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* Ngay nay, nhin & goc do ly ludn thi linh vwec Cong nghé thong tin c6 xu hwéng chuyén dan tir Khoa
hoc may tinh (Computer Science) sang Khoa hoc dir liéu (Data Science)

e Pieu do6 cho thay chiéc may tinh (Computer) da tré thanh cong cu tat yéu trong cudc song, khong
con la doi twong nghién ciru.

e Ma Dt liéu (Data) moi chinh la doi twong nghién ctru.

e Nhu vay, c6 sw chuyén dan tir nhirng nghién ciru vé sw lwu trir va xtr Iy ctia may tinh, sang nhirng
nghién ctru vé noi ham cua dir liéu.

e B&i ban than trong dir liéu dang ton tai d3 ham chira thong tin tir d6 c6 thé riat ra quy tac dung
trong viec xu ly.

A.Prof. Tran Van Lang, PhD.



* Quy tac nay c6 thé twong minh dwdi dang cia mot ham du doan hodc dwoce rit ra mot cach am
tham dé may tinh xr Iy duwéi dang mot mo hinh (Model).

e Hinh anh don gian cua bai toan dat ra trong Khoa hoc dir liéu do la:

* Tirinputla 2 tap dir liéu X, Y quan hé v&i nhau dang X 1a tién dé (Antecedent), con Y la két qua
(Consequent)

» Hay suy ra output fmot cach tw nhién dwocanchivadang f: X - Y
e D6 chinh 13 quy tic ma trong hoc may thwong hay goi la mo hinh

 Sau khi da c6 dwoc f, quay tré vé nho may tinh deé tiép tuc xtr Iy (Khoa hoc may tinh) véi input 1a
X, cung voi fda tim dwoc can tim outputla Y.

A.Prof. Tran Van Lang, PhD.



» Tlr day cho ta thay deé gidi quyét van dé cia khoa hoc dir
lieu, vai tro cua Machine Learning (ML) v0 cung quan
trong, qua do cho thay sw khac biét voi cach tiép can truéc
day vé lap trinh.

— g
Rules Classical

Data —»| Programming

— Answers

» D6 1a ML giup dé tim ra quy tac hay mo hinh d3 ton tai
trong dir li€u

Data — Machine o Rules
e Francois Chollet - tac gia cua thw vién Keras va la ngwoi cO  Answers —|  learning
dong gop 1on cho TensorFlow cling da c6 nhirng dic két
hinh anh bén dwdi ma trong d6 Rules chinh 1a quy tachay ~ "ML: a new programming paradigm"
mo hinh trong quyén sach "Deep Learning with Python"
cua minh.

A.Prof. Tran Van Lang, PhD.



e Nhiém vu cua Machine Learning (ML) la lam sao giup may tinh tim ra mo hinh nay. Chinh vi vay
ma ngwoi ta coi ML 1a mot mau (hay rong hon 1a mét ludn thuyét) 1ap trinh mai.

e ML phan thanh 2 nhém thuit toan chinh. Sw khac nhau gitra 2 nhom nay la viéc cung cap tdp dir
liéu hudn luyén; cdch thudt todn st dung dir liéu va loai van dé ma thudt todn gidi quyét.

 Hoc co giam sat (Supervised Learning)

e Hoc khong giam sat (Unsupervised Learning)

A.Prof. Tran Van Lang, PhD.



* Hoc c6 giam sat la viéc c6 input la mot tap nguon va mot tap dich twong rng (goi la da dwoc gan
nhan) dé lam co sé& tim ra output 1a ham hay mo hinh (model) mong muon.

e Tap hop két hop boéi hai tap nay dwoc goi la tap huan luyén (Training Set)

 Khi thwc hién, dit liéu méi lai dwoc str dung dé huin luyén. Viéc huan luyén lai nham cai tién mo
hinh nay hon nira

A.Prof. Tran Van Lang, PhD.



Supervised Learning

* Trong hoc c6 giam sat, can clr vao dir liéu ctia tap dich; c6 thé phan thanh 2 dang bai toan:

» Phan 16p (Classification): Khi bai toan ma dir liéu cia tap dich 1a hiru han va c6 gan nhan. Chang
han,

e Phan nhom hoc sinh vao trrong dwa vao bang tén

e Hoi quy hay tién lwong (Regression): Khi dir liéu tap dich c6 tinh lién tuc va noi ti€p nhau.
Chang han,

* Dw doan bién dong ctia chirng khoan dwa trén dir liéu ciia nhirng nam truéc

* Tuyén dung nhan sw dwa vao so liéu da tuyén dung

A.Prof. Tran Van Lang, PhD. 7



Unsupervised Learning

e Hoc khong giam sat phai sir dung khi khong c6 tap dich ma chi cé tap nguon va cac dac trueng cua
tap nguon nay.

e Nham kham ph4 ciu tric va moi quan hé cta dir liéu

e Hoc khong giam sat con goi la hoc khong dworc su chi bao.

 Khi thwc hién, dir liéu méi dwoc suy dién dé thém vao.

o Twr d6 dwa vé viéc hoc c6 giam sat.

e Chinh vi vay ranh gidi gitra hoc giam sat va khong giam sat doi khi cing khong dwoc phan chia ro
rang.

e Co thé goi trong trrong hop nay 1a hoc ban giam sat (Semi-Supervised Learning)

A.Prof. Tran Van Lang, PhD.



* Cac bai toan hoc khong giam sat cling dwoc chia lam hai loai dwa vao dit liéu tap nguon:

e Gom cum (Clustering): Khi tap nguon chira mot so dac tinh c6 thé nhan dang dwoc (goi la cac
dic truwng - feature hay cic category). Chang han,

e Gom email vao thw muc spam duwa trén cach dat tén, noi gri, tan suat xuat hién ctia noi gtri,
mot s6 noi dung

Rt gon hay woc lwong (Reduction, Estimation): nham dé giam bét do phirc tap cta bai toan

A.Prof. Tran Van Lang, PhD.



Thuat toan trong Machine Learning

Do you have
labeled data?
Yes No
 Phan cap cac thuat . .
toan trong Machine
Learnin g What do you want to predict? Do you want to group the data?

Category Quantity Yes No

Classification Cluster Dimensionality
Analysis Reduction
[ SVM | CART { LNEwy J —_—
Regression Hierarchical PCA
| KNN | LASSO | Clustering
[ K-means . ” ICA ]
'bME Machine Learning Workshop | XCME 006

Lua chon thuat toan machine learning phu hop

A.Prof. Tran Van Lang, PhD.



A =

Cac phuong phap hoi quy

* Hoi quy (Regression) hay tién lwong la phwong phap ma moi quan hé gitra tap nguon va tap dich
la quan hé thé hang duéi dang ham.

* Trong phwong phap tinh, thuc chat 1a phép tinh no6i suy, phwong phap binh phwong toi thiéu
(Mean Least Square)

* Bao gom hoi quy c6 thé phan loai theo goc nhin.

e Chang han, khi quan tAm t&i hé s6 ham xap xi xuat hién trong biéu thirc, c6 dang
e Hoi quy tuyén tinh
e Hoi quy phi tuyén

* Hoac quan tam dén cach giai, c6: hoi quy da thirc, hoi quy logistic, hoi quy Bayesian, ...

A.Prof. Tran Van Lang, PhD.
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SA =

Bai toan hoi quy tong quat

e Bai toan:

e Cho bang gom N bo gia tri (X, y,), Vi = 1,Nvamothamy = @(X, wy, wy, ..., w,,), trong dé X c6
thé 1 hoac nhiéu bién.

» Hay tim cac hé s wy, wy, ..., w,,sao cho ham ¢ xap xi tot nhat cac gia tri y, theo nghia trung
binh phuong.

» Hoi quy tuyén tinh hay phi tuyén lién quan dén trwong hop @ la ham tuyén tinh hay phi tuyén
theo X.

A.Prof. Tran Van Lang, PhD. 19



Phudng phap giai * Bai toan duoc dwa vé tim cac

Wos Wiy e o o s Wy thoa hé M+1

phwong trinh:
oL _p
* Bai toan dwoc dwa vé dang: oWy
e Goi L la ham mat mat o
N 2 ooy O
M
L(WOa wla ¢ ooy WM) — Z [yl o ¢(Xi9 WO? Wla ¢ ooy WM)]
i=1
« Hay tim  Hay phwong trinh
. N 0
arg  min LWy, wq, ..., W) 2 i = oXwo, wy, WM)]a_% =0

(WosW1seeesWiy)

N 0

1=

A.Prof. Tran Van Lang, PhD.



A=

Hoi quy tuyén tinh (Linear Regression)

e Hoi quy tuyén tinh (hay Ordinary Least Squares)
la phrong phap ma moi quan hé gitra input va
output la quan hé tuyén tinh.

e Trong Toan hoc goi do la phwong phap binh
phwong t61 thieu tuyén tinh (Linear Least Square),
con trong Thong ké go1 do 1a phwong phap hicu
chinh tuyén tinh (Linear Fitting)

 Gia sir ham xap xi c6 dang tuyén tinh theo bién X

e O'day cothé X = [x]! chila vector c6 1 thanh
phan, va ham xap xi la ¢(x, wy, wy) = wy + wx

A.Prof. Tran Van Lang, PhD.

e Trong troeong hop nay hé phwong trinh
dé tim wy, wy la

N .
2 Oi—wo—wx)i =0
N
Z,-zl i —=wo—wix)x; =0
* Hay
N N N
zl‘:l Wo +Zi=1xiwl — Zl‘:lyi

N N N
zizl'xiwo +Zi=1xl'2wl — Zizlxiyi
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A=

Hoi quy tuyeén tinh

o Viét lai dwdi dang ma tran

N N

N Zi 1xi [WO] zi_1y1'
N

z, 1 A Zl 1 l Zizlxiy-

. Pit

A=

o Zo| | ZL

e Hé phwong trinh viét lai thanh

Wo
A M _

A.Prof. Tran Van Lang, PhD.

N N
N Zl 1xi Zi=1 Yi

e Suy ra nghiém can tim wy, w; la

wol . 4
ERS
| -
"1 Xy
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* Pé xay dwng thuat toan, ta dat

] -
° Suy ra
| -
|
1 xy
* Hay
A=XX"

A.Prof. Tran Van Lang, PhD.

* Dong thoi
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D |:| ng PYthOn * Pé lam diéu nay, gid str quan hé giira chiéu cao x va

can nang y la quan hé tuyén tinh y = wo + wax.
import numpy as np

° / A \ A w ? \ = .
Vi du chieu cao va can nang cua 20 nguwoi ### Bang dir Lidu gdm X va v

cho trong bang, hay xay dwung ham dw doan  x = np.array([[145,150,152,154,156,160,162,164,
dé tinh can nang cia mot nguwoi dua trén

165,168,170,172,174,175,177,178,180,181,182,184]]).T
y =[42,46,50,54,54,56,60,64,65,66,67,68,69,70,71,

chiéu cao cua ho. 72, 72,73,74,75]
##### Tao ma tran X
N = len(x)
et ones( (1)
1 145 164 177 X = np.concatenate((onesMat, x.T), axis = 0)
2 150 46 9 165 65 16 178 72 ### Gom lai dé& thanh ma trdn A va vector b
3 152 50 10 168 66 17 180 72 A = np.dot( X, X.T )
b = np.dot( X, y )
4 154 54 11 170 67 18 181 73
5 156 54 12 172 68 19 182 74 ### Glal he phuong trinh dé Tim w
= np.dot( np.linalg.pinv(A), b )
6 160 56 13 174 69 20 184 75 MI = w(0] [0]
g = w[1][0]

162 60 14 175 70

A.Prof. Tran Van Lang, PhD.



##4# Vé lai do thi cla y = we + wix

import matplotlib.pyplot as plt

### Tao ra 2 dir 1iéu trong doan [145,184] dé
lvu vao mang x0

X0 = np.linspace( 145, 184, 2 )

### Tinh todn dé cd mang y@ tuong (ng véi x0
dua vao ham tuyén tinh da tim ra

yO = wl + wlxx0
plt.plot( x0, yo )
plt.plot( x, y, 'bo' )

plt.title( "Ham xdp xi " + "$y=w_0+w_1x$" )

plt.xlabel( "Chieu cao (cm)" )

plt.ylabel( "Can nang (kg)" )
plt.show()

File: LinearRegression-origin.py

A.Prof. Tran Van Lang, PhD.

Can nang (kqg)

Ham xap xi y = wp + w1 X

' ]

145 150 155 160 165 170 175 180 185
Chieu cao (cm)
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* Python c6 rat nhiéu thw vién cho viéc nay, cu thé & dayla ¢ Trong trwong hop nay, chwong
scikit-learn kha pho bién trinh viét nhw sau (can install thém
' sklearn):

scikit—learn

Simple and efficient tools for predictive data analysis

Y . y il * Accessible to everybody, and reusable in various contexts | i
Machine Learning in Python W o Mooy, soey sl from §klea rn import linea r_modgl
e Open source, commercially usable - BSD license w = -l_ inear mOde-l_ . Llnea rReg Fression (
fit _intercept = False)
Classification Regression Clustering W. f 1t ( X " T ’ y )
Identifying which category an object belongs to. Predicting a continuous-valued attribute associated Automatic grouping of similar objects into sets. W@ — W - C O e f . T [ 0 ]
with an object. -
Applications: Spam detection, image recognition. Applications: Customer segmentation, Grouping ex- W 1 — W . C O e f . T [ 1 ]
Algorithms: SVM, nearest neighbors, random forest, Applications: Drug response, Stock prices. periment outcomes —
and more... Algorithms: SVR, nearest neighbors, random forest, Algorithms: k-Means, spectral clustering, mean-shift,
and more... and more...

K-means clustering on the digits dataset (PCA.reduced data)
Centroids are marked with white cross

* File: LinearRegression-sklearn.py

target

A.Prof. Tran Van Lang, PhD. 19


https://scikit-learn.org/stable/

Ap dung

 Sau khi da c6 ham xap xi tién
l[wong (c6 wy, wy), ta cé thé dung
de du bao.

° Chéng han, ### Tinh todn thuo nghiém
x = float(input( "Du doan trong luong cua nguoi co chieu cao: " ))
ypred = w@ + wlxx
print( "Can nang cua nguoi co chieu cao %.0f cm la %.2f kg" %(x, ypred) )

A.Prof. Tran Van Lang, PhD.
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Ap d l:l ng e Khi do6 bang dix liéu (X, y;), Vi = 1,N séla

~N 2 7 = YN T D
* Trong thuc té, X 0 dang vector vé&i nhieu <[x1i9 Xpjs - -+ s X Ia{yi) va
thanh phan (X, w) = wy + Z wix, Vi= TN
 Chang han, trong lwong khong chi phu thudc j=1
vao chiéu cao ma c6 thé phu thudc ca viécan . pjt
uong thc‘z'i tré\nhu’ thé nao, thoi gian ngu 1 e
trong mot ngay, ... X — X;1 Xpp ottt Xy
e Chang han, khi dir liéu lam tién dé c6 K tham : :
sO X =[x}, Xy,. .. ,xK]Tthuét toan hoi quy Xk1 Xk2 0 AkN
tuyén tinh can tim ham xap xi c6 dang e VAY = [y, Vs, ..o nl”
X, W) =Wy +wix; + ...+ WweXx
(X, w) 0 T WX T ...+ WgXg + Suyra
K K
Wo+ WiX11 + WrXoy + ...+ WeX
:WO+Zijj:Zijj 0 1711 2221 K*K1
1 o XTW — WO —+ W1x12 + W2X22 + ...+ WK'XKZ
J= J=U i it i et e e et et e et e e e e e

, . . Wa+ WiXinv T+ WhXonv+ ...+ WeX
o VOiW = [W09W1’°"9WK]T'V3XO:1 0 1VIN QAN KAMKN

A.Prof. Tran Van Lang, PhD.
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A.Prof. Tran Van Lang, PhD.

e Bai to4n duwa vé tim cuwec tiéu cia ham L(w) nhw trén duoc viét
lai la
2
N

K
L(w) = Z Yi— | Wo Tt Z Wik
j=1

i=1
 Dw¢i dang ma tran

2
L(w) = || Y — X'w ” ,

e Nén
oL ? 2 .
— 0= — || ¥-X"w |, = X(¥-X"w) =0
ow ow 2
e Tw day
w = (XXH~1XY

22



Vi du

"Du dodn chiéu cao cla mot nguoi cé" )
Wi = float(input( "- can nang la (kg): " ))
Fe = float(input( "- so6 lwong kg thit an trong 1 ngay: " ) )

print(
-
-
S1 = float(input( "- s6 gi® ngu trong 1 ngay: " ) )
W
(

Hi = w[@] + wl[l]xWi + w[2]xFe + w[3]*S1
print( "Nguoi nay cd chieu cao 1la %.0fcm" %Hi )

e Can dw bao chiéu cao cia mot dira tré can ci
vao trong lwong, so thit da an va so gio da ngu

trong mot ngay. N = len(x1)

import numpy as np onesMat = np.oneS( (1,N) )

x1 = np.array([[42,46,50,54,55,56,60,64,65, X = np.concatenate((onesMat, x1.T))
66,67,68,69,70,71,72,72,73,74,7511).T X = np.concatenate((X, x2.T))

x2 = np.array([[0.2,0.2,0.3,0.4,0.8,0.2,0.5,0.7, X = np.concatenate((X, x3.T))
0.2,0.1,0.3,0.5,0.6,0.7,0.3,0.5,0.4,0.5,0.8,0.5] A = np.dot( X, X.T )

1).T b = np.dot( X, y.) |

x3 = np.array([[8,10,9,12,12,8,8,11,10,9,9,8, w = np.dot( np.linalg.pinv(A), b )

9,10,9,8,8,8,7,711).07
y = [145,150,152,154,156,160,162,164,165,

168,170,172, 174,175,177, 178,180, 181, 182 , 184] File: LinearRegression-linearPolynomial.py

A.Prof. Tran Van Lang, PhD.



Vi du

File: LinearRegression-linearPolynomial-sklearn.py

e Str dung phwong thirc LinearRegression() co trong thw vién sklearn

onesMat = np.ones( (1,N) )

X = np.concatenate((onesMat, x1.T))

X = np.concatenate((X, x2.T))

X = np.concatenate((X, x3.T))

w = linear_model.LinearRegression( fit_intercept = False )

w.fit( X.T, y )

print( "Duw doadn chiéu cao cla mdt nguoi cé" )

Wi = float(input( "- can nang 1a (kg): " ))

Fe = float(input( "- s6 lwong kg thit an trong 1 ngay: " ) )

S1 = float(input( "- sO6 gi®¢ ngu trong 1 ngay: " ) )

Hi = w.coef .T[Q] + w.coef .T[1]*xWi + w.coef .T[2]*Fe + w.coef .T[3]%S1

print( "Nguoi nay cd chieu cao la %.0fcm" %Hi )

A.Prof. Tran Van Lang, PhD.
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TS chirc lai dir lieu huan luyeén

» Ching ta c6 thé to chirc lai dir liéu bang cich thay vi mang, ta dwa vao cac DataFrame - 13 ki€u div
liéu bang c6 trong gbi pandas (dé phan tich dir liéu)

e Vidu trén co thé viét

import pandas as pd

data_dictionary = {
"Weight": [42,46,50,54,55,56,60,64,65,66,67,68,69,70,71,72,72,73,74,75],
"Meat":[0.2,0.2,0.3,0.4,0.8,0.2,0.5,0.7,0.2,0.1,0.3,0.5,0.6,0.7,0.3,0.5,0.4,0.5,0.8,0.5],
"Sleep":[8,10,9,12,12,8,8,11,10,9,9,8,9,10,9,8,8,8,7,71,
"Height":[145,150,152,154,156,160,162,164,165,168,170,172,174,175,177,178,180,181,182,184],

}
df = pd.DataFrame( data_dictionary,columns= ["Weight",'Meat","Sleep","Height"] )

e Lwuy: can install thém gobi pandas nay
pandas

pandas is a fast, powerful, flexible and easy to use open source data analysis and manipulation tool,
built on top of the Python programming language.

A.Prof. Tran Van Lang, PhD. Install pandas now! 25



https://pandas.pydata.org

To Ch uc d u I Ieu e Mot Iwru y nira la: thong thwong N rat lon
(cacgiatri (X, y;), Vi = 1,N) va hay lwu

trir trong mot tap tin.

+ Khi d6 chuyén dit liéu vé dang ma tran X7 d& them * C1ang han tap tin 5V (Comma-Separated

s LA N Values).
cotcogiatrilal (Ia hé so cuawpy) | ,) o o
X = df[["Weight" "Meat" "Sleep"]] . K.hl d:o ta co tlle tao ra DataP:rame tw t?p
X["Ones"] = 1 | tin nay bang lénh sau thay vi tao ra mot
X = XL["Ones”, "Weight™, "Meat™, "Sleep™] DataFrame méi tir mot Dictionary nhw
y = df["Height"] -
ren:
 Tiép theo dung phwong thirc LinearRegression() df = pd.read_csv( "filename.csv" )

nhw trurérc, nhung lwu v 1a X & day dala X7 ,
| g. 4 | 4 o e Lwuy, de ghi DataFrame thanh file CSV,
w = linear_model.LinearRegression(fit_intercept=False)

w.Tit( X, y ) dung lénh
df.to _csv( "filename.cvs", index=False )
File: LinearRegress-linearPolynomial-sklearn-pandas.py File: height.csv

A.Prof. Tran Van Lang, PhD. 26



A=

Hol quy

da thd'c (Polynomial Regression)

e Ham xap xi trong trreong hop nay c6 dang mot da e Pé c6 chwong trinh, cling twong tw trén ching ta
thirc chi cAn dwa vao ma tran X dworc tinh nhw bén
QO(x,w) = Wo + WX T+ w2x2 + w3x3 + ...+ wKxK, canh.

V(,)II.XER . 9 2 J = 2 ~N s A M RN \ A Y
e (Gia s v(i bang so lieu ve chieu cao va can nang,
e Tai cac gia tri roi rac x;, ta co: \ N2 1A _ 2
Al tde gla tRTOTTAC 4 ham xap xila p(x, w) = wy + wix + wyx
K
P(x., W) = wy + 2 wixl, Vi=TN e Chuong trinh dworc viét
=1 N = len(x)
\ , o ) onesMat = np.ones( (1,N) )
 Twong tw nhu trwong hop trwdre, ta vietlai ma tran X X = np.concatenate((onesMat, x.T))
X = np.concatenate((X, X.T*x.T))
1 1 -1 w = linear_model.LinearRegression(fit_intercept=False)
Xl .X2 coe XN W.flt( X.T,y )
X=1. : : wd = w.coef .T[O.
: - T wl = w.coef_.T[1]
le sz XZI\§ w2 = w.coef_.T[2

File: PolynomialRegression-sklearn.py, PolynomialRegression-sklearn-pandas.py
A.Prof. Tran Van Lang, PhD. v PolynomialRegression-sklearn-pandas-csv.py voi dir lieu heightweight.csv 27



A =

oi quy da thuc

e Vi du: Tim ham xap xi dang

Tong quat hoa h

 Xét ham xap xi dang @(x, W) = Wy + wy sin x + w, cos x
p(w,x) = wy + w;g;(x) + Wzgz(x? + ...+ Wggk(X) . pg thwc nghiém, ta tao ra dir liéu ngau nhién
trong do gj(X), V] — 1,K la ham bat k}\’ import random

import pandas as pd

e Twr day ma tran tinh toan la def myrand(a,b):

o r = random. random()
1 1 1 return a + (b-a)xr
X — gl(xl) gl(XZ) gl(xN) x0 = np.linspace( -10,10 )
— : : . y@ = 1 + 2%np.sin(x@)-np.cos(x@)+myrand(-1,1)
o Cata — {"X":XQ,"Y":y@}
gK(xl) gK(xz) gK(xN) df = pd.DataFrame( data )
df.to_csv( "xy.csv")

e Poc dir liéu dé dwa vao DataFrame

df = pd.read_csv( "xy.csv" )
X = pd.DataFrame({"Ones":1,"Sin":np.sin(df["X"]),"Cos":np.cos(df["X"])})
y df [IIYII]

A.Prof. Tran Van Lang, PhD. X.head(), y.head()



Bai tap

1. Cho tap tin dir liéu dataset.csv bao gom 2 cot la
data va label. Hay tim ham xap xi dang

P, W) = wy+ wx + Wox? + W3x3, chang han
nhw hinh bén canh la mot két qua voi
WO — 3,W1 — O,W2 — = 3,W3 — 1

2. Viét chwong trinh tim ham xap xi dang
@(x, w) = wy + w; sIn x + w, cos x nhu trong
vi du truorc

3. Dung phwong phap binh phwong toi thieu dée
xay dwng thuat toan tim cac ham xap xi dang:
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o(x,a,b) = ae

@(x,a,b) = ax”
o(x,a,b) = ab”
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Pua ham xap xi dang tich thanh tong

e Gia str ham xap xi can tim Ia e Phuwong trinh dworc viét lai
_ b
@(x,a,b) = ae™ O(x,A,b) = A + bx
» Bang cach liy logarithm hai vé, ta + Hay
duoc

(D(x, W(), Wl) — WO + Wl.x
o VOi

W():A,Wl =b

Ingp(x,a,b) = In ae’™

= Ilna + Ine™

= Ina + bx
o Pit e Sau khi giai xong, suy ngworc tro lai voi

O =Inep(x,a,b),A=Ina §”=€(D

A.Prof. Tran Van Lang, PhD.

30



 Hoac v&i ham ¢(x, a, b) = ab*
e Ta co:
e V&i ham ¢(x, a, b) = ax” Inp(x,a,b) =Ina+ xInb

e Cach twong tu, ta co: = A + Bx

Inp(x,a,b) =In b1n ., A, ) D(x, Wn, W) = Wy + WX
P, a,b) @ Y« Pé&tinh toan, can thay cac data (%, wo, W) 0 1

DX =A+ bXX point x boi X e Trong doé
, W, Wi) = Wy + N ) .
,(. Vo W) = Wo ¥ Wy  Sau khi tinh xong cling quay ®=lIng
. qu) | trove g = e® wy = Ina
_ ln ’ w; =1Inb
wy = Ina
: e Cling twong tu, sau khi tinh xong
Wl — b o

cliing quay trové ¢ = ¢
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A=

Hoil quy Logistic (Logistic Regression)

e V&i cac dir liéu duw doan mang tinh xac suat (két qua € [0,1]), ngwoi ta str dung ham Sigmoid c6

dang (X, w) = ———— 5

 Trén co s& ham nay Ong David R. Cox (chuyén gia vé théng ké hoc) da phat trién mo hinh Logistic
Regression vao dau nhitng nam 1970 dé phan tich cac bién nhi phan.

* Ham nay ciing con c6 tén la ham Logistic, nén phwong phap hoi quy tim ham xap xi c6 dang nay
goi la phwong phap hoi quy Logistic

* Do két qua gia tri tra vé ciaa ham xap xi thuoc (0,1] nén nhirng (rng dung c6 nhan thudc khoang
nay dwoc str dung khi can du bao.

e Ngoai ra, do ham Sigmoid c6 ngwong ro rang nén thwong hay dwoc str dung dé phan 16p.
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% 06-16-2011 06:12 PM

- chucnv Mo hinh hoi qui logistic (Logistic Regression Model)
M I n h hoa a ~,)Tra 16i| & Lién hé
- BIS
Business Infeligence Mo hinh hoi qui logistic (Logistic Regression Model)
Solution
1. Gigi thiéu

Tham gia 12-05-2008 Muc tiéu cla hoi qui Logistic la nghién cifu moi tuong quan gitta mot (hay nhiéu) yéu t0 nguy cd (risk

Diém 10,155 factor) va ddi tugng phan tich (outcome). Chan han nhu ddi véi nghién clru mdi tudng quan giira thoi

quen hdt thudc 1d va nguy cd mac ung thu phdi thi yéu t8 nguy cd & day la thdi quen hdt thudc 14 va
d6i tudng phan tich & day la nguy cd mac ung thu phdi. Trong hoi qui logistic thi cac déi tugng nghién
/ = 7 7/ cltu thudng dudc thé hién qua cac bién s6 nhi phan (binary) nhu xdy ra/ khéng xdy ra ; chét/séng ;

o T Kkl h h e v ¢t ,
rO ng gOI S earn CO p Ll’o,ng t LIJC cd/khbng,... con cac yéu t6 nguy cd cb thé dugc thé hién qua cac bién sd lién tuc (tudi, huyét ap,...)

hodc cac bién nhi phan (gidi tinh) hay cac bién thir bac (thu nhap : Cao, trung binh, thap). Van dé dat

n ] u /7
LO g IStl CRe g reS SIO n Chlra tro ng ra cho nghién clfu dang nay la la sao dé udc tinh dd tuang quan clia cac yéu t& nguy cd va ddi tugng

phan tich. Cac phuong phap phan tich nhu hoi qui tuyén tich khéng ap dung dugc vi bién phu thudc

Sklearn_l]near_m()del g]ﬁp Chﬁng ta Sfl’ dung khéng phai 12 bi&n lién tuc ma I3 bién nhj phan. Nha thdng ké hoc David R. Cox d3 phat trién md

hinh ¢ tén Logistic Regression Model (1970s) dé phan tich cac bién nhi phan.

7
nhanh Ch()ng. Vi du : Bang diY liéu dudi day thu thap dé nghién cir méi tuang quan giira tinh trang phoi nhiém chat

doc gia cam (Agent Orange — AO) va ung thu tuyén tién liét.

Vi du: Trong hé thong BI (Bussiness
Intelligence) ngwoi ta hay c6 nhirng vi du vé viéc

nay e Nghién clru moi twong quan giira thoi quen hut

. o o thuoc 14 va nguy co mac ung thu phoi
e Chang han, quan hé gitra tinh trang phoi nhiém

chit déc da cam (Agent Orange — AO) va kha  Yéu t0 xay ra & day la nguy co mac ung thu phoi.
nang ung thw tuyén tién liét nhw & trang http:// « O day ta xét khi yéu td xay ra dwoc thé hién qua
bis.net.vn/forums/t/484.aspx cac bién so nhi phan c6 hay khong xay ra.
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https://scikit-learn.org/stable/modules/generated/sklearn.linear_model.LogisticRegression.html

Vi du

* Trong trrong hop tong quat hon, ta co6
thé xem xét yéu t6 xay ra duoc thé hién
qua thuodc tinh dinh lvong (nhw tuoi,
huyét ap, ...) hoac thudc tinh nhi phan
(nhw gigi tinh) hay thuoc tinh hang muc
(cao, trung binh, thap, ...) nhw kiéu thuc
hién trong diéu khién mo.

» Xét ty sO nguy co (0Odds Ratio - OR) day la
ty sO cua 2 gia tri cia mot bién nhi phan.

» Chang han, v&i bang nhw ¢ trang web trén

A.Prof. Tran Van Lang, PhD.

Ung thw (47) Poi chirng (144)
Phoi nhiém AO 11 17
Khéng phoi nhiem AO 36 127

e Kha nang (odd) mac ung thw trong nhém phoi
nhiém AO1a11/17 = 0.647

e Va trong nhom khong phoi nhiem AO 1a 36/127

=0.283

* SuyraOR=0.647/0.283=2.28

 Diéu nay cho thay nguy co mac ung thw tuyén
tién liét ciia nhirng nguoi tirng phoi nhiém AO

cao hon gap 2.28 1an so v&i nhitng ngwoi khong
bi phoi nhiem AO
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» Kha nang (mac ung thw) c6 gia tri thudc (0,1], nén
dung ham In() d€ biéu dién kha nang nay, khi do6
thay vi odd ta dung In(odd)

* Twr vi du minh hoa trén, ta co th\é? xdy dung * In(odd) phu thudc vao gia tri cia x qua mot ham so
cong thirc chung cita mo hinh hdi quilogistic  tuyén tinh dang a + bx, nghia I3 In(odd) = a + bx
nhu sau a+bx

, ? e Trday suyraodd = e
e Goi pla xac suat cua mot su kieén (chang han

A e N * Nhuw vay kha nang mac ung thw cia nhém bi phoi
s Kién mac ung thu tuyen tien liet).

nhiém 13 €4 cia nhém khéng bi 1a ¢*+?

_ Khi dé odd dwoc dinh nghia 13 odd = —- | et
1 —p » Khi do6 ty so nguy co OR = —=e
e
’ G(_).lxyeu to nguy co lax (la tinh trang phor e Thuc té ta khong thé biét 2 gia tri nay ma phai woc
nhieém AO) tinh qua bang so liéu.
* xco2giatrilaOva } (0: khong phoi nhiem e Trong bang trén tham s6 b wéc lwong 1a e = 2.28,
AQ, va 1 bi phoi nhiém AO) nén b = 0.824
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tong quat

MO hinh hoi quy

* M0 hinh hoi qui logistic tong quat véi K yéu td nguy co
X1, X5, - - . , X dworc dinh nghia qua ham xap xi
X w) e 1
W) = = \%
7 l+er 14+e4
X=WO+W1.X1+W2.X2+...+WKXK

e Pé hiéu ro hon, ta doan kha nang
(xac suat) tr vong do bénh tim cua
i nguwoi tren 50 tuoi.

e Trong trwong hop don gian ta st
dung 3 yéu to nguy co (risk factor)
e Nguwoi ta hay goi la tuoi (age), gidi tinh (sex) va nong

* wyla yéu to bi chan (intercept): c6 nghia la khi cac yéu to do cholesterol trong mau (blood

N aA 1A w1y \ holesterol level) dé dw doan nguy
. hi o OO -
nguy co (hay bien doc lap) x;, x,, . . ., Xg déu bang 0 thi co chét do bénh tim trong thoi gian
qD(Xa W) — W()

toi.
* CACWy, Wy, ..., Wrlacaché so hoi quy (regression
cofficient)
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» Cacbién doc lap (cac yéu to nguy co): x; : age (trén 50 tudi), x, : gioi tinh, 0: nam, 1: nit,
X5 : cholesterol level mmol/L (trén 5.0)
 Sau khi thu thap dit liéu va tinh toan cac tham so6 cho mo hinh (hé so chan, cac hé so hoi qui) gia

1
. Nhu vay kha nang tir vong la (X, w) = = VoI X = — S+ 2x; — 1x, + 1.2x;
o

e Trong mo hinh,

» Hé sb ctia yéu to nguy co x; (age) la +2.0, nghia la khi tudi tang sé lam tang nguy co chét vi bénh
tim (X tang 1én 2.0 sau moi ndm doi véi ngwoi trén 50 tudi).
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 Sau khi c6 két qua, dung mo hinh nay dé dw
doan nguy co chét vi bénh tim clila mot nguwoi
la: nam gi¢i, 50 tuoi va do dwoc nong do

» Hé so hoi qui cua yéu to nguy co gidi tinh x, Cholesterol trong mau 13 7.0 mmol /L

(sex) c6 dau am va c6 do 1on 1a 1.0 diéu nay co

nghia 1a nir gidi c6 nguy co chét vi bénh tim , Taco p(X,w) = I Vo

thap hon nam gidi (X gidm 1 néu gidi tinh 13 1 +e2

nir). X==-54+42X0B0-50)—-1x0+1.2%x(7.0-15.0)
» Hé so hoi qui cia yéu to nguy co x, * Nén X = — 2.6, tir ddy suy ra

(cholesterol level mmol/L) c6 dau dwong va c6 P(X, w) = 1 — 0.0691

do6 lon 1a 1.2 ¢6 nghia 1a viéc tang 1 mmol/L | + ¢—(2:6)

doi voi cac truong hop trén 5 mmol/L s€ lam ¢ Ta két luin dwoc 1a nguwdi nay kho c6 kha ning

tang nguy co chét vi bénh tim véi do 1o 1.2. tlr vong vi xac sudt chi xap xi 7%
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» D& viét chwong trinh tim ham xAp xi, noi cach khac 1a tim hé s6 chan (intercept) va cac hé so hoi
quy ta dung mot dataset gom 4 cot x 100 dong nhuw trong file riskofdeath.csv.

Cholesterol Level

mmol/L Risk of Death
50 0 5 1
85 0 5 1
60 1 5 A
79 0 . )
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import numpy as np
from sklearn import linear_model
import pandas as pd

df = pd.read_csv( "riskofdeath.csv" )

X
y

df[["Age (> 50)","Sex","Cholesterol Level mmol/L"]]
df ["Risk of Death"]

w = LogisticRegression()
W- flt( X y ) 2 2 ?
e Tw day co thé dung dé dw bao v&i nguoi co tuoi A, gidi tinh

wl = w.intercept [0] . o .

wl = w.coef_.T[0 S la 0 hoac 1, cholesterol 1a C
w2 = w.coef_.TL1. XX = wld + wlkA + w2xS + w3*C
w3 = w.coef_.TI[2. phi = 1.0/(1.0 + np.exp(=XX))

y_pred_proba = w.predict_proba( X ) _ L ,
y_pred = w.predict( X ) File: LogisticRegression-sklearn.py

A.Prof. Tran Van Lang, PhD.



Ph erng pha P pha n Idp Do ta khong c6 dir liéu dé kiém tra chwong trinh nén

‘ c6 thé viet mot doan chwong trinh nhé deé tao dir
e Cac phuwong phap hoi quy ngoai viec dung lidu nhw sau:

dée du bao két qua cua twong lai dL_r‘a trén NUM DATA = 1000
dataset da co va da gan nhan, i.e. gom ca df b pd. I])ataFrame( ) ( )
\ . , L rL X 1 0 df ["Sex"] = np.random.randint(2,size=NUM_DATA
X;vay,Vi=1,N,chungtacothédungdé ["Age (> 50)"] = np.random. randint (50,
phﬁn ](')'p size=NUM_DATA) + 50
9 df ["Cholesterol Level (=5 mmol/L)"] =
¢ Chéng han, vOi phLl’O’ng phép hoi quy np. random.uniform( 5,size=NUM_DATA) + 5
[osistic. do k&t Qua 1o d hi bha df ["Risk of Death"] = 1
g15UC, do KeEl qua 1ol rac dang ninl phan for i in range(NUM_DATA):
nén co thé df]_ng de phén l(’)’p_ if df.at[i,"Cholesterol Level (>5 mmol/L)"] > 7.5:
? df.at[i,"Risk of Death"] = 1
e Thuat toan cling khong thay doi, tuy nhién else:

w : \ A n 0 df.at[i,"Risk of Death"] = ©
trong dataset can chia thanh 2: mot phande . _ df[["Age (= 50)","Sex" "Cholesterol Level (5

huan luyén (training data) va phan con dé  mmol/L)","Risk of Death"]]

dung lam dir heu kiem tra (teSt data)' df.to_csv( "riskofdeath.csv",index=False)
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Dung Logistic Regression. g, i n.p di licu vio 2 DataFrame 13 X v
y tw tap tin CSV

df = pd.read_csv( "riskofdeath.csv" )
e Chwong trinh nay tao ra NUM_DATA c¢6 dang nhw X = dfL17Age (> 50)7, 75ext, “Choleterol Level

mmol/L"]]
sau dwoc lwu triv vao file mydataset.csv y = df["Risk of Death"]
e Tach dé danh 25% dung lam dir liéu kiém

4. head () tra sau d6 dung mo hinh hoi quy Logistic voi

dit liéu huan luyén:
Age (>50) Sex Choleterol Level mmol/L Risk of Death X_train, X_test, y_train, y_test =
model _selection.train_test split( X,y,test _siz
0 69 0 9 0 e=0.25, random_state=42 )

w = linear_model.LogisticRegression()

1 © 0 . v w.fit( X _train, y_train )

2 80 1 6 0

3 7 1 8 1 * Pé danh gia ve do chinh xac (Accuracy):
a4 65 1 v ’ y pred = w.predict( X _test )

print( "DP6 chinh xac la: ",
metrics.accuracy_score(y_test, y pred) )
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e Lwu y rang dir liéu kiém tra nhw cach ta lam & trén thwe chat do6 1a dix liéu kiém dinh (validation
test) dé xem xét tinh ding dan ctia mo hinh.

e Con dir liéu kiém tra (test data) chinh la dir liéu ctia twong lai ma ching ta can kiém chirng coi c6
ding voi thuce té xay ra hay khong. Dir liéu nay chwa c6 nhan (chwa c6 gia tri yi).
* Chung ta c6 thé tinh toan dé biét bo dir liéu kiém tra c6
e Xac suat ma dir liéu nay la t&r vong (gia tri 0) va xac suat ma ciing bo dir liéu nay khong tir vong
(gia tri 1) bang lénh:

print( w.predict_proba(X_test)[:,0] )
print( w.predict_proba(X_ test)[:,1] )
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Ve do chinh xac trong du doan

Number of Validation Data
250
Accuracy

\ . , 0.496
* Ngoai phwong thirc Confusion Matrix

accuracy_score(validation, prediction), con  [[31 96]
7 JaY . JAY nmp A Al [30 93]]

cO ma tran confusing (ma tran "boi roi")

thong qua phwong thirc

confusion_matrix( validation, prediction)

len(X_ test)
metrics.accuracy_score(y_test,y pred)
metrics.confusion_matrix(y_test,y pred)

e Ma tran nay coO y nghia nhw bén canh

Poan la khong Poan la co

Thwc té Khong

Thwec té co
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Thuwc té€ khong . o
(Negative) True Negative (31)  False Positive (96)

Thuwc té co

» V6i két qua trén cho thay: trong 250 treong hop (Positive)

False Negative (30) True Positive (93)
e Thuc té c6 123 trwong hop tir vong, nhwng hé thong chi doan ding 93
trueong hop, con 30 cho la khéong twr vong

e Thuc té c6 127 trwong hop la khéng tir vong, hé thong doan chi dung 31
treong hop, con lai cho rang tir vong 1a 96 trueomg hop.

o 1P
o Tir ma tran nay ta suy ra: Precision = TP + FP
e Precision: day la ty 1€ gitra duw doan tir vong dung so voi 93
tat ca cac treong hop dwoc doan la tir vong. N6i cach — 03 4+ 96 =49.2%
}{(hac,uco bao nhleufll_r doan la "positive” ma thuc suw 1a Nhu vay 49.2% trudmg hop du
true” trong thuc te doan tr vong la chinh xac.
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* Recall hay con goi la Sensitivity: chi trong nhirng trrong hop thuc té tir vong, thi bao nhiéu
trong so d6 duwoc dw doan dung. No6i cach khac, c6 bao nhiéu dw doan “positive” dung la do mo
hinh dwa ra.

I'P
Recall = —
TP+ N Thue te lfhong True Negative (31) | False Positive (96)
03 (Negative)
— = 75.6 % Thwc té co | N
03 4+ 3() (Positive) False Negative (30) True Positive (93)

e Nhuw vay, chi dw doan 93 truwong hop tir vong trong khi thwe té c6 toi 30493 = 123 treong hop
tir vong. Nén mo hinh c6 thé dv doan dwoc 75,6% so trivong hop tir vong trong thuec té.

A.Prof. Tran Van Lang, PhD.
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» Fi-score: Do kho giai thich trong triweong hop tong quat thi Precision quan trong hay Recall quan
trong, nén trong trieong hop nay ta co6 do do 14 — score, ma truong hop riéng do la £ — score
Precision X Recall

F.— score = (1 + *
p (L4 /7) B2 % Precision + Recall

* Néu coi trong Precision hon Recall, chon # < 1 (thong thwong la 0.5)

 Nguoclai chon f > 1 (thwongla 2)

75.6 X49.2
. Voitrwong hop trén, tacod F; — score = 2 = 59.6 %
75.6 +49.2

A.Prof. Tran Van Lang, PhD.
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* Accuracy: cho biét trong tat ca cac dw doan, ty 1é du doan dung la bao nhiéu. Néu dataset 1a can
doi (so trueong hop tlr vong va khong tir vong 1a ngang nhau), khi do6 chi can dung Accuracy
TP+ TN

TP+ TN+ FP+ FN
* Trong trwong hop voi két qua trén,

Accuracy =
File: LogisticRegression-sklearn-classification.py

A - 31 +93 — 49 6 Y% from sklearn import metrics
CCuracy = 31 +93 496+ 30 0 metrics.precision_score(y_test,y_pred)
metrics.recall_score(y_test,y pred)

metrics.fl _score(y_test,y pred)
metrics.accuracy_score(y_test,y pred)
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Ngoai sai so khi du doan, con co

e Sai s0 toan phwong trung binh (Mean Squared Error

* Trong scikit-learn c6 ca phwong thirc tinh - MSE)
sai sO nhw sau c6 trong 16)p metrics cia goi ] < ,
sklearn MSE = N Z Ypred = Yiest]

1=0

° . ~N \ A A N =
Sai s0 binh quan tuyet doi (Mean metrics.mean_squared_error(y_pred,y_test)

Absolute Error - MAE)

MAE = — zN' | |
— Ypred — Ytest 1 N
N = RMSE = RMSD = \N > Vpred = Viesil”
i=1

metrics.mean_absolute _error(y _pred,y_test)

 Sai s0 chuan hay sai s0 quan phwong (Root MSE)

numpy.sqrt(metrics.mean_squared_error(y pred,y_test))
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Panh gia mo hinh

» Overfitting chi hién twong mo hinh dat két qua rat tot trén tip dit liéu huan luyén nhwng lai kém
trén tap dir liéu kiém tra.

» Underfitting: thuat toan dat két qua xau trén ca tap huan luyén va tap kiém tra.

* Pé danh gia mo hinh, chiing ta c6 thé can cir theo cac tiéu chi sau trén tap huan luyén (training

data), tap kiém tra (test data) va tip kiém chirng (unseen data, hay validation data) v&i ham sai so
la E.

e & . nho k., E ;. nho:Good Fitting: chon moé hinh nay
e & . nho E ., E ;. lon: Overfitting: nén hiéu chinh
o & . lon Lk, ., E ;... 10n: Underfitting: loai bo
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Machine Learning vaoi TensorFlow

* Nhirng phwong phap hoi quy néu trén la nhirng cach thirc co ban da co6 trong Toan hoc ttr 1au.

 Vé sau nay, nhirng phwong phap cia Toan hoc, dac biét la Phwong phap tinh (Computational
Mathematics) ciing nhw Toan hoc tinh toan (Numerical Analysis) da dwoc van dung vao trong
Machine Learning kha nhiéu.

* TensorFlow la mot cong nghé str dung triét dé nhirng van dé c6 trong cac linh vuc ké trén nhw
vector, ma tran, dao ham so, toan roi rac, ly thuyét do thi, toi wu roi rac, ...
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V‘é Te nso I‘F I OWwW Why TensorFlow

TensorFlow is an end-to-end open source platform for machine learning. It has a
comprehensive, flexible ecosystem of tools, libraries and community resources that lets
researchers push the state-of-the-art in ML and developers easily build and deploy ML

powered applications.

e TensorFlow cua Google la cong cu giup tao rng dung vé thong minh nhan tao - Al (Artifical
Intelligence)

e TensorFlow la thw vién phan mém nguén m¢ veé tinh toan so hiéu nang cao (high performance
numerical computation) thwc hién trén cac loai may tinh hién nay (desktop, cluster, mobile)

1F TensorFlow = Instal Learn~  API~v  Resources ¥  Community  Why TensorFlow v Q, Search English ~ GitHub 0

e Tensor la khai niém m¢ rong matrix trong toan hoc.

* Trong tin hoc la mang nhiéu chiéu A P 1 4. &

* Trwong hop 0 chiéu la scalar (v6 huwdng), learning platform el BN

7
NR  w s G || Tensorflo W For JavaScript For Mobile & loT For Production
e 1 chieu la vector (véct A
C 1 e u a e C O r e C O’ ) e core open source library to help you develop and train ML models. Get ./
started quickly by running Colab notebooks directl y in your browser ;

e 2 chiéu la matrix (ma tran), (Ccomnsarin i % - Q}

e va n-chiéu la tensor
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https://www.tensorflow.org/
https://www.tensorflow.org/

* Trong ML, viéc tim ra ham hay model thé hién moi quan hé giira tap nguon va tap dich la nhiém
vu chinh.

* TensorFlow la cong cu dé hién thwc ML, nén da dwa ra khai niém Flow nhw la do thi luéng dir liéu
(data flow graphs)

* D6 chinh la luong dir liéu gitra cac Tensor

e Chinh vi vay, trong TensorFlow c6 2 khai niém co ban d6 1a Node va TensorNode: 1a cho lam thay
doi dir liéu trong luong dir liéu.
e Nén node la cac phép toan, cic hang gia tri, cac bién. Why TensorFlow

e P6 chinhla dlém giao Cét tI'OIlg Graph (dﬁ thl) Whether you're an expert or a beginner, TensorFlow

Is an end-to-end platform that makes it easy for you

to build and deploy ML models.
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Vi du don gian
File: Example-tensorflow.py
 Tensor: do chinh la loai dir liéu.

o O goc dd Graph, Tensor nam trén canh
(Edge) cua do thi con Node la nut cua
do thi do.

e Tensor co 3 thuoc tinh co ban
la rank, shape va type:

 rank: 0 la Scalar, 1 la vector;, 2 la
matrix, 3 la 3D-array, ...

e shape: la hinh dang, hay kich thwérc
cua Tensor

o type: kiéu dir liéu ctia cac phan tir
trong Tensor

A.Prof. Tran Van Lang, PhD.

e Ta thtr lam vi du don gian dé la xuat ra mot dong

chir thong qua TensorFlow

import tensorflow.compat.vl as tf
tf.disable v2 behavior()

sess = tf.Session()
xinchao = tf.constant("Xin chao cac ban 16p KTM19B")
print( sess.run(xinchao).decode("utf-8") )

* Do dung TensorFlow nén can phai thong qua mot

Worker cua no.

e Ngoaira, do dung chir 16 bit nén phai decode chir

8 bit

import tensorflow.compat.vl as tf
tf.disable v2 behavior()

sess = tf.Session()

xinchao = tf.constant( "Xin chao cac em lép KTM19B" )
print( sess.run(xinchao).decode("utf-8") )

Xin chao cac em 1ép KTM19B
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Graph va Session

* Trong TensorFlow c6 2 nhiém vu rach roi, do la:
 Dinh nghia: nham xay dwng do thi (Graph)
* Thuwec thi cac tinh todn: dung Session dé thwec thi

* Hoac dé thuc hién phép toan cong 2 sd nguyén, triuedc hét can phai dinh nghia mot do thi gom 3
nut:

 Bien a L
, L 1mport tensorflow as tf
e Biénb e a = tf.Variable(2, name = "a")
) ) A | b = tf.Variable(3, name = "b")
 Phép toan cong [ J ( b b x = tf.add(a,b, name = "Cong" )
d
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 Sau do6 thwc thi bang mot phién Session

e Lwu y: ngoai trir cic hang gi tri, cac bidn phai dwoc khéi tao gid tri méi dung dwoc bang hanh vi
initializer()

. , o e import tensorflow as tf
e Thay vi sess.run(), co thé vieét:

a = tf.Variable(2, name = "a")
b = tf.Variable(3, name = "b")
. _ x = tf.add(a,b, name = "Cong" )
with tf.Session() as sess:
a.initializer.run() sess = tf.Session|()
b.initializer.run() sess.run(a.initializer)
print( "Két qua: ", x.eval() ) sess.run(b.initializer)

print( "Két qua: ", sess.run(x))
sess.close()

A.Prof. Tran Van Lang, PhD.
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Mot vi du don gian khac
 Can suy ra tuodi khi bi€t nam sinh, khai bao
nhirng gi can thiét khi str dung TensorFlow 2« Nhw vay, khi str dung TensorFlow ta phai khéi

import tensorflow.compat.vl as tf tao Graph trudc khi dwa gia tri cua cac dinh (la
tf.disable v2 behavior() , \ 2, 3
cac tensor) vao trong Graph. O’ day
* Khai bao cac bién de dung * Pinh(node) Iwu bién, phép tinh toan

from datetime import date s J 1= A " A
P e Canh (edge) la dix lieu truyén bén trong

birthy = int( input('Nam sinh: ") ) Graph.

y = tf.Variable( birthy,name="NamSinh") ?

curry = date.today().year e Chang han, lenh:

c = tf.Variable( curry,name="NamHienTai" ) . . , , y

a = tf.add( c,-y, name="PhepToan" ) tf.Fonstant( Xl? chao cac em lqp KTT}9B )

e Goi phwong thirc constant() cua doi twong tf

e Thwc hién dé xuat két qua dé tao ra mot doi twong tf.Operation (la mot

sess = tf.Session() thao tac) va thém né vao Graph, roi tra vé mot

sess.run( y.initializer )
sess.run( c.initializer )

print( "Tu6i 1a: ", sess.run(a) )

doi twong tf.Tensor c6 gia tri "Xin chao cac..."
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* Hodc nhw v&i bién véi phép toadn, khéi tao Graph bang cac 1énh:

y = tf.Variable( birthy, name="NamSinh")
c = tf.Variable( curry,name="NamHienTai" )
a = tf.add( c,-y, name="PhepToan" )

e Lwu y rang, TensorFlow khong phai ra
e Sau dé lai chuan bi doi nham dé giai quyét nhirng cong viéc

init = tf.initialize_all variables() qua cac vi du tren.

# Hoac cho tdt cd céc bién trong toan bé chuong trinh

° \ ? N n? \
init = tf.global_variables_initializer() Ma Tensorklow chu y€u d€ dung trong

# Hodc viéc xay dung cac rng dung co tinh tri
init y = y.1initializer tué (hﬁc)
init ¢ = c.1nltializer ' '

* Pé tir d6 ma&i thuece thi e Clng lwu y thém, da co TensorFlow
sess = tf.Session() version 2; trong dé c6 nhiéu thay doi;
sess.run( init ) chung ta sé lam quen trong cac phan

print( "Tu6i 1a: ", sess.run(a) )
Sadu.

A.Prof. Tran Van Lang, PhD.
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SA =

Ung dung trong héi quy tuyén tinh

* Trong phan trudec ta sir dung phwong phap hoi quy tuyén tinh ¢ Gia st ching ta can tim ra mot

nham tim ra ham xap xi thong qua viéc tinh todn trén model (mot quy tac) twong &ng
dataset dé tir A6 tim ra cac hé s6 wy, wi, w,, . . ., Wy~ gitra

e Tuy nhién, ching ta ciing c6 thé tiép can theo nghia quan sat  * Tap nguon {0,1,2,3,4}

cac dir liéu co trong dataset dé tir do6 rut ra cac hé so nay. e Vatip dich {1,3,5,7,9}

e TensorFlow gll,lp ta hinh thanh mo hinh theo 161 SUy nghT nf\ly o Quan Sét, ro réng ta co thé rut ra
import matplotlib.pyplot as plt quy téC d(’) léy — 2x _|_ 1 Trong d(’)
et AR e X 1a phan tr thudc tap nguon, y 1a
plt.show() phan tw thuoc tap dich

: s * Néu xem xét tirng toa do trong mat

7 g phang (x,y), d6 1a cac diém c6 toa

‘: // do (0,1), (1,3), (2,5), (3,7), (4,9)
A.Prof. Tran Van Lang, PhD. & // 59




Quan sat tu nguci + V6 dataset

[0,1,2,3,4]
[1,3,5,7,9]

e Khéitao Graph dé lwu trit voi wy = 1,w, = 2
va thao tac la ham ¢(x, w)

X_train
y_train

* Dung TensorFlow dé kiém chirng lai coi c6

a = 2
dang la wy = 1,w; = 2 trong trwong hop ham b = 1
N7 1a - wd = tf.Variable( [b], dtype=tf.float32 )
Xap Xl la C”(xa W) — Wy + WA wl = tf.Variable( [a], dtype=tf.float32 )
e Ta bi&t cin phai 20 T x = tf.placeholder( tf.float32 )
a biet can phal cuc tieu ham y = tf.placeholder( tf.float32 )
N phi = w@ + wlxX
L(W) — Z [yl- — go(xl-, w)]2 L = tf.reduce_sum( tf.square(y-phi) )
1 * Tinh toan

; , , , . A \ - sess = tf.Session()
* Vo1 quan sat chinh xac nhw trén thi khi tinh sess.run( tf.global variables_initializer() )

todn v&i wo = 1, wi = 2, L(w) phai bang 0. Lwowl = sess.run(L,{x:X_train,y:y_train})
 Xuat

print( LwOwl ) # Xudt két qua la 0.0

A.Prof. Tran Van Lang, PhD. ] ] ]
File: LinearRegression-tensortlow.py
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ben luct may

* Nhu ta biét, trong trieong hop tong quat cia phwong phap hoi quy tuyén tinh thi tap dich va tap
nguon cé quan hé v&i nhau dang ma tran (X, w) = w, + w!X, trong do
T
w=[w,Wwy,...,wel, X' = [X{,%,...,X¢]
 Van dé la phai lam sao huan luyén may cach "suy nghi" dé sai so trung binh phwong L(w) dat cuc
tieu, tir d6 tim ra dworc cac hé sd6 wy, wy, Wy, . .., Wi cia ham @(X, w)
o Xét trwong hop ham xap xi chi c6 1 tham s6 va x, khi d6 ¢(x, w) = wy + wx
» Gia sirban dau cho wy = 1,w; = 1, roi thir dan dan voi diéu kién §_¢ tién dén 0, tr do tim ra
W
W, Wy lam cho L(w) la nho nhat.

A.Prof. Tran Van Lang, PhD.
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» Ciing nhu trén, dwa vao dataset, roi sau d6 taomot  © Sau khi chuan bi graph xong, khéi dong
graph v&i cac bién, cac thao tac twong ng gia tri ban dau cho tat ca cac bién

X_train =[1.45,1.50,1.52,1.54,1.56,1.60,1.62,1.64,1.65, 1init = tf.global_variables_initializer()
1.68,1.70,1.72,1.74,1.75,1.77,1.78,1.80,1.81,1.82,1.84]

y train =[42,46,50,54,54,56,60,64,65,66,67,68, o Dflng worker thﬁng qua Session cua
69,70,71,72, 72,73,74,75] ~ R
TensorFlow de thwc hien
wd = tf.Variable([1.], dtype=tf.float32) sess = tf.Session()
wl = tf Varlab e([l-]; dtype=tf.f10at32) Sesslrun(init)
x = tf.placeholder(tf.float32)
1 Liiptacelo dertit- Tloatsz) « (y day véi NUM_ITER 1a s6 Ian Lip
L = tf.reduce_sum( tf.square(y - phi) ) NUM ITER = 1000
 Dung phwong thirc GradientDescentOptimizer() de for 1 in range(NUM_ITER): |
tinh dao ham, sau dé tim gia tri nhé nhat ctia dao ham sess.run( opt, {x:X_train, y:y_trainj )
: ) 5 : : LwOwl, w@p, wlp = sess.run( [L,w@,wl],{x:
nay X_train, y:y train} )
_ | | o y_pred = wlp + wlp*xX_train
deriv = tf.train.GradientDescentOptimizer(0.01)
opt = deriv.minimize(L)
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» Xuat ra sai so trung binh binh phwong

from sklearn import metrics
print("Sai sO6 trung binh phuong (MSE): %.5f" % (metrics.mean_squared_error(y_train,y _pred)))

Ham xap xi @(x, w) = wg + WX

751 @ Dirliéu huan luyén ° ®
_ _ _ —— K&t qua 10 lan lap o o
File: LinearRegression-tensorflow-1D.py 20 1 —— K&t qua 100 1an 13p s "

—— KEt qua 1000 lan lap
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* Twong tw nhw vay, ta c6 thé hién thuc
voi TensorFlow vé nhirng mo hinh c6
nhiéu loai dit liéu dau vao hon.

e Chang han, c6 X = [x;, X, X3], tim
PX, W) = Wy + WX + WrXy + WXz

e Tim w dé

|
= — — X W) —>
L(w) v i=§1' [y; — (X w)]” = 0

A.Prof. Tran Van Lang, PhD.

?

@)

e Mot
tf.placeholder(tf.float32, name="X")
tf.placeholder(tf.float32, name="Y")
tf.Variable(tf.zeros([3, 1]), name="W")

wd = tf.Variable(tf.zeros([1]), name="b")

phi = tf.add( tf.matmul(X,w),w0 )

L = tf.reduce_mean( tf.square(y - phi) )

deriv = tf.train.GradientDescentOptimizer(0.001)
opt = deriv.minimize(L)

X_train,y_train = createDataset( LEN_DATASET )

Thuc thi

sess = tf.Session()
sess.run(tf.global variables_initializer())

X
y
W

for i in range(NUM_ITER):
sess.run( opt, {X:X_ train,y:y_train} )
Lw,Wp,w@p = sess.run( [L,w,w@],{X:X _train,y:y_train} )

y_pred =

sess.run( tf.add(tf.matmul(tf.cast(X train,tf.float32),W
p),wop) )
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o Xuat két qua sai so

print("Root MSE: ",metrics.mean_absolute_error(y_pred,y_train))
print("MAE: ",np.sqrt(metrics.mean_squared_error(y_pred,y_train)))

e Vé hinh

1t. legend()
Lt.show()

O O C 0O

File: LinearRegression-tensorflow-3D.py

A.Prof. Tran Van Lang, PhD.

plt.title("P6 thi theo " + r"$x_2%")
lt.plot(X_train[:,11,y_train, 'bo', label="Dit 1iéu hudn Lluyén"')
lt.plot(X_train[:,1],y _pred, 'rx',6 label="K&t qud du doan" )
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tf.Variable(1.)
tf.Variable(1.)

TensorFlow ver. 2 »

wl

def manytimes( iter ):

* Moi thir khong rwom ra nhw for  in range(iter):

TensorFlow ver. 1 with tf.GradientTape() as tape:
y cal = phi( X_train )
e Chung ta quay tro lai voi vi du ban L = tf.reduce_mean( tf.square(y_cal - y_train) )
50 va hbi £n tinh. ch grads = tape.gradient(L, [w@,wl] )
au ve hol quy tuyen tinh, chwrong w0.assign_sub( grads[@]*ERROR ) # w@ —= grads[0]*ERROR
trinh dwoc viét lai nhu sau: wl.assign_sub( grads[1]1*ERROR ) # wl —=

| return phi(X_train)
import tensorflow as tf

import numpy as np y_predl = manytimes( 10 )
import matplotlib.pyplot as plt y_pred2 = manytimes( 100 )
y_pred3 = manytimes( 1000 )
ERROR = 0.01
plt.figure( figsize=(10,6))
def phi(x): plt.title( "Ham xdp xi " + r"$\varphi(X,w) = w_0+w_1x3$" )
return w@ + wlxx plt.scatter( X train, y_train, label="Dataset" )
X_train = [...] # Nhu vi du trudc plt.plot( X train, y predl, 'r', label="10 lan 1ap" )
y_train = [...] plt.plot( X_train, y_pred2, 'g',6 label="100 lan 1ap" )
plt.plot( X _train, y_pred3, 'b',6 label="1000 lan 1ap" )
plt.legend()
plt.show()

A.Prof. Tran Van Lang, PhD. ] ] ]
File: LinearRegression-tensorflowver2-1D.py



Mot vi du khac, gia stir ta muon xap xi dwéi dang da thirc bac 7

_ 2 3 4 5 6 ]
PX, W) = Wy + WX + WX + Wax™ + Wyx™ + WsX” + WeX® + Wax
Ham xap xi @(X, w) =wp + wix + wax? + wax> + wax® + wsx® + wex® + wox’
~— 10 lan lap &
Ham xap xi (X, w) = wp + wix 3% - 100 1n Iap
e== 105N e o * — 1000 lan lap
- 100 lan lap o o ® Dat ¢
| — 1000 1an 13p s 30 {| @ Ueatasc
® Dataset ks .
. ° & /
@ 25 )
//0
& 20 o
? £
£
15 -
@»
b 10
5 -
145 150 155 160 165 170 175 180 185 "
&
—5 T T T T T T T T T
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e V&i cac thw vién nhuw trén, tao dataset ngan
nhien voi kich thuwéc la NUM_DATASET

ERROR = 0.01

NUM_DATASET = 100
LEVEL = 8

coeffs = []
for i in range(LEVEL):
coeffs.append(i+1)

X_train = np.linspace( -1,1,NUM_DATASET )
y _train = 0

for i in range(LEVEL):

y_train += coeffs[i] * np.power( X train,i )
y_train += np.random.random(NUM_DATASET) x4

A.Prof. Tran Van Lang, PhD.

e Cichésow, = 1,Vi =1,LEVEL

w = tf.Variable( [1.]*LEVEL )
def phi(x):
y = 0
for i in range(LEVEL):
y += wl[i]*xpow(x, i)
return y

e Huan luyén dé c6 mo hinh

def manytimes(iter):
for _ in range(iter):
with tf.GradientTape() as tape:
y_cal = phi( X_train )

L = tf.reduce_mean( tf.square(y_cal -
y_train) )

grads = tape.gradient( L,w )
w.assign_sub( grads*ERROR )
return phi( X_train )
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Ham xap xi @(X, w) =wp + wix + wax? + wax> + w® + wsx® + wex® + wax’

- 10 lan lap °
e N e 100 lan lap
- 1000 lan lap

® Dataset

File: PolynomialRegression-tensorflowver2.py °

20 -

* Tinh to4n sau do6 hién thi két qua nhw hinh & trwéc -

y_predl = manytimes( 10 ) ;.-
y _pred2 = manytimes( 100 ) N
y_pred3 = manytimes( 1000 ) Fé

~1.00 -0.75 ~0.50 025 0.00 0.25 0.50 0.75 100
. figure( figsize=(10,6))
Ltitle( "Ham xdp xi " + r"$\varphi(X,w) = w_0+w_1x+w_2X"2+w_3X"3+w_4x™4+w_5x"5+w_6Xx"6+w_7x~7$" )
.scatter( X _train, y_train, label="Dataset" )
.plot( X train, y _predl, 'r',6 label="10 lan 1ap" )
.plot( X train, y pred2, 'g', label="100 lan lap" )
.plot( X _train, y pred3, 'b', label="1000 lan lap" )

. Legend()
. show()

TOT T T T O T O
~+ ~+ + + + +
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Mot vi du nira

» Ham xap xi c6 dang p(X, w) = wy + wx; + wHx,

Do dé thuan lgi trong viéc cai dat chwong trinh, nén dat x, = 1, khi dé
p(X, w) = wyxy + w;X; + W,x,Vi vay can bo sung thém cot thir nhat cé gia trila 1 vao X_train
ERROR = 0.01
X _train = np.array(I[[2.167,7.0], [3.1,6.0], ... ,[10.791,9.0]])

y_trailn [1.7, 2.76, 2.09, 3.19, 1.694, 1.573, 3.366, 2.596, 2.53, 1.221, 2.827, 3.465, 1.65,
2.904, 2.42, 2.94, 1.3]

N = len(X_train)

onesMat = np.ones( (1,N) )

X = np.concatenate((onesMat, X _train.T), axis = 0)
X_train = X.T

A.Prof. Tran Van Lang, PhD.



e CAc phan con lai gia sttban dauw, = 1.w; = 2,w, = 3
p Al 8 0 1 2

w = tf.variable( [1.0,2.0,3.0] ) * Tinh toan thu 3 lan

2 AAG TN A A redl = manytimes

* X 0 ddy lamot ma tran z_gredZ = manztimes(
def phi(x): y_pred3 = manytimes (

return wl@]lxx[:,0] + wlllxx[:,1] + w[2]%x[:,2]

def manytimes(iter):
for _ in range(iter):
with tf.GradientTape() as tape:
y cal = phi( x_train )
L = tf.reduce_mean( tf.square(y_cal - y train) )
grads = tape.gradient( L,w )
w.assign_sub( grads*ERROR )
return phi( x_train )

A.Prof. Tran Van Lang, PhD.
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» Xuat ra dang do thi deé coi

plt.figure( figsize=(10,6))

plt.title( "Ham xdp xi " + r"$\varphi(X,w)
w_0+w_1x 1+w 2x 2%$" )

XX = x_train[:,1]

plt.scatter( XX, y_train, label="Dataset" )
plt.plot( XX, y_predl, "red", label="10 lan 1ap" )
plt.plot( XX, y _pred2, "green", label="20 lan 1ap"
plt.plot( XX, y_pred3, "blue", label="100 lan 1ap"
plt. legend()

plt.show()

25 A

20 A

15 -

10 +

Ham xap xi @(X, w) = wp + WiX1 + WaXs

— 10 lan lap
— 20 lan lap

—— 100 lan lap

@ Dataset

File: LinearRegression-tensorflowver2-2D.py
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file:///Users/lang/Documents/Works/Training/Computational%20Intelligence/Lecture/examples/LinearRegression-tensorflowver2-2D.py
http://www.apple.com

Ham xap xi @(x, w) = wo + WXy + WaX> —— 10lan lap

e Thwc ra phai & dang do thi 3 chiéu — 2y
an lap
plt.figure( figsize=(10,6) ) « Dataset
ax = plt.axes( projection='3d"' ) T 25

ax.set_title( "Ham xdp xi " + r"$\varphi(x,w) =

w_0+w _1x 1+w 2x _2%$" ) -‘ZO.Q
ax.set _xlabel( "Truc " + r"$x_2%$" ) | + 15 i
ax.set_ylabel( "Truc " + r"$x_1%$" ) | _ &

ax.set_zlabel( r"$\varphi(x,w)$" )

X0 = x_train[:, 0] + s
X1 = x_train[:,1] —_ i
ax.plot(X1,X0,y predl,c='r',marker='+", label="10 -
Lan 1ap") Ho

ax.plot(X1,X0,y pred2,c='qg', label="20 lan 1ap")

ax.plot(X1,X0,y pred3,c='b', label="100 lan lap")
ax.scatter(X1,X0,y_train,color="black',marker="x True y, 8 = 0.96
, Label="Dataset")

ax. legend()

plt.show()

2
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Bai tap

e Trén Kaggle tai https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/
download c6 tap tin covid_19_data.csv chira nhiéu thong tin lién quan dén Wuhan Coronavirus,
hay rattrich vé mot quoc gia nao dé chira thong tin sau day theo tirng ngay ma c6 so liéu:

e Viét chwong trinh dw bao vé sé ngwoi bi nhiém, ngwoi tir vong va da Am tinh

Confirmed Deaths Recovered
532 6 338
500 O 400
300 1 200
400 4 285
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