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LO1 MO PAU
Time Series Analysis & Forecasting la 1 16p md hinh quan trong trong thong ke,
kinh té lwong va machine learning. S¢ di chung duoc goi I6p md hinh nay la chudi
thoi gian (time series) 1a vi mo hinh duoc &p dung trén cac chudi dic thu co yéu td
thoi gian. Mot mé hinh chudi thoi gian thudng du bao dua trén gia dinh rang cac
qui luat trong qua khir s& I3p lai & twong lai. Do d6 xay dung md hinh chudi thoi
gian 1a chiing ta dang mé hinh héa mdi quan hé trong qué khtr giita bién doc 1ap
(bién dau vao) va bién phu thudc (bién muc tiéu). Dwa vao mdi quan hé nay dé du

doan gia tri trong twong lai cta bién phu thudc.

Do 4 dir liéu chiu anh huéng bai tinh chat thoi gian nén chudi thoi gian thuong
xuat hién nhirng qui luat dic trung nhu: yéu t chu ky, mua vu va yéu té xu huéng.

Pay la nhiing dic trung thuong thay va xuat hién o hau hét cac chudi thoi gian.

e Yéu t6 chu ki, mua vu 1a nhimg dic tinh 13p lai theo chu ki
e Yéutd xuhudng (trend) thé hién da ting hodc giam cua chudi trong twong
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|. Time series

1. Time series data la gi?

Chudi thoi gian 1a mot chudi thong tin gin mot khoang thoi gian cho mdi gia
tri. Gia tri c6 thé 1a bét ¢t tha gico thé do luong dugc, phu thude vao thoi
gian theo mot cach nao do, chéng han nhu gia ca, do am hoic sb luong
ngudi. Mién 1a cac gi tri chung toi ghi lai rd rang, bt ky phwong tién nio

cling ¢6 thé duoc do bang chudi thoi gian.

_ M@t s6 tinh ndng ndi bat cla chubi thoi gian 1a gi?

+ Khoang thoi gian

Péi voi nguoi méi bat dau, khong c6 bat ky han ché nao vé tong khoang thoi
gian ctia mot chudi thoi gian. N6 ¢6 thé 1a mot phit, mot ngdy, mot thang
hay tham chi 1a mot thé ky. Tat ca nhiing gi can thiét 1a diém bat dau va
diém két thiic. TAt nhién, thuong c6 nhiéu diém & gitta va khoang thoi gian
ngan cach hai diém lién tiép duoc goi 1a “khoang thoi gian”. Vi du: néu dir
liéu duogc ghi lai mot 1an mdi ngay tir ngay 1/1/2000 dén dém giao thira nim
2009, thi mot khoang thoi gian duy nhét s& 13 mot ngdy, trong khi toan bo
khoang thoi gian sé 1a mot thap ky.

+ Tinh thudng xuyén

“Tan sut” cua tap dit liu cho chung ta biét tAn sut cac gi tri cta tap dit
liéu duoc ghi lai. Dé ¢ thé phan tich chudi thoi gian mot cach c6 ¥ nghia,
tat ca cac khoang thoi gian phai bang nhau va dwoc xac dinh rd rang . Doi
lai, diéu nay dan dén tan sudt khong déi. Tan s6 nay 13 phép do thoi gian va
c6 thé nam trong khoang tir vai phan nghin gidy dén vai thap ky. Tuy nhién,
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nhimg thir chung ta thudng gip nhat 13 hang ngay, hang thang, hang quy va
hang nam.
2. Phan tich Time Series

M6t dir liéu chudi thoi gian thuong duoc phan rd thanh 4 thanh phan con

nhu sau:

Trend: chi ra xu huéng tdng quan cua di liéu theo thoi gian: 1&n hoac xudng,
tang hoac giam

Seasonality: chi ra cac xu hudng theo mua vi, chi ra cac pattern theo thang,
theo quy

Cycle: thanh phan chu ky, n6 khac seasonality ¢ chd thanh phan nay cé su

van dong trong khoang thoi gian dai hon (nhiéu nim)

Irregular remainder: thanh phan nhiu con lai sau khi trich xuét hét cac thanh

phan & trén, nd chi ra su bat thudng cua cac diém dir liéu

ACTUAL SERIES

TREND
SEASONAL
REMAINDER

Thay vi dua ra du béo trén Actual Series — 1a mot duong nhin rat gap ghénh

va kho du doan, ta thyc hién trén cac thanh phan con nhin cé tinh quy luat véi xu



huéng van dong rd rang hon roi két hop cac thanh phan nay lai véi nhau, gidng

nhu cach ta phan ra ABC*D thanh cac duong hinh sin A,B,C,D nhu ¢ trén vay!
a. Viduvé Time Series.

Bo dir liéu nay luu trit s6 lugng may kéo béan ra hang thang trong khoang
thoi gian tir 2003 dén 2015. Ching ta cling nhin vao biéu dién trén d6 thi cua dit

liéu nhé!

400 600 800
1 1 1

Number of Tractor's Sold

200
1

T T T T T T
2004 2006 2008 2010 2012 2014

Years

Nhéc lai mot chit thi Time Series Data c6 thé dugc phan ra thanh 4 thanh
phan: Trend, Seasonality, Cycle, Irregular remainder. Cycle chi ra xu huéng van
dong trong mot khoang thoi gian dai (thong thuong chu ky roi vao 7 nam hoac
hon), do dir liéu cua ching ta khdng trai du rong nén chdng ta sé chi con quan tam
dén 3 thanh phan con lai 1a Trend, Seasonality va Irregular remainder. Model du
doan cua ching ta s& dua trén ham x4c dinh su phu thudc cua sale dya trén céc yéu

t6 néu trén:
Y: = f(Trend; , Seasonality, , Remainder;)

Chéng han ta cé thé xac dinh sale thdng qua tich cta cac thanh phan:



Y; = Trend; x Seasonality; x Remainder,

e Trend

Pé phét hién ra xu hudng trong dit liéu, ta ding mot phuong phap pho bién
goi 1a trung binh truot. Gidng nhu viéc ban 13 quan 4o dé loai bo nhitng nép nhin,
thi phwong phap nay s& gitp loai bo cac duong zigzag 18n xudng cua do thi dé xuat
ra mot xu hudng 6n dinh trong dit liéu théng qua viéc 1ay gia tri trung binh cua cac
gia tri lién ké trong mot khoang thoi gian. Cong thirc ciia trung binh truot duoc Xac

dinh nhu sau:

L

2. Ve
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Moving Average =

Chung ta thir 1y trung binh truot voi nhitng khoang thoi gian khac nhau trén

bo dix liéu ban dau:
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Puong mau vang biéu dién dir liéu ban dau, con duong mau xanh biéu dién
gia trj trung binh truot. Nhu ching ta thay véi gia tri khung thoi gian bang 12
(m=6) cho ta d6 thi gan nhu tuyén tinh véi gia tri ting dan khi di doc theo truc toa
d6, day chinh 1a dang Trend ta can phat hién. Cac gia tri khung thoi gian nhoé hon
XUt ra do thi van con cac duong lén xudng dan xen nén khong cho thay xu huéng
rd rang cua dir liéu.
e Seasonality

Dé khao séat yéu td mua vu trong dit liéu, trudc hét ta thi thé hién sé luong

may kéo ban ra theo ting thang trong mdi nam.



Seasonality for Tractor Sales data
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Nhu ta ¢6 thé thay, sy van dong cua gia tri s6 lugng ban ra theo ting thang
trong mot nam 13 ¢6 su twong ddng gitta cac nam véi nhau khi d6 thi xép chong co
cuing dang. Lwong may kéo ban ra gan nhu dat dinh vao thang 7 hoac 8, thap dan
vé dau va cudi nam.

Thanh phan mia vu cho ting thang dugc tinh bang gia tri trung binh cua thang d6
(tinh tir 2003 dén 2015) sau khi da loai bo Trend

e Irregular remainder
Thanh phan nay chinh 1a thanh phan con lai sau khi da loai bo Trend va

Seasonality:

Yy
Trends x Seasonalityg

Remainder, =
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Chung ta mong muén thanh phan Irregular remainder nay phai giéng nhu 1a
nhidu tring, tc 1a nd khdng thé hién bat ky mot pattern nao (truely random). N6
thé hién chiing ta da xuat hét cac information tir dir liéu chudi thoi gian ban dau,
gidng nhu viéc xay nudc mia thi chiing ta mong muén lay duoc hét phan nuéce, va
nhidu tring gidng nhu phan ba con lai — khong thé lay dugc thém nuée tir phan b
do.

Cu thé biéu dién 3 thanh phan nay trén d6 thi, ta thu dugc hinh sau:

Decomposition of multiplicative time series
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DPay chinh 1a ¥ tudng co ban cho 16p cac thuat toan Time Series Forecasting. Thuc
thé thi nhitng thuat toan phé bién cho dir liéu chudi thoi gian nhu ARIMA, Holt-
Winters seasonal method s& phiic tap hon thé nay. Viéc trich xuét cac thanh phan
con tir dit liéu goc khong phai 1a don gian gidng nhu viéc pha mau va pha tach céc

mau ban dau ra riéng.

lI. Decision Tree
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1. Dinh nghia
Decision Tree 1a 1 md hinh supervised learing, c6 thé duoc dp dung vao ca hai bai
toan Classification va Regression. Viéc xay dung 1 Decision Tree trén dit liéu huan
luyén cho trudc la viéc di xac dinh cac cau hdi va th tu cha ching.

M6 phdng viéc con ngudi suy nghi va gidi quyét cdc van dé

2. Ciac loai ciy quyét dinh
Cé6 2 loai cay quyét dinh 13 Classification Tree (cdy phan loai) va Regression Tree
(cay héi quy)

2.1. Classification Tree
Gini index twong ty nhu information gain, dung dé danh gid xem viéc phan chia &
node diéu kién c6 t6t hay khéng.

Pé tinh Gini index, trudc hét minh s& tinh chi sé Gini, chi s6 Gini tinh & tirng node.

Dau ra la 1 gid tri yes/no

C
Gini =1 Z(-pff

i—1

. - - - T4 — - 3, 3, s o - . W g o - 3z
Trong do C |3 s6 |dp can phan loai, p; ?t n; la s0 lugng phan tu & 1dp tha 1. Con N la tdng s6 lugng phdn tu @

N N ]
node do6, N Zn,- > Zpi 1.
i1 i-1

N
Dol <=p; <= 1¥iva Z pi = Lnen:

i—1

o o
Z:[j:.n{}2 {Z p;)*=1= Gini > 0, diu bing xiyrakhi 3j: p; = 1 vap = 0Vk # j
i1

i1
c Yool C-1 1
Z:[j:.n{}2 % relnd Gini < < diu bang xay ra khi p; el Vi

i—1

Tinh tat cd r6i so sanh xem gini nao nhé nhat thi 4y gia tri d6 lam node root
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Sau d6 s dung bén yes dé tinh gini tié€p cho dén khi chi sé gini cha hode dudi cao
hon chi s6 gini & node trén thi dirng lai.

chu y: néu dit liéu & dag sé thi tinh trung binh 2 sé lién tiép réi xdy dwng cdy nhw
trén

2.2.  Regression Tree
Dauralalsé

3. Uu diém va nhwgc diém cia Decision Tree
3.1. Uudiém
_ Dé visualine va dé hiéu:

_ H{ru ich trong viéc tham do dir liéu: biét duoc quan hé gilra cac bién, phan biét
dit liéu dé hon, c6 thé tao ra cac bién mdi hodc dua 1 s6 tinh ndng vao nhém.

_ Y&u cau it phai la sach di¥ liéu: mién nhiém véi cac dit liéu ngoai lai va dit liéu bj
thi€u nén can phai lam sach dit liéu it hon, x& ly dwoc cd dit liéu chit va sé.

3.2. Nhwoc diém
_ Overfitting: cay quyét dinh don |é ¢6 xu huwdng trang bi qua mrc cac dit liéu can
gidi quyét bang cach thiét |ap Ronstraints trén cac thong s6 mé hinh (chiéu cao
cla cay). Hoat déng toét vai dir liéu train nhung khi cé du liéu méi vao thi khéng
hiéu qua

_ Nhay cdm v&i dit liéu nhiéu: cé thé cé qua nhiéu nhiéu.

_ Khdéng phu hop va chinh xac véi dit liéu lién tuc: cdy quyét dinh bi sai léch v&i dir
lieu khdng can bang -> can can bang di liéu trwdc khi tao cay quyét dinh

_ D6i vdi Regression: céc gid tri du doan 1a gid tri trung binh nén khi dy dodn
khéng du doan chinh xac dwoc gid tri dau ra ( do mat 1 s théng tin )

Giai phap: 1 s6 thuat toan déng gdi hodc tang cuong
Purning: cat di 1 s6 node tranh overfitting

Bagging, Random Forest, Boosting
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[Il. Random Forest

1. Tong quan Random Forest
Data Analysis va Machine learning d3 tré thanh mét phan cau khoa hoc hién dai,
v3i nhiéu vai trd quan trong giup cung cap cadc md hinh tu dong dé du dodan céac
bai todn mang tinh thuc té dya trén cac thong tin dwoc quan sat trong qua khir.
Viéc sir dung cac thuat todn yéu cau vé hiéu biét cac co ché, dic tinh dé hiéu va
giai thich duoc cac két qua clha thuat todn. Bai nay duoc viét dé cung cap cac kién
thirc chuyén siu vé thuat toan Random Forest nham sang té nhitng kha ndng cua
thuat todn dap &ng cho thuc té. Thuat todn dau tién cda Random Forest duoc tao
ra vao ndm 1995 bai Tin Kam Ho bang s&r dung phwong phap déng goi cac thudc
tinh (1& mot phuong phap hoc tip nham gidm mai tuwong quan gitra cac bd uwéc
lwong trong 1 tap hop) theo céng thirc cla Ho, la mot cach dé thuc hién phuong
phap “phan biét ngdu nhié” dé phan loai do Eugene Kleinberg dé xuat. Random
Forest la thuat toan hoc cé giam sat (supervised learning) dong vai tro quan trong
trong viéc xay dung va gidi quyét cac bai toan thyc té. RF kha da dung khi c6 thé
ap dung dé giai dwoc 2 bai todn la classification va regression. RF la sy két hop
clia viéc tao ra cac dataset con ngau nhién cé hoan lai va xay dung cay quyét dinh
theo cach chon déc trwng ngau nhién. Do dé RF ¢ thé tranh duorc overfifiting va
giam bias

2. Phwong phap xay xay dung Random Forest

2.1. Tim hiéu vé RF
Sau khi két hop lai ca 2 y twdng Bagging bootstrap, Split-variable randomization
thi goi la Random Forest

Nhuw tén goi thi random forest bao gébm 2 phan:
Random: Ngau nhién
Forest: Rirng. O day 1a nhidu cay quyét dinh (Decision tree)

Pon vi clia RF 1a thuat toan cay quyét dinh véi s lwong hang tram. Moi cay quyét
dinh dwoc tao ra mot cach ngdu nhién tir viéc: Tai chon mau (bootstrap) va chi
dung mot phan nho tap bién ngau nhién tir toan bo cac bién trong dit liéu. O
trang thai sau cung, md hinh RF thudng hoat déng rat chinh xac, nhung dai lai, ta
khong thé nao hiéu duoc co ché hoat ddng bén trong mé hinh vi cau trac qua
phtrc tap.
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Trong qud khi, ching ta thwdng chap nhan danh déi tinh twéng minh dé dat
duoc tin chinh xac. T moé hinh Random Forest, ching ta chi cé thé |am mét s
khdo sat han ché, bao gdbm vai trd twong ddi cla cic bién (features) va vé cac biéu
d6 2 chiéu thé hién ranh gidi cac vung phan loai.

Random Forest Simplified

Instance
Random Forest —___/_,_/—”’ f ‘\’\\-__\'
Y
% i O\\
R R KR KR
ood dbdbdbde FAPARPALFAN
e- Tree-2 Tree-n
Class-A Class-B Class-B

l Majority-Voting | |

|Final-Class

Hinh 1:

2.2. Y twéng vé khai niém Bootstrap trong Random Forest
Bootstrap |a phwong phap tai chon ngiu nhién va doc 1ap cé trung I&p tir tap dir
liéu train g&c thanh nhiéu tdp mau hon. Don thuan né chi 1a viéc 18y mau ngau
nhién cé trung |3p nhirng hang ctia tap dit liéu train. Khi ma 1dy mau cé cho phép
trung I3p thi moi hang cé thé 13p lai nhiéu Ian va mot s& hang thi bj vang mat. Cai
y twdng cha né [a mudn tao ra mot tap dir liéu méi ma cé gitt dwgec mot sé nhirng
tinh chat ddc trwng cla tap train (dit liéu gdc ban dau) vi thé ma ching ta cé thé
huan luyén mot mé hinh giéng nhau cho nhiéu tap dit liéu dé |4y ra dic tinh tiéu
bi€u nhat.

2.3. Y twéng cuaa Split-variable randomization
Thuat toan cay quyét dinh thi nd s& bat dau bang cach tim toan bo tat cd nhitng
bién dac tinh trong bootstrap sample va sau d6 s& tim cdi nao la tét nhat ma bién
nay cé thé dung dé chia tach ra nhirtng nhdm cé tinh ddng nhat cao nhat. Tirc 13
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kha ndng phan biét I&n nhat. Thi vi cdi nay xay ra nhw nhau & tirng cdy thi nd sé
dan dén su khdng may khac biét nhau vé ciu trirc & moi cay quyét dinh trong
rirng cdy dan dén sw goi |a tree correlation nhw d3 néi & trén. Vi vay thuat todn
Random Forest phai khdng ché ca chuyén nay bang cach 1a khéng di tim toan bd
nhi*ng bi€n dic tinh ma chi chon tirng cum ngau nhién trong téng sd bién, roi di
tim ra bién t&t nhat trong cum dé dé thye hién viéc chia tach

3. Xay dung thuat toan Random Forest
3.1. Thuat toan Random Forest
Chuan bj tap dir liéu

Ta c6 bon dit bao
Can nang

Lwu lwgng mau
Doéng mach bi chan
Tlrc nguc

Blood Flow Blocked Arteries Chest Pain  Weight Heart Disease

Abnormal | No No 130 No
Normal Yes Yes 195 Yes
Normal No Yes 218 No
Abnormal | Yes Yes 180 Yes

Hinh 2: Tap dir liéu mau

Cac bién s6 trén hinh 2 dir dodn liéu mot nguwdi cé bi bénh tim hay khong. Ta sé st
dwng Random Forest dé dy doén

3.2.  Cac budc xay dung Random Forest
Buwdc 1: Tao tdp dit liéu khdi dong
Bootstrapping |a mét phuong phap uéc tinh dugce sir dung dé dua ra du dodn
trén tap di¥ liéu bang cach 18y mau lai. DE tao mot tap dit lieu khdi dong, chung ta
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chon ngdu nhién cadc mau tir tap dir liéu gdc. Mot diém can lwu y & day la ching ta
c6 thé chon cung mot mau nhiéu lan

Blood Flow | Blocked Arteries | Chest Pain | Weight | Heart Disease

Abnormal | No No 130 No
Normal Yes Yes 195 Yes
Normal No Yes 218 No
Abnormal | Yes Yes 180 Yes

Tap dit liéu trén d3 duwoc chon mau tir tap dit liéu gbc

Budc 2: Tao cdy quyét dinh (Decision Tree)

Tiép theo ta can xay dwng cay quyét dinh bang cach st dung tap dit liéu khéi dong
duwoc tao & budc 1. D& tao mot khu rirng ngau nhién (Random Forest) thi ta
khong xem xét toan bod dit liéu ma chi sl dung mot tap hop con ngau nhién cla
cac bién & mdi budc

Vi du trén ta sé& xem xét hai bién & moi bwdc. Ta sé bat dau & nat géc, chon ngau
nhién hai bién lam &ng clr vién cho nut géc

Gia str chon Dong mau (Blood Flow) va Dong mach bi chan (Blocked Arteries).
Trong hai bién, ta chon bién phan tach cac mau t&t nhat. Vi loi ich gia sir Pong
mach bi chdn (Blocked Arteries) la mot dy doan quan trong va chi dinh lam nuat
géc
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Ti€p theo Ia I3p lai quy trinh twong tw cho mdi ndt nhanh. Ta lai chon ngau nhién
hai bién lam (ng clr vién cho nhanh roi lai chon mau bién phan tach t6t nhat

Blocked Arteries
Yes No
y \ 4
Chest Pain Chest Pain
Yes ¢ Yes No ¢
Heart Disease Healthy Healthy

Buwdc 3: Quay lai budc 1 va ldp lai

Nhu d3 dé cap & trwdc, rirng cay ngau nhién (Random forest) 1a mot tap hop cac
cay quyét dinh. Mbi cay quyét dinh du doan |&p dau ra dua trén cac du bao
tuwong ing duoc sir dung trong cay. K&t qua cudi cha tat ca cac cay quyét dinh
trong khu rirng ngau nhién s& dwoc ghi lai va 1&p cé da s phiéu bau duoc tinh
lam 1&p dau ra.

Do d6, can phai tao nhiéu cay quyét dinh hon bang cach xem xét mot tp hop con
clia cac bién dy bdo ngiu nhién & moi budc.

Quay lai budc 1, tao mot tap dir liéu khdi ddng mai, sau d6 xay dwng cdy quyét
dinh bang cach chi xem xét mot tap hop con cla cac bién moi budc
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Healthy

Chest Pain

T

Blood Flow

Abnormal | Normal

:

'

Chest Pain
l Yes | No l
Weight < 200
Yes No
Heart Disease Healthy
Blocked Arteries
L Yes l No L
Chest Pain
Yes
Heart Disease Healthy

Healthy

Chest Pain Chest Pain
Yes No
Heart Disease Healthy Weight >200
Healthy Heart Disease
Blood Flow
l Abnormal | Normal l
Blocked Arteries Blocked Arteries
Yes No Yes | No
Heart Disease Healthy Heart Disease Healthy
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Viéc 13p lai dwoc thye hién 100 [an, tao ra nhiéu cdy quyét dinh vai tinh todn dau
ra & moi cay

Cé nhiéu loai cay quyét dinh trong khu rirng ngau nhién s& hiéu qua hon 1a mét
cay riéng 1é duoc tao ra bang cach sir dung tat ca cac chirc nang va toan bo tap dir
liéu

Budc 4: Dy dodn két qud cia mét diém dir liéu mdi
Ta d3 tao ra mot khu rirng ngau nhién, gi xem dy doan clia mot bénh nhan mai
cO bi bénh tim hay khong

So d6 dudi cé dit liéu bénh nhan méi. Ta sé cho chung chay dit liéu xuéng céc cay
quyét dinh

Cay dau tién cho thay bé&nh nhan bj bénh tim nén can theo ddi trong bang thé
hién nhu hinh

Blood Flow | Blocked Arteries | Chest Pain | Weight | Heart Disease

Abnormal | No Yes 185

Tuong tu chay dit liéu xuéng céc cady quyét dinh khac va theo ddi dit doan cua
tung cay

Sau d6 kiém tra 1dp nao duwgc da sé phiéu bau, ta thay I&p “YES” cd nhiéu phiéu
bau nhat do d6 bénh nhan mdi la bi bénh tim

St dung tat ca cic cay dinh dua ra quyét dinh duoc doi la Bagging

Budc 5: Bdanh gid mé hinh
Budc cudi ta can danh gid md hinh rirng cay ngiu nhién

Trudce khi tao tap dit liéu khéi dong ta d3 bd sét muc nhap/mau. Trong mau dir
liéu thwe khodng 1/3 dit liéu g6c khdng duoc bao gom dit liéu dau

Day 1a muc nhap khéng két thic tong tap dit liéu dau
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Blood Flow | Blocked Arteries | Chest Pain | Weight | Heart Disease

Normal No Yes 218 No

Mau ngoai tdi — Trong rirng ngau nhién

Tap dir liéu nay khéng bao gom trong tap dit liéu khéi déng hay la tap dir liéu Out-
Of-Bag(OOB)

Tap dir liéu Out-Of-Bag str dung dé kiém tra dd chinh xac cia méd hinh vi md
hinh khong dwoc tao bang di¥ liéu OOB nay, né sé gitp ta hiéu ré vé viec mo
hinh c6 hiéu qua hay khéng

Nhu vi du trén, |&p dau ra cho tap OOB |a “NO”. Nén rirng ngau nhién cla ta la
chinh xac, néu chay dir liéu OOB xuéng cac cay quyét dinh nhan dwgc da s6 phiéu
|é IINOII

C6 thé do d6 chinh xac ciia mdt khu rirng ngdu nhién bang ti 1é cdc mau O0OB
duoc phan loai chinh xac

Ty 18 mau OOB duwoc phan loai khong chinh xac dwoc goi la Loi ngoai tui

4. Uu diém va nhuoc diém
4.1. Uudiém

« M0t trong nhitng loi thé |&n nhat cla Random Forest |a tinh linh hoat cua
nd. N6 ¢ thé str dung cho cd nhiém classification va regression va cling dé
dang xem tam quan trong twong dbi ma nd gan cho cac tinh nang dau vao

« RF |13 m6t thuat todn rat tién dung vi cac siéu tham s6 mac dinh ma nd st
dung thudng tao ra két qua du dodn tbt

e RF co khd nang xt ly cac tap dit liéu |&n vdi kich thudce 16n

« RF nang cao d6 chinh xac ctia m6 hinh va ngan van dé bj qua muc

4.2. Nhuge diém

Han ché chinh cda RF 13 s8 luvong 1&n cdy c6 thé lam cho thuat todn qua cham va
khoéng hiéu qua cho cac du doan thoi gian thuc.
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Puoc hudn luyén nhanh nhung lai khd chdm dé tao ra céc dy doén

RF c6 thé str dung cho classification va regression nhung né khéng phu hop vdi
regression

IV. Code
_ moi trwong: colab notebook

_ngon ngit: python
1. Bai toan time series sir dung decision tree

_Import thu vién:

2 import pandas
matplotlib import pyplot as plt

rt seaborn as sns

rom sklearn.metrics import mean squared error

_ load data:

pd.read_csv("
F = df.set_index('t

_ vé biéu d6 data:
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, figsize=(15,5))

<matplotlib.axes._subplots.AxesSubplot at @x7f69fbeaSbbe>

2 L. e
:! r_\- r.l_

: ANV BN VWY WPV

18 ZE) 08 15 2 29

Jun

timestamp

_ tach c6t timestamp thanh cac cot hour, day, month, year:

'] = df.index
df . index.day

th* ] = df . index.month

year
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day

timestamp

1958-04-30 21:00:00 324

1958-04-30 22:00:00 51622

1998-04-30 23:00:00 46813

1998-05-01 00:00:00 39482

1998-05-01 01:00:00 36221

1998-06-30 18:00:00 4493125

1998-06-30 19:00:00 7306176

1998-06-30 20:00:00 9412516

1998-06-30 21:00:00 11102603

1998-06-30 22:00:00 129

1466 rows x 5 columns

_ xem tdng quan cla data

hour day

count 1.466000e+03 1466.000000 1466000000

mean 6.997752e+05 11.513643 15.773533

std

min

25%

50%

T5%

max

202282e+06 6929692 8.819650

-290000e+02 0.000000 1.000000

244250e+04 6000000 8.000000

2.009865e+05 12000000 16.000000

9.212275e+05 18.000000 23.000000

1.110260e+07 23.000000 31.000000

month

month

1466000000

5.488404

0504115

4 000000

5.000000

5000000

6000000

&.000000

year

1466.0

1998.0

1998.0

1998.0

1998.0

24



_ chia tap train, test:

1 train
2 test

1 fig, ax = plt.subplots(fi,
2 train.plot(

3 test.plo

4 plt.show()

timestamp

e ~t DecisionTreeClassifier
klearn.metrics ort confusion_matrix
klearn.metrics import plot_confusion matrix

= DecisionTreeClassifier(criterion="entropy’, max_depth=3, random_ state-=42)

8 c1f_en.fit(X_train, y_train)

[» DecisionTreeClassifier(criterion="entropy’, max depth=3, random_state-=42)

_ du doan két qua kiém tra véi entropy, so sanh dd chinh xac cta tap train va tap
test
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1 y_pred _en = clf en.predict(X_test)

1 from sklearn.metrics import accuracy score

3 print('Model accurac re with n entrop) .5f}' .format(accuracy score(y_

1 y_pred_train_en = clf_en.predict(X_train)

> array([[ 89318, 21, 3e, 1908],
[ 89318, 1998],
[ 89318, 21, 30, 1998],

[796512, 12, 10, 1998],
[796512, 12, 10, 1998],
[796512, 12, 10, 1998]])

1 pring ni y HE 1 1. _format(accurac

1 print{ ' Traini =t 5 : {:.44}" .format(clf _en.score(X train, y train)))
.

.format(clf en.score(X test, y test)))

plt.figure(figsize=(15,8))
from sklearn import tree

tree.plot_tree({clf en.fit(X train, y train))

[Text(e.5, ©.875, 'X[3] <= 5.5\nentropy = 4.128\nsamples = 1179\nvalue = [[1, 1, 1 ... 1, 1, 1]\n[49, 49, 49 ... @, @, ©]\n[48, 48, 48 ...

. 8,0, 0]\n[1179, @, @ ... @, @, @]]"),

Text(0.25, ©.625, 'X[1] <= 11.5\nentropy = 3.824\nsamples = 747\nvalue = [[1, 1, 1 ... @, @8, @]\n[31, 31, 31 ... 8, @, @]\n[24, 24, 24 ...

. @, 8, @]\n[747, @, @ ... 0, ©, 8]]"),

Text(©.125, ©.375, 'X[1] <= 5.5\nentropy = 3.416\nsamples = 372\nvalue = [[0, 1, 1 ... ©, ©, @8]\n[31, 31, 31 ... @, O, @]\n[12, 12, 12 ..

.. 8,0, 0]\n[372, 0, @ ... @, 9, 8]]"),

Text(©.0625, ©.125, ‘entropy = 3.016\nsamples = 186\nvalue = [[@, ©, © ... @, 0, ©]\n[31, 31, 31 ... 0, ©, B]J\n[6, 6, 6 ... 8, B, B]\n
@]\n[186, @, @ ... @, 8, 8]]"),

Text(©0.1875, ©.125, ‘entropy = 3.016\nsamples = 186\nvalue = [[@, 1, 1 ... @, @, 8]\n[@, @, @ ... @, ©, 8]\n[6, 6, 6 ... @, ©, 8]\n[0,
@]\n[186, @, @ ... 0, 8, 0]1"),

Text(©.375, ©.375, * 17.5\nentropy 3.43\nsamples 375\nvalue [[1, 0, 0 ... 0, 0, 8]\n[0, O, © ... 6, ©, 8]\n[12, 12, 12 ..

e, @, 8]\n[375, 8, © ... @, 8, 8]]"),

Text(0.3125, ©.125, 'entropy = 3.0@16\nsamples = 186\nvalue = [[8, 8, @ ... @, @, @]\n[0, e 0, 8]J\n[6, 6, 6 ... @, 8, 8]\n[0,
e]\n[186, @, ® ... @, 8, ©]]"),

Text(0.4375, ©.125, ‘entropy = 3.841\nsamples = 189\nvalue = [[1, ©, @ ... @, @, @]\n[@, ©, © ... e, @J\n[6, 6, 6 ... 0, @, ©]\n[3,
@]\n[189, @, @ ... @, 8, 8]]"),

Text(@.75, ©.625, ‘X[2] <= 9.5\nentropy = 3.502\nsamples = 432\nvalue = [[@, ©, © ... 1, 1, 1]\n[18, , 18 ... @8, 8, @]\n[24, 24, 24 ...

. @, 0, 0]\n[432, @, @ ... 0, 0, 8]]"),

Text(0.625, ©.375, 'X[1] <= 11.5\nentropy = 3.102\nsamples = 216\nvalue = [[@, @, © ... ©, @, ®]\n[9, 9, 9 ... @, ©, ©]\n[24, 24, 24 ..

... 8,0, 0]\n[216, 0, © ... @, @, 8]]"),

Text(©.5625, ©.125, 'entropy = 2.762\nsamples = 108\nvalue [[e, e, @ ... 8, @, 8]\n[9, 9, 9 ... @, @, B8]\n[12, 12, 12 ... @, B, 8]\n
e]\n[1e8, @, @ ... 0, 8, 0]]"),

Text(0.6875, ©.125, ‘entropy = 2.7082\nsamples = 108\nvalue - [[@, @, © ... @, @, ©]\n[@, @, © ... @, ©, @]\n[12, 12, 12 ... @, @, 8]\n
e]\n[108, 0, © ... 0, B8, 8]]"),

Text(©.875, ©.375, 'X[1] <= 11.5\nentropy = 3.182\nsamples = 216\nvalue = [[8, @, © ... 1, 1, 1]\n[9, 9, 9 ... @, 8, 8]\n[06, @, @ ...
@, 8, 8]\n[216, 8, © ... @, O, 0]]"),

Text(©.8125, ©.125, 'entropy = 2.7062\nsamples = 108\nvalue = [[@, @, © ... @, @, ©]\n[9, 9, 9 ... @, ©, 8]\n[e, @, © ... @, @, 8]\n[0,
e]\n[108, @, © ... 0, 8, 0]]"),

Text(0.9375, ©.125, ‘entropy = 2.782\nsamples = 108\nvalue = [[@, ©, @ ... 1, 1, 1]\n[0, ©, 6 ... @, 0, 8]\n[0, 6, @ ... @, ©, B8]\n[0,
Al\nl102 0 0 a0 _all"\1l

test, y _pred_en)))

0, @, 0]\n[3, 744, 432
8, 0, 8]\n[3, 744, @
e, @, e]\n[e, 372, @
[0, 186, @ ...

186, © ... 9, O,

e, 0, @]\n[3,

186, © ... @, O,

186, © ... @, O,

8, @, 8]\n[e, 0, 432
. 8, 8, @]\n[e, 0, 216
[e, @, 108 ... @, @,

[e, ©, 168 ... @, O,

e, o, 8]\n[e, @, 216 ...
e, 108 ...

e, 108 ...




H[2] = DT
entropy = 3302
samples = 432
walue = [[0,0,0...1,1,1]
118,18, 18 ... 0,9, 0]
[24, 24 24 .
[0, 0, 432 . O]
[432.0,0...0,0, O]
H[1] <= 3.3 X[1] <= 17.3 ¥[1] <= 11.3
entrofy = 3 -uo entropy = 3.43 entropy = 3.102
samples = 3735 samples = 2140
19, ,a] value = 1 0,0..0,0,0 value -J:O_E 0.0 0,0
[31,31,31 .. 0.0,0 Ia. . 0.0, 0] [3.5.9 .. 0.0, 0]
iz, 1z, , 0] 11z, 12, 12 ..0,0, 0] 124,24, 24 . 0, 0, 0]
19, 372,40 .. 0,0, 13,372, 0 ... 0,0, 0) [0,0,218..0,0,0]
I ,0..-0,0, 0] [373.0.0 ... 0, 0. ] 1216, 0,9 ... 0,4, 0]
entropy = 3.018 entropy = 3.018 ertropy = 3.702 entropy = 2.702 entrapy = 2.702
1g samples = 1B4 samples = 188 1 ial’1D|=. - 108 samples = 104 1
volue =[]0, 1.1 ... 0. 0, 0] value-!:o_[ 0..0.0,0 o |: o 0. 0.0
[o. 0.0 L€ [0. 6.0 ... 0.0, 0] 0, 0.0 3,5.9..0,0,0

rn.tree im t DecisionTreeClassifier
Fla sifier.predict(X_test)

. confusion matri

2. Bai toan time series sir dung ranmdom forest
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_tao khu rirng dau tién

. RandomForestClassifier
RandomForestC ifier{n_estimators=58, max_features="auto", random_state=44)

Fit(X_train, y_train)

1 predictions = rf_model.predict(X _test)

18,
18,
18,

[2839367, 18,
[1892494, 18,
[ 174319, ; 18,

_ C6 thé kiém tra xé4c suat duoc chi dinh bei mé hinh ciia minh cho tirng du doan

bang predict_proba():

1 rf_model.predict log_proba(X_test)

fusr/local/1ib/python3.8/dist-packages/sklearn/ensemble/ forest.py:986: RuntimeWarning: divide by zero encountered in log
proba[k] = np.log(proba[k
[array([[ -inf, i -inf, ..., -inf,
-inf,
[ -inf, i -inf, ..., -inf,
-inf,
[ -inf, i -inf, ..., -inf,
-inf,

-inf,

-inf,

-inf, -inf],

.21887582,
-inf,
61618614,
-inf,
2.52572864,
-inf,
3.912023061,
-inf,

3.21887582,

-inf]]) i

1.51412773, -2.

-inf],

-54472718, -2.

-inf],
52572864, -O.
-inf],

-inf,

-inf,
-inf,
-inf,

-inf,

-inf,

> -1.51412773,
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3. Link code

https://colab.research.google.com/drive/1Er-
LXNaazWd1lrdjL6riXKwxu72Vs-
Lo7#scroll To=5vG4TktBdMS1&uniqgifier=1

V. Tai liéu tham khao
https://machinelearningcoban.com/tabml book/ch model/random forest.html

https://www.javatpoint.com/machine-learning-decision-tree-classification-
algorithm

https://machinelearningcoban.com/tabm| book/ch model/decision tree.html

https://viblo.asia/p/tan-man-mot-chut-ve-time-series-data-p1-1VgZv6DpZAw

https://insights.magestore.com/posts/giai-thuat-time-series-forecasting

https://viblo.asia/p/time-series-data-gDVK2Qbv5L

VI.Loi cam on
Cam on thady Nguyén Vin Thiéu va cac ban dé hd trg chling em trong qua trinh
hoan thanh d6 &n nay
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https://colab.research.google.com/drive/1Er-LXNaazWd1rdjL6riXKwxu72Vs-Lo7#scrollTo=5vG4TktBdMS1&uniqifier=1
https://colab.research.google.com/drive/1Er-LXNaazWd1rdjL6riXKwxu72Vs-Lo7#scrollTo=5vG4TktBdMS1&uniqifier=1
https://colab.research.google.com/drive/1Er-LXNaazWd1rdjL6riXKwxu72Vs-Lo7#scrollTo=5vG4TktBdMS1&uniqifier=1
https://machinelearningcoban.com/tabml_book/ch_model/random_forest.html
https://www.javatpoint.com/machine-learning-decision-tree-classification-algorithm
https://www.javatpoint.com/machine-learning-decision-tree-classification-algorithm
https://machinelearningcoban.com/tabml_book/ch_model/decision_tree.html
https://viblo.asia/p/tan-man-mot-chut-ve-time-series-data-p1-1VgZv6DpZAw
https://insights.magestore.com/posts/giai-thuat-time-series-forecasting
https://viblo.asia/p/time-series-data-gDVK2Qbv5Lj
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