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NGi dung mon hoc
@ [Tong quan vé& hoc méyl
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KHOA TOAN, DAI HOC KHOA HOC HUE

Chuwang 1. Tong quan vé hoc may
@ Khai niém hoc may
® Kién tric hoc may
© Dir liéu trong hoc may
® Phan loai cac mo hinh hoc may
@ Van dé qua khdp, chua khép
® Ung dung cia hoc may

Artificial Intelligence

Machine Learning

Supervised | Unsupervised
ﬂ T

TS. Nguyén Hoang Son — [IOCMAY
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KHOA TOAN, DAI HOC KHOA HOC HU

Khai niém hoc may: Dinh nghia
® Hoc may (Machine Learning): 1 nhanh cda TTNT (Al)
gitp MT hoc tu dong tir DL ma khong can |4p trinh
mot cach tudng minh.

Outputs
Rules
P P (Tracitional Programming) Made predictions
Training / Learning: . J fict
) )
X
: @D — - Cigm
Machine Rules o
Outputs Learning ‘ (" Machine Learning )
Algorithm s & e e
F - HAM)
55 ) ML Model ) [G20)
o You need HAR
Model Prediction:
. Outputs
Machine P
Learning Model -

(Rules)

n— EocVAY
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KHOA TOAN, DAI HOC KHOA HOC HUE

Khai niém hoc may: Muc tieu.

® Tao ra cic MH, TT c¢6 kha nang
@® Hoc tr DL (DLHL):
® Tim ra (4n) cac mau, xu huéng, quy ludt (MHHM).
® Du doan, phéan loai DL (méi):
® MHHM = DD hoac PL.
© Tinh chinh, cai thién hiéu suat:
e Diéu chinh cac tham s6 cia MHHM dé cai thién hiéu
suat.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HU

Khai niém hoc may: Vi du: mét sé img dung HM

A N A A~ S A~~~

SMS Spam Detection

\/ Machine Learning
Model

CHAT BOT

< o B
\\~ g L
Viewed = >J ’ jan

Recommended - « «
STRATO ml
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KHOA

Khai niém hoc may: Méi quan hé - (1)

Atrtificial Intelligence
Artificial means creating smart
Machine Learning is a ezl machines to m.imic
subset of Al, and builds a human behavior
model based on training
data to make predictions

Machine
Learning

Deep learning is a

5 subset of ML,a class of ML
Science algorithms to solve
complex problems.

Data Science

is an area of statistics,
scientific methods, etc.
to extract meaning and
insights from data.

HM véi TTNT, KHDL

TS. Nguyén Hoang Son —
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Machine
Learning

Data
Traditional Analysis

Software

HM véi Toan hoc, KHMT
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-~

ién tric hoc may

Huin l;lyén mo hinh

> DLHL Thuit toan hoc
Dik liéu
(sau khi tien xir 1y) Kiém tra va danh gia
"
M3 hinh
- DLKT
. . (MHDBD, MHPL)
Tién xit 1§ DL Chia
Duw doan hoac phin loai

ML Architecture
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DU’ LIEU CO CAU TRUC

Can be displayed
in rows, columns and
relational databases

Numbers, dates
and strings

Estimated 20% of
enterprise data (Gartner)

Requires less storage

Easier to manage
and protect with

Tnrnnes malidianne
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Cannot be displayed
in rows, columns and
relational databases

Images, audio, video,
word processing files,
e-mails, spreadsheets

Estimated 80% of
enterprise data (Gartner,

)

Requires more storage

More difficult to
manage and protect
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KHOA TOAN, DAI HOC KHOA HOC HU

Phan loai cac MHHM

e HM thuong dugc chia thanh cac nhanh:
® HM c6 dién
@ Hoc c6 giam sat (Supervised learning)
@® Hoc khéng giam sat (Unsupervised learning)
® Hoc tang cudng (Reinforcement learning)
© Hoc két hgp (Ensemble learning)
O Mang Neural va hoc sau (Deep learning)

THE MAIN TYPES OF MACHINE LEARNING

simple data When quality is \Compl-cated data
Clear features a real problem Unclear features
Belief in a miracle
ENSEMBLES
CLASSICAL
ML
No data, NEURAL NETWORKS
abut :Vﬁ h:\vax AND
to :tamnct i/-th DEEP LEARNING
REINFORCEMENT
LEARNING
TS. Nguyén —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan loai cac MHHM: HCGS-Dinh nghia

® DLHL c6 nhan, D= {(x1,y1),---,(Xn,¥n)}, MH hoc
(tim) tr D ra ham

f: X—Y

® sao cho f(x;) ~ y; (nhat c6 thé) = né c6 thé DD chinh
x4c nhan cho nhitng diém DL méi chua tirng nhin thiy.
>
® X=1{x1,...,x,}: diém DL d4u vao, v6i x; € R% véc-to
dac trung
® Y={y1,...,ya}: nhdn (dau ra) tuong (ing

TS. Nguyén Hoang Son —
Slide 13/234




KHOA TOAN, DAI HOC KHOA HOC HUE

Phan loai cac MHHM: HCGS-Cac bai toan

@ Bai toan phan loai (Classification):
yi € {Cl,...,Ck}

< Yla tap hitu han céac 16p (rdgi rac).
® Bai toan hoi quy (Regression):

yie R

< Y |a tap céc gia tri thuc lién tuc.

TS. Nguyén Hoang Son —
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Phan loai cac MHHM: HCGS-Vi du

@® Bai toan phan loai email:

INBOX
[ ggg
CLASSIFIER
SPAM FOLDER
e

® Bai toan DD gia nha:

Machine Learning Project - &

5
Housing Prices Prediction g fe
H &
On the basis of: 3 59
- L[]

number of

reoms
@ Historic Data

i =

House Size (m)

TS. Nguyén Hoang Son —
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KHOA TOAN,

Phan loai cac MHHM: Hce

S-:HMM va t

On
=
pi=

=

o
SQN

N

® Qua trinh HCGS thudng lién quan dén viéc tdi uu héa 1
ham méat mat £ (Loss function).

® L(f(x),y): do su sai khac giita gia tri DD cia MH
y = f(x) va nhan thuc té y.

Loss functions

(Mean squared error)

yi - .'7.[

Prediction error

}

True values

1 & 2
= ;Z[yi_ﬁi]
A RN

Predicted values
Number of training

examples

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan loai cac MHHM: Hcgs-Cac TT

Types of Supervised Learning Problems

Machinm
[ o |
Ensemblz Methads l

TS. Nguyén Hoang Son — [IOCMAY
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Phan loai cac MHHM: HKGS-binh nghia

® DLHL khéng cé nhan, MH phai tu khdm phé ciu triic
4n trong DL.

o ~
® DL X={x1,..., %}, x € R9 véc-to dic trung.
® MH tim 1 4nh xa f hodc ciu tric C sao cho né biéu dién
hoZc nhém DL theo 1 tiéu chi nao d6 (ma khéng can
nhan y).

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan loai cac MHHM: HKGS-Bai toan (1)

¢ Bai toan phan cum (Clustering):
Tim anh xa ftir DL vao cac cum:

fiX— C={C,...,Cq

sao cho
@ Cic diém trong cing 1 cum c6 KC gan nhau:
Vx;, xj € Cy, d(xj, x;) nhd
@® Cic diém thudc cum khédc nhau cé KC xa:
Vxi € C,x; € Ge(t# 1), d(xi,x) l6n
~ d la ham KC.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC
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Phan loai cac MHHM: HKGS:Bai toan (2).
* Bai toan giam chiéu DL (Dimensionality Reduction):
c6 2 nhém chinh

@ Trich xuat dic trung (Feature Extraction): Bién ddi
DL sang KG méi (nhu PCA).

® Tim anh xa

f: R — R
v6i k < d sao cho théng tin quan trong clia DL van
dugc gilr lai.
Dimensionality Reduction
A/

e |FC!

@® Lua chon dac trung (Feature Selection): Giit nguyén
cac dic trung gbc clia TDL nhung loai bd nhiing dic
trung khong quan trong.

® S dung Tap thd (Rough Set) dé tim ra 1 t3p rit gon
(Reduct) - 12 tap con t6i thiéu cic dic trung nhung van
dam bdo khd nang phén |6p chinh xdc nhu TDL ban

TS. Nguyén Hoang Son — ,\\
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan loai cac MHHM: HKGS-Bai toan (3)

® Bai toan luat két hgp (Association rule): Tim céc
LKH trén D c6 dang:

X=Y

thoa:
TeD: XUuYCT
@ support(X=Y) = A D €T > min_sup

support (XU'Y)

> min_conf
support (X) —

@® confidence(X = Y) =
o ~
® D={T;: T;CIi=1,2,...,m}: CSDL giao dich trén
tap muc /.
e X,YCIvaXNnY=10.
® min_sup, min_conf. cic ngudng tbi thiéu cho trudc.

TS. Nguyén Hoang Son —
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Phan loai cac MHHM: HKGS-Vi du

@ Bai toan phan loai hinh, nhan dang mat ngudi:

Purchase item A => also purchase item B

TS. Nguyén Hoang Son — lQCMA
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, DAT HOC KHOA HOC

Clustering Dlmensllon Association
Reduction
Group similar rows Group similar Columns Find associations
K-Means Factor Analysis Apriori
Hierarchical PCA Eclat
DBSCAN ICA FP-Growth
OPTICS T-SNE
UMAP
Rough set

TS. Nguyén Hoang Son —
Slide 23/234.




KHOA TOAN, DAI HOC KHOA HOC HUE

Phan loai cac MHHM: HTC-Dinh nghia - (1).
® MGt tac nhdn (agent) hoc cach hanh déng (action)
trong 1 méi trudng (environment) dé t6i da héa phan
thudng (reward) theo thdi gian.
o ~
@ Hoat dong theo pguyén tac thir va sai, st dung phan hdi
tir moi trudng dé diéu chinh chién lugc hanh dong.
® Khong yéu cau DLHL, khong cé danh gia cac hanh dong
la ding hay sai.
Reinforcement Learning
STATE, s;

REWARD, r; l

ENVIRONMENT

SE| o

ACTION, a;

TS. Nguyén Hoang Son —
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Phan loai cac MHHM: HTC binh nghia - (2)

e M5 ta bang toan hoc thdng qua MH qua trinh quyét
dinh Markov (Markov Decision Process - MDP):
® O thsi diém ¢, tac ti A c6 trang thai s, € S, thuc hién
hanh déng a € A (c6 XS Pq,(s:11)) dé nhan dugc 1
phan thudng tiic thai (cuc bd) r, € R.
® = Muc tiéu: tbi da phan thudng chung R.
o
® Py(st+1): 1 phan phdi biéu dién TTTT sy cla tac tir
khi thuc hién hanh déng a € A tai trang thdi s€ S.

TS. Nguyén Hoang Son —
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Phan loai cac MHHM: HTC Bai toan, TT

® Bai toan du bao gia tri (Prediction):
@ Dé quy Bellman
@® Monte Carlo
@® Bai toan t6i vu hoa chinh sach (Policy optimization):
@ Value Iteration, Policy Iteration
® Policy Gradient, PPO, TRPO
©® Bai toan hoc truc tiép (Control):
® Q-learning
® Deep Q-Network (DQN)

TS. Nguyén Hoang Son —
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- MOVING IN WHICH
DIRECTION?
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan loai cac MHHM: HKH-Binh nghia

e K&t hop nhiéu MHHM dé cai thién d6 chinh xac, tinh 6n
dinh cGia DD hon (so véi chi st dung 1 MH don 18).
® C6 cac PP HMKH:
@ Phuong phap Bagging
@® Phuong phap Boosting
© Phuong phap Voting
@ Phuong phap MultiClassClassifier

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Van dé qua khdp, chua khdp: Gisi thicu

e 2 van dé thudng g3p khi xdy dung MHHM:
@ Qua khdp (Overfitting)
® Chua khép (Underfitting)
= MHHM cé DCX thép.
® Muc tiéu HM: vira khép (Good Fitting
€ [Overfitting, Underfitting]).

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Van dé qua khdp: Khai niem, nguyén nhan

® MH hoc qud chi tiét tir DLHL (ghi nhé DL nhiéu, thay
vi hoc quy luét chung) =
® THL: (MH) d6 chinh xac cao
® TKT: d6 chinh xac thip
® Nguyén nhan:
@ DLHL chéa nhiéu nhiéu.
@® DLHL va DLDB c6 “phan phéi khac nhau nhiéu” = cac
qui ludt hoc dugc & DLHL khéng con ding trén DLDB.
© MH qué phirc tap so véi DL (méi).
©® MH qué nhiéu tham s6 = kha n3ng biéu di&n DL cta
né khéng mang tinh dai dién.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Van dé qua khdp: cach khic phuc

©® Cross validation (k-fold): Ky thuat Iay lai mau
(Resampling), chia TDL thanh k TDL con, cho phép HL
trén cac TDL khac nhau k lan.

@® Thém DLHL: = MH hoc téng quét hon.

© Gidm DPT ciia MH (gidm sb tang mang, sb cdy trong
Random Forest ...).

@ Chinh quy hoa (Regularization).

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Van dé chua kh&p: Knai niém, nguyén nhan

e MH khéng hoc dugc quy ludt quan trong tir DLHL (MH
qué don gidn so véi bai toan) =
e THL: DD kém
® TKT: DD ciing kém.
® ~ thudng it xay ra (so véi qué khép).
® Nguyén nhan:
@ MH qué don gian (ex. dung MH HQTT cho DLPT).
® Khéng da DLHL, hay DL khéng chira dd thong tin.
© S0 dung ky thuat regularization qua manh = mat di
thong tin quan trong.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Van dé chua kh@p: Cach khic phuc

@ Kiém tra loss trén THL va TKT.

@® Thi cac MH phc tap hon (ex. ding CQD thay vi
HQTT).

© Thém cac dic trung phu hop.

© Diéu chinh regularization.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

® MGi quan hé giita DPT MH va 16i DD

& Underfitting | Overfitting

e

Bes’rg it ol

Error

Model “complexity”

TS. Nguyén Hoang Son —
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Ung dung ctia hoc may

® KPDL: UD ky thudt HM vao (DL thuong mai)

® CSDL
@® TDL I6n

® NDM: UD céic ky thudt HM vao (DL dm thanh, hinh
anh)
® Phat hién cdc miu cé tinh quy ludt trong DL

TS. Nguyén Hoang Son —
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NGi dung mon hoc
|

@ [Toén, Python va Weka

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC

Chuang 2. Toan, Python va Weka
® Kién thirc toan co ban dung cho HM

® Cac thu vién Python quan trong cho HM
® Phan mém Weka

Machine Learning

Regression
Dimensionality (4
Reduction

Vector Calculus

Linear Algebra

Optimization

PYTHON
MACHINE LEARNING

Gscipy
Brumry % matplotiib

IP: e,

pandas v .‘,,

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Kién thic toan cho HM - (1)

(1) XS va TK: 2 linh vuc todn hoc cét 13i cho MH
® XS: md ta, do ludng su khdng chic chin trong DL.
® TK: PP phén tich DL, lam r& cac mau va dac trung
trong DL, danh gia hiéu suidt c&c MHHM.

(2) Ly thuyét théng tin: do ludng, phan tich théng tin
trong DL dé x4c dinh cic d3c trung quan trong va giam
thiéu su I3p lai trong DL.

(3) Dai s6 tuyén tinh: biéu dién, XLDL

® Ma tran, véc-to: biéu dién cic d3c trung, tham sb trong
MHHM.

® Cac phép toan DSTT: xtt ly cic dic trung, cac phép
bién d6i DL phirc tap, giai cac hé PT téi uu ...

TS. Nguyén Hoang Son —
Slide 38/234




KHOA TOAN, DAI HOC KHOA HOC HUE

Kién thic toan cho HM - (2)

(4) Giai tich, t6i vu: tim kiém GTTU cho cdc HMM,
HMT. Cac TTTU thudng dudc dung diéu chinh tham sé
clta MHHM:

® Tich phan, dao ham: xac dinh dao ham cla cic ham
muc tiéu.
® TT ha Gradient, cic bién thé ctia TT ha Gradient.

(5) Toan rdi rac: phan tich TT, cdc MH lién quan dén x
ly DL khong lién tuc

® D5 thi
® Tép hop ...

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Cac thu vién Python quan trong - (1)

e XLDL:
@ Pandas: DL dang bang (DataFrame)
® Numpy: mang s6 hoc hiéu sut cao
© Scipy: khoa hoc, toan hoc, TK
e Tién XLDL, truc quan héa DL:
@ Sklearn: chuan hc?a, m3a hdéa DL
® Matplotlib: vé& bieu dd co ban
© Seaborn: truc quan héa DL nang cao
® HM truyén théng:
® Sklearn:

@ TTHM co ban: kNN, HQTT, CQD, SVM ...
@® Danh gia MH: Accuracy, Precision, Recall, MSE...
© Chia TDL

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Cac thu vién Python quan trong - (2)

® Hoc sau:
@ Tensorflow & keras: xay dung MH hoc sau
@® PyTorch: phé bién, linh hoat hon tensorflow
e XLDL nang cao:
@ OpenCV: XL anh
@ NLTK & SpaCy: XL NNTN (NLP)
© Librosa: XL 4m thanh
e Trién khai MHHM: dua MH vao thuc té théng qua
API hoac Web App
@ fFlask & FastAPI: tao APl cho MHHM
@® Streamlit: xdy dung giao dién web don gian cho Al
©® ONNX & Tensorflow lite: t6i wu héa MH cho thiét bj di
dong hodc loT

e ~ Kién thirc toan, thu vién Python: HV tu doc.

TS. Nguyén Hoang Son —
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KHOA TOAN, PAI HOQC

Phan mém Weka - (1)

@ Tai va cai dat:
(https://waikato.github.io/weka-
wiki/downloading_weka/#windows_1)
@® Hudng dan sir dung: 1| 2

& Program Visualization Tools Help Weka GUI Choo.. — [} X

Applications

Explorer

Experimenter

WEKA

THE UNIVERSITY OF

R WAIKATO

KnowledgeFlow

NEW ZEALAND

‘Workbench
Waikato Environment for Knowledge Analysis
Version 3.9.6
(©) 1999 - 2022 )
The University of Waikato Simple CLI

Hamilton, New Zealand

TS. Nguyén
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https://waikato.github.io/weka-wiki/downloading_weka/#windows_1
https://www.youtube.com/watch?v=94t4omvgmbI&t=3s
https://www.youtube.com/watch?v=iNmNfDnMf_U

KHOA TOAN, PAI HQC KHOA HOQC

Phan mém Weka - (2)

e Tép c6 dudi ARFF (Attribute-Relation File Format):

@ Tip tin vin ban theo bang m3 ASCII.

@ M6 ta cac DT (cb chung tap thudc tinh) trong KG n
chiéu, dugc st dung 1am dinh dang chuin cho DL dung
trong cac MH (HM, KPDL) ctia Weka.

©® Cau tric:

@ Header: Qrelation <tén tép> Qattribute <thudc tinh>
<kiéu DL>
@® Data: Q@data <ndi dung tép>

O Kiéu DL: Numeric (real, integer), Nominal, String, Date.

forelation weather

@attribute outlook {sunny, overcast, rainy}
@attribute temperature numeric

@attribute humidity numeric

@attribute windy {TRUE, FALSE}

@attribute play {yes, no}

@data
sunny, 85, 85,FALSE,no
sunny,80,90,TRUE, no
overcast,83,86,FALSE,yes
rainy,70,96,FALSE,yes

TS. N,

|
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KHOA , DA OC KHOA

Phan mém Weka - (3)
e Chuan bj DL dé HL va kiém thit MH:
® Tao 2 tip train set va test set bang 1 trong 2 bd loc:
@ Resample
@® RemovePercentage
Q

Explorer

Classify ~ Cluster  Associate  Selectattributes  Visualize

Open file. Open URL Open DB, Gene

Filter

filters

AllFilter 0.0-no-replacement Attributes: 5

MultiFilter Sum of weights: 120

RenameRelation

supervised

unsupervised

attribute

NonSparseToSparse
Randomize
RemoveDuplicates
RemoveFolds
RemoveFrequentValues
RemoveMisclassified

RemovePercentage

REMOVERANgE

Invert Patten

RemoveWithValues
Resample
Reservorsample
SparseToNonSparse

uyén Hoang Son —
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Phan meé

Weka

- (4

e Chuan bj DL dé HLMH:
® Tu tap train set, chon 1 trong 2 PP:

@ PP Holdout 1

KHOA

@® PP Cross-Validation 2

& Weka Explo

Preprocess

Classifier
Choose |ZeroR

Test options
Use training set

Supplied test set Set

Cluster  Associate

Select attributes

Classifier output

Cross-validation Folds = 10

_| Holdout

(®) Percentage split % 70
More optons
(Nom) class v

Start Stop

Result list (right-click for options)

TS. Nguyén Hoang Son — HOC MA
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https://www.youtube.com/watch?v=Ta8bTEb_CRs&list=PLqbz4rsGemn3EC6aHHY6Odcj9BM5r7mNT&index=7
https://www.youtube.com/watch?v=X6OIT5dPGpU&list=PLqbz4rsGemn3EC6aHHY6Odcj9BM5r7mNT&index=8

KHOA TOAN, DAI HOC KHOA HOC HUE

NGi dung mon hoc

® Hoc cé gidm si
Ham mét méit]

ién

Cay quyét din
Bd phan loai Naive Baye
M3y véc-to hd tr

TS. Nguyén Hoang Son —
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® Ham mat mat

@® k-lang giéng gan nhat

® Ho6i quy tuyén tinh

® Cay quyét dinh

® Bo phan loai Naive Bayes
® May véc-to hd trg

TS, Nauyén Hoang Son — [OCIIA]
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® Ham sb do db sai léch giita GTDD (predicted value) y
cia MHHM va GTTT (ground truth) y cta DLHL:

L(y,y)=y—y(= L(wDb))

Loss functions

o (Mean squared error)

Prediction error
y(as) = ylw:)

True values
Model parameters

Vo 2
W) == [yw:) — g wsw)]
Y ,

i=1
Predicted values

for a given set of
parameters

Number of training
examples

TS. Nguyén Hoang Son —
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® Muc tiéu HM:
L(w, b) — min

& diéu chinh cic tham sé cia MHHM (w, b) sao cho né
c6 khad nang DD chinh xac hon trén DL méi:
@ PP binh phuong t6i thiéu (OLS - Ordinary Least
Squares)
@® PP ha Gradient (Gradient Descent)
© Cac bién thé clia PP ha Gradient.

Gradient descent algorithm

loss Initial

weight \

. loss
— Gradient -

—o:o\

i

Global loss minimum

- ),"J,
>0 "
2 Minimize: > (3, — f~_)2
. i -
Least Squares Method 7 =1 !

~Inte t
» y-intercepf I3 X

TS. Nguyén Hoang Son —
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¢~ (Yia}/i),iz 1,2,...,m
* HQTT:
@ Mean Squared Error (MSE): phé bién

m

Lwb) = 3 (i 5

=1
@® Mean Absolute Error (MAE):

(Wv ) - ; pt |y, y:|
© Huber: két hop giita MSE va MAE.

TS. Nguyén Hoang Son —
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¢ Phan loai:
@ Cross-Entropy Loss (Binary):

m

1 . N
*;Z yilog (vi) + (1 — y;) log(1 — yi)]
=1
@® Cross Entropy Loss (Multiclass):
1 m K

—— D viklog (¥ik)

=1 k=1
© Hinge Loss (SVM):
max (07 1- }/iyi)

® Phan cum:
® HMM k-mean: Téng binh phuong KC tir cac diém DL
dén trung tdm cum clia ching.

TS. Nguyén Hoang Son —
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HUE

Ham mat mat: PPTU HMM-TT Gradient Descent-(1)

® Dau vao: HMM L (w, b).
® Dau ra: GTTU clia tham s6 w, b.
¢ Phuong phap:
® Budc 1. (Khdi tao w, b) Chon NN hodc theo gia tri ban
dau.
e Budc 2. (L3p, diéu chinh tham sé w, b)
® Tinh Gradient:

OL(w, b)
ow
OL(w, b)
ob ;
® Cap nhat tham so:
OL(w, b
O vw—w- (y( (w, b)
(b
OL(w.
®bL=—>H« b

® ~ « téc dé hoc (constant > 0, nhd)

TS. Nguyén Hoang Son — [EQC A
Slide 52/234




KHOA TOAN, DAI HOC KHOA HOC HUE

Ham mat mat: PPTU HMM-TT Gradient Descent-(2)

® Budc 2. (tiép theo)
¢ Kiém tra diéu kién dirng: thod 1 trong cac diéu kién
@ 56 lan I3p d3 di (chon).
@ Su thay doi cia L (w) khéng dang ké (< e-ngudng).
© Gradient gan nhu bing 0.

® Budc 3. (Két ludn) GTTU cla w, b.

TS. Nguyén Hoang Son —
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DLHL: X =[1,2,3,4], y = [2,2.8, 3.6, 4.5]
Ham DD (HQTT): y = wX+ b

1
~ HMM MSE: L(w.b) = — 527, (v — )’

e — Gradient:
oL
o __ _ _2N\M (v 0.
gw 2o Xi(yi — i)
L m N
° = _% Z,‘:1(}’ Vi)

® o :=0.01, epoch =10
® w:=0.5,b:=05

TS. Nguyén Hoang Son —
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Ham mat mat: PPTU HMM-TTGD-Vi du - (2)
X b y=wX+b I
w, y=wX+ y—y 2w | b
127, 0.5(1)+05=1 1
2128 "7 [052)+05=15] 1.3 8o | 008
3[36] 45 05(3)+05=2 | 16 ' '
4145 "7 [05(4)+05=25] 2
=
B oLy, ., i
[ 0582 | 05205 |

TS. Nguyén Hoang Son —
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Ham mit mat: PPTU HMM-TTGD-Vi du - (3)

oL oL

Epoch w b 87 %
w

0 0.5 0.5 -8.2 -2.95

1 0.5820 | 0.5295 | -7.2181 | -2.5977
2 0.6542 | 0.5555 | -6.3513 | -2.2866

9 0.9683 | 0.6690 | -2.5412 | -0.9235

® Python:

Epoch | w | b | d3/dw | d3/db
1 | e.5820 | ©.5295 | -8.2000 | -2.9500
2 | @.6502 | ©.5543 | -6.8225 | -2.4810

9 | ©.8942 | ©.6484 | -1.8643 | -0.7913

TS. Nguyén Hoang Son —
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® Thuc nghiém:

Epoch | w | b | di/dw | d3/db
1 | e.5820 | ©.5295 | -8.2008 | -2.95@0
2 | @.6502 | ©.5543 | -6.8225 | -2.48180
3 ‘ 6.70870 ‘ 0.5752 | -5.6751 ‘ -2.8903 Linear Regression Model

=== Classifier model (full

39999 | ©.8300 | 1.1500 | ©.0008 | -0.0000

v =
40000 | ©.8300 | 1.1560 | ©.0000 | -0.0000 0.83  * w4
1.15
Sau epoch = 39999: w = ©.8300, b = 1.15600
Python weka
‘ ‘ epoch ‘ w ‘ b ‘

Weka | TU [083]1.15
10000
(40000)

Python 0.83 | 1.15

TS. Nguyén Hoang Son —
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Ham mit mat: PPTU HMM-TT OLS - (1)

® Dau vao: 1 BBV c6 m miu x = [x1,x2,...,Xm], va 1
BDR y = [y1,¥2,- -, Ym
® Dau ra: GTTU cla w, b (dung trong MH HQTT)
¢ Phuaong phap:
e Budc 1. (Tinh GTTB)
_ T
0 x— EZi:l Xi
_ 1 m
Qy-— EZ,‘:] Yi

Budc 2. (Tinh w, b)
0w SR~

> (% —%)°
® b=y wx

TS. Nguyén Hoang Son —
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Ham mat mat: pPTU HMM-TT OLS - (2)
® ~ Dau vao (n BDV): ma tran
X= (Xij)mxn = [X17X2a cee ,Xn}
Xj = [X1j, Xj, - - -, Xmj] | VéC-to cOt, va véc-to ct gid tri

Y: [y17y27"‘7ym]

=
oW =x"x)x"y
Q bZTI—Wlxl—-”—Wan
la s

® X': m& rong clia X b3ng cach thém véc-to cét 1
' T ~ R . ’
® X : ma trdn chuyén vi cia X
/T ’ /T 4 z x
® (X' X')~!: ma tran nghich ddo cia X X (néu ton
tai
® W': mé rong thém 1 thanh phan ctia W, trong d6 thanh
phan dau tién 13 b.

TS. Nguyén Hoang Son —
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KHOA TOAN,

DAI

Ham mit mat: PPTU HMM-TT OLS- Vi du - (1)

e 1 BbV:

X =01,2,3,4], y=|[22836,45

Budc 1: Tinh gia tri trung binh

X = 1+2+3+4 =25,
4
2+28+36+45
7= 2+28+36+45 3.225

4
Budc 2: Tinh w

e DX - D~ 9)

(X - X)?
Xy Xi—-X y-§ (X-Xw-§ ((X-X)?
12 s 1225 18375 225
2 28 0.5 -0.425 0.2125 0.25
3 36 05 0375 04875 025
4 a5 15 1275 19125 225

TS. Nguyén Hoang Son —
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_ 1.8375 +0.2125 + 0.1875 + 1.9125
2.256+0.256 +0.25 +2.25

4.15
=5 = 0.83

Buéc 3: Tinh b
b=§—wX = 3.225 — (0.83 x 2.5)

=3.225 - 2.075 = 1.15

K&t qua cudi cling

w=083, b=115

(PT HQTT don §j = 0.83X + 1.15 )




KHOA TOAN, DAI HOC KHOA HOC HU

Ham méit mat: PPTU HMM-TT OLS- Vi du - (2)

e 2 BDV:
L
X, X, Y 1 2 112 T4 10 14
2 3 12 03 XT'x =110 30 40
X= X =
1 2 22 3 4 13 4 14 40 54
45 145 ~
2 3 28 - =
2.9 ) 13.1
3 4 36 v |28 Lo |rrr XxTY = |37.5
3.6 X'=11 2 3 4
50.5
4 5 45 45 2 345

L 1.01] b
= W=(XTX)'XTY. => W= |03l
0.67

(PTHQTT da § = 1.01+0.31X; +0.67X>)
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k-lang giéng gan nhat: Gisi thiéu

® MH kNN dugc xay dung:
® Luu trit DLHL, “gan nhu khong hoc gi” tir DLHL
e Khi can DD DL méi, thi MH méi tinh toan.
® PP HCGS don gian nhat clia HM.
* Y tudng:
@ Dua trén gia dinh nhiing th(r tuvong tu hay cé tinh chat
gan giéng nhau s& n3m & vi tri gn nhau (KG)
@® S dung cdc ham tinh KC d& xac dinh k diém DL gan
v6i diém DL can kiém tra (méi) nhét
© Dua ra du dodn diém DL can kiém tra dua vao k diém
DL vira xac dinh dugc.
® PP nay c6 it nhiéu han ché, nhung |3 gidi phap dau tién
nén nght dén khi gidi quyét 1 bai toan HM.

TS. Nguyén Hoang Son —
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k-lang giéng gan nhat: Bai toan

® kKNN: phan loai, hoi quy

@ Bai toan phan loai:
® Nhan clia DL mdéi x dugc suy ra tir k DL gin x nhét
theo PP Majority Voting (bau chon theo da s6) hay
Mode (TK).
@® Bai toan hoi quy:
® Gia tri cia DL méi x dugc tinh:
@ k= 1: gi4 tri cha DL gan x nhit
@® k> 1:GTTB ho3c TBTS clia k DL gan x nhit.

TS. Nguyén Hoang Son —
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k-lang giéng gan nhat: vi du

e (Bai toan phan loai diém) GS 1 16p hoc c6 45 ban va
1 ban x, ma
® xd3 c6 diém chia 1 mén hoc nao d6 13 7, nhung khong
biét xép loai mén hoc d6 (Gidi, kha, trung binh, yéu).
® x khong biét quy tSc nao dé phan loai mén hoc dé.
e C6 1 cach giadi quyét don gian:
d Khéo sat k ban (f( =15) cé/dié’m mén hoc d6 gan diém x
nhat va GS da biét dugc xép loai:
@ 6.4 - Trung binh

@ 6.6 - Khi
© 6.7 - Khi
® 7.1- Khi
@ 7.2- Khi

® = Dy doan: x xép loai Kh3 (Majority Voting).

TS. Nguyén Hoang Son —
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k-lang giéng gan nhat: Luu y

® Hinh anh minh hoa kNN véi k=1, 3:

forge_one_neighbor (K =1)

6 6 (K=3)
D
. . D
° e * . . s ey = °
. o . .
4 & .
3 \ 3
L .
2 . ° 2
°
. .
1 . 1 * V
0 e /X 4 .o
0 .
= -1
2 -2
7 8 9 10 1 12 137 8 9 10 11 12 13

¢ ~ Ham KC trong HM (KPDL):
@ Duing dé do su tuong ddng giita cac diém DL (KG)
@® C6 nhiéu, tiy bai toan lua chon KC cho phii hop dé c6
thé ting hiéu sudt cia MH.

TS. Nguyén Hoang Son —
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k-lang giéng gan nhat: cac ham KC - (1)
e Xét 2 diém DL (sb) x (xl,...,xk),y—(yl,...,yk).
@ KC Euclide:

P 1/2
dx,y) = (Z (xi — y;)2>

i=1

® KC Manhattan (City block, grid-based):
K

dixy) = xi— i

i=1

k 1/q
= (Z |xi — Yi|q>
i=1
@ KC Chebysev:

d(x,y) = max |x;— i
TS. Nguyén Hoang Son — [LOCIMAY =1,...,k
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© KC Minkowski:




k-lang giéng gan_

X, = (Xp1s Xpz)
b

X = (01 Xa2)

Euclidean

KHOA TOAN,

DAI HOC

nhat;

Céc ham KC - (2)

. p =2 Euclidean distance -L2-norm

2 2,4
[1%4 = Xplla = Clxay = 251 | + |52 = %521 7)T

< p=1 Manhattan distance - L1-norm

1%g = Xpllar = 1501 = %1 | + 1502 = %2

» p = o0 Chebyshev distance

1% = Xpllo = max{ [x; = Xp || X2 = Xp2 | ]
Manhattan Minkowski

TS. Nguyén Hoang Son —
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e Pau vao: Tap DLHL D va diém DL méi x.
Dau ra: Nhin 16p hodc gia tri cla x.
Phuong phap:
Budc 1. Chon sb6 lang giéng gan nhit k € N.
Buédc 2. Tinh KC tir x d@én cac DL trong tap D
(Euclide, Manhattan ...).
Buéc 3.

@ Sip cic KC theo thir tu khé\ng giém )

@® Xic dinh k diem DL lang giéng gan véi x nhat.
Buéc 4. (Két luan)

@ Bai toan phan loai: DD 16p clia x theo PP Majority

Voting trong k lang giéng cla x vlra tim dugc.

@® Bai toan héi quy: DD gia tri clia x dua trén GTTB
(TBTS) trong k lang giéng cha x vira tim dugc.

TS. Nguyén Hoang Son — [IOCMAY
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m»

At: KNN-Vi du - (1)

k-lang giéng gan nh:

e (Tin dung ngan hang) Xét tap DL D vé cac ngudi vay

tién:
Age Loan Default
25 $40,000 N
35 $60,000 N
45 $80,000 N
2 $20,000 N
35 $120,000 N
52 $18,000 N
bE} $35,000 Y
40 $62,000 Y
60 $100,000 v
48 $220,000 Y
33 150,000 Y
a8 ‘ $142,000 ?

® Du doan ngudi vay tién méi
= (age = 48, loan = 142000%)
c6 kha ndng v3 ng (default)?

TS. Nguyén Hoang Son —
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k-lang giéng gan nhat: kNN-Vi du - (2)

o Xét k= 3, KC Euclide:
® 3 lang giéng gan x nhit: (33,$150000, Y),
(35,$120000, ), (60,$100000, Y).

Age Loan Default Distance x = (48, 142000)
25 $40,000 N 102000
35 $60,000 N 82000
a5 $80,000 N 62000
20 $20,000 122000
35 $120,000 @ 22000 2
52 $18,000 124000
23 $95,000 Y 47000
40 $62,000 Y 80000 k=3
50 $100000 (Y 42000 3
a3 $220,000 78000
33 $150,000 @ 8000 1
: /(8- 252 + (142000 - 40000)2

“d- J(\ — 1)+ (1)

® Majority Voting: x c6 nhin Y (cé khd ning v& no).

TS. Nguyén Hoang Son —
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k-lang giéng gan nhat: kNN-Vi du - (3)

BN AN ANV AN VA = 2N

e Biéu dién D (DL 2 chiéu) trong hé toa d6 Descartes:

5250,000
L]
$200,000
1

5150,000 + —
Loan$ 2% 3 # Non-Default

$100,000 ] mDefaur Y

L
L]
550,000 . &
* *
S0 + T T T T

n— EocVAY

TS. yén Ho:
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k-lang giéng gan nhit: kNN-Vi du - (4)

® (Phan loai phim) Xét DLHL D chra mét sb phim véi

s6 1an d3m d3, s6 1an hén trong phim va thé loai phim

dé:
] Tén phim \ SLbb \ SLH \ TL phim
California Man 3 104 | Tinh cdm
He isn’t really into dudes 2 100 | Tinh cdm
Beautiful Woman 1 81 Tinh cam
Kevin Longblade 101 10 | Hanh déng
Robo Slayer 3000 99 5 Hanh dong
Amped 11 98 2 Hanh déng

e Dy doan phim x = (A, 18,90) thudc thé loai nao?

TS. Nguyén Hoang Son —
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k-lang giéng gan nhat: «NN-Vi du - (5)

e Sir dung KC Euclide, tinh dugc:

|

Tén phim ‘ KC ‘
He isn't really into dudes | 18.7
Beautiful Woman 19.2
California Man 20.5
Kevin Longblade 115.3
Robo Slayer 3000 117.4
Amped Il 118.9

o Xét k=3:
@ 3 lang giéng gan x nhat: California Man, He isn't really
into dudes, Beautiful Woman.
@® Majority Voting: x thudc thé loai Tinh cim.

TS. Nguyén Hoang Son —
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k-lang giéng gan nhat: iNN-Lwu y - (1)

1 neignborts) 3 reighboris) 9 neighbor(s)

. o [w® . 2, °

oo o® °° o° °° o ©
e o | e o e o
f".ﬁ . f‘-. . f". .
.. L .- . '. L

@ k nhd = ranh gi6i rat phic tap:
® Do chinh xac cia MH tang Ién
® MH s& phirc tap hon, ti |8 16i cao, nhay véi cac outlier
= D& bj overfitting.
@® k I6n = ranh gidi thodi hon:
® D6 chinh xac ctia MH gidm xubng
® MH don gian hon, két qua du béo 8n dinh hon do ¢6
“su binh chon” giita nhiéu quan sat, gidm anh hudng
chia cac outlier. Tuy nhién, gidm di tinh chat lang giéng
vi ldy TB qué nhidu = DPT MH ting lén.

TS. Nguyén Hoang Son —
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k-lang giéng gan nhat: iNN-Lwu y - (2)

® Lua chon KC phu hgp.

@® Can chuin héa DL: dé tranh su chénh léch giita cac d3c
trung.

© Loai bd cac outlier bang cac PP TXLDL.

@ Thudng MH dat hiéu sudt tot: 5 < k< 7 .

TS. Nguyén Hoang Son —
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k-lang giéng gan nhat: Ung dung
° Y té:
@ Xac dinh bénh ly cta ngudi bénh.
® Xac dinh loai thubc phu hop.
e Kinh té:
@ Du bao cac su kién kinh té trong tucng lai.
@® Du bo tinh hinh thai tiét trong néng nghiép
© Xac dinh xu hudng thi trudng chiing khoan.
® Ngan hang:
@ Xac dinh kha n3ng khach hang chdm trd cac khoan vay
hodc rti ro tin dung do ng xau.
@® Xac dinh xem cac giao dich c¢6 hanh vi pham tdi, lura
dao hay khong.
® Thudng mai dién td:
@ Phan loai khach hang theo sé thich cu thé.
® Xay dung hé théng khuyén nghi dua trén DL tir website,
social media.
¢ Giao duc:
) @ Phan loai cac hoc sinh theo hoan canh, hoc luc.

Son — HOC MAY

TS. Nguyén
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k-lang giéng gan nhat: Uu nhuoc diém

¢ Uu diém:
@ Trién khai, két qua: truc quan, dé hiéu, d& st dung.
Két qua DD DL méi rat don gian, dic biét dé dang cap
nhat DLHL méi.
® Tinh linh hoat: khong can gia dinh vé phan phdi clia
DL. C6 thé st dung cho ca bai toan phan loai, hdi quy.
© Hiéu suat: qua trinh xay dung MH rat nhanh. R4t hiéu
qua vdi tap DL nhé.
O Tham s6: khéng can dua vao cac tham sb, chi dua trén
cac KC.
¢ Nhudgc diém:
©® Can xac dinh k: Viéc chon gié tri k c6 dnh hudng I6n
dén két qua cla TT
® Khong hiéu qua véi DL 16n: tinh KC qua nhiéu.
© DL phan loai (categorical): can phai dugc x ly mét
cach cin than vi kNN dua trén cac KC.
7S. Ny Hong Son — [ECT
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k-lang giéng gan nhat: Thuc hanh Weka - (1)

® Cac budc tién hanh:
@ Tai vao bd nhé train set
@® Lua chon MH: IBk
© Thiet lap:
@ Cross-validation folds: 10
@® Lua chon céc gia tri k (1é) khic nhau
O Kiém tht MH véi test set
@ Luu MH.

TS. Nguyén Hoang Son —
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k-lang giéng gan nhat: Thyuc hanh Weka - (2)
® Thuc hanh trén tap DL hoa Iris.arff.

@ Iris_train.arff (80%)
@ Iris_test.arff (20%)

son i
Resul s igh-ckor options)
[y
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k-lang giéng gan nhat: Thyc hanh Python

@ Thuc hanh trén Jupyter Notebook.
@® HV tim hiéu thém.

TS. Nguyén Hoang Son —
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Hoi_quy tuyén tinh: Gisi thicu
® DD gia tri clia 1 bién y dua trén gia tri clia cac bién
khac x:
@ Bién dau ra (y, bién phu thuéc): mubn DD
@® Bién dau vao (x, bién déc I3p): dung dé DD
© y: ham s6 tuyén tinh cla x
e C6 2 loai HQTT:
@ HQTT don (Simple): 1 BBV
® HQTT da (Multiple): n BBV (n > 1).
® PP HCGS phd bién nhat, dudc (ing dung rong rii trong
nhiéu Iinh vuc.

Linear Regression (ML)

x

Indapendant Variable

TS. Nguyén Hoang Son —
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HAi quy tuyén tinh: Phan tich tosn hoc - (1)

® HQTT don: PT cé dang

y=wx+b (1)

>

TS. Nguyén Hoang
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@ y: gia tri can DD

@ x: BDV

© w (weight): hé sb hdi quy (dé dbéc-slope)
@ b (bias): hé sb tu do (hé sé chdn-intercept)

¥
] - pints
2 . .
E . " [
. W
X

Indpendent Variabla

Son —
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® HQTT da bién (téng quat):

HAi quy tuyén tinh: Phan tich tosn hoc - (2)

y=wixg + woxo + -+ WX, + b (2)

N>
@ x1,xo,...,X, cac BbV
@ wi,wo, ..., w,: cac hé so hoi quy tudng lng

. ©Apon belowthe plane
v o Apoint above the plane

HQTT 2 bién

® Muc tiéu: uéc lugng cac hé sb clia w, b trong MH sao
cho ¥ ~ y(GT) nhit c6 thé.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

HAi quy tuyén tinh: Phan tich toan hoc - (3)
e PT (2) biéu dién dudi dang ma tran:

y=Xw" (3)

(a4
® X =(x;),,, matrdn DL dau vao, véi mdi cot
X = [X1j, X, . .. ,xmle 13 1 bién, mdi dong 13 1 quan sat
® X: md rdng cha X bang cach thém véc-to cot 1
O w=[wy,...,wy b

X11 ... Xln 1 w1
. X21 ... X2n 1
y =
Whn
Xml --- Xmn 1 b

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC

Hoi quy tuyén tinh: vidu- (1)

e MH HQTT:

Line of
regression

dependent Variable ¥

independent Variables  x

Khop DLHL véi ME HQTT y = 3 + 4x

e DLHL = MH HQTT: y =3 4 4x
® = DD dudgc y, véi cac DL méi x.

TS. Nguyén Hoang Son —
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Hoi quy tuyén tinh: vidu- (2)

@ Xét Dy (tap DL vé chi tiéu va thu nhip cla 1 ngudgi
trong nam ngodi):
® GS HQTT phan tich Dy, va xac dinh: chi tiéu cla ngudi
dé nim ngoai bang 1 nita thu nhap.
® = HQTT sé& DD: chi tiéu trong tuong lai cia ngusi dé
bing cach giam 1 nira thu nhap trong tuong lai.
@® Xét tap DL vé tudi Dy dua vao cac théng tin:
x = (x1, x2) V6i x1-chiéu cao, xo-trong lugng clia 1
nguai.
® GS QHTT giita tudi y va véc-to x: y =5+ 10x; + 13xz
® — HQTT sé& DD: tudi clia 1 ngudi dua vao céc théng
tin chidu cao va trong lugng clia ngudi dé.

TS. Nguyén Hoang Son —
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Hoi quy tuyén tinh;:

e HQTT don:

x Y

. y =Salary
Relation: Salary Data 10 DLHL " 000
No. [: YearsExperience| 2: Salary
Numeric Numeric
1 1.1 39343.0 60000
2 13 46205.0
3 1.5 377310 55000
4 435250
5 22 39891.0 * 50000
6 29 56642.0 Training
7 601500 45000
8 32 54445.0
9 32 64445.0 40000
10 37 57189.0 b
x =[x, X0l Y=, e Y10l 10
Predictions on
insté
o 1
2
a 9 3
o 4
5
13
a 7
o 2 54445
9 64445
o @ 10 57189

Slide 87/234
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i du -

w

(3)

b

U
= 9020 6356*x + 2!21'5 8682

48062.267
54376.711
55278.775
57082.802
57082.9802
£1593.22

20 25

set ===

error
-1203.433
-6261.306
4016.222
2733.1
8171.267
-2265.289
-4871.225
2637.902
-7362.098
4404.22

30 i5 40

= YearsExperience

(Wekz)




KHOA TOAN, DAI HOC KHOA HOC HU

Hoi quy tuyén tinh: vidu- (4)

e HQTT da:
X1 A2 A3 Xz y
Relation: Price_house-

Mo. | condition bedrooms |  bathrooms|  view price

Mumeric MNumeric MNumeric Murmeric | Mumeric
Quan sat thit nhit 30 0.0 00| 20| 10950000
2 3.0 0.0 0.0 0.0 1295648.0
3 3.0 1.0 1.0) 0.0 0.0
4 20 1.0 0.75 00| 800000
5 40 1.0 2.0 0.0 115000.0
6 40 1.0 1.0) 0.0 129000.0
7 3.0 1.0 1.0 0.0[  135000.0
8 3.0 1.0 1.0 00| 1480000
9 20 1.0 1.0) 0.0 165000.0
Quan sat thir 10 _ 10 3.0 1.0 1.0) 0.0 / 167500.0

X = [¥u, X1z, ..., X110 y=[V. ... Yuo]

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Hoi_quy tuyén tinh: Thuat toan

e HDD:
® xy=wx+b
@ x1,Xo,.... Xy Y= wiX] + WoXo+ -+ WX, + b
¢ HMM (thudng dung): MSE
® T6i vu HMM:
MSE — min

& tim w, b trong MH sao cho y ~ y nhét c6 thé:
® OLS
® Phu hgp véi DL nhd, m3c dinh trong Weka
® Gradient Descent:
® Phu hgp v6i TDL 16n
® Goi sklearn trong Python dung mac dinh OLS, tuy
nhién khi DL I6n thi né chuyén sang SGD (Stochastic
Gradient Descent).

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Hai quy tuyén tinh: Ung dung

o Y té:
® DD thdi gian phuc hdi sau phau thuat, ti 1& séng sét cla
bénh nhan ho3c tién trién cta 1 cin bénh.
Ching khoan va tai chinh:
® DD bién dong chitng khodn va cac chi s6 tai chinh.
e Kinh doanh:
® DD gi4 nha, gi4 san pham, gi4 ¢ phiéu, doanh s& ban
hang, lgi nhudn kinh doanh ...
e Web:
® DD lugng truy cap trang web.
Du bao thdi tiét
® Du béao nhiét d8, d6 4m va luong mua du kién.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Hoi quy tuyén tinh: Uu nhugc diém
e Uu diém:

@ Trién khai, két qua: dé hiéu va d& 4p dung. Khéng doi
hdi nhiéu kién thirc chuyén mén sau, va rat c gia tri
cho céc quyét dinh kinh doanh.

@® Tinh linh hoat: 4p dung dugc cho nhiéu loai DL.

© Hiéu suat: thdi gian HL thudng rat nhanh, dic biét Ia
vGi DL 16n.

O Tham s6: thudng it can cac tham sb tinh chinh, gitp
gidm thaoi gian va cdng siic khi xay dung MH.

¢ Nhuoc diém:

@ Gia dinh tuyén tinh: khong phai lic nao mbi quan hé
gitta cac bién ciing |3 tuyén tinh

® Nhay cam bdi nhiéu: cic gia tri ngoai lai hodc DL
nhi€u c6 thé anh hudng dén tinh chinh xac cia MH

© Bién: khong thé DD cho bién phan loai, chi 4p dung
cho céc bién lién tuc

@ Dé bi qua khép

TS, Nt Hosng Son — [OETE]
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Hoi quy tuyén tinh: Thuc hanh Weka - (1)

® Cac budc tién hanh: HQTT

@ Tai vao bd nhé train set

® Lua chon MH:
® SimpleLinearRegression (don)
® LinearRegression (da)

© Thiét lap:
® Cross validation folds: 10.
® Cac lua chon khac.

O Kiém thtr MH véi test set

@ Luu MH.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HU

Hoi quy tuyén tinh: Thuc hanh Weka - (2)

® Thuc hanh trén tap DL: DD gia nha
® Don: Price_house_new.csv
® BOoi: Price_ house_new_3.csv

Relation: Price_house_new Relation: Price_house_new_3
No. 1:area 2:price No. 1:area 2:distance 3: price
Numeric  Numeric Numeric Numeric Numeric
1 73.5 1.49 1 735 20.0 149
2 75.0 15 2 75.0 18.0 15
3 76.5 1.51 3 76.5 17.5 1.51
4 79.0 154 4 79.0 16.0 1.54
5 81.5 1.58 5 815 155 1.58
6 825 159 6 825 14.5 1.59
7 84.0 16 7 84.0 12,0 1.6
8 85.0 162 8 85.0 10.0 1.62
9 86.5 1.63 9 86.5 8.5 1.63
10 875 1.64 10 875 75 1.64
11 89.0 1.66 1 89.0 5.0 1.66
12 90.0 167 12 90.0 2.0 1.67
13 91.5 1.68 13 915 1.5 1.68

TS. Nguyén Hoang Son —
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HAi quy tuyén tinh: Thyc hanh Weka - (3

No.

Slide 94/234.

Relation: Price_house_new

Tares 2 price
Numerc  Numenc

T35
750
765
780
815
825
840
850
865
875

900
915

149
15
151

Visualize
=

n Hoang Son —

Gia nha theo dién tich

Gi& nha (ty VND)

—e— price
— - mean

=
Dién tich (m2)

HQTT don




KHOA , DA 0C KHOA HQ

Hoi quy tuyén tinh: Thyc hanh Weka - (4

Relation: Price_house_new Regression Rnalysis:

Instances: 13

Attributes: 2 Variable Coefficient SE of Coef t-Stat
area area 0.0112 0.0003 44.54
price const 0.6626 0.020% 31.6491

Test mode: evaluate on training data

=== Classifier model (full training set) === pegrees of freedom = 11

Linear Regression Model BA2 value = 0.9945

érice _ Adjusted R*2 = 0.99353

F-statistic = 19§3.8107
|
0.0112 * area t+
0.6628 (Weka) Time taken to build model: 0.19 seconds

MHDD HQTT don

® ~ b=10.6626,w=0.112

TS. N

uyén Hoang Son — HOC MAY
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Hoi quy tuyén tinh: Thyc hanh Weka - (5)

EVNAVA N A A A A A A A A

® Gid st thém bién distance (thong tin) vé KC t6i TT:

[Relation: Price_house_new_2 Gid nh3 theo khoéng cich tdi TT

[l = ~ e

1 00 149 =0 mean

2 1o 15 -

H s st

4 160 154

5 155 158 L

6 W5 150 Visalze 2

7 2o 16 => >

2 100 182 B e e T ———

9 25 18 2

10 75 16 =

11 50 166 0

12 20 167

13 15 18 e \\\,
"

hoarg chch 51T k)
® = KC t6i trung tdm cang gidm thi gid nha cang tang =

viéc thém bién BDL distance |3 rat cé y nghia.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC

Hai quy tuyén tinh: Thyc

hanh Weka - (6)

e — Tap DLHL Price_house_new_3.csv gbm 2 BDV
area, distance va 1 BDR price:

[ Biéu dé 3D v6i dién tich, khoang cach va gid nha
Noll 1:area 2 distance 3 price
Numeric Numernic Numeric
1 735 00 149
2 750 B0 15 _
T
3 765 7518 165 €
1 790 160 154 160z
5 315 155 158 155 <
6 825 5 159 isulize 150 @
7 a0 120 18 =
8 350 00 182 2 @
9 365 35 162 &
&
s 75 164
by 5
n 89.0 50 1.66 g tiep (eﬁs w© ' @L
2 9.0 20 187 "es) &
139 15 168

HQTT boi

TS. Nguyén Hoang Son —
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DAI

Hoi quy tuyén tinh: Thuc hanh Weka - (7)

—— Classifier model (full training set) —— Regression Bnalysis:
Variable Coefficient
area 0.0123

Linear Regression Model distance 0.0011
const 0.5592

price =

0.0123 * area +
0.0011 * distance +
0.5592

Degrees of freedom = 10
B*2 value = 0.5851

Adjusted R*2 = 0.99413
F-statistic = 1016.4959

Time taken to build model: 0.

MHDD HQTT don

SE of Coef
0.001
0.001
0.0943

24 seconds

® ~ b=0.5592, w; = 0.0123, wp = 0.0011

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

@ Thuc hanh trén Jupyter Notebook.
@® HV tim hiéu thém.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Cay _quyet dinh: gii thieu - (1)
e Cay quyét dinh (Decision tree) dua ra quyét dinh ho3c
phan loai DL dua trén ciu tric dang cy:
@ Nut gbc (Root): diém bt diu cay, chita toan b DL
@® Nt quyét dinh (Decision): cic nit trung gian dai dién
cho 1 diéu kién ho3c thudc tinh cin kiém tra
© Canh (Branch): cac dudng nbi giita cac nit, thé hién
két qua clia diéu kién tai nat quyét dinh
© Nut 14 (Leaf): cac diém cudi cta cly, chira quyét dinh
cubi cling hodc phan loai DL.

Root
node

i Branch
H

Decision
node

Leaf Leaf
node node

e PP HCGS manh, phd bién nhit.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HU

Cay_quyet dinh: gisi thieu - (2)
* Y tuéng:
@ B3t dau véi toan bo DL tai nat gbe
@® Chon thudc tinh tét nhit dé chia DL (Entropy ...)
© L3p lai qua trinh nay trén ting tip DL con dé tao cac
ntt quyét dinh
O Duing lai khi DL d3 dugc phan loai tét hoic dat diéu
kién dung.

Sinh ciy quyét dinh

Lua chon thuge tinh Tach dit liéu thanh cac
Data tot nhat dwa vao chi so tap nho hon theo thudc:
- Tra umﬂ Gain, Gini tinh cha

9 Lap lai xve Iy v6i nod:
E’ataJ ap lai xte 1y voi node con

B@ Mb hinh dy doan

Du doan

n— EocVAY

TS. Nguyén Ho:
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KHOA TOAN, DAI HOC KHOA HOC HUE

e Cac TT phé bién:

@ D3 (Iterative Dichotomiser):
® Entropy
® Information Gain

® C4.5 (Cai tién ID3):
® Gain Ratio
® Ho trg cho DL thiéu, nhiéu, lién tuc.

© CART (Classification and Regression Trees):
® Phén loai: Gini Index
® Hbi quy: Phuong sai.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

e Entropy cua tap DL D:
H(D) = = pilog, p;
i=1

N>
® m: sb 16p (nh3n) trong D
® p;i: XS (tan suit) cha I6p thir i trong D.
e Entropy cua thuédc tinh A trong D:

1Dyl
vedom(A)

>
® dom(A): mién gia tri cla A.
® D, C D: chira cic mAu c6 gié tri v € dom(A).

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Cay quyét dinh: Cac @5 do-Entropy - (2).

® D¢ lgi théng tin (Information Gain) cGa A trong D:

IG(D, A) = H(D) — H(D, A).

o ~

® Do mirc d6 gidm dd hdn tap ctia TDL sau khi phan chia
theo A.
® Chon thudc tinh dé phan nhanh:

A" = arg max IG(D, A)

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

® Hé s6 do Igi (Gain Ratio) clia A trong D:

GR(D, A) = S((g’ﬁ))

~> Théng tin phdn tach (Split Information) ctia A trong
D:
D], D,

vedom(A)

o ~
® GR: cai tién cla IG.
® Chon A* dé phan nhanh: GR(D, A*) — max

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Cay quyét dinh: Cac do do-Chi s Gini
® Chi sé Gini (Gini index) cta D:

Gini(D) = 1 - Y1, p?

® ~ Do d6 hdn tap ctia 1 TDL.
® Chi sé Gini ctia A trong D:
o D .
Gini(D,A) = > D) Gini(D,)

vedom(A)

Mirc dé giam tap chét (Gini Reduction) clia A:
AGini(A) = Gini(D) — Gini(D, A)

Chon thudc tinh dé phan nhanh:
A* = AGini(A*) — max

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

® Dau vao: Tap DL D, tap thudc tinh A = {A1,..., Amn}.
Dau ra: CQD.
Phuadng phap:
Budc 1.
@® Tinh IG(D,A;)) = H(D) — H(D,A) Vi=1,2,...,m.
@® Chon A*: IG(D, A*) — max.
Buéc 2.
@ Tao nit méi ng véi A*.
@® Tach DL thanh cac tap DL con dua trén gia tri cia A*.
© Tao cic nhanh con (ing véi mdi gia tri clia A*, va thuc
hién ID3 dé quy trén tap DL con tuong ng.
® Budc 3.
® Néu tit cd cic miu thudc vé cling 1 16p, tao nit 14 va
gan |6p dé cho nat 1a.
® Néu khéng con thudc tinh nao d& chia nhanh, chon I6p
phd bién nhat va tao nat 14.
e Budc 4. (Két luin) Tra vé CQD.

TS. Nguyén Hoang Son — [EQC A
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Cay quyét dinh: 1D3-vi du - (1)

A AN

# Outlook Temperature Humidity Wind Play
1 Sunny Hot High Weak No
2 Sunny Hot High Strong No
3 Overcast Hot High Weak Yes
4 Rain Mild High Weak Yes
5 Rain Cool Normal Weak Yes
6 Rain Cool Normal Strong No
7 Overcast Cool Normal Strong Yes
8 Sunny Mild High Weak No
9 Sunny Cool Normal Weak Yes
10 Rain Mild Normal Weak Yes
11 Sunny Mild Normal Strong Yes
12 Overcast Mild High Strong Yes
13 Overcast Hot Normal Weak Yes
14 Rain Mild High Strong No

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

1. Chon thudc tinh phan nhanh tét nhat
® Tinh H(D):

®
o PYes = 9/14
® ono=5/14

=

H(D) = —(9/14)10og,(9/14)—(5/14) log,(5/14)
~ 0.94

® Ky hiéu [9ves, Sno]=[9+,5-]
e Tinh H(D,A) cho méi A:
® A = Outlook: cé 3 gia tri, mdi gia tri tuong (ing 1 niit
con va tap con D,, D,, Ds C D.
TS. Nguyén Hoang Son — [LOCIMAY
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Cay quyét dinh: 1D3-vi du - (3)

AN

# Outlook Temperature Hu midity Wind Play
4 Rain Mild High Weak Yes
D.=> Rain Cool Normal Weak Yes
[ Rain Cool Normal Strong No
Lo Rain Mild Normal Weak Yes
14 Rain Mild High Strong No
# Outlook Temperature Hu midity Wind Play
3 Overcast Hot High Weak Yes
D, =7 Overcast Cool Normal Strong Yes
12 Overcast Mild High Strong Yes
13 Overcast Hot Normal Weak Yes
# Outlook Temperature Hu midity Wind Play
1 Sunny Hot High Weak No
2 Sunny Hot High Strong No
= 8 Sunny Mild High Weak No
9 Sunny Cool Normal Weak Yes
11 Sunny Mild Normal Strong Yes

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI C KHOA HOC

Cay quyét dinh: 1D3-vi du - (4)
e = H(D, Outlook):

H(D}=0.971 H(Dg)=0 H(Ds)=0.971

H(Dr) =-3/5.l0g,3/5 - 2/5.l0g,2/5 = 0.442 + 0.529 = 0.971 . H(‘D, Outlook) =5/14"971 + 4/14°0 + 5/14-971
H(Dq) = - 4/4.l0g,4/4 — 0/4.log,0/4 =0 + 0 =0 =
H(Ds) = - 2/5.10g,2/5 - 3/5.10g,3/5 = 0.529 + 0.442 = 0.971

e Tuong tu, H(D, Temperature):

EP» H(D, temperature) = 4/14*1 + 6/14°.918 + 4/14*.811
1

H(Drot)=1 H(Dmila)=0.918 H{Dcooi)=0.811

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

H(Dnign)=0.985 ’ H(Dromai)=0.592  H(Dueai)=0.811 . H(Dszrang)=1
H(D, humidity) = 7/14*.985 + 7/14*592  H(D, wind ) = 8/14*811 +6/14*1
=0.788 =0.892

® = |G(D, Outlook) — max. Chon Outlook.
2. Tao nat, chia nhanh, kiém tra diéu kién dirng:
® Tao nut Outlook véi cac nhanh va tap DL con:

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

e Véi tap Dy, tinh tuong tu:
@® H(D,, temperature) = 2/5+ 1+ 3/5%.918 = 0.951
@ H(D,, humidity) = 2/5+ 1+ 3/5 * .918 = 0.951
© H(D,, wind) = 2/5%0+3/5%0=0
= IG(D,, wind) — max. Chon wind lam nat phan
nhéanh, véi cac nhanh con weak, strong va tap DL con
tuong (ng D,,, Ds:

# Outlook Temperature Hu midity wind Play
S Rain Mild High Weak Yes
Dw= 5 Rain Cool Normal Weak Yes
10 Rain Mild Narmal Weak Yes
Ds= © Rain Cool Normal Strong No
14 Rain Mild High Strong No

e Cac mau trén D,,, D,s déu thudc ciing 1 16p = tao cac
nut 14 véi nhan 13 cac I6p nay cho cac nhanh nay.

TS. Nguyén Hoang Son —
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® Tuong tu cho Ds:
@® H(Ds, temperature) =2/5%x0+2/5%x1+1/5x0=04
® H(Ds, humidity) =2/5%x0+43/5%x0=0
© H(Ds, wind) =2/5% 1+ 3/5.918 = 0.951
= IG(Ds, humidity) — max. Chon humidity lam nit
phan nhanh:

# Outlook Temperature Hu midity wind Play

1 Sunny Hot High Weak No
Dan = 2 Sunny Hot High Strong No

8 sunny Mild High Weak No

9 sunny Cool Normal Weak Yes
Den= 11 sunny Mild Normal Strong Yes

® Cac miu trén Dgy, D, déu thudc cling 1 16p = tao cac
nat 1a. TT dung.
® = D3 dung.

TS. Nguyén Hoang Son —
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Cay quyét dinh: 1D3-vi du - (8)

3. Két luan:

Outlook

TS. Nguyén Hoang Son —
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Cay quyét dinh: Ung dung.

oY té:
@ H3 tro quyét dinh trong chan doan bénh.
® Phan loai bénh du doan két qua diéu tri.
® Tai chinh va Ngan hang:
@ Dua ra quyét dinh vé viéc cip tin dung cho ca nhan
ho3c doanh nghiép.
@® Du doan xu hudng thi trudng tai chinh va chirng khoan.
¢ Kinh doanh:
@ Phan loai san pham va dich vu cho khach hang.
@® Du doan hanh vi mua hang online ctia khach hang.
© Du doan gia nha.
O Téi uu hoa chién lugc quang céo.
® Thi giac may tinh:
@ Phéan loai hinh anh.
® Nhan dang déi tuong.
T'S. Nguyén Hoang Son — [IOCTR]
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HUE

Cay quyeét dinh: Uu nhuge diém
e Uu diém:
@ Trién khai, két qua: tao ra cac quy tic quyét dinh rd
rang, dé hiéu va dé dién giai két qua clia MH.
@® Tinh linh hoat: c6 thé xi ly t&t DL sb (r&i rac) va DL
phan loai. Khéng yéu ciu chuin héa DL.
© Hiéu suit: cin it DL dé HL. Xay dung nhanh va phan
loai nhanh.
@ Tham s6: c6 thé tiy chinh cic tham s clia CQD dé
phi hop véi nhu cdu cu thé cha bai toan.
¢ Nhugc diém:
©® Tuong quan giifa cac bién: khéng biéu dién ducsc méi
quan hé phtc tap.
® Nhay cam béi nhiéu
© Bién: thudng khéng hoat dong tot khi xi ly cac bién
lign tuc. Khéng phu hop khi s& lugng thudc tinh bung
nd. Thudng uu tién thudc tinh cé nhidu gia tri.
© Khong 6n dinh: nhay cam véi su bién ddi nhd trong DL
© DE bi qua khép.

Son — [OCIAY

TS. Nguyén Hoar
Slide 117/234




KHOA TOAN, DAI HOC KHOA HOC HUE

Cay quyét dinh: Thyc hanh Weka - (1)

® Cac budc tién hanh:
@ Tai vao bd nhé train set
® Lua chon MH: J48
© Thiét lap:
® Use training set.
® Cac lua chon khac: so sanh két qua du doan véi gia tri
thuc (More option/Output predictions:
PlainText/Start)
O Kiém tht MH véi test set
@ Visualize CQD.
@ Luu MH.
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KHOA TOAN,

DAI HOC

Cay quyét dinh: Thuc hanh Weka - (2)

KHOA HOC HU

AR AN A~~~

® Thuc hanh trén tap DL weather.arff.
@ weather_train.arff

@® weather_test_1.arff, weather_test_2.arff

4 Chon tp tin di? liéu s dung I
& Weka )
o]0 I I
[ = —
=
=
= =
e == =
e _— S e O
e
=]
—
e -
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Cay quyét ¢

dinh:

_Thyc hanh Weka - (3)

Fiename;  [weather nominalorff Open
Fies of typei [ arfFdata fies (7.arf) -
TS. Nguyén Hoang Son — HOC
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@ Open ==
Lookin: | | data - @ eE |
outiook ature | humiar
- g breast-cancerarff @@ segment-testarff i m“ '} ndy | P'a."_‘
o contact-lenses.arff @D soybean.arff oo bz Nowk
Recenttems @ cpu-arf & supermarket arft 1 jsunny jhot jhigh FALSE no
& cpuithvendorart & unbalanced.arff 2 jsnny ot jhigh [TRUE  |no
- o credit-garff o votearff 3 overcast hot high [FAlLSF yes
|- prr—— 3 foiny  |mid iah FALSC ves
Desktop  |&d glass.arff € weather.numeric.arft S Jrainy ool normal  |FALSE |yes
€D ionosphere.arff 6 |rainy icool normal  [TRUE  |no
€ iris.20.arft 7 |overcast |cool normal  [TRUE _ |yes
B & iris.arft 8 [sunny jmid lhioh FALSE _no
tay Documents (& labor.arff 5 |sunny |cool normal _ [FALSE _ [yes
@ ReutersCom-testarft 10 frainy  |mid normal  [FALSE _ [yes
. &9 ReutersCom-train.arff 11 jsunny _|mild normal _ [TRUE __|yes
L.!‘ & ReutersGrain-test.arff 12 |overcast mild high [TRUE ves
Computer &9 ReutersGrain-train.arff 13 |overcast hot normal  [FALSE  |yes
& segment-challenge.arff 14 |rainy imild high [TRUE no




Preprocess| Clasfy | Custor | Assocate | Select atiributes | Visuslze

Time taken to build model: 0 seconds

Result kst (nght-chck for pptons)

= Stratified cross-validation ===

Correctly Classified Instances
Incorrectly Classified Instances

Root mean squared error
Relative sbzolute error
Root relative sgquared error
Total Nusber of Instances

12
2

0.6289
0.1429
0.378

30

76.6097 &

4

WmThuat toan ghan I

dwoc s dung (chon thuat toan 1D3)

Cay quyét dinh
xay dung

B5.7143 %
14.2857 %

L) g
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KHOA TOAN, DAI HOC KHOA HOC

Cay quyét dinh: Thuc hanh Weka - (5)

e Visualize CQD:

Tree View

= sunny
humidity
= high = narmal

no (3.0) yes (2.0}

TS. Nguyén Hoang Son —
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€ Weka Qlassifier Tree Visualizer: 10:28:20 - trees.}48 (weather.symbolic)

outloak

= overcast

yes (4.0)

=rainy

= Strong =Weak

no (2.0} yes (3.0




KHOA TOAN, DAI HOC KHOA HOC HUE

@® Thuc hanh trén Jupyter Notebook.
@® HV tim hiéu thém.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Bo phan loai Naive Bayes: Gisi thigu
® Bo phéan loai Naive Bayes (NB Classifier - NBC) dua
trén dinh ly Bayes véi gia dinh cac dic trung dau vao I3
ddc 1ap v6i nhau khi biét nhan 16p (gid dinh Naive -
“ngdy tho").

Naive Bayes Classifier

® PP HCGS phd bién trong HM, dugc st dung réng rai
trong nhiéu linh vuc. D3c biét, khi gip nhitng bai toan
can 1 gidi phap nhanh va don gian.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

B6_phan loai Naive Bayes: Phan tich toan hoc-(1)

e Xét TDL D gdm cic mau dau vao X = (xi,x2,...,X,)
vanhanlép Ce {C, Gy, ..., Cn}.
¢ Dinh ly Bayes:

PIX|OP(C)

POX) = =5

(4)

® Gia dinh Naive: cic dac trung xq, x2, ..., x, doc 1ap véi
nhau khi biét C:

P(X|C) = HPX,|C

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

B6_phan loai Naive Bayes: Phan tich toan hoc-(2)

° (4) =

n

P(CIX) o P(C) [T P(xil©)

i=1

® NBC chon nhan 16p C* c¢6 XS 16n nhit:

P(C) [ ] P(xil C°) — max

i=1

e Cac bién thé ctia Naive Bayes va MHXS: c6 3 bién
thé chinh
@ Multinomial Naive Bayes
® Gaussian Naive Bayes
© Bernoulli Naive Bayes

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

B

10

phan loai Naive Bayes: Phan tich toan hoc-(3)

¢ Multinomial NB: DL r&i rac (vdn ban) - x; ri rac

N>
@ N c:sbl1an x; xuit hién trong cdc mau thudc 16p C.
® N¢: tdng sb dic trung trong cac maiu thudce 16p C.
© o € N: hé sb Laplace smoothing, thudng chon 1.
© d- s luong gia tri c6 thé c6 cla x;.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

B6_phan loai Naive Bayes: Phan tich toan hoc-(4)

e Gaussian NB: DL lién tuc- x; sb thuc, va tudn theo
phan phdi chuan (Gaussian)- dudng cong hinh chubng

(xi — MC)2>

1
———exp | — 5
\/ 27ro’2c 20¢
~>

® uc: GTTB cua x; trong 16p C.
@® 0% PS cia x; trong 16p C.
¢ Bernoulli NB: DL nhj phan- x; gia tri binary (0, 1)

P (x| C) = pi néu x; = 1
I 1—p; néuxi=0

P(xiC) =

~> pit XS x; xuét hién trong cdc miu thuéc 16p C.
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KHOA TOAN, DAI HOC KHOA HOC HUE

B6_phan loai Naive Bayes: Phan tich toan hoc-(5)

Bién thé Loai DL phu hgp | VD dién hinh
Tan suat xuat hién
cda tir trong van ban
Du doan bénh dua trén
chi s6 huyét ap, nhip tim
Kiém tra su hién dién
clia cac tir khéa

Multinomial | DL dé&m (rdi rac)

Gaussian | DL sb thuc (lién tuc)

Bernoulli DL nhj phan (0/1)

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

® Dau vao: Tap TDL D cac mau véi n dic trung, m 16p
Ci,..., Gy va miu X can DD nhin 16p.

® Dau ra: Nhan 16p clia X.

® Phuaong phap:

® Budc 1. Tinh P(Cj), Vj=1,...,m.

e Budc 2. Tinh P(X|Cj) =[], P(xi|C)), Vj=1,...,m.
@® DL lién tuc: dung Gaussian
@® DL rdi rac: dung Multinomial hodc Bernoulli

» Budc 3. Tinh P(GIX) x P(G)TTL., P(xIG).
Vi=1,...,m.
® Budc 4. Chon 16p C* c6 XS 16n nhit:

P(X|C")P(C*) — max.

TS. Nguyén Hoang Son — [EQC A
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KHOA , DA 0C KHOA HQ

B6 phan loai Naive Bayes: vidu - (1)

AV PN

(1) Xét TDL D v& khéach hang:

RID age income  student credit_rating  Class: buys_computer
1 youth high no fair no
2 youth high no excellent no
3 middleaged  high no fair yes
4 senior medium  no fair yes
5 senior low yes fair yes
6 senior low yes excellent no
7 middle_aged low yes excellent yes
8 youth medium  no fair no
9 youth low yes fair yes

10 senior medium  yes fair yes

11 youth medium  yes excellent yes

12 middleaged medium no excellent yes

13 middle_aged  high yes fair yes

14 senior medium  no excellent no

® DD nhan I6p cho khach hang
X = (youth, medium, yes, fair).

TS. N

uyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Bo phan loai Naive Bayes: vidu - (2)
® ~ (C = yes, Co = no:
o P(C)=9/14 = 0.643
o P(Cy) =5/14 = 0.357
® ~ Multinomial NB:
® X = (youth, medium, yes, fair), a = 1.

® age: d=3
241
® P(youth|Ci) = 973= 0.25
3+1
® P(youth|Cy) = % =0.5
® income: d =3
5
® P(medium|C,) = 5= 0.417
3
® P(medium|Cs) = 3= 0.375
® student: d =2
7
® P(yes|C) = = 0.636
2
® P(yes|Cz) = == 0.286
TS. Nguyé Hoang Son — [IOCTIRY 7
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KHOA TOAN, DAI HOC KHOA HOC HUE

B6_phan loai Naive Bayes: vidu - (3)
e credit_rating: d =2

® P(fairlCy) =

= 0.636
1

® P(fair|Cy) = = = 0.429

[ ] MJ:1’2

| LW -

P(X|C)) pr,yc

= P( youth| Cj) P(medium|C;) P(yes| C;) P(fair| C))

° —
° P(X|C1) = 0.25 x 0.417 x 0.636 x 0.636 = 0.042
° P(X|G) = 0.5 x 0.375 x 0.286 x 0.429 = 0.023
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KHOA TOAN, DAI HOC KHOA HOC HUE

B6 phan loai Naive Bayes: vidu - (4)

° =
® P(C|X) oc P(C)P(X|Cy) = 0.643 x 0.042 = 0.027
o P(Co|X) x P(C)P(X|Cs) = 0.357 x 0.023 = 0.008
= P(C|X) > P(G|X).
® = X cb nhan I6p C.

¢ = DD khach hang mua (yes) may tinh.
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KHOA TOAN, DAI HOC KHOA HOC HUE

B6_phan loai Naive Bayes: vidu - (5)

(2) Xét TDL vé phan loai hoc sinh dau (Pass) ho3c khéng
(Fail) dua trén 1 dic trung diém kiém tra:

| ID | Diém kiém tra (x) | Két qua (C) |

1 85 Pass
2 90 Pass
3 78 Fail
4 65 Fail
5 95 Pass
6 70 Fail
7 38 Pass
8 76 Fail

® DD 1 hoc sinh méi cé diém kiém tra x = 80.
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KHOA TOAN, DAI HOC KHOA HOC HUE

B6 phan loai Naive Bayes: vidu - (6)

o ~
® P(Pass) =4/8=0.5
® P(Fail)=4/8=0.5

® ~ Pass:
* x;: 85,90,95,88
85 +90 + 95 4 88
® [pass = 4 =89.5
85 — 89.5)2 4 --- + (88 — 89.5)2
® 0P = ( ) 1 ( ) 1305
o ~ Fail
® x; 78,65,70,76
78 + 654 70 + 76
® LiFai = 1 =172.25
78 — 72.25)% + .- + (76 — 72.25)?
® 0fy= ( ) 1 ( ) o719
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KHOA TOAN, DAI HOC KHOA HOC HUE

B6_phan loai Naive Bayes: vidu - (7)
e ~ Gaussian NB:

o x—80
P(80|Pass) — 1 (80 — 72.25)
RN e B 2 % 13.25
~ 0.00059

P(80| Fail) =

1 (80 — 89.5)*
EX, —
Vam < 2r10 P\ T T2 2719
~ 0.021
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KHOA TOAN, DAI HOC KHOA HOC HUE

B6 phan loai Naive Bayes: vidu - (8)

LJES
® P(Pass|80) ox P(Pass)P(80|Pass) = 0.5 x 0.00059 =
0.000295
* P(Fail|80) « P(Fail)P(80|Fail) = 0.5 x 0.021 = 0.0105
= P(Fail|80) > P(Pass|80).
e = Hoc sinh c6 diém kiém tra x = 80 c6 nhan |6p Fail.

® = DD hoc sinh khong qua mon.
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KHOA TOAN, DAI HOC KHOA HOC HUE

B6_phan loai Naive Bayes: Ung dung

° Y té:

@ Du doan tinh trang stic khde, nguy co bénh ly.

@® Du doan két qua didu tri tir cac biéu hién 1am sang.
Phan loai email:

® Spam/Non-spam.
Phan loai Van ban:
@ Chu dé (tin tirc, bai bdo, danh gid san ph§7m).
@® Ngon ngi.
Tai chinh:
® Du doan xu hudng thi trudng tai chinh.
Thi giac may tinh:
® Phan loai d6i tugng trong anh (xe hoi, ngudi di bs, dén
giao théng ...)
e Heé théng ggi y/ tu van

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC

HUE

B6 phan loai Naive Bayes: Uu nhugc diém
e Uu diém:
@ Trién khai, két qua: don gian, d& trién khai, d6 chinh
xac va tdc dé HL, kiém thir rat cao.
@® Tinh linh hoat: 4p dung dugc cho nhiéu loai DL (cé
cAu trac, khong cé cau tric).
© Hiéu suat: xir Iy tt v6i cac bién doc Iap, dic biét hiéu
qua véi DL 16n, nhiéu chiéu.
¢ Nhudgc diém:
@ Gia dinh Naive: it gip trong thuc té.
® Bien:
@ D2 bi anh hudng bdi bién khéng quan trong = c6 thé
dan dén két qua khéng chinh xac.
® Khong hoat déng tét khi ap dung cho cac bién lién tuc
hodc cac bién c6 PP khéng chuan (cin rdi rac hoa phi
hop-bién phan loai).
© Hiéu suadt MH gidm manh khi cac thudc tinh cé su
tuong quan cao.
TS. Nguyén Hoang Son — [LOCIMAY
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B6_phan loai Naive Bayes: Thuc hanh Weka - (1)

® Cac budc tién hanh:
@ Tai vao bd nhé train set
® Lua chon MH: Naive Bayes
© Thiet lap:
® (Cross validation folds: 10.
® Cac lya chon HL khéc.
O Kiém tht MH véi test set
@ Luu MH.

TS. Nguyén Hoang Son — HOC MA'
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KHOA OAN DAI HOC KHOA HOC HU

B6_phan loai Naive Bayes: Thuc hanh Weka - (2

® Thuc hanh trén tap DL labor.arff.

@ /abor_train.arff
@® /abor_ test.arff.

Weks Explorer breprocess sty Custér  Assocate”  Selectafinbutes  Visiaie
Gassifir
Preprocess  Casiy  Quster  Asocite  Seectatt
= C= Choose [NaiveBayes
Openfie. pen URL Clest options Qasifier ot
i 0 e
Use usining st
Fiter 9 . e
Choose [Nane Supplid testset teosa] 1o 1600
ot rlton ® Gossvaidaion Fods | 10
Relton: labor-neg-dta-wekafites nsupenvisedinsance, () Percentagesplt % | 66
Instances: 39
o Mere aptions. Time teken to butld mdel: 0 seconds
AH None et (Vo) clazz | == Stratified cross-validation ==
Summary
o e st
Corzecely Classifizd Instances E seomie s
11 duration sk Bt ootk focoptiurs) Incorsecely Classified Instances 2 sz v
2 Jwage incressefistyear 100557 baycs Nk Keppa statistic 0.e734
3 Iwageincresse-secendsyear Hean absolute exror 0.0782
 lvage increrse sy Root sean squared errox 0.2355
Relative ebsolute error 15,0002 %
3 costeoflving-adjustment Root. relative squared error 223 3
6 Jwerking hours Tota Number of Inscances
7 pension
8 standy-pay cailea Accuracy By Cla
9 sn-ifernts
10.0] bventon-atonance e Rate P ate Precision Recall F-Measuze M ROC Ares E(
; " 0.505 0.0% 0505 0.3 0.505  0.67  0.3% 0.
11 satuton-holidays Olset 0031 oses  oses 0.se4 0.7 om0t
12 Jvacation Weighed Ave. 0349 0.075  0.985 .94  0isds 0.3 0.93 0.t
13 longtermsdisaitty-sssistance
14 contrbuton-to-denta-plan - Confusion Mavrix ===
15 bereavement-ssistance .
16 contrbuton-to-heskthpan 0D CEIEImm
17 das
Remove
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KHOA TOAN, DAI HOC KHOA HOC HUE

B6_phan loai Naive Bayes: Thuc hanh Python

@ Thuc hanh trén Jupyter Notebook.
@® HV tim hiéu thém.

B{«( B ]
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KHOA TOAN, DAI HOC KHOA HOC HUE

May véc-tag ho trg: Gisi thicu

® May véc-ta ho trg (Support Vector Machines - SVM):
tim siéu phing ti uu dé phan tach cac 16p DL trong KG
d3c trung nhiéu chiéu.

R? - SP |a dwérng thing R® - SP |a mit phing

® PP c6 nén tang toan hoc kha phiic tap, dugc dé xuit
1963 (Vladimir N. Vapnik, Nga).

e PP HCGS quan trong, phé bién va manh nhit caa HM.
Dung cho c3 PL (chd yéu) va HQ (SVR).
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KHOA TOAN, DAI HOC KHOA HOC HUE

May véc-tg ho trg: Phan tich toan hoc - (1)
e Siéu phang (Hyperlane) trong KG R”:
w-x+b=0 hay w'x+b=0

® ~ tich vo huéng w - x:

® x=(x1,...,xy) € R" véc-to dic trung dau vao.
® w=(wi,...,w,): véc-td phap tuyén (trong sb).
® b: hé sé diéu chinh (bias).
® ~ 1 mit phing véi sb chiéu n— 1.

X5 (o)

w. thé hién huéng caa SP-
~ © © b:hé s6 digu chinh KC tir géc toa 6 dén
a SP, néu b=0 thi SP s& di qua géc toa do.
l:]I:l o W+ W, +b =0
O

Infinite Hyperlanes (R%) X

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HU

e L& (Margin) ctia SP: KC tir SP dén cdc diém DL gan
nhat cia mdi 16p (Support vectors).

Margin -~

Separating

¢ Hyperplane
4 .

Support vectors nhiing digm "kho
phan loai nhat", va SP i uu chi
phu thuge vao cac diém nay

Support Vectors ™ R?

® SP téi uu: SP c6 |8 16n nhit (max).

|

TS. Nguyén Hoa
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May véc-tg ho trg: PTTH-Tim SP téi wu - (3)
(1) DL phan tach tuyén tinh
e Xét tap m diém DL:
D={(xiy) : xi € R y; € {-1,1};i=1,...,m}
o ~
® x; = (x1,...,Xp): véc-to ddc trung DL
® y;: nhan phan I6p
® GS D dugc phan tach tuyén tinh hoan toan < 3 SP
Ho : wx+ b =0 tach D thanh:
@ D_: 16p gdbm cac DL c6 nhan —1
@® D, :|16p cac DL c6 nhan 1.

. SPR
W support points (vectors)
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May véc-tg ho trg: PTTH-Tim SP téi uu - (4)
o ~
e Diéu kién phan I6p: Hy phai thod man
vilw'x;+ b) > 1, Vi

* KCtu x; dén Hoy:

~ ||wl| = /wWF + -+ + w2: dd dai véc-to phap tuyén.

® = Véi cac support vectors (yi(w'x; + b) = 1):

4 1
T llw]
o 2
Margin cia Hy: m = m
w
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KHOA TOAN, DAI HOC KHOA HOC HUE

May véc-tg ho trg: PTTH- T"mA,SBAtﬁi\,!{l,L:\(5)\,

® — Hy la SP téi uu < max ——, hay min §||w||2

e = Bai toan Hard-margin SVM (bai toan téi uu trong

SVM):
min ( ||w||)

~> rang budc tuyén tinh: yi(w'x; + b) > 1, Vi.
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May véc-td ho trg: PTTH-Tim SP téi uu - (6)

® Cac PP gidi bai toan Hard-margin SVM:

| PP | Uudiém | Nhugc diém | Phu hgp cho |
Chinh xac, Ch&m véi n N
QP | TU toan cuc | 16m, O(r?) DL c6 vira
Hiéu qua, Phu thudc Weka,
SMo it b6 nhé heuristic LibSVM
Don gian, Cham hon
GD 45 cai dt SI\I/I;O/Q7I°, can Big data
: dieu chinh «
Nhan tr | Tandung | o cham | LT déi ngdu
Lagrange doi ngau
TS. Nguyén Hoang Son — [LOCIMAY
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May véc-tg hd trg: PTTH-Tim SP téi vu - (7).
(2) DL khéng phan tach tuyén tinh

@ Ranh gidi giita cac I16p phirc tap
® Cic I6p chdng lan 1én nhau

© Thiéu dic trung quan trong

O KGDT khéng phu hop

@ DL phi tuyén, DL khéng cin bang
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May véc-td ho trg: PTTH.Tim SP téi vu - (8).
® M6t s6 PP giai quyét:
@ Thu hep cac SP Ié.
@® Soft-Margin SVM.
© Ky thudt ham nhin (Kernel trick).
@ Két hop Kernel trick va Soft-Margin SVM.

n— EocVAY
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Slide 152/234
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May vec -to hé Soft-Margin SVM - (9)

® PP ndi long cac didu kién 1&, cho phép mét sé diém DL
vi pham & dé dat dugc su can bing.
® Bai toan Soft-Margin SVM:

min ( [|wi|* + CZ£>

>
® rang budc tuyén tinh:
yi(w'xi+b) > 1—¢, &> 0,Vi

® & bién slack, do miic d6 sai léch clia x; (vi pham [8).
® C: tham sé phat (penalty).
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May véc-td hd trgd: Soft-Margin SVM - (10)

e = Diéu chinh C dé can bang giita viéc phén loai sai va
t6i da héa Ié.

Soft Margin SVM, C=0.05
J =

.
o W ]
.

e Cach chon C
® Dung cross-validation @& tim C téi uu.
® DL nhiéu nhiéu = chon C nhé.
® DL sach = chon CIén.

TS. Nguyén Hoang Son —

Slide 154/234




KHOA TOAN, DAI HOC KHOA HOC HUE

May véc-td ho trg: Ky thuat ham nhan - (1)

® Ky thuiat ham nhan (Kernel trick): anh xa DL tur
KGDT ban dau sang 1 KGDT méi c6 sb chiéu cao hon:

¢ :R" — R9

o ~

@ d>>n
@® R DL phan tach tuyén tinh dugc.
© Su dung ham nhédn K(x,y):

K(x,y) = ¢(x)Té(y)
® ~ Khéng cin tinh toan truc tiép phép bién déi ¢(x)
(tdn kém, do sb6 chiéu cao).

¢:R* > R¥

‘¢\./o/o
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KHOA TOAN, DAI HOC KHOA HOC HUE

May véc-td ho trg: Ky thuat ham nhan - (2)

e Mot s6 ham nhan phé bién:
@ Tuyén tinh
* Kix,y)=x"y.
® Da thic
* K(x,y) = (yx"y+n9 v >0,r>0.
° quxét dinh d6 déc clia ham nhan, r diéu chinh su dich
chuyén cla SP, d la bic cla da thic.
® RBF (Radial basis function) hay Gaussian
* Kix,y) = exp (—llx—ylI*) .7 > 0.
O Sigmoidal
* K(x,y) = tanh(yx"y+r),y > 0,r> 0.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HU

May véc-tg ho trg: Ky thuat ham nhan-Vi du - (1)

PN A A AV A AV VA N ~ A A A A A A A A

Piém x; x3 Label(y) e Kernel Polynomial bac 2:

A o 0 o0 K(z,y) = (2Ty+1)
¢ Tinh kernel :
B 0 1 1
Véiz = (z1,22) vay = (Y1, y2), ta c:
c 1 0o 1 )
K(z,y) = (191 + zay2 + 1)
D 1 1 0

- K(z,y) = 229y} + 22y? + 2z120y10 + 20101 + 22010 + 1
Tap DL XOR, khéng phan tach tuyén tinh dwoc)

" D®| © Néu tinh @(x) truc tiép, né sé tuong duong véi:
&(x) = (a1, 23, V22125, V221, V22, 1)
. bRl — 6 chiéu thay vi 2 chiéu ban dau
K&t Qua Sau Khi Anh Xa
C .
oLe A * » D liéu trong khéng gian mdi (6D) cé thé phan tach bang
0 W=

siéu phang.
 Khéng can tinh ®(x), chi can dung K (z,y) trong SVM.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC

Kiém tra:
Xét2 diema = (0,1) vab = (1,0):
Tinh Truc Tiép ®(a) va ®(b)
®(a) = (0%4,1%,v2-0-1,v/2-0,v/2-1,1) = (0,1,0,0,v/2,1)
®(b) = (1%,0%,v/2-1-0,v2-1,v/2-0,1) = (1,0,0,v2,0,1)
- Tich v6 hudng:
(®(a), B(B)) =0-1+1-04+0-0+0-v2+v2-0+1-1=[1]

Dung Kernel

K(a,b) = (a"b+1)" = (0-1+1-0+1)* [1]

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HU

May véc-tg ho trg: Ky thuat ham nhan-Vi du - (3)

PN A A AV A AV VA N SO A VAV A AN

St dung anh xa: Kiém tra:
[(z) = (¢F, €3, vV22125, V221, V225, 1))+ BiémA (0,0): f(B(A)) =0+0—0— 1= —1(Class 0)
Tinh toan cho tirng diém: * PiEmB (0,1): f(#(B)) =0+1—-0—1=0 (Class1)
* Diém A (0,0): $(A4) = (0,0,0,0,0,1) ° DiEmC(1,0): f(&(C))=1+0—-0-1=0 (Class1)
* Piém B (0,1): (B) = (0,1,0,0,/2,1) * PiémD (1,1). f(®(D)) =1+1—2—1= —1(Class 0)

« piém € (1,0): ®(C) = (1,0,0,v2,0,1)
* Biém D (1,1): (D) = (1,1,v2,v2,V2,1)

K&t qua: DT liéu da dugc phan tach tuyén tinh trong

)

khong gian 6D!

tim siéu phang trong khéng gian 6D c6 dang:

f(®(2)) = wiz? + wozh + wyV/ 2@ 2y + « Minh Hoa Trong Khéng Gian 3D (Rit Gon)
hwm/Zzl + wsV2zy +we -1+ b DE dé hinh dung, ta chi xét 3 thanh phan chinh clia $(z):
sao cho:
o f(®(x)) > 0véildp 1 (B, C). Bup(2) = (2,23, V212,)
e f(®(z)) < 0vsilép 0 (A D). Trong khéng gian 3D, siéu phang c6 dang:
Gidi phap: wlmf + wzmg + w;;\/ﬁ:vw; +b=0

e Chontrongsé w = (1,1,-2,0,0,—1)vab = 0:
Chon trong sé dé phan tach:
cw =1, wy=1w3=-2b=—-1:

zf+z§—2\/§z1zz—1:0‘

f(®(x) = af + 25 — 2w122 — 1
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KHOA 9 C KHOA

May véc-tg ho trg: Ky thuat ham nhan Vi du - (4)

B SN AN

Siéu Phang Phan Tach Trong Khéng Gian 3D Sau Anh Xa

@ AlClass 0)
X BiClass 1)
X Clclass 1)
@ DiClasso)
wem Siéu phang phén tach

10 0o

:L% +m%—2x/§:clﬁ':z— 1=0
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KHOA TOAN, DAI HOC KHOA HOC HUE

May véc-to hd trg: Ung dung

° Y té:
® Du doén cac bénh Iy nhu tiéu dudng, ung thu, tim mach.
Tai chinh:
® Du doan xu huéng thi trudng tai chinh, du doan gia 8
phiéu.
Phan loai anh va nhan dang vat thé:
® Ap dung trong hé théng nhan dang nhu khudén m3t, chit
viét tay, bién sb xe ...

Phan loai van ban va phan loai email:
® Phan loai vin ban vao cac nhém nhu phan loai tin nhin
spam va khong spam, phan loai v3n ban theo chi dé,
phan loai tai liéu.
Nhan dang giong néi:
® Nhan dang ngudgi ndi, nhan dang tir hodc dich giong ndi.
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KHOA TOAN, DAI HOC KHOA HOC HUE

May véc-td ho trg: Uu nhugc diém
e Uu diém:
@ Hiéu suat tot:
® Trong KG chiéu cao, DL I6n.
@® Tinh linh hoat trong viéc chon ham nhéan:
® (6 thé sir dung nhiéu ham nhan khéc nhau dé phi hop
vi dic diém caa DL.
© Tinh téng quat cao:
® Thudng cho két qua t6t trén DL mdi, khong nhat thiét
Ié_’ DL dugc s dung trong qua trinh HL.
® Nhugc diem:
@ Dién giai két qua kém:
® SVM tao ra cac MH phén loai phiic tap, lam cho viéc
dién giai k&t qua tré nén khé khin.
® DPT tinh toan cao:
® Tim SP t&i uu tén thsi gian khi s6 lugng mau 16n.
© Lua chon ham nhan kernel:
® Lua chon ham nhan phii hop 13 1 thach thiic va cé thé
anh hudng dén hiéu suit cia SVM.
@ Khong xr ly tét véi DL cé nhiéu nhiéu.
TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

May véc-td ho trg: Thuc hanh véi Weka

® Cac buéc tién hanh:
@ Tai vao bd nhé train set
@® Lua chon MH: SMO
© Thiet lap:
® 10-fold cross validation.
® Cac lua chon khac.
@ Kiém thir MH v6i test set
@ Luu MH.
® Thuc hanh trén tap DL /abor.

@ /abor_train.arff
@® /abor_ test.arff.
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KHOA TOAN, DAI HOC KHOA HOC HUE

Mé)’/\!écm //h@/ rQ: Thuc hanh véi Python

@ Thuc hanh trén Jupyter Notebook.
@® HV tim hiéu thém.

B{«( B ]
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KHOA TOAN, DAI HOC KHOA HOC HUE

NGi dung mon hoc

(4] i—lc)c khéng giam séd
Phan cum k—mear{
Giam chidu bing tap thd
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KHOA TOAN,

Chudng 4. Hoc khong giam sat

® Phan cum k-mean
@® Giam chiéu Rough set
® Luat két hop Apriori

DAI HOC KHOA HOQC

® ~ Tu doc: Apriori

5. Neuyén Hoing Son — [OCTA]
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: Giéi thi¢u - (1)
® Phan cum (Clustering): 1 ky thuat trong HM diing dé
nhém céc diém DL c6 d3c diém tuong dong thanh cac
cum (clusters) sao cho:
(1) ch)i da héa su tuong ddng trong mdi cum
® Toi thiéu héa su tuong dong giita cac cum

Original Data Clustered Data

® Muc tiéu chinh caa PC:
@ Kham pha cau triic 4n trong DL
® Gidm kich thuéc DL
© Phan doan DL
@ TXL cho cac bai toan HM khac
TS, Nguyén Hoang Son — EOCTIR]
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: Gigi thiéu - (2)

e Cac PPPCva TT:

@ PC dua trén KC: k-mean, k-medoids

® PC phan cap: Agglomerative, Divisive

© PC dua trén mat do: DBSCAN, OPTICS

® PC duva trén MHXS: GMM

@ PC theo d6 thi: Spectral Clustering

® Mbt sb loai cum phd bién:

@ Cum hinh cau: cic diém n3m xung quanh 1 tadm trung
binh

® Cum c6 mat db cao: cic diém c6 mat dd cao duoc
nhém lai, cdc diém thua thét bi coi la nhidu

© Cum c6 cau tric phan cap: tao ra 1 cay phan cap tur
cac cum nhé dén cum 16n

@ Cum khéng dong nhat: khong cé hinh dang cu thé,
dung trong DL phic tap.
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: Gisi thigu - (3)

® TT k-mean (Mac-Queen, 1967): nhém DL thanh k
cum dya trén KC giifa cac diém DL.
® Y tudng clia k-mean:
@ Chia DL thanh k cum sao cho cac diém trong ciing cum
¢ dic diém tuong dong nhit
@® Ding TBC dé xac dinh trung tam (centroid) mdi cum
© Lip lai viec gan cum, va cap nhat trung tam cho dén khi
hoi tu.

Cluster 2 Cluster 3

DO_O%E\T/) Cluster 1
@D

!

Number of Customer

Rate of Purchase

e ~ PPPC phé bién trong HKGS.
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: Cac ham KC - (1)

e Cac KC da biét: Euclide, Manhattan, Minkowski,
Chebysev

e KC Hammning: do s6 vi tri khic nhau giita 2 chudi cé
cung do6 dai

dr(xy) = > 8(x, i)
i=1

~>
® x=(x1,--,%),¥= (Y1, ¥n): 2 chudi cé d6 dai n
® Ham delta Kronecker:

1 néuxi#y;
0 ngugclai

5(Xi7 }/i) - {

TS. Nguyén Hoang Son —

Slide 170/234




KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: Cac ham KC - (2)

e KC cosin: do do tuong déng clia 2 véc-ta dua vao géc
gitta chiing trong KG nhiéu chiéu

a.b
deos(a, b) =1 —cos(a, b) = ————
- lalll bl
>

® a.b=> a;b; tich vb hudng
° |lal=+/> a2 | bl= /> b?: d6 dai (chuan Euclide)
® cos(a, b): dé tuong déng cosin
[ ]

dcos(aﬂ b) € [07 2]
® 0: 2 véc-to trung nhau
® 1: 2 véc-to truc giao
® 2: 2 véc-to déi nhau.
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KHOA TOAN, DAI HOC KHOA HOC HU

Phan cum k-mean: cac ham KC - (3)

(0.3*0.5)+(0.9%0.7)
/0.32+0.9% * /0.52+0.72

Queen = [0.3,0.9]

e

cos(Queen, King) =
King = [0.5,0.7]
0.15+0.63
V/0.92*./0.74

deos (Queen, King) = 1 — cos (Queen, King)

0.78

/0.666
= 0.03

v
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: Thuat toan - (1)
® Vao: Tap DL X = {x1,x2,...,Xx,}.

® Ra: Cac cum cia X.
Phudng phap:

Budc 1. Chon k va cic tdm ¢y, ..., ¢k cho k cum
Cl,..../thI:J’X.
Budc 2. L3p lai qua trinh sau cho dén khi hdi tu:
@ Phan bd mbi DT vao cum gan nhit:
@® Tinh cac KC d(xj,¢), j=1,...,nmi=1,..., k
@® Nhom cic x; vao cum ¢é tdm ¢ : d(x;, ¢;) — min.
® Cap nhat lai tam: Vi=1,... k

1
0= T
I ‘Ci|Xj€Cf '

TS. Nguyén Hoang Son — [IOC A
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: TT-biéu kién hi tu

® Tam cum khéng thay ddi:

CE<H—1) _ Cg(t)

~ cf(t): tam cha cum k tai vong l3p t
® Khéng c6 su thay déi trong viéc gan cum:
(t+1) _ (t)
Sy =5

~ Ss(t): tap hop cac diém DL cum k tai vong I3p t
© Sai s6 hdi tu nhé han 1 ngudng hodi tu e:

max || — dP]| < €
~5 ||.]|: chuan Euclide, thugng e := 1076
O© S6 vong lap dat tdi t6i da:
t> Thax

~> Tmax: gia tri gi6i han, thudng Tyax € [100 — 500].
TS. Nguyén Hoang Son — [LOCIMAY

Slide 174/234




KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: TT-S6 cum, tam cum

® S6 cum k:
® Chon NN, hoac theo kinh nghiém
® Phuong phap Elbow
® Tam cum:
® Khdi tao NN
® k-mean++

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: TT-Tién XLDL

® DL noise, outlier:
® Noise: dung k-medoid
® OQutlier: loai bd trudc khi thuc hién TT

@® C6 nhiéu don vi do: chuin héa DL

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: TT-Vidu - (1)

e Xét tap DL gom 4 loai thubc X = {u, v, x, y} va 2 dic
trung a (weight index), b (pH):

[ X|alb]

ullll
v] 2|1
x| 4|3
y|b|4

® Phan cum tap DL trén bang k-mean véi sb cum 1a 2.
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: TT-Vidu - (2)

® = (1,1) = (U11,U12)
® v= (271) = (V117 V12)
® x= (4,3) = (X11,X12)
* y=(54) = (y11,512)

® ¢, =u=(c11,c12): tdm cum C;
v=(c21, Co2): tdm cum Gy

[
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: TT-vidy - (3)
® Phan bé mdi DT vao cum gan nhét (Ian 1):
® KC Euclide mdi DT dén tam cac cum:

® d(u, Cl) =0

® dlv,a)= \/(V11 —c1)? 4 (vig —c2)?2 =1

® d(x,c)= \/(XH —c11)? + (x12 — c12)2 = 3.61
® dly,c)= \/(yu —c1)?+ (yiz2—c2)?=5

® d(u,c2) =+/(n1 —c21)2 + (12 — c22)2 =1

® dlv,e2) =0

® d(x, ) = \/(Xn —c21)% 4 (x12 — €22)%2 = 2.83
® dly, )= \/(yn —21)% + (y12 — c22)2 =4.24

= Ma tran KC:

0 1 361 5
M1_<1 0 2.83 4.24)

® = So sanh cac KC va nhém vao cum:
® ythudc cum G
® v, x,ythuéc cum Gs.
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: TT-vidu - (4)

e Cap nhat lai tdm cac cum (lan 1):
® C:chicé1DT = ¢ khong déi.

° (s
24+445 11 _14+3+4 8

TS. Nguyén Hoang Son —
Slide 180/234




KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: TT-Vidu - (5)

® Phan bd lai cac DT vao cum (lan 2):
® Tinh lai cac KC:

P 1 361 5
27 \3.14 236 0.47 1.89

® So sanh cac KC va nhém vao cum:
® yu,vthudéc C;
® x,ythudoc G
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: TT-Vidu - (6)

e Cap nhat lai tdm cac cum (lan 2):
e ¥z 3 141
1-C11—T—§, C12—T—

3
= C1 = (571)

445 9 3+4 7

* G = Y Cog =

=>C2:(

)

o

S,',
|
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: TT-Vidu - (7)

* Phan bd lai cac DT vao cum (lan 3):
® Tinh lai cac KC:
M, = <0.5 0.5 3.20 4.61)
4.30 3.54 0.71 0.71
® So sénb cac KC va nhém vao cum: cac cum khdng cé su
thay d6i = k-means dung.

e Két qua phan cum:

(X[ 2[5 Cum ]
ull]1l G
v 2 1 C1
X 4 3 Cg
y 514 C2
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KHOA TOAN, DAI HOC KHOA HOC HU

Phan cum k-mean: TT-Vidu - (8)

e Visualize két qua phan cum bang Weka:

G Weka Clus salize: 17:51:09 - SimpleKMeans (Vi du_Thuod]

Xea i v ¥eb (Num)

Colour: ] select Instance

Clear Open save Jter @

Plot: Vi du Thuo clustered

1
x
v

1

1 3

|

TS. Nguyén Hoa
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KHOA TOAN, DAI HOC KHOA HOC HU

Phan cum k-mean: TT-Vidu - (9)

e D6 thi WCSS dé chon k t6i vu:

- Bi€u do Elbow dé€ chon sé cum K

14 —e— WCSS

1.2
1.0
0.8

0.6

WCSS (Within-Cluster Sum of Squares)

S8 cum (K)

n— EocVAY

TS. Nguyén Ho:
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: Ung dung

° Y té:

® Phan loai bénh ly, du doan két qud didu tri.
Tai chinh:

® Phan loai cac khoan chi tiéu, giao dich tai chinh.
Kinh doanh:

® Phan loai cdc nhém khach hang, danh gia rii ro.

® Thi giac may tinh:
® Phan loai hinh dnh, d6i tugng trong anh.
Phan loai van ban va DL Web:

® Phan loai tai liéu, phan loai ngusi dung Web.

Nhan dang tiéng néi:
® Phan loai, nhan dang cdc miu am thanh.
Sinh hoc:

® Phan loai thuc vat, dong vat, cdc mau gen.

TS. Nguyén Hoang Son —
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean: Uu nhugc diém
¢ Uu diém:
@ Trién khai, két qua: dé trién khai, dic biét dbi v6i DL
6 kich thuéc 16n. Cho két qua d& hiéu.
@® Tinh linh hoat: 4p dung dugc cho nhiéu loai DL (s6,
van ban, hinh anh).
© Hiéu suat: cao khi cac cum cé kich thuéc va hinh dang
tuong d6i dong déu (dang cau), hoic sb cum nhd, hoic
DL c6 tinh chit lién tuc.
©® Tinh hgp nhat: c6 thé cap nhat DL dé dang khi c6 DL
mé&i thém vao, ma khéng can phai HL lai toan bd MH.
¢ Nhudgc diém:
@ Phu thudc vao gia tri khdi tao k
® Nhay cam véi trong tam ban dau
© Nhay cam véi nhiéu
® Khong phu hgp véi tap DL: c6 cac cum véi hinh dang
phi tuyén tinh, cé hinh dang khéng ddng nhat, kich
thuéc khac nhau.
TS, Nt Hosng Son — [OETE]
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KHOA TOAN, DAI HOC KHOA HOC HUE

Phan cum k-mean; Thyc hanh Weka

P NA O+ S NP

® Cac budc tién hanh:
@ Tai vao bd nhé train set
@® Lua chon MH: SimpleKMeans (nhém Cluster)
© Thiét [ap:
® 10-fold cross validation.
® Cac lua chon khac.
O Kiém tht MH véi test set
O Luu MH.
® Thuc hanh trén:

@ diabetes.arff
@ credit-g.arff:

TS. Nguyén Hoang Son — HOC MA'
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KHOA TOAN, DAI HOC KHOA HOC HUE

N. Thuc hanh Python

@ Thuc hanh trén Jupyter Notebook.
@® HV tim hiéu thém.
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KHOA TOAN, DAI HOC KHOA HOC HUE

Giam chiéu bang tap thé: Gisi thicu

 Tap thé (Rough set) cd dién (Pawlak, 1982): cong cu
toan hoc cuc ky manh dé do ludng mitc d6 quan trong
clia cac bién ma khéng cin théng tin bé sung (nhu
PPXS, hay ham thudc tinh md):

[ Bénh nhan | Sét (S) | Ho (H) | Bénh (B) |

u cao c6 co
Uy thap khong khéng
us cao khoéng co

® Thong thudng, ngudi ta st dung RS nhu 1 buéc TXL:
@ DL thd (nhiéu nhiéu, nhiéu cét).
@® Ap dung thuat toan RS dé tim tap rat gon (gidm chiéu).
© DL sau khi gidm chiéu = dua vao cd&c MHHM (SVM,
Neural Networks ...).
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KHOA TOAN, DAI HOC KHOA HOC HUE

Giam chiéu bang tap thd: cac khai niem-1
® Hé thong tin (Information System):
IS = (U, A, {Va},ca)

@ U: tap cac déi tuong (vii tru), hitu han va # ()
@ A: tip cic thudc tinh, hitu han va # 0.
© {\V.},.4: ho cac tap gid tri tuong (ing véi ting a € A.
Mbi a € A xac dinh 1 hdam sb a: U — V,, gdn mdi DT u
1 gid tri a(u) € V..
® M6t HTT don gian:
’ Bénh nhéan ‘ Sat (S) ‘ Ho (H) ‘ Bénh (B) ‘

uq cao cé cé
us thap khong khong
us cao khoéng co

~ U= {Ul, ug, Ug}, A= {S, H, B}, S(ul) = Cao,
H(us) = khong ...
TS. Nguyén Hoang Son — [LOCIMAY
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Giam chiéu bang tap thé: Cac khai nigm-2

® Bang quyét dinh (Decision Table):
h
DT = (U,A= CU{d},{Va},ca) = (U, CU{d})
® C: cic thudc tinh diéu kién (Input)
® d: thudc tinh quyét dinh (Output/Label)
e M6t BQD don gian:

| Bénh nhan | Sét (S) | Ho (H) | Bénh (B) |

U1 cao cb co
Uo thap khéng khéng
us cao khéng co

~ U= {Ul, ug, Ug}, C= {S, H}, d=B.
® Bai toan giam chiéu DL (BQD): Tim tdp con RC C
sao cho kha nang phan I6p cia R tuong duong véi C.
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Giam chiéu bang tap thé: Cac khai niém-3

® Quan hé khong phéan biét: B C C
IND(B) = {(u,v) € Ux U|Va€ B,a(u) = a(v)}.
® 2 DT cé clng gia tri trén B = chlng dudc goi thudc
cung 1 hat tri thirc (Knowledge Granules):

U/IND(B) = {[u]z: ue U} 2 U/B

TS. Nguyén Hoang Son —
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Giam chiéu bang tap thé: vidu

L

| Bénh nhan | Sét (S) | Ho (H) | Bénh (B) |
u cao cé co
uo thap khong khéng
us cao khong co

® <« Cac hat dugc tinh qua IND:

* U/{S H = {{u}, {ua}, {us}}
* U/{S}={{u,us},{ua}}
* U/{H} = {{uz, us}, {u1}}

Tap thudc tinh  Cac hat tri thic (Ldp tuong duong)  Trdn 1an nhan?

{S,H} {u1}, {ua}, {us} Khéng
{5} {Uh "13}1 {Uz} Khéng
{#} {ur}, {u, us} co

TS. Nguyén Hoang Son —
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Giam _chiéu bang tap tho: cac khsi niem-4
e Xét tap DL muc tieu XC Uva BC C.
@ Xap xi duéi (Lower Approximation):

BX={ue U:[ugCX}

@® Xap xi trén (Upper Approximation):
BX={ue U:[ugnX+#0}

© Ving bién (Boundary Region):
BNg(X) = BX — BX

L]
: S

X
- BX
L BX
— BNg(X) = BX - BX

[

TS. Nguyén Hoang Son —
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Giam chieu bang tap thd: cac khai niem-4
* Y nghia:
@ BX: tap cac DT chic chdn € X dua trén tri thirc B.
@® BX: tap cac DT c6 khd nang € X.
© BNp(X): chira cac DT khong thé phan loai rd rang la

€ Xhay ¢ X.
e Ménh dé:
® BXC XC BX
® B)=B)=0, BU=BU=U
©® Xi C Xy = BX; C BXy, BX1CBX2
O B(Xi N Xy) = BX; N BX,, B(X; UXy) = BX; UBX,
@ B(X1 U Xy) D BX; UBXy, B(X; N Xy) C BX; N BXy
@ B(U-X)=U-BX, B(U-X)=U-BX
7 Y]

B(BX) = B(BX) = BX, B(BX) B(BX) BX
® X |a tap ré (chinh xac, tinh): BX = BX
® Ving bién réng. DL X cuc ky ré rang.
® X 13 tap thé: BX # BX
® Ving bién khac réng. DL X cé su nhap nhing/nhiéu.

TS. Nguyén Hoang Son —
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Giam chiéu bang tap thé: vidu4
[ Bénh nhan | S&t (S) | Ho (H) | Bénh (B) |
6

u cao c co
Us thap khong khéng
us3 cao khoéng co

o Xét X = {uy1,us} (nhém "cé bénh").
® Dua trén toan bo C = {S, H}:
* U/{C} = {{w1},{ua}, {us}}. Mbi bénh nhan I3 1 hat
riéng biét (khong ai giéng hét ai vé cd Sét va Ho).
* CX={uj,u3}, CX={uy,u3}, BNc(X) = 0.
® = X: tap rd (ddi v6i C), DL X dugc phan loai chinh xac
100%.
® Xét dua trén B= {H} (Ho):
© UJ{B} = {{um}, {un, us}}
4 EX: {Ul}, BX = {Ul, us, Ug}, BNB(X) = {UQ, Ug}.
* = X: tip thd (déi véi B).
® = Néu chi dung Ho = bi mo hd & us, us.
75, Newin Holng Son — [T
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Giam chiéu bang tap thé: Cac khai niem5
e Xét BQD DT = (U, Cu{d}) vé6i BC C,
U/d={Dy,Dy,...,Dn} (16p).
e Mién duong (Positive, khing dinh) ciia d déi véi B:

POSs({d}) = | B(D)

DieU/{d}

e D¢ (bic) phu thudc cia d vao B:

a({)) = PO b

[a s

* 0<9s({d}) <1
® ~ =1 = d phu thudc hoan toan vao B.

TS. Nguyén Hoang Son —
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Giam chiéu bang tap thé: Cac khai niém-6
® Thuéc tinh du thira a trong C dbi véi d:

POSc({d}) = POSc_ 53 ({d})

hoac
ve({d}) = ve(a({d})

® ~ Ngudc lai a dudc goi thudc tinh can thiét.
® Rut gon (tuong dbi) cta C déi véi d: tap con RC C
thod méan
@ Tinh bio tosn: POSr({d}) = POSc({d})
@® Tinh téi thiéu: Va € R: POSg_ (4 ({d}) # POSc({d}).
® Reduct(C): tit cd rat gon cua C.

TS. Nguyén Hoang Son —
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Giam chiéu bang tap thé: cac khai niém-7
® Lai (Core):

Core(C) = {a € Clala can thiét trong C déi véi d} .

e Ménh dé: Core(C) = (| Reduct(C).

DT | Thu nhap | Céng viéc | Tai san | Quyét dinh
(N (V) () (d)

u cao 6n dinh c6 chap nhan

Uo cao 6n dinh khéng chap nhan

us thap khoéng co tor choi

Uy thap khong khong tor chéi

o Xéttip C={T,V,5}: U/C= {{u},{u2},{us},{wa}}

° U/ {d} = {{ula U2}7 {Ug, U4}} = {dcna dtc}
® C(den) ={ur} U{ue} = den, C(dic) ={us} U{us} = dic
@ =POSC ({d}) = den U die = U
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Giam chiéu bang tap thd: vidus
e Xét tap B= {T} (Thu nhép):
hd U/T: {{u17 u2}7 {U3, U4}}
T(den) = {u, u2}, T(dec) = {us, ua} .
® = POS;r; ({d}) = U, va {T} ciing toi thiéu.
®* = {T} € Reduct (C).

POS d 4
* yn({d}) = 1POS(n ({ah)] {&({ DI =10

e Xét B= {S} (Tai san):
* U/S={{ur,us}, {u2, us}}
® §(dcn) = ®v §(dtc) = (Z)
* = POSi53({d}) = 0
|POS(7y ({d}) |
* sy ) = —— =0
* = {S} & Reduct (C).
® = Thudc tinh Tai san khong cung cip bAt ky théng tin
nao dé cé thé dua ra quyét dinh.
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Giam chiéu bang tap tho: Thuat toan Skowron-1

e — BQD DT = (U,Cu{d}) véi U= {u1,ua,...,un}.

® Ma tran phan biét (Discernibility matrix) ctia DT:
M = (Cij)nxn

- {{a € Cla(u) # a(w)}, néu d(u) # d(u)

0, néu d(u;) = d(u;)

e Ham phan biét: ham Boolean f (fpT)

=NV ea1<i<icn g0}

TS. Nguyén Hoang Son —
Slide 202/234




KHOA TOAN, DAI HOC KHOA HOC HUE

Thuat toan Reduct (Skowron, 1992)

® Dau vao: BQD DT = (U, CU {d}).
® Dau ra: Reduct(C).
Phuong phap:
Budc 1. Xay dung MT phan biét

® Duyét qua tit ca cac cdp DT khac nhan.
Bud&c 2. Lap ham phan biét

® Chuyén d8i MT thanh biéu thirc logic.
Budc 3. Téi gian biéu thirc

® S dung céc luat dai sb Boolean: ludt hap thy, ludt

phan phéi.
® Budc 4. Két luin
® M&i hoi so cip trong biéu thirc téi gidn |3 1 tap rit gon.

7S, Nguyin Hoing Son — [ECTE
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us cao khong co
° —
0 {S,H 0
M=|{{SH 0 {S}
0 {S5} 0
° —

® L3p ham phan biét: f=(SVH)AS
® Téi gidn: f=S (theo luat hap thu)
® —> Reduct = {{S}}, Core={S}.

TS. Nguyén Hoang Son —
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Giam chiéu bang tap tho: Thuat toan Skowron-4

DT | Thu nhap | Céng viéc | Tai san | Quyét dinh
(N (V) (5) (d)
u cao én dinh cé chap nhan
U cao én dinh khéng | chap nhan
u3 thap khong cé tir chéi
uy thap khong khong tir chéi
°*
0 0 {T, vV} {T,V,S}
M= 0 0 {rhv.st {T.V}
{T,v} {T,V,S} 0 0
{r,v,s}y {T,V} 1] 0
°

® Lap ham phan biét:
F=(TVV)A(TVVVS)A(TVVVS)A(TV V).
TS. Nguyén Hoang Son — [LOCIMAY
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Giam chiéu bang tap tho: Thuat toan Skowron-5

(T\/ VVA(TVVVSA(TVVVSA(TVYV)
T i gia
. Hap thu: (TVWVA(TVVVS)=TVV
® Hoi v6i cac thanh phan con lai:
(TYVWVA(TVV)=(TVV)
° = f=(TVV).

® — Reduct = {{T},{V}}, Core=1.

TS. Nguyén Hoang Son —
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Thuat toan QuickReduct (Shen & Chouchoulas, 2000)

Dau vao: BQD DT = (U, CU {d}).
® Dau ra: R € Reduct(C).

¢ Phuong phap:
e Budc 1. (Khdi tao) Dit R := ().
e Budc 2. (Tinh dé phu thuéc géc) Tinh vc({d}).
e Budc 3. (Lip) Ching nao vr({d}) < vc({d}):
@ Tinh Yo () (d) véi mdi a € (C— R).
@® Chon a sao cho yry(ay ({d}) — max.
© Cip nhit R:= RU{a}.
[ ]

Budc 4. (Két thic) R sau ciing | tip rdt gon can tim.

TS. Nguyén Hoang Son — [IOCMAY
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Giam chiéu bang tap thd: Thuit toan Shen-2

DT | Thu nhap | Céng viéc | Tai san | Quyét dinh
(N (V) (5) (d)
U cao n dinh c6 chap nhan
uo cao n dinh khong | chdp nhan
u3 thap khong cb tir choi
uy thap khéng khéng ter chéi
e Ri=0, ve({d)) = 1
e Xét tung thudc tinh:
|POS(sy ({d}) [ 0
POS d 4
* un(d) = | {I?JI({ 2 1= 1

TS. Nguyén Hoang S
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* nv({dh) =1
* Viyin({d}) =vc({d}) = chon R={T}.TT ding.
® Cé thé thiy: Reduct(C) = {{T},{V}}.
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Giam chiéu bang tap thd: Thuat toan Jensen-1
® Entropy ctia tap quyét dinh {d}:

H({d}) = Z p(d;) log, p(d

i=1

* Entropy diéu kién cta {d} khi biét tap thuéc tinh B:
k
H({d} |B) = _ p(b)H({d} |B = bj)
j=1
e Théng tin tuong hé (Mutual Information):
I(B;{d}) = H({d}) — H({d} |B)

TS. Nguyén Hoang Son —
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Giam chiéu bang tap tho: Thuat toan Jensen-2

@ /(B;{d}) = IG({d}, B): tuy ngit canh dé sir dung

9 dom (d) = {d1, dQ, ey dm} (nhén)

© bj: cac LTD (equivalence classes) dudc tao ra béi B.

@ C6 thé hiéu H({d} |B) nhu |3 TB cd trong s&: "Su hén
loan chung cta HT bdng téng su hén loan cda ting
nhém nhd, sau khi d3 nhan véi ti 1& sé luong ctia nhém
ds."

@ H({d}|B) = 0: B xac dinh hoan toan quyét dinh {d}
(khdng con su khdng chic chin).

TS. Nguyén Hoang Son —
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Thuat toan Entropy-based QuickReduct (EBQR- Jensen
& Shen, 2002- Stefanowski & Stowinski, 1994)

Dau vao: BQD DT = (U, CU {d}).
Dau ra: R € Reduct (C).
Phuong phap:
Buédc 1. (Khdi tao) D3t R:= ().
Bué&c 2. (Tinh Entropy géc) Tinh H({d} |C).
Budc 3. (Lap) Chung nao H({d} |R) > H({d}|C):
@ Tinh H({d} |[RU{a}) v6i méi ac (C— R).
@ Chon asao cho H({d} |RU {a}) — min.
© Cip nhit R:= RU{a}.

Budc 4. (Két thic) R sau ciing |a tip rdt gon can tim.
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Giam chiéu bang tap tho: Thuat toan Jensen-4

o K

Vi du:
DT | Thu nhap | Cong viéc | Tai san | Quyét dinh
(7 (V) (5) (d)

u cao 6n dinh cb chap nhan
us cao 6n dinh khong | chap nhan
u3 thap khong cb tir chéi
uy thap khong khong tir chéi

°* R:=10

H({d}|C) = ZPCJ ({dr|C=¢)

1

1 1
19+

TS. Nguyén Hoang Son —
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® p(d= chapnhan) =2/4, p(d = tuchoi) = 2/4
=
H({d}|0) = H(d) = —(0.5logy 0.5 4+ 0.51l0g, 0.5) = 1
* Xét S
* S=co: c62DT {u ("chdp nhan"), us ("t chéi")} =
p(d = chapnhan) = 1/2, p(d = tuchoi) = 1/2 =
H{d}|S=co) =1
¢ S = khong: H({d}|S = khong) =1
=

H({d}1S) = p(S = co)H({d} |S = co) +
+ p(S = khong)H ({d} |S = khong)
— ((2/4) x 1)+ (2/4) x 1) = 1

TS. Nguyén Hoang Son —
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= ~
L 3 n

Giam chiéu bang tap tho: Thuat toan Jensen-6

A A AAAAANAAAAANARDAAN A IRA AT A A A A~

® T =cao: c6 2 DT chip nhan {uy,us} =
p(dcn) = 2/2 =1, p(dtc) = 0/2 =0
= H({d} |T=cao) =0
¢ T = thap: H({d}|T = thap) =0
= H({d}|T) = 0 (khéng nhiéu)
* Xét V:
® V= ondinh = d = chapnhan (100%)
¢ V= tuchoi = d = tuchoi (100%)
= H{d}[V) =0
¢ Chon T= R:={T}. TT dung.

® ~ Reduct(C) = {{T},{V}}.
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Giam chiéu bang tap tho: Thuat toan Jensen-7

DT | Thu nhap | Cong viéc | Tai san | Quyét dinh
(7 (V) (5) (d)

u cao 6n dinh cb chap nhan

us cao 6n dinh khéng ter chéi

u3 thap khong c tir chéi

uy thap khong khong tir chéi

e R.—

* Bang van nhat quan: = Entropy muc tiéu
H{d}|C) =0
o Entropy h|en tai H({d}|R) khi R=(:

H(d) = —(} log, (3) + 3 logy (3)) ~ 0.81
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Giam chiéu bang tap thé: Thuat toan Jensen-7
Vi du: (tiép theo)

Lap 1:
e Xét S
¢ S=co {u (cn), us (tc)} = H{d}|S=co) >0(=1)
® S = khong : {us(tc), uy (tc)} = H({d}|S = khong) =0
= Entropy: H({d}|S) = (0.5 x 1) + (0.5 x 0) = 0.5
(> 0 van Ian I5n)
e Xét V.
® V= ondinh: {uy (cn), us (tc)} = Entropy > 0 (0.5, vin
13n 16n)
o Xét T:
® T=cao: {ui (cn),us(tc)} = Entropy > 0 (0.5, vin lan
16n)

® Khéng c6 thudc tinh ndo lam Entropy vé 0. GS chon S

TS. V;,‘:;uygg %Mt R = {5}
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Vi du: (tiép theo)

Lap 2:
e Xét T: = R={T,S}

¢ (T=cao,S= co): {vy (cn)} = Entropy =0
(T = cao, S = khong): {us (tc)} = Entropy =0
(T = thap, S = co): {us (tc)} = Entropy =0
(T = thap, S = khong): {uy (tc)} = Entropy = 0
= H({d} |{T.S}) =0. TT dung,
= R={T,S} € Reduct(C).

¢ ~ Reduct(C) ={{T,S},{V,S}}.

TS. Nguyén Hoang Son —
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NGi dung mon hoc

O Hoc két hop

TS. Nguyén Hoang Son —
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Chuong 5. Hoc két hop

® Phuong phap Bagging

® Phuong phap Boosting

©® Phuong phap Voting

O Phuaong phap MultiClassClassifier

® ~ Tu doc: PP Voting, MultiClassClassifier

TS, Nauyén Hoang Son — [OCIIA]
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Phudng phap Bagging: Gisi thicu

® K&t hop nhieu MHHM (yéu) dugc HL trén cadc TDL
khac nhau = tao ra 1 MHHM manh hon.

Different Subsets
of the Training Data

—— .
= N Most Frequent or
= > s \ Average Prediction

i t AN I ﬁ Prediction
O 2

Base Models

D
»

» )

e Bagging thuong dugc ap dung cho cac MHHM cé bias
thap va PS cao = giam PS va ting d6 6n dinh ctia MH.

e MH phd bién: Random Forest.
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Phudng phap Bagging: Cach hoat déong

® THL = tao cac TDL con (Bootstrap).
® TDL con = HL cac MHHM (thusng CQD).
© DD y:

@ Bai toan hdi quy: TBC
® Bai toan phan loai: bau chon da s

The Process of Bagging (Bootstrap Aggregation)

Bootstrap samples

TS. Nguyén Hoang Son —
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Phudng phap Bagging: Ung dung

° Y té:
® Chan doan bénh, DD két qua diéu tri.
Tai chinh:
® DD gia c6 phiéu, rai ro tai chinh.
e Thi giac may tinh:
® Nhan dién hinh anh, phan loai DT.
e NTP:

® Phan loai vdn ban, phat hién spam.

TS. Nguyén Hoang Son —
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Phudng phap Bagging: Uu nhugc diém

e Uu diém:
@ Giam PS cia MH: Két hgp nhiéu MH = giam d6 bién
dong cta DD.
® Giam overfitting: Két hop nhiéu MH = gidm nguy co
overfitting so véi 1 MH don 18 HL trén 1 TDL duy nhit.
©® Tang do chinh xac cha MH.
¢ Nhuoc diém:
@ Tinh toan phirc tap: HL va DD véi nhiéu MH = yéu
c3u tai nguyén tinh toan Ién hon.
@® Giai thich khé khan: Cac MH két hgp thudng phiic tap
hon va khé gidi thich hon.
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Phuang phap Bagging: Thuc hanh Weka - (1)

AN

® Cac budc tién hanh:
@ Tai vao bd nhé train set
@® Trong Classify lua chon Classifier la meta va chon
Bagging
® Lua chon 1 classifier cho Bagging: J48, Naive Bayes ...
© Thiét |1ap ché do HL:
® 10-fold cross validation.
® Cac lua chon khac.

O Kiém thtr MH véi test set
@ Luu MH.

TS. Nguyén Hoang Son — HOC MA
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Phuong phap Bagging: Thuc

KHOA

® Thuc hanh trén tap DL /abor.

@ /abor_train.arff
@® /abor_test.arff

© Weka Explorer
Classity

Preprocess Cluster

Test options
Use training set

Supplied test set Set

) Cross-validation  Folds | 10
Percentage split 6 | 6

More options.

(Nom) dlass
Start Stop
Resul st right-click for options)

08:37:30 - bayes Naivelayes
08:37:53 - metaBagging
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Select attributes

Associate Visualize

weka.classifiers.bayes

Time taken to build model

Stratified cress-validation
Ssummary

Gorrectly Classified Instances
Incorrectly Classified Instances

Root mean squared error
Relative absolute error
Root relative squared error

Total Number of Instances

Detailed Accuracy By Clazs

guyén Hoang Son —

NaiveBayes

0 seconds

DAI HO

hanh Weka -

HOA

(2)

HOC

© weka.guiGenericObjectEditor
weka.classifiers.meta.agging

About

Class for bagging a classifier o reduce variance.

bagsizePercent 100
batchsize | 100
clcoutOfbag  False
dlassifier | Choose
debug  False
doNotCheckCapabilties  False
numDecimalPlaces | 2
numbxecutionslots | 1

numiterations

More

Capabilties

HUE
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Phudng phap Boosting: Gisi thiu

® K&t hop nhidu MH yéu thanh 1 MH manh, b3ng cach
xay dung d3y cdc MH lién tiép, trong dé mdi MH sau
tap trung stra 16i ctia MH truéc dé.

The training se
is modified based
on the predictions ===

® Boosting thudng ap dung cho cdc MH c¢6 PS thap va
bias cao = gidm bias.
e PP HKH manh.
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® TDL gbc = HLMH dau tién, tinh toan 16i cia MH nay.

@® Ting trong s6 cho cac mAu bi DD sai dé MH tiép theo
tap trung vao ching.

© HLMH tiép theo. Qué trinh nay I3p lai cho dén s6 Ian
mong muon.

O Két hop cic MH bang cach gan trong sé cho mdi MH
dua trén dd chinh xac cha né.

The Process of Boosting
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Phudng phap Boosting: Cac thust toan

® AdaBoost (Adaptive Boosting)
® Gradient Boosting

© XGBoost (Extreme Gradient Boosting): cai tién
Gradient Boosting
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Phudng phap Boosting: Ung dung

° Y té:

® Chan doan bénh tir DL bénh an.
® Tai chinh:

® Du bao tai chinh.

® Phat hién gian lan .
e Thi giac may tinh:

® Nhan dang anh.

TS. Nguyén Hoang Son —
Slide 229/234




KHOA TOAN, DAI HOC KHOA HOC HUE

Phudng phap Boosting: Uu nhuoc diém

¢ Uu diém:
@ Hiéu qua: trén nhiéu loai DL khic nhau.
® Tang do chinh xac MH.
© XLDL: mit can bang tét hon.
¢ Nhuoc diém:
(1) T|'~nh toan phirc tap hon.
@® Dé bi overfitting: néu s6 luong vong I3p qua 16n.
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Phudng phap Boosting: Thuc hanh Weka - (1)

AN

® Cac budc tién hanh:
@ Tai vao bd nhé train set
@® Trong Classify lua chon Classifier 1a meta va chon
AdaBoostM1

® |ua chon 1 classifier cho Bagging: J48, Hoi quy logistic

© Thiét 1ap ché do HL:
® 10-fold cross validation.
® Cac lua chon khac.
O Kiém thir MH véi test set
@ Luu MH.
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Phuong phap Boosting: Thuc hanh Weka - (2)

® Thuc hanh trén tap DL /abor.

@ /abor_train.arff
@® /abor_test.arff
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NGi dung mon hoc

@ [Tai litu tham khad
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Tai liéu tham khao

® Marc Peter Deisenroth, Mathematics For Machine
Learning, Cambridge University Press, 2020.

@® Vi Hitu Tiép, Machine Learning co ban, 2020.

© Nguyén Hoang Son, Gido trinh CSDL, NXB DH Hué,
2018 (Download: H E)

Vi Hitu Tiép

MATHEMATICS o
ACHINE LEARNING B qachine tearnng

co ban

0 SO DU LIEY
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https://iqmath.edu.vn/sach/
https://csdlkhoahoc.hueuni.edu.vn/index.php/scientist/detail/id/102
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