Tri Tué Nhan Tao

(Artificial Intelligence)

Lé Thanh Huong

Vién Cong nghé thdng tin va Truyén thong
Truong Pai Hoc Bach Khoa Ha Noi



NOi dung mon hoc

Chwong 1. Téng quan
Chwong 2. Tac t thdng minh
Chwong 3. Giai quyét van dé
Chwong 4. Tri thirc va suy dién
Chwong 5. Biéu dién tri thirc
Chuwong 6. Hoc may

= Gidi thiéu vé hoc may

= K lang giéng gan

= Phan I&p Naive Bayes

= Hoc cay quyét dinh

= Mang noron



Hoc cay quyét dinh

Bai toan: quyét dinh c6 doi 1 ban & quan &n khdng, dwa trén cac
thong tin sau:

Lwa chon khac: ¢6 quan an nao khac gan dé khéng?
Quan rwou: ¢6 khu vwe phuc vu dd udng gan dé khéng?
Fri/Sat: hdm nay la thir sau hay thr bay?

Poi: chung ta da doi chwa?

Khach hang: so khéach trong quan (khdng cé, vai ngudi,
day)

Gia ca: khoang gia ($,$5,$59%)

Muwa: ngoai troi co muwa khéng?

Pat ché: chung ta da dat trwdc chwa?

Loai: loai quan an (Phap, Y, Thai, quan an nhanh)

Thoi gian doi: 0-10, 10-30, 30-60, >60



Phep bieu dien dwa tren thuoc
t fNddc mau dwoc miéu ta dwoi dang céc gia tri thude tinh
(logic, roi rac, lién tuc)
Vi du, tinh hudng khi doi 1 ban an

Example Attributes Target

Alt| Bar | Fri| Hun | Pat | Price | Rain | Res| Type | Est | Wait
X, T | F F T |Some| $%$$ F T | French| 0-10 T
X, T| F F T | Full $ F F | Thai |30-60 F
X3 F I T F F |Some| § F F | Burger| 0-10 T
Xy T| F | T T | Full $ F F | Thai |10-30| T
X; T| F | T F Full | $$% F T |French| =60 F
X F| T | F T |Some| $% T T | ltalian | 0-10 T
X7 F I T F F | None| § T F | Burger| 0-10 F
Xg F| F F T |Some| $% T T | Thai | 0-10 T
X, F| T | T F Full $ T F |Burger| =60 F
Xig T| T | T T | Full | $%% F T | Italian | 10-30 F
X1 F | F F F | None| § F F | Thai | 0-10 F
Xis T T T T Full $ F F | Burger | 30-60 T

Céc loai (I&p) cia mau la khang dinh (T) hodc phu dinh (F)



Attributes Target
Alt | Bar | Fri| Hun | Pat | Price | Rain | Res | Type | Est | Wait
T F F T |Some| $%% F T |French| 0-10 T
T F - T Full $ F F Thai | 30-60 F
- T - F | Some $ F F | Burger| 0-10 T
T F T T Full $ F F Thai | 10-30 T
T F T F Full | $$% F T |French| =60 F
F| T | F | T |Some| %% T T | ltalian | 0-10 T
- T - F | None $ T F | Burger| 0-10 F
F| F | F | T |[Some| $% T | T | Thai |0-10) T
F | T T F Full $ T F | Burger| =60 F
T[T T T Full | $%% F 1T | Italian | 10-30 F
F F - F | None $ F F Thai | 0-10 F
T | T T T Full $ F F | Burger | 30-60 T

Patrons, WaitEstimates, Alternative, Hungry, Rain
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Cay quyét dinh

... la cach biéu dién cac gia thiét.

Patrons?

Mone m Full

WaitEstimate?

AHlermnate?

TgfffFMHMIiE

\-—

Reservation? Frisat?

Mo Yas Mo Yas

Hungry?
MNo Yas
ARlernale?
MNo Yas
Raining?
Mo Yas




Khdéng gian gia thiet

Khi c6 n thudce tinh Boolean, s6 lvong cac cay quyét dinh 187

= sc} cac ham Boolean i

= s0 cac gia tri khac nhau trong bang vi du mau véi 2" hang

— 22n

Vi du, v&i 6 thudce tinh Boolean, co
18,446,744,073,709,551,616 cay




Thuat toan ID3

Muc dich: tim cay thoa man tap mau
Y twéng: (1ap) chon thudc tinh quan trong nhéat lam gbc cua
cay/cay con
ID3(Examples, Target_attribute, Attributes)
[* Examples: cac mau luyén
Target_attribute: thudc tinh can doan gia tri
Attributes: cac thudc tinh cd thé dwoc kiém tra qua phép hoc
cay quyét dinh. */
Tao 1 nut gdc Root cho cay
If v Examples +, trd vé cay chi co 1 nut Root, v&i nhan +
If v Examples -, tra vé cay chi c¢é 1 nat Root, v&i nhan —

If Attributes rong, trd vé cay chi cd 1 nut Root, v&i nhan = gi tri
thwdng xuat hién nhat cua Target_attribute trong Examples



Thuat toan ID3

Otherwise Begin:

o A <« thudc tinh trong Attributes cho phép phan loai tot nhat
Examples

o Thudc tinh quyét dinh cla nat goc « A
o Vi cac gia tri v, cd thé co cla A,
Thém 1 nhanh ma&i dwdi goc, rng va&i phép kiém tra A = v,

bat Examples,; = tap con cua Examples v&i gia tri thudc tinh
A=v

If Examples,; rong

0 Then, dwdi nhanh méi nay, thém 1 la véi nhan = gia tri
thwdng xuat hién nhat cua Target_attribute trong
Examples

0 Else, dwdi nhanh méi nay thém cay con ID3(Examples
Target_attribute, Attributes - {A}))

Vi

End
Return Root



Thudc tinh nao tot nhat?

[29+,35-—] Al1="7 [29+, 35—] A2="7
i f i f
[21+,5-] [B+, 30—] [18+, 33—] [11+, 2—]

St dung lwvong thdng tin dat dwoc Information Gain

= xac dinh thong qua d6 do Entropy
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Entropy(S)

Entropy cia mét tdp mau

S [ mot tap mau cua tap luyén
*p, la ty I& cac mau dwong trong S
*p_ la ty 1& cac mau am trong S

Entropy do do nhiéu clia S = s6 céc bit can thiét gé
ma hoa |&p + hoac - cua cac thanh vién ngau nhién
cua S

*Entropy(S) = - p,*log,p, - p*log,p.
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Entropy

Entropy H(X) cda bién ngau nhién X:
1L

H(X)=-) P(X=1i)logy P(X =1)
1=1

Vi du, v&i S gdm 9 mau dwong va 5 mau am, ki hiéu
S([9+,5-]).

Entropy([9+,5-])
= - (9/14)l0g,(9/14) — (5/14)l0g,(5/14)
= 0.940
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Information Gain

Gain(S, A) = dé giam entropy do viéc phan loai trong A
SV

Gain(S,A) = Entropy(S) - > _ ﬁEntro PY(SV)
veValues ( A)
[294,35-] Al1=" [294,35-] A2="7
1 f 1 f

[21+,5-] [8+,30-] [18+, 33—] LT 2=7
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Vi du: tap luyén

Day | Outlook | Temperature| Humidity | Wind | PlayTennis
D1 | Sunny Hot High | Weak No
D2 | Sunny Hot High |Strong No
D3 | Overcast Hot High | Weak Yes
D4 Rain Mild High | Weak Yes
D5 Rain Cool Normal | Weak Yes
D6 Rain Cool Normal | Strong No
D7 | Overcast Cool Normal | Strong Yes
D8 | Sunny Mild High | Weak No
D9 | Sunny Cool Normal | Weak Yes
D10 Rain Mild Normal | Weak Yes
D11 | Sunny Mild Normal | Strong Yes
D12 | Overcast Mild High | Strong Yes
D13 | Overcast Hot Normal | Weak Yes
D14 | Rain Mild High | Strong No

= [9+5]

Humidity
={High,Normal}:
Shigh=[3+,4-];
SnormaI:[6+’:|-']

Wind ={Weak,Strong}-
= [6+,2-];

= [3+13_]

weak

S

strong
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Thudc tinh nao phan loai t0t nhat?

S:[9+,5-] S:[9+,5-]

E=0.940 E=0.940

Humidity Wind
Higt‘/\l\loimal WGV wng
[3+,4-] [6+,1-] [6+,2-] [3+,3]
E=0.985 E=0.592 E=0.811 E=1.000

i i E SV] ——Entropy(Sv)
Gain(S,Wind) = Entropy(S) — S| PY
veValues (A)

= Entropy(S) — (8/14)Entropy(Syeax) — (6/14)ENntropy(Ssyong)
=0.940 — (8/14)*0.811 — (6/14)*1.00 = 0.048

Gain(S,Humidity) = 0.940 — (7/14)*0.985 — (7/14)*0.592 = 0.151
Gain(S,0Outlook)=0.246; Gain(S,Humidity)=0.151
Gain(S,Wind)=0.048;-Gain(S,Temperature)=0.029
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DL, D2, .., DL4)

[9+,5-] SSunny = {Dl,DZ,DS;D91Dll}

Outlook

Gain(Sgpny, HumMIdity )
= .970 — (3/5)*0.0 — (2/5)*0.0 = .970

Sunny Overcast Rain
{DL,D2,D8,D9,DLL} {D3,D7,DI12,DL3} {D4,D5,D6,DLO,DL4}
[2+,3-] [4+,0-] [3+,2-]

? . ?
) Yes ’

Thudc tinh nao tiép?

Gain(Sg,,ny, Temperature )

= .970 —(2/5)*0.0— (2/5)*1.0- (1/5)*0.0=.570
Gain(Sgynny, Wind )

= 0.970 — (2/5)*1.0 — (3/5)*0.918 = 0.019
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Cay quyeét dinh str dung khi nao?

Cac bai toan v&i cac dac tinh sau thich hgp véi hoc
cay quyét dinh:

« Cac mau mo ta dwoc bdi cac cap thudc tinh-gia tri

« Ham dich co gia tri roi rac

« Can cb céc gia thiét roi rac

 Cac di¥ liéu luyén co thé cé nhiéu

DU liéu luyén co thé thiéu gia tri thudc tinh

Vi du:

« Chéan doan y té

» Phan tich cac nguy co vé tin dung

MO hinh hoa viéc lap lich
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Mang noron nhan tao

nghién ctru v md phdng cac tién trinh x& ly song song
va phan tan khong 16 dién ra trong b6 nao con nguoi

Cac van de:

 Toc d6 bd ndo nhan dang hinh anh
* Rat nhiéu noron trong mot bo nao
* TOc dO0 mot noron truyén dir liéu
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Vi du

Lal xe
Luyén bd phan dién khién xe lai xe chinh xac
trén nhiéu dia hinh khac nhau

may tinh
(thuat toan hoc)

I

6p 1 I6p 3
sang trai sang phai

&P 2
di thang

19




ang no’ron

Biéu dién man

Phai

Gilra

Trai

20



Dinh nghia

La moét hé thdng gom rat nhiéu phan to x& ly
don gian hoat ddng song song.

Tinh nang: phu thudc vao

0 cau trdc hé thong

o murc do lién két gitra cac phan tor

o qua trinh x& ly bén trong cac phan to

Co6 thé hoc tir sO liéu va tong quat hod tir cac
sO liéu do.
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Khi nao str dung mang norron?

Mang noron thich hop véi nhirng bai toan co dac
diém sau:
CAc mau luyén dwoc thé hién b&i nhiéu cap gia tri-thudc
tinh (vi du, didm anh)
Cac mau luyén cé thé co 16i
Chap nhan thdi gian huan luyén dai
Can danh gia nhanh ham muc tiéu dwoc hoc
Khéng can hiéu gia thiét cudi cung vi NN dworc coi la
hop den
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Perceptron

W xp=4 . NEWF LS
wy WONZ 50 Cua ngrong éf—""

X 2

§ r=|E-:I I-I-'|; .‘|_'||' oo 1 .I.Eri:l H_.f_ -T||' =0
. - -1 otherwis=
O(XyseensXp) :{ 1 NEU W, + W, X, + WX, +...... +w X >0
-1 trong triro'ng hop ngwoc lai
hay:
o( X) = sgn( W.X)
trong do

sgn(y) = { 1 néuy >0
-1 néu nguoc lai

Nhiém vu hoc: tim cac gia tri cia w

Khéng gian gia thiét: khdng gian cac vecto trong sb -



Kha nang cua Perceptron

M&i perceptron tao ra 1 mat phan cach siéu phang trén

khéng gian dau vao n chiéu

-
-
-
P »
<« »

Mat phan cach (WX = 0)
+ o+
+ ‘/

24




Kha nang cua Perceptron

— ¢6 thé hoc cac ham —, A, v, NAND, NOR

— khong biéu dién dwoc cac ham khong phan tach dwoc
bang duwong tuyén tinh, vd XOR

1 0

> Moi ham logic déu c6 thé biéu dién bang 1 mang
perceptron co it nhat 2 tang

25



Mang noron biéu dién ham XOR

Vi = XV X

@><=@\(xl v X2) A (=X1 v —x2)

Q y=ViaV;

| | |

tang vao tang an tang ra

26




Hoc cac trong s6 mang

Luat perceptron:

dung khi tap luyén

o phan tach dwoc bang 1 dwdng tuyén tinh
a dd nho

Luat delta:
dung khi tap luyén khéng phan thé tach tuyén tinh

27



Luat huan luyén Perceptron

Khéi tao mot vector cb cac trong sO ngau nhién
Lap lai ham perceptron cho m0| mau Iuyen dén khi ham
perceptron phan loai dung tat ca cac mau luyén:

Cac trong sb dwoc stra ddi tai mdi bwdc dwa vao luat huan
luyén perceptron:

W, <——W, + AW,
trong do
AW, «——Aw. +77(t —0) X
VO
a0 t=c( )aham dich
0 o 14 dau ra perceptron
0 n = toc dd hoc, l1a hang s nhd
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Vi du...
Biéu dién g(x1,x2) = AND(x1,x2)

X1 | X2
xl@w
— {0; 1
Wo {0; 1}
x2©/WO

x0=1

R OO
R 1Ok |O
1O | 0O | O |«Q

wO+ 1.wl+1.w2>0

o(X)=r 1néuwx >0 wO + 1.wl + 0.w2 <0
{ wo+0wl+1w2<0

Onéunguwoclai  wo+owl+0ow2<0
=>w0 =-0.8; wl=0.5; w2 =0.5
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Vidu 1...

2
WX =D W * X W—W, +AW, AW, «——AW, +77(t —0)X
1=0

Khéi tao cac gia tri dau: Aw0 = 0, Awl =0, Aw2 =0
w0 =-1.5wl=-05w2=05nn=0.1

> = x0.w0+x1.wl+x2.w2 = 1.w0+0.wl1+0.w2 =w0 = -1.5

\
X0 | x1 | x2 [t i 0 |AwWO |Awl | Aw2 | wO | wl | w2
1 /0] o0o|o |15 0| 0| 0] 0|15 -05]05
1 0) 1 0) -1 0) 0) 0) O [-15]-05| 0.5
1 1 0) 0) -2 0) 0) 0) O [-15]-0.5( 05
1 1 1 1 |-15| O 0.1 0.1 0.1
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2
WX =D W * X W—W, +AW, AW, «——AW, +77(t —0)X
1=0

Vi

d

u

1...

Khéi tao cac gia tri dau: Aw0 = 0, Awl =0, Aw2 =0
w0 =-1.5wl=-05w2=05nn=0.1

AWO = AWO + n*(t-0)*x0 = 0 + 0.1*(0-0)*1 = 0

wl =w0+Aw0 =-1.5+0=-1.5, w\k= -0.5, w2 = 0.5

X0 | x1 | x2 t > 0 Z\Wo Awl | Aw2 | wO | wl | w2
10| 0] o0 /|15 00| 0] 0 |-15/-05]05
10| 1]0|12]0|o0o]| 0] o0 |-15/-05]05
1 /1 |0]o|l=2|0|o0o]| 0] o0 |-15/05]|05
1 ] 11| 1|25/ 0 |01|01]01
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Vidu 1...
2
WX =D W, *X
=0
W, <——W. + AW, AW, «——Aw, +7n(t—0)X,

Khéi tao cac gia tri dau: Aw0 = 0, Awl =0, Aw2 =0
w0 =-1.5wl=-0.5w2=05nn=0.1

X0 | x1 | x2 t > o |AWO | Awl | Aw2
1 0 0 0 |-15]| O 0 0 0
1 0 1 0 -1 0 0 0 0
1 1 0 0 -2 0 0 0 0
1 1 1 1 (15| 0 |01 ]01] 0.1

AWO—=AWO+n*(t-0)*x0=0+0.1*(1-0)*1 =0.1
wlo =w0+ AwW0 =-1.5+0.1 =-1.4, wl =-0.4, w2 =0.6

32




Vidu 2

w=[0.25-0.1 0.5]_-
X, = 0.2%;—0.5 '




Luat hoc Gradient Descent

Gia s mot no’ ron co dau ra tuyén tinh va
lién tuc

0 0=W,+ Wy X, + ... + W, X,

Nhiém vu hoc la xac dinh tap trong s6 dé
toi thiéu ham 16i

0 E[wy,... W] =% 2, g (t-0,)?

D la tAp mau hoc

34



Gradient descent

Gradient cua E (ky hiéu laVE) la mét vecto
o C6 hwéng chi di 1én (dbc)
o CoO dd dai ty 1& thuan véi do doc
Gradient V E xac dinh huéng gay ra viéc tdng nhanh nhat (steepest
increase) doi véi gia tri 16i E
VE(w) :(a—Ea—E o

. , an aV\,IZ a\NN ,
trong d6 N la tong sb cac trong so (cac lién két) trong mang
Vi vay, hwéng gay ra viéc giam nhanh nhat (steepest decrease) Ia
gia tri phu dinh cua gradient cua E

AW =-n.VE(W); Aw. =-n.VE(w,), Vi=1..N

Yéu cau: Cac ham tac dong dwoc sir dung trong mang phai 1a cac
ham lién tuc doi vai cac trong s6 va co dao ham lién tuc
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Luat hoc Gradient Descent

D={<(1,1),1>,<(-1,-1),1>,
<(1I-1)I-1>I<(-111)I-1>}
VE[w]=[E/ow,... Efow,]

Aw=-n VE[wW] ?P

Aw;=-1 oE/ow, Zio
=—T‘| 8/8W| 1/22d(td_odj?

sl

=-1 24(tg- 04)(-X;) 0

-2 -2



Luat hoc Gradient Descent

Gradient-Descent(tdp mau, n)
M&i mau 1a mot bd d=<(xy,...X,),t> V&I (Xy,...,X,) [a véc to dau
vao va t la gia tri dich, n la hé s6 hoc
Khéi tao ngau nghién w.
L&p cho t&i khi gap diéu kién dirng
o Khoi tao Aw. bang 0
o V&i méi mau d trong tdp mau D
Pua (X4,...,X,) VAo mang dé tinh toan gia tri dau ra o
V&i moi trong sO w;
O Aw;=-n oE /ow,
V@i moi trong sO w;
O W=wi+Aw;
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Luat hoc Gradient Descent

Ché dd 1: cap nhat mot lan
w=w - n VE[wW]
Ep[W]=1/2%4(t4-04)*

Ché dé 2 : cap nhat v&i tieng mau
w=w - nn VE [w]
Eq4[w]=1/2 (t4-04)*
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So sanh luat hoc cua Perceptron va
Gradient Descent

Perceptron dam bao thanh céng néu
Tap mau kha tach tuyen tinh
Hang s6 hoc 1 du nho

Huan luyén véi Gradient Descent
Pam bao hdi tu v&i 16i nhd nhat
Hang s6 hoc 1 nhd
C6 thé s dung mau cd nhiéu
D liéu hoc tham chi khéng kha tach tuyén tinh
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Mang no’ ron nhiéu I&p

(D L3p ra
N \
D L3p an

Ay

LSp vao

40




Ham Sigmoid

Wo net=2._," W, X I o=c(net)=1/(1+e™"*)
c(x) goi Ia ham sigmoid: 1/(1+e™
do(X)/dx= o(x) (1- o(X))
St dung luat hoc Gradient Descent:
’@E/@WI — 'Zd(td'od) Od (1_Od)

« Mang nhiéu I&p thwdng si dung ham
Sigmoid [am ham truyén
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Giai thuat lan truyén ngwoc sai
SO

Khdi tao w; v&i cac gia tri ngau nhién nhé

L&p cho t&i khi dat diéu kién dwng

o V& méi mau huan luyén <(x,,...x,),t>

Pua (X4,...,X,) vao mang dé tinh toan gia tri ra o,
V@i méi dau ra k O

K
0 8,=0,(1-04)(t-0y)
Vé&i mbi nut an h

0 8;,=04(1-0p) 2 Wi 8y ®

V&i moi trong sO w;; \ /

O W =W, +Aw;; VOI & @ _

S ’ |
AW, = 1104 X;

42



Giai thuat lan truyén ngwoc sai s6

S dung Gradient Descent trén toan bo cac
trong soO
Chi tim dwoc toi wu cuc bd
Thwong bd sung hé sO quan tinh :

Aw;(n)=n & X+ a Aw;; (n-1)
Té[ wu dwoc ham |Oi trép tap mau nhwng chua
chac trén di¥ lieu thuwe té ( hiéu rng overfitting)
Thoi gian hoc lau ( 1000-10000 vong)
St dung m6 hinh nhanh
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8-3-8 ma hoav

Q)
Q
Q.
=
[a} ]

8 dau vao

Can this he learned??

8 dau ra
A target funrtion: c L, - .. R
) Input Output C8;|98(;(£| ngJt an

10000000 ~ 10000000 O U

01000000 — 01000000 .01.11 .88
ON100000 — OO1RO000 .01.97 .27
oopinonn — 0o0i1pnoo .99 .97 .71
goooloao - nooolond .03 .05 .02
Ooooging -+ Q0000100 22 .99 .99
noonanio —» 00NooO10 .80.01 .98
Onanaon1 - O0000A01 60.94.01
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Thong ke 10i cho cac nutra

Sum of squared errors for each output unit

0.9 — - ; '
08 b N N i
0.7 | i
0.6 | i
0.5 | i
0.4 i
0.3 | i
0.2 F i
0.1 | Siel TR e S S |
, . . N RS R s

45



Sw héi tu cua giai thuat lan truyén ngwoc
sai-so

C6 thé khéng phai cuc tri toan cuc
Cai thién bang hé s6 quan tinh
Két hop v&i mét gidi thuat tdi wu toan cuc khac

Piéu kién héi tu
Khé&i tao trong s6 gan 0
Mang khé&i tao gan nhw mang tinh chat tuyén tinh
Tinh chat phi tuyén cla mang sé& dan dan xuat hién
trong qua trinh hoc
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Wng dung ciia mang no’ron -

Nhan dang mat

a7




Wng dung ciia mang noron -
Nhan dang mat

C6 nhiéu ham dich c6 thé hoc trong viéc
nhan dang anh:

o xac dinh nguwoi

o hwéng quay (trai, phai, thang, ...)

0 gioi tinh

o co0 deo kinh hay khong



Wng dung ciia mang noron -
Nhan dang mat

Nhi€ém vu hoc: phan loai cac hinh anh camera vé mat ngudi
vOi nhiéu goc do khac nhau

CSDL hinh anh

Cac hinh anh v&i 624 grayscale: 20 ngudi, moi ngwdi khoang
32 anh

Nhiéu cach biéu cdm (vui, budn, gian, binh thuwéong)

Céac hudng khac nhau (trai, phai, thang, huwdng 1én)

B6 phan giai 120x128

Hoc hwdng quay cua mat ngudi:

o khdng can cac lwa chon toi wu, phwong phap nay cho két
qua tot

o sau khi luyén trén 260 hinh anh, viéc phan loai dat dé
chinh xac trén tap thw 1a 90% 49



Cac lwa chon

1. Ma hoa dau vao: hinh anh hay cac dac tinh

2. Ma hoda dau ra: sb lwong dau ra, cac ham dich cho dau
ra

3. Cau tric mang: so lwong nut mang va lién két gitra
ching

4. Cac tham so thuat toan hoc
o Toc dd hoc
o gia tri momentum

50



Ma hoa dau vao

Thiét ké cac Iwa chon

Tién x& ly hinh &nh dé rut ra cac huéng, cac vang co
mat do giong nhau, hoac cac dac tinh hinh anh cuc b6
khac

Kho khan: sb canh co thé thay doi, trong khi NN ¢6 sb
lwong cb dinh cac dau vao

Cac hinh da ma hoa la 1 tap co dinh céc g|a tri mat do
30x32 diém anh (tom tat vé dé phan giai cta anh ban
dau), tr 0 dén 255
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Ma hoa dau ra

M6i dau ra: 4 gié tri xac dinh hwéng ma nguoi
nhin (trai, phai, thang, hwéng I1én)

Moi don vi: phan loai st dung 1 dau ra, gan 0.2,
0.4, 0.6 va 0.8 cho 4 gia tri

Chon 1 trong n dau ra ma hoa:

o cung cap nhiéu mtrc d6 tw do dé biéu dién ham dich
(n 1an so trong s6 & tang ra)

o dé khac nhau gitva gia tri cao nhat va nhi dung dé do
do tin cay
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Cau tric mang

mang 960 x 3 x 4
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