7 x 29 inputs |OO @) IOO O |OOT Ql |OO? @) IOO Ol IOO @) |OO O
Két C“.El thl - a - C a t -
dung 60% sau khi ren léy vai 500 vi di (100 krot)
cang nhéu vi du rén luyn => két qua cang 6t
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Figure 10.12: A backpropagation net to solve the exclusive-or problem.
The Wj are the weights and H is the hidden node.

Bias Bias

Sir dung 4 mau vi du dé luyén tap:
(0,0) -> 0: (1,0) ->1: (0,1) -> 1: (1,1) ->0
Sau 1400 rot: W, =70 W,=26 W, =-50
W,,=-70 Wep=7.0 W,,=-4.0
W, =-11.0
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Céac van dé lién quan khi str dung
Neural Networks

Cac mang da ting laday da vé mat tinh toan, tuy
nhién:

o Lam saadé chon $ ndtan va $ tang an

o Khi nao & dung cac nut thiérgth

o Cach clon mot tap ren luyén

o biéu chinh cac tong $ hay ¢ do hoc nén n.t.n

a ...
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Giai thuat Genetic

Nam hit ¥ twong tr thuyét tién hoa

Hoc dugc xem niw la sr canh tranh gika cac qgan the cac
giai phap ki di dang ten hdéa da bai toan

Thanh pln: |
o Quan thé cac gai phap ki di Khsi tao quan the
o Hamdanh gia v
1 C&c phép toanud con ndi: w
giao nhau (crossover) N
Pot bien (mutation) *Goi hamdanh gia
Gial thuat: «Chon cac thanh viérbt
o Diéu kién két thac: #vondlp, *Tao con noi
Trung binh d tot' cua quin the «Thay tté thanh vién kém
bang cac con réi
| Chon giai phap tr quan thé
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