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(Root Node)
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. (Decision Node)
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Petal Length <1.9cm?
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Taduusniliuang fgaunldlunsdnaulefilvuedadulands uagmn
fuvssuiiviadeyalutoyaidunauud azfommamidauisiivinza
dwmduadramadensie andene 4.4 Alvuasindaduluundadule
maladauys Petal Length Sagnidenynlfiduioulylunisindula? way
\ilesaniuus Petal Length fivdindeyaifutoyaidaiiay lads
wieFadiAnuinAu 1.9 wuiins ieairemadon 2 ynaden Ae Petal
Length tpanusoli1Au 1.9 wuAluns wag Petal Length Liteanin
yiFeluinfu 1.9 iwufwns Tneviluazidonfinnsanainuins indidiu
gruvueulnsd Entropy) Ssuansisanulsiuiavivesdoya oulnsuy

[ 1% [

yadaua D uwnumednanyal H(D) dleussdl

9 U

H(D) = - ) Pp(1)log, Pp()) (4.2)
leCp

v
= =~

e ¢p #e wavesAduUsthmnedslunsalidfe panarimuninduly
Ieuugndeya D uaz Pp() Ao dndudeyafifinanawindu 1 soteya
favualugndeya D woulnsdasiedonidonaavestoyarimuniuu
Tumitoudu @mmuuiavsunn uazazdanniudedoyaiidaanad
MENENEINTY
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wnuAug (nformation Gain) Wuuns damduinfdnfuegiauns

Y
1

vang legiduimanitvesnisanasveensUndsaingeadeya D gn
wiseenidurng shefuusiu X uazteulunisudmien fudsdu x
s dufulsimngandmivaitouludndulafidedlomausous
setdlugadeya D seniluyag muleuluudAunuaug unuse
dydnwal IGD, X) ﬁﬁhmmﬁq@ Faanansorunn s

IGD,X)=HD)- ) @H(DC) (4.3)

cevals(X) |D|

Wlo vals(X) fe wavesrdiudsau X vvuafidululauas D, o ya
Yasvayanieduls X dAuiiiu c

dnsdmnuau s (Information Gain Ratio) 1upinuau 3
gn vl du ussingu e Mdn de 1de vt Anu AN Fuuu Usnd A1
gnsdnuANLS Weulesegwluyadeya D cmgfulsau X wnu
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medydnwal IGR(D, X) awnsamuialandl

IGR(D, X) = IGD. X) (4.4)

D ID|
- Ycevals(X) D log, D]
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Bsaasuliidinaulaiiviandunidn fe 3 4.5 (Ca.5) Feildnwas
msvhusuuiswAn Recursive) Tnefituseulnedaay fil
Fupoudt 1 &1 duds it e ves doyaluga doya D (e iFeniu

Fomevioitouluvgamavhaudug Wuats udvinisadaluue
Tuivihunemamawinfu s mne fiwuann fige uag nea
M3y
fupoudl 2 dwuusazduusdu X; Tugadeya D Aruamshndu
\nuANY IGRD, X)) Wiloutsyadeya D fesfuds X,
Suneuit 3 19 x- L“‘fjJuéTaLLU'iéfuﬁmmxamﬁq@%ﬁqﬁﬂﬁm IGR(D, X*) §i@n
1niign
fupoudl 4 a¥lnuadndula T Afldeulumsdinaulavusuys x
Fupoudl 5 ¥insudsdoyalugedeya D eeniduyadoyades D,
funoudl 6 dwmiuusassadeyatos D, ihdunousielud
6.1 addulidnaulages T, Ineldnszuiunmsvestuneuids &
4.5 Guugedaya D,
6.2 @5he B, meldlnuasnaule T wavihsullives T, ilédoy

v
q

Aulvun T lagldne B, 1

Fupaun 7 deenlvus T 1Husuldsuiula

o
[

Funoudsd 4.5 dawiduadasuliFadulannlnuesn uazadedoulouy
fusuivnzaudigadmiugadoya D udwhmsusgndeyaiduee
foyagesmuieulaiiadieiy mnduaginisadadulisosnelélnua
il TasnsZenduneuisd 4.5 sriwsunsligndeyatosineld Tu
nsfumiuUsfionngan Qudupoud 2) dmiuianaadeulusindu
Tty $fesanduusideinardsiiafidululdsinunnuds azwy
Mmssunmanuau i dyridainsdunuiy douddym s
nandsfinmaiiauemsutsgadeya D feduusiu x Tasaatouly
X = t unuizdulouly X = 7 dlo ¢ A Adautaiivnzan Taazyili
yndoya D gnutseenilu 2 da Hufe inagldfsdadula 2 A mn

) v g a | = =
AILUTAY X U QﬂLaaﬂﬂ’ﬂsﬁaﬁqqmauv[fﬂmﬂa'iﬂ,ﬁ] (319aLRYAAUTOANYN

v
=

dindnlaann [8]) ieanudilaunndugeuanunsafnenssuiuns

4 myaasemdewensal | 97

[8] J. R. Quinlan (Mar. 1996). “Improved
Use of Continuous Attributes in C4.5.”
In: J. Artif. Int. Res. 4.1
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o :]I aaa v v Y a 1 1 v Y] 1
MM9UUITUnaudsT 4.5 lunisasuduliisndulasgradeldaindiadig
saluil

M54 4.1: Yatayanisindulaaumuia

Day Outlook Temperature Humidity ~Wind  Decision , 5 "
lugraar 14 Tu e fuus Decision

1 Sunny 85 85 Weak No Wuadpaulanmsaumuia uag fuds
2 Sunny 80 920 Strong No Outlook Temperature Humidity 1@y
3 Overcast 83 78 Weak Yes wind Ju Jade lu ns dedula @
a Rain 70 96 Weak Yes https://sefiks.com/2018/05/13/a-
. step-by-step-cd-5-decision-tree-
5 Rain 68 80 Weak Yes example/)
6 Rain 65 70 Strong No
7 Overcast 64 65 Strong Yes
8 Sunny 72 95 Weak No
9 Sunny 69 70 Weak Yes
10 Rain 75 80 Weak Yes
11 Sunny 75 70 Strong Yes
12 Overcast 72 90 Strong Yes
13 Overcast 81 75 Weak Yes
14 Rain 71 80 Strong No

[9] Sefik Ilkin Serengil (2018). A Step
By Step (4.5 Decision Tree Exam-
ple. Accessed on 3 March 2020. url:
https://sefiks.com/2018/05/13/a-
step-by-step-c4-5-decision-tree-
example/
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Temperature < 83?

Yes No

o/ 6 =) =
AALUULUETUAUIDN

fuvuwguidaun v (Naive Bayes Classifier) tUuuuudmsuns
sﬁ’ﬂLLuﬂﬁism‘wﬁﬁﬁugmaguumwﬁummL‘Ué (Bayes’ Theorem) &
osusanuasiuvesmaifaimenisal A Wefimanisal B isdureu
(Weuunumedanual P(AB)) MgaunsALaAans Fai

P(AIB) = % (4.5)
dlo P(A) uaz P(B) o A1wtnayPuves NsAnmANISal A uay B
AU 135N P(A) 11 Auasdudesdy (Prior Probability) @4
e Ao ftanuidesufuvieauufigiuin wazSen PB) T néngu
(Evidence) wag P(BA) Ao mnuiaztduvesmaiinivnnisal B (e
wiansel A Aindu 3ond ladden (Likelihood) Fedinldandeyaan
ANSEUNR @ P(A|B) 15580791 Anutnagdunnenas (Posterior Prob-
ability) Fadurmurazduiidesnisvsiuen

fn2e"9 4.6

feog1an1sUszendldvguf unveaududinusedr Juwu 1ndane
diuaiul (adeundngin) anuinamidslnasenlluaydosnis
y510 M U3 tu hidside wmensal I lnd vdeTd wnnsiudlae
Usniudrudnatuiinnuhasduvesmaiamgnisalluive v
2 Wesidus uazanuihaziluvesnisdunaiiuaiulnluszezlna
winfu 10 Wesidud dwsuuinafingn uazaindeyaiisihuunds
yiswBnin defimmanlinlvdiAetuuddunmiiuefuldlusseglng
g 80 \Wasitus

iaansn ey Nz Buvesiin g Il e dune iy
Afu o uFtuldlas 19 4 Ao wemsallilvg wae B Ao nsdune
Wuatuluusnafiaulaainszezlna avlédn P(A) = 0.02P(B) = 0.1
wag P(BIA) = 0.8 91nngufunveaud anuinaziluvesnisdans
duatulluuinaiunnsseglnaudusnadulivensallniv
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A 4.3: nila wd (Thomas Bayes:
A.A.1701-1761) thaddmans uasinuiy
¥ BaNgY {1 LEUe NaBl Un ves LY
(fan:  https://en.wikipedia.org/wiki/
Thomas_Bayes)
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JufAa P(A|B) azaunsamuinlalag

P(A)P(B|A)
P(B)

~0.02x0.38

01

=0.16

P(A|B) =

v O a = v @ o = = 1 ) | a
Aatiy USha T dune wiuaduln 3ad anu ez 0ufi 9z ia
wisn1salllng 16 1Weosidus

ALUUETAU NN IVINNEAIAAAYBITOLA X = (x1, X, . %)
idlo x fio Fudssundaziuds Tnensmuamanuuizduniends
P(lx) dwsunsazanad [ € C meldauufgiuiiusazimulseu x 1Ju
dasysianu A1 P(lx) ausamuinlalag

d
P(lx) = P()) | | P(xlD) (4.6)
i=1

Tnefienanuiagdu PQ) wag P(xl) @ansamlalagisnsiduainud
vosvoyaluyarnaeu AAa1avesteya x Ao A1 1 NviliaA1ANLI9L
Jumends palx) denaiign sawsodeusuuuugyiaundnlugy

¥

Hendunmnmans lnmatl

f(x) = arg max P(l|x) (@.7)

M99 4.2 Yatoyanisanaulaidunedn

Day Outlook Temperature Humidity Wind Decision , :
Tugraan 14 Fu Inesuds Decision 1Uu

1 Rainy Hot High False No Adndulansiaunedd uazduus Out-
2 Rainy Hot High True No look Temperature Humidity Wag Wind
3 Overcast Hot High False Yes Wutadslumsdadule

a4 Sunny Mild High False Yes

5 Sunny Cool Normal  False Yes

6 Sunny Cool Normal  True No

7 Overcast Cool Normal  True Yes

8 Rainy Mild High False No

9 Rainy Cool Normal  False Yes

10 Sunny Mild Normal  False Yes

11 Rainy Mild Normal  True Yes

12 Overcast Mild High True Yes

13 Overcast Hot Normal  False Yes

14 Sunny Mild High True No
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o/ é’u = o
AVINUTZANTAINNITAUNUTZLAN

TumsinUszavsamnissuuntssvvesianuuiiy Joyayanaaouay
gnaslishuvurnemeaavestoyausazdoya Senaaaiilian
nsvhuelaesiuuuiidn Aeanaiignyiung (Predicted Class) wéthan
WisuiflsuruAiamasts (Actual Class) Fafuraaaiimsaziiuves
uiazdeya sosnvihmsaiiamvEndaduau (Confusion Matrix) @9
HuminduanadunudeyaiinanmsiuSeuiisusewitsaeanaiign
MuEueLazA1Aa1A939 MUy mnsTunUsstaniuuninia



LANUNTOAWUNINTANUFUAUY lAlagLnuAaIanlaneA1uIn (Posi-
tive) wazunudnaananilemeaiau (Negative) n3ngaNUgUaunlad

ANwayeall
Actual Class
Positive | Negative | Total
ke
Y | Positive TP FP TP + FP
5
kS,
D | Negative | EN TN | FN+ 1IN
[a
Total TP+ FN  FP+ 1IN n

TngfmauINasa (True Positive: TP) fie dudeyadisinaanaaie
Jueuinuagiuuuhueaaadeyamartudusuinds uazaua
U934 (True Negative: TN) Ao S1ududeyaiifmmanassafumauuas
fuuuvsemateyaatuiusaudie Tnsnamuvesaiiassay
wamaduudeyaisuvuansaviuneaeanaldegnagnaos Tuvasd
AnauInUasy (False Positive: FP) fie Sruaudeyaiiddamasiadu
Aauudmuuuiue amadeyamaiufudun usgAnaauasy
(False Negative: FN) fia Srunudeyaiifimnanassaduruinussuuy
yunsamadeyaimartiuudau nasuvesrmauInUasuiarANAAU
Uaouihiu Swaudeyafiduuuiunesaaaionain mnumindai

v
Y v a

FuausnaunsadeuunesinuseanSannisanunidessule sad

AN N HaevaIMITuun (Classification Accuracy) Lluu1ns

v v

Tadndruvesdnuiudeyaifmuuuaunsaduunaaalaegagneese
Iuudayamhuimeaeuianun ausadnalalag
TP+ TN

= 4.
Accuracy Rate PP ENTIN (4.8)

9M31ANUYNABIVDINTIILUNTADE 52NN 0 Uay 1 lagAdnsIny
gndeswaansSuunilaintu 0 Areidlelsifideyanaasulaasdisuuy
ansaviueamaldgnies uazddviiiu 1 Adewdesuuuanns
Suunearadeyanasouiiualdetnegndes fuu isSsantaiauuy
flsirndnsmnugniosweinssuuniifingslndides 1 unndiga
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AMURANANAYEINTTIMUN (Misclassification) [usnasindmay
093117 deya 16 Ly Suun Aana e sio S1uau deya 1 i veaey
Wame anunsa fnn e lnensavise AMurnann i Ay QNABIVBINIT
$uun awed

FP+ FN
TP+ FP+ FN+ TN

Misclassification Rate = =1- Accuracy Rate (4.9)

9RTIANUHANAINVRINTIMUNTA1DETENINN 0 ke 1 LWULALINUENT)
ANNYNABIVBINITIMUN wadinsuUanalunnssduiulaga1dnsEe
wavesMsSuundiaviniy 0 Areideteyanasouiamagneuuy
Fuuneanaldodragndes wazdidwiiu 1 Aseilelifideyaneasuls
weifuuuansasuunaaaldogugndes fadu 1i3snantaiuuy

N Y o a ° a1 o v a a
‘VIGLVW’]']E]miqﬂaqﬂmﬂwaqﬂsﬂaﬂﬂqiﬁnLLUﬂV]lJﬂ']m'ﬂﬂaL?‘_’]EN 0 N’]ﬂmf‘jﬂ

a1l (Sensitivity) 1uddndiuresnavinasesieduiudeyad
fienaaaasuluaiuin Jauansdnsanugniesweinisduunlaeauls
wnnzdeyanifinarassadudiuin aunsafmwalilay

P

Sensitivity =

N o < 1A 1% A a & ' ™
ﬂ']ﬂ’l'uil’)ﬂﬂ']wnﬂu 0 ﬂm@LN@SLUUﬁﬁﬂ']sUa%anIﬂaqaﬁﬁqLUUﬂ']U'Jﬂ‘,LiJlI

[

Toyalaaefiduuuannsavingeanalagnses Tumanduiuaiaiuls
fidwiniu 1 Areledeyanfirarasiaduriuin Muvvawnsavhueg
AAaNArastoyamaIlleg 1 NAaIiaLe

AUTNNIE (Specificity) LTuAdndiuvomaauassaduiudoya
iarpanassntueau uanednsanugnseivesmsduunlagauls

v
v

wnzdeyaniinarasadudau awnsadwinls fadl

N
Specificity = TJV—FP (4.11)
+

anudzdiawingu 0 Asedlsluusindeyaifinatassadumaulad

a

ToyalaaeNfuuuaunsayhweeaalagnaes Tunendudumany
Fumzdaiiu 1 Adedemuuuausayiuearaiavesdeya il
aanaasadueauldgnsieiane

a

AULTIEY (Precision) JuAdndiuresnauinaiemeduiutoya
shuuuunearratadua1uin awnsaruule sad

TP

P .. -
recision TP+ FP

(4.12)
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Aafgafidwindu 0 Adelledeyadisuuuriunemamaiduan
uin Lififeyalaedsidranaaiaduduin Tuvagdieamidesion
winfu 1 deteyaiduuuihuemamadumuiniimaaasiaduan
wantavue
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AU TN TUUNLUURAIEARE LTIEILIT0VIIELUVIATADIL

Fuauls fadl



Actual Class

Class 1 Class 2 Class M
CLaSS 1 nl,l nl’z nLM
n
0
©
% CLaSS 2 T’lz’l nz)z T’lz)M
0]
et
O
o)
g
a
Class M N1 N2 LM

o ny; Ao Srnudeyaiifidinaiasiedonana j uazfuvushugan
aanaidunana i Tunsdlil j = i /1 ny; znansieduoudeyaiidranaate
uaz A panadignynesidmileudu duvsneds fuvuannsnduun
Ussinmuastoyamatuldogagndes Al anusung uazaiu
e azanunsosundlddmiuusazaana Tnenisimuneaafiaulady
Aanavile ausilieanafianla fo Aana k IazannIIMIAINALINGTY
KaUINUaew nanuUaDN uazkaauaSs dnfunana k 1¢dall

TP = ny; (4.13)
M

FPe =) n; - TP (4.14)
i=1
M

FNk = Z ng — TPk (415)
i=1
M M

TN = Y. Y m ;- TP - FP; - FN (4.16)
i=1 j=1

loldAnauInTde navInUaey naauUaBY warHaaUT3: dmsusana
k udh 51azannsadmamenuly anudumg wazandiss dmsu
aana k lalagldaunts (4.10) (4.11) uag (4.12) suadu dwiueiany
gndsveanmsduunlagsan (Overall Accuracy) aunsaualddsd

M
Yk=1Ckk
M

—_— (4.17)
M
i1 ijl n; j

Overall Accuracy =

NsuUanaA1ANgNAaaIn1TIuLn A1Auly ANUT e wagAy
Wign Tunsaltgymnisdnuunuuuvateeaia depandounldludgmninis
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FuunLuunInIA yenanuInsInuseansamnissuuniilananiundia

sundfadinesinous) Nlglunseduiedsz@nsnmlunsdniunvesdn

wuuluwdyueinge eanansafnwiiiudslaann [10] [10] Alaa Tharwat (2020). *Classification
assessment methods.” In: J. Artif. Int.
Res. 17.1. url: https://www.emerald.
com/insight/content/doi/10.1016/
j.aci.2018.08.003/full/ntml
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. g AN a o ¢ a & .. a & v
versicolor 1VOYaNUYUANUGITILTU virginiga UzUuoyrnilusogay
15 (AUINAIAIN 1 - Precisionyirginica = 1 - 0.85 = 0.15)

4.3 N15ILASIZRNITON0DY

a ¢ . . [ a ¢ v
N139A318%N1500008 (Regression Analysis) LUUNITIATIZN VLA
W UssrnuaATemiavvesmuusnilaildnsuar Senan fmudsau
(Dependent Variable) 970 U3 A M50 AT 138071 FUT Fiu wse

(Y

fuUsdase (Independent Variable) veaveyaiu lngn13AnwiaAln
FUNUS NI LUT AU LAL AILUT DETE FRB819U NISAUIUATIIY
T AUTIONM LA AN ANYTNIYDITNNNE VBIAUY Yl 1NAeNY U
PN RIINITHIUVBINILA LazLe F9lagUsNRLAINISIAAIENTIDNIN
war AU ANYIAlvetsNMe HagsesldinTaalienaaeusAge wagnis
AAMIalANugevessuivyiavis nUsnanh Jo uazuaunniila
] <@ % 1 Y @ o

$u 1 Uudu Jywnsamnevanusaniseenlailu 2 Ussian mudiuau

frwlsdaseinunfiarsan lawn

1. m3anaaedaiien (Simple Regression) udlgymnisanaeed
HiuUsdasziiesduusifed 1wy n1sUTELNMAILUTIZAUAIY
au anfmulsmelaredouiisadiuusiies [Jusu

2. M3nAndYnWKRAM (Multiple Regression) L‘fluﬁzymmﬁmaaaﬁﬁ
FLUTDETZNINAIN 1 FLUT LU N1SNITUINAIIIANVIEUDIUTY
nilands nsudeine Suauesuauuas s engueatu
wazuuauildaes gy

Tumsih ms ez s annse inld lunsiesied @ nensaldu
Buduanns@endiuvuriune lunsdiiavidend duvumsonaes
(Regression Model) sigan3snisymanmsfiwesfimugaueaduuy
Fuuunisannes Usznausieesdussneuselud

» 115750035 ldns1uAT (Unknown Parameter) Wumisiimesves
Fruuu ona il e msimes Wer e nane miwes uneass
Bonin dusAninisanaey (Regression Coefficient) sinunueg
dydnwal

» FuUssunsesuUsdase (independent Variable) Fadusuusd
NINUANDITBYA TNUNUMBFYANYA X; = (31, X2, - Xig) EMTU

v =

Toya i FaUsznoume d AuUsau

4 MsupsIeidanegInsal

116



» #uUsau (Dependent Variable) Wusuusithmneifiviedoya
Dudeya@eines unusmedydnval y, dwsudeya i
» WU AIUARTA LATOU (Error Team) WAl ¥1 waAs AU WAN {19
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FYNINA1ITIAT AU LUV ILUIAY TILALUINALAIAINUAAR

waeu ez ldansndalaleenssaindeya wnume dydnuel ¢
dmsutoya i

v

Fuwuunsanaes aunsalisuluglaunisnaly lassil

Vi = f(xi, p) + & (4.18)

Tuynaufoaudn i liamsansumvesnalanueanaiadouiiuiaie
voadoyald Sniammaiiwesvesduuuinsuifissddldanns
Uszanuandeyasognaihiy fedu aduusmuildasiduiiiveen
Uszanauviiu annsadeuaunsananesluguily I8l

¥ = f(xi,b) (4.19)

dlo 3, fie AUsTInavesfuUs AL 3, uaE b Ae A1 UsEInTeq
WITNDTVOIMIULUU NN 4.4 LAAIUUIANYDIMLUUNITONNDY oY
Eupseduas Ao Wiy f(x,b) Faldlunsuszunme 5 Taeldesh
wUseu x; dmsudeya i lag FamuUszanadily fo 5 Tanueanndeu
ANANRT 33 WAL ¢ Tunmsiisuwuunisanneglulilunsieseiide
wennsaliy 1519819 umsUssanamfuds au 3 dlonsuaduds
Sase x; Wity 15 ldanunsnihdauuumsannegluldlunsyhune A
wsdula iensuaiudsawld duuumsanassiivainvats g
wuusnuileitufivhinld eglsinusanunsautaussinmussdinuy
msannageantadu 2 Ussian laun

» ALUUNTTANRELTadU (Linear Regression Model) tusuwuu
floglugUanmsdadulunatmfines

» fanvun1sanaaeli@adu (Non-linear Regression Model) Ju
suvuiieglugUaumsilalefsidudaduvesmsiines

Wnnng veensIATIzRanney Ae NMSMINIATU f(x;,b) Laz Al
mdwesvasilasduiivhlianuuanmaserineadaas mussaaves
Fauus i il én tos ign Tul {92 90 1 aue fegha lawg # uuu g
onneedaduiiug ielidlafauumeninihnisinsginisnnes
lglunmsiasgidanensal

AN 4.4: FUUUMTANERY §i = F(x, f)
(uanasoidunssdung) wansauduniug
FEUINAMUIAU X LAZAIMUTHY y A1 g
fiD AUAAALARDUVBINITUTEUIAT ¥

FuFILUUNT0A008 B9LTUAT AN AN
FEWINATZUI §; LAZAIDI y,



NNSONNBYLTLEUDEN99NY

n130nnaeLTeLdu 19418 (Simple Linear Regression) 1Uusiuuu
wansruAMLEUTUSITudusE LU ssunilssuds uazfudsany
wilesuds Fegamy nsadeanuduiusseninsswuTudaudng
YIRS g mnile LLasaT']muQ’Lﬁi’hL?J&Jmuﬂﬁﬁﬁmsﬁlmm 1 fou lng
fanuAgiuindnutudauinsvesiifissnsidsnasio druaugidnden
v RifisAet Toe e $1uaufuila uinisinnduag il swaudidh s
ungumuludeludnuas dudy Tufidsuuiudeuins fo fuds
fase warSwaugiiiBony fe fuvsau Muuumsanaesldady
agedwdmsuldlunsussanaeduUang y neAwuUTel X I5U
wuvaunsiily dail

Vi =bo +bix; (4.20)

310 b = [by, by fi8 W TmesvaIFILUY nELNISTINHY 9z

YoduUsEY % demasionn §; sethvtn b, dewsiwes by Ty
VIN MNERNT M 5 wlsuasfuaiuys x lunsdlifimsfimes
b, TAnduau unemnudn A1 3 wUSHARUAUAITILYS % wagmnen
W158mes by JAWYINAU 0 NUIBANNIN AT T G'ijuasgﬁ’wh by LiBIAN
W ARLUTAU & WdsRanaAfILUIAIL 151ENsaLlanIuMINgY
Y0IAN by 1631 AduUseny y; Sinsidsuudasmuefiulseu x Tne
Ui by Wi ilosuusauilAnfiudy 1wy silisansa
LARIILUUNTOAnRELTuEURg N ElaR NN 4.5 Tnefuuuiidnwey
Juilsidudunssuuuiglivesiudsiuuaziudseny wsliwes b, fe
AUTUTDINIATULEUATS LAY by AD TLULAALAUYBITINTULEUATS

A12819 4.10

NAIBYNANUFUTUT 52T IN WA UINT VR iRE AU U
vl uazsuiitBonvnfifisAusilugi 1 ey Tnefauudgiiy
SunufudauinsvesiiisfasidmasioduaugiinBouvuificsosi
Al MuUseu Ae uiniulauinisvesitisiue (Number of
Service Days: SD) Wag MauUsau Ao SrunugidnBeouvaiiis s
(Number of Visitors: V) 9zanu15018uann1I0nnegidaduegede
dmuvszanae Sugddeusu ffisiusianan Suouiuida

v
a

USAS dnsulieud i leea

¥i = by + by x;
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AW 4.5: fuUUMsannes By aens
R §; = by + byx (LAAIAIYLAUATIALAG)
vulanlifmuusvaszuazmundsnim



TUn1smMen by wag b Mvunzau wodedeayayainaeuiuseneu

MY AVDIMBEN (x,3) @MU i = 1,2,...m TumsUszINmIA1v89

A o

by UAE by NYNIAHATINANUAAIALAZBUAAIADIVDIAITI 3; WAL AN

a1 4 el'

Uszana 3 dendesiign wianunsatenutymnismean b = [by,by] 9
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v

wingadlugUaunsadiaenans lanail

m
b = arg mibn] > i - by - bix)? (4.21)

0:01] 521

PndggmmsmeaniiangNga iy Wisnlnes by uay by 818507
Amgay lagall

by = y - (b1 %) (4.22)
~ Y6 - D0 - 7)
KRS S @29

e x uaz y fie ANRALYRIMLUIAU x uag MuUTAY y vuyndeua

o

HNnasu muainu
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[

autle egldnuunisannsedudusg1senla waed

A~

JP; = -7.26 + 0.17 x 1Q;
= -7.26 + (0.17 x 120)

=13.14

A9UU WUNIU AL U 3¢ 3 A1 USEENSAIW 989 115 vinau Tee Uszana
WA 13.14

N13annaELduNAN

N3 AN09Y WUU WY UU (Multiple Linear Regression) B d wuu
AR AL FUITUS AU TENINA U AUNINNTY 1 FauUs uaefauys
P13 F98N9 LT A AUS 499 26U ANy gl Anw nadiy
YDIUITHINA uar Usua N Uaes uiia luesa oenlyd ved 5o nsus
wsosnud Aleavuiaidn Tnedaumigiud seduerudu gamnd wae
ANUNAGUDINIA Adrasa UTInINMsUdesuialunsasenlonludnuue
Fadu nsdldeenadl seduamutiu gumnd uazAnunefuveIUIIBINA
Ao fuUsdasy wazUSununisudesuialunsasenleduassanssue fe
fuusay fkuunsanneeudunyaadmuldlunisussunuas
WUIONY 3 INANEILUIAY x; = (%1, X 2 - Xig) ﬁgULLwafmmsﬁ"ﬂU el

d
)A/i = bo + Z b]-xi’j (424)
j=1

B0 b = [by,by,..bg] A8 M5TmESvBIMIUVY L51@NT0UYA AT
vangvesA T Imes by Wo j = 1,2,...d 16 Avduusau y; s
WasuulassuAdulsiu x; Taeluwiniu b, wihe e fuysdu
X, fiAiudu 1 e uavAdusiu Xk 7 k + j ldfinsasuntas
A1 AN 4.6 waRFILUUNSanneelLduNTaM dmSuiulsdare 2
fuds Tnefmuvuidnvaiusyuuuudiglvessmulsduuas fuds
R

fnae9 4.12

NS UesTEAUANTY (Humidity) gaumgil (Temperature)
ANUAAAUYBIUTIEINA (Pressure) Nadnane Usunaunisuasauig
lunsaoonlen (Nitrous oxide: N,0) 98950 NTYUL LATOILUR ALYA

e an ey duius Tudnwue 1B9du aunso euaunis
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27712

2N 4.6: FILUUNMIDANDYLTLAUNYAN
G = by + bixy + byxiy (WARQ GG TZU
a Y o a o
ued) vudsgluesminyssasy 2 Aalds
uagduUIA



ASMATNIIIERDS b = [by, by, ..., by] VOIFIUUUTVLNE AN AIUNTE

el Ine 01ée Teya Wnaou 71 Usenau e ¢ 104638819 (x,5) 911U
m g YIMI Uz nsines e 35 Mdiaeados gn (Least
Squares Method) #1358 M3AnalENMTANTUNITNIUNTNG LAAIAT
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aunns maluil
by

b
=) ixy (4.25)

bq

o X7 Ao wvisndaauildeu (Transpose) Ua4lUvIanNg X uay (X’/X)"!
A9 LUTSAGRNE (Inverse) VUnN3INg (X’X) 1ag X {uwvnsnduuin
m x (d + 1) Naundnvanusndandu 1 Avue wazaunInwdni 2 aud

(d + 1) Ao ALUTBATEYIMUA d MULUTTasAzlayafIag1e a1unsn

v
v

LAALUNSND X Aeail

1 x1 X2 X1d

1 x1 X2 Xo.d
X = ’

1 Xp1 Xm2 o Xmd

waz v Wuwvsndaunn m x 1 Hau1dnusazuad A AEILUSAILBY
WhazUoyafIeg1e PIAUNTaLanaUNInG v Lasll

N
Y = V2
Ym

Grade Test Score Classes Missed

85 65 1
74 50 7
76 55 5
90 65 2
85 55 6
87 70 3
94 65 2
98 70 5
81 55 4
91 70 3
76 50 1
74 55 4
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A1319 4.3: YA Vaya wa N1 158U Al
vostiniSeuday 12 Ay Ussneusme 3
fuds Ao sedunadugvs (Grade) Aziuu

@ou (Test Score) way 91U ATI NS
3o (Classes Missed) (7iu1: Ronald
E. Walpole and Raymond H. Meyers,
Sharon L. Meyers, and Keying E. Ye
(2012). Probability & Statistics for En-
gineers & Scientists. USA: Prentice Hall.
isbn: 0321748239 )
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N1INAADYLLUUNRUIN

N30ANBBLUUNIUIY (Polynomial Regression) iluuuunisannes
B9 3U wuu nila 1 wans A s Tu dnwai nns 99 fuves dus
faszlugunsenis Tuvae inadvesmsfimes Snsegluguiladdu
Wadu fuuunisannesuuunum fng p dmsulglunisussannesi
WUSANU y; INAFILUTAY x; ﬁgULLwammﬁi’ﬂU fall

Ji=bo+ Y bxf (4.26)

msmmaaquwnumﬁmmmﬂmimif?ﬁwL‘T]ugmwuﬂmwgmwwﬁq
vosMsnnneeifudunan 1neAmuali x; = x %2 = 5% ..x, = oF
o IFEnsammminesivansauvosinuu i lagld s
A03UBYER WWALIAUNMIMAINITITIWDIVBIRMIUUUNTONNDELTIEY
g uenantidermuading p wihif 1 fuuunisonnesiildiuie
Fuuunsanaesdudusgainutiues

f0e19 4.15

91N AU FURUS 52V 9109 T 1WA UINNT V09 Aitasioue uvie nils
wag TUIUR 10 BN v RSN TuYenat 1 ey lag J1umudu
a = Y a ° Y v A Y
WauIn1g WusmilToasy wag 3UUKILEYN 3N LUUmUUIAIL
A10190 WAAQ AL FURUS 719 1A A8 7 UL NIT ARNBY LUU NV WY
a A Y o ‘ﬂy

An3 3 leinadl

Vi = by + blxil + ble-2 + b3xl-3

Wie y; FIp UG NBHUBUANSAUNUADUN i uaE x AB FIUIUTY
Jausnsvesinssusiludoud i

A10814 4.16

PMNANLENRUSIEINTEAUL I wazATTaUsyAvB AN
MUVDINTNY 191 80190 LRI AL ANRUS 52 FauUs Dasy
Tude seiunidauan uazfulsanu fe AT aUsyavEnmns
yhaugesninmy fefuuunisnanesuuNguY A 2 1Hdd

N 1 2
Vi = by +b1x; + byx;

v

e 3 A9 AT IAUIEANEAIWANTINNUIBINTNNUAUT | UWaT x;
fAip ASEAULYN U YRINTNUALN |

A
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AvdnAty Usens nilavedn13 08nkuu M LUUNIT DAY WUU WY UL

A A

fufle M3idoneAnivesaunsnyum Jedinasemnududouvead
WUUUa Useansnn lunsUTEanuaAfILUS AN A N 4.7 Uande
LUUMSARDBEUUUNYULAT AN uANsNafl TagAmnsifimesvesi
wuugnuszanallagliteyayaiinasu (wanshedydnuaiaadiv () fign
a5190n719i T Fq) = cos(x) + & WiB f(x) GRLPIRI LA TR G
7i i x flo ﬁﬁﬁ?LLﬂiﬁU‘U@x‘i“ﬁaHaﬁ i uaE g AR dyITUNIUgUdmTY
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fxi)

® Training Data ® Training Data

-2 O  Test Data O Test Data

() = cos(a) (@) = cos(a)

i =bo i = bo + by
-3

0 2 4 6 8 10 2 4 6 8 10
X X
Degree =3 Degree =5

fl@i)

® Training Data
O Test Data

Fla:) = cos(x;)

§i = bo + bii + bpa? + by}

® Training Data

O Test Data

fla;) = cos(x;)

§i = bo + bi@; + boa? + ... + bsa?
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X
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X
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® Training Data

O Test Data

F(a;) = cos(a;)

3i = by + buzi + bya?

[¢]

® Training Data
O Test Data

fla:) = cos(x;)

Gi = bo + buwi + boa + ..+ bura]”
[

2 4 6 8
X

AW 4.7: FUUUNISIANBELUUNYLIN AT 0 1 2 3 5 way 17 dwiudeyaingnarauannilandu f(x) = cos(x) + g

Y

foyadl i axuiulddudlesminivesmuuunsannes Uy unilage
u anududouresinuuagfiuinndy egnlsinu duvuiiannse
Uizmmﬁhsﬁa;&aﬁLﬁﬂmﬂmﬁa%qﬁwﬁﬂﬁ%’u f(x) iéfaﬁqﬂ AD FILUU
MsANEYLUUNYUIL An3 5 iesaniduaunisvessuuutlngidu
WINTU f(x) = cos(x) mm‘/‘iqm Lﬁamﬁﬁqqmﬂ%Lﬁudué’uaumsw
yumnseduii fudeyawatinaeumnndu Tuvaeiderdufideauuan
foyagnnadeunTudie aouymanitidudegivievesnginssu
vipsdvosfiuuy Fsazshlinsuszanuen deyadisuuulsiine Fanan
fouflnnunainiAdeugs M3iden AN veamuUUMIARNBELUUNY
wufingandadudeddy nstruaindfiuune auas vl
wuu g aude nisth U143 sedl ns v en @ 7 oang aw
Juagiusssumivesdoyade thinensteyadinsiosrhnsnanes
af LU IaAREELUUTLIaN AN AANT (o AnAngAvili
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wptheyaganeasu i UldlumsiinaeunieUssunummandinosves
fuuy M3 TnUszansaim s onnes duns i szog Anueain adey
sEreATianazAUsEInavesuUsm N LU Tnsdgvestoya
yadouavan (fwuald 1 1B dwau doya naaou o) 1nes ¥a
UseAvEnmnananesfiduiisdn dded

AMUAAIALARBUNaIaRLRAY (Mean Square Error: MSE) 1y
AN LRAY YOI AN BN SIS ABI VDI AL AN STWI A1 939 AU AT ST VS
MUUs M3 ves Uaya ey Wame 5 wiae U e fd aos ves viae
Fudseny annsarualld fal

1 n
MSE = — % (i = 31 (4.27)
i=1

3INVBIAIAUAAIALARDUNTAIEDLRAY (Root Mean Square Er-
ror: RMSE) 1JuA151niaea9ainuraapaouidandaade 39l

UFADNITAAIY 1HDRIN MY YRIATANNAAIALAFDUTLTULIE LHY7

(YY)

AufuUImL SINYeIAIANAAIARRRUR A dLdYENsaA LIl

1 n
RMSE = |= Y (y; - $1)* = VMSE (4.28)
nia

A2NUAAA mﬁlauﬁuymimﬁ'ﬂ (Mean Absolute Error: MAE)
Guaniade vos Anduysal ves A ina s A aTa AU A Uszanas veq
(;IJ’JLLUiGI”IZJ‘UEN%EJZJ“aVlﬂﬁ@Uﬁﬁ‘ViiJ@ 1908 L UULARI AU MUY Y0 FLUS
au asnsaswald sl

1 n
MAE = ~ ; lyi = 3 (4.29)

AAuAaIALARUT 3 LuuTinamin aveglutie 0 Avetud lay
mniateguansinmuuun1sannsansaUsyanuamnUsaulalng
WFgafuaats Tufe uuunsaanesiivssansnmgelunisussanu
A uUs e Tumiendu iy winan arueain edou S A1 un e
ATUTEUIU AN A LU DANDY LAN AN ATATIUIN 0N LEAI DAY
fiuszansnmsaessuuuanneslumsussanae feszanliusens
wilei ldansaSeuiisulsyansnmiuuunisanaeaesLUY

v Y &

MIYUINTINAINUARIALAFDUN LAN AN BaLIINNS INUSEANS AN UY

D =

Joyayanaaeuiiane1aiy yenaniduuunsanneeAfluseansnm
aalunmstszinaadiudsnuves Jyminils Tddndudeafivssangas
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4 MsupsIeidanegInsal

131



4 mnasIeadanensal | 132

o v A ‘Q! v Q’ll ‘ﬂl ‘ﬂl a € v =
dwiuon Jayvnwile fsdy Wewdeu Jeywnshasigiveya 39073
897115 AN UsednBAmvef uuunnnee viang MUY Lagyinng

Usgiiiulszansnmvasiiuuanis Uy mduminiuy




4 mynaTIemdanensal | 133




4 mnaTIemdanensal | 134




UsgdnSw M5 0A0eY U M UUU Moy U oya YA aaeu il A1
WINAU 12.09 3.48 way 2.72 fNUaIAU

e seuifieutsyansamlunsUszanaAndnd S Ussavsam
msvhauvesniine densusedumnidygrvesninau vesd
WUU Miine. W% Mporyz We3 WUIFIUUU Mol WAATAILAGIA
AU MAIARdIRAY SN VBIA MINAATA ATEU A dendY LAz
mmr-wmmﬂﬁlaué’uuuiail,a?iS U8 NI AIUUY Mijpe oty fuuy

M

poly.2 WHUTEANTAINUNNNTIIFIUY Mijne

4.4 N1TAATIENDYNTULIAT

Yoyasynsutian (Time Series Data) Ao yadoyaliusIuTINAN
szezadutiag edssioiiles 1wy deyagamniguanuazsiignnig
fn o andinsninenna dwindedmiluudas uiisusandusses
nan 1 7 deyasenuedumvesumuimildunsiazifiousiusandy
szoznan 5 U wagadulwihilavesgineauniiluszeznan 3 $lu
Hudu vnfiansanmsstoyadiudazaodinluansidudsusasiuys
flau uazusazuaTuinAfuUsineg vesdeyaudazdoyauds Toya w
W02 £ unusie x, szdmfuAsulsiiaulafinsatald o ran ¢ ety
Gﬁagaﬁﬁ’uﬁﬂiuumﬁ (t +1) fo Avessulsfiaulafinsratalandsan
Land ¢ 1 wdean Tumenduiu %a;gaﬁﬁuﬁﬂﬁluumﬁ (t-1) Ag A
vosmuusiaulafinsainldnouninngil + 1 mhea dues ms
WaneFIBg19YBYaRUNTUIAYBTRYAN TNEINTA (Usenaumie Usunmn
gl A1LNABINIA uazALTL) Tuusdazdlusmaonifounguniny
wa. 2563 nrataanszuulngines u aadanaindouwsiinauysl
va fonindedml vonanilisnfiausouansdeyaounsutianTagld
urugfidu (Line Chart) TasunuusuLanIIm wazuNURILARSANFILYS
fdsuudaslumunan wansfegiswnugilidu ves deya doyaanm
21MAlUA1I 4.4 FanN 4.8

N5 AT NeINTal dmTu Toya ounsuLIan A8l AU AN N
MnnmsiaTgiteyadldnanuudilude neunihilusas unadoya
Hudaszsoiuluidanan ieshedeyasynsunadeyausazunideya
flanuifenideatu daifu Tunisdinmesideya ounsunm Jafinish
foya a1 a1 seuivvesgananialamn fnnsan sy Tns iz
ogadetoyafiAndulunaineunth uenaind mslinneitoyasynsy
nanaunsavhldlaensinnsaniangiudsiauls meldauugmn
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M99 4.4: Toya anm e1nia Tu usiay

Date Time Temperature Pressure Humidity . »
039 faon LHou NN WA, 2563
X1 2020-05-01 00:00 235 966.1 98.0 Usenau é’qa J3uned auvind (Tem-
x,  2020-05-01 01:00 233 965.2 98.2 perature) A2 NA 21MA  (Pressure)
x3  2020-05-01 02:00 233 965.2 98.6 waz AWTU (Humidity) #3399 3 90
x4 2020-05-01 03:00 23.2 964.3 98.1 szuu ng wes a0l @379 3n Weu
x5  2020-05-01 03:00 23.2 964.3 98.1 wil o auysel va dande Wedlvad (Aun:
: : : : : : https://opendata.hii.or.th/#/
X4 2020-05-14  20:00 28.7 960.6 62.6 dataset/weather-data-monthly)
x;  2020-05-14  21:00 28.2 961.5 68.5
X1 2020-05-14  22:00 27.2 962.3 70.5
x, 2020-05-31 23:00 27.2 964.2 78.3
T T T T T I T
clor -
gss -
SSO —
E 25 -
20 | | | | | | |
970 T T T T T T T
@965
% 960
955
970 T T T T T T T T T T T T T T
‘1’%965 -1
geeo -
955 | | | | | | | | | | | | | |-
N N N S N S N N N N K N N R N
A A A e
,ﬁﬂ/ Q{’L rb{"b &ﬂ/ (D{‘V/ {5\,‘7/ ,ﬁﬂ/ o{’b 0{’1/ &ﬂ/ (b{‘b (5\,‘7/ ,ﬁ,‘b rb{’b rb{"b
I P e
Date-Time

A 4.8 ununilidunanstoyaanmenialuisasdalimasadeuNg AN WA, 2563 Usenaumie USunugamgil (Temperature) AU
nABINA (Pressure) WagAMTY (Humidity) #3333na1nseuulnsnms s an1ilnsiainleuwiinauysaiva Jmindedn

ﬁauﬂﬁmﬂu%mzmnﬁaLLUsSuq NiaNINATAFILUIRABAILUTI M
fufld ludesduiasvondrnameiBnsinneidoyasynauiifinnan
any fudsiilawhiu dwelkihesdeeudila wazfuitugiuluns
Anwtugeioly

NUNNIMUNTIATERteyasynsuadiulvg dnduiunisiie

(%

nOUsEaIAnan 2 Usens Ao

» @519FLUUATSUTNWIE AvRIswUsRaulanaziindulusums
219 JUNTIATILANITINUNUTELNY UTDNITIATIZRNITONNDY
Alg Tunflaznanidaanizn1siesieinisannoe



» Anwiwnlduvesarfmudsnaulanvasuudadlumuniaan wie
13 118 §9 555088 YIS0 N ANTIU Ve U5 ) N13al fuUs 7
aula dlugnisdndulanisgsia

feuvglafnufmuuulmensaldmivinseideyasynsuaa Tu
Uesiuilazvenaniiguaniivestoyasunsuiad Mfevesiumuuy
TasgndeyaounsuIaiouy

AaNURvasdayaaUNINLIAT

[

AauUAveoyasunsuafiuiauls 1 3 auaudf fail

AUASH (Stationarity)

BUNTU LIAN Wil %L‘fﬁJuaHﬂiu 1987 LU Al (Stationary Time Series)
Hrounsunaiufiauautinieadd Tiun dAade AnuuUsUau uay
AuLUsUTIUSmilsivasuuaslununanat 2w 4.9 uansdnuae
Y99 BYNT 1987 WUU AT 1UTBU Ly U aynsw e wuu sl asil (Non-
stationary Time Series) lag A 4.9(b) L‘fJumgﬂiﬁ,J VA i anade iy
Fugmina eynsunalunw 4.9 Taanuulsunuitlbing uay
aqﬂﬁmLamﬁmmuﬂiﬂﬁwim Wasuulaslumunianauanslunm
4.9(d) Tumsasrssnuuhune deyasynsunafithunassuuumms
dosflanantReuasd esnaiinasusiuuuse deyaoynsy
nanfidieds MW uUsUTIY e AL uUsUTIu S E s Wasu ey
mManaud Wevhmsuemdeyalmi u na1du JsilmAiads s
WUsUTIU MeANULUSUTIUS I wansiseenly deuviliinanisvinng
AflrnuemaeReunseALAANAIRg

Tueudusss doyasynsunmenaiiianuuesiiuazlinad egils
fnu i annso was doya sunu wuulal asil 18 aauaudR A s 16
TagMsmuanaszrieAdnls o nadniu Ssagldnanseldlusm
LUUeN3IN etiansavndeuAnaNTRauAsTivaseunsunatldlas
Tn1sveaeu Ani-Waiae$ (Dickey-Fuller Test) [12] wionisnadauin
filoaiea (KPSS Test) [13] FaLdunsnaaeunisadi neldaumfigiiig
(Null Hypothesis) 31 aynsua1anus (Unit Root) Tusfuuuns
anneyluf (Autoregressive Model) gagidunitamainaunsadns
lpananAdeduaty
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[12] David A. Dickey and Wayne A.
Fuller (1979). “Distribution of the
Estimators for Autoregressive Time
Series with a Unit Root.” In: Journal of
the American Statistical Association
74.366a

[13] Denis Kwiatkowski, Peter C.B.
Phillips, Peter Schmidt, and Yongcheol
Shin (1992). “Testing the null hy-
pothesis of stationarity against the
alternative of a unit root: How sure
are we that economic time series
have a unit root?” In: Journal of
Econometrics  54.1. url: https
//www.sciencedirect.com/science/
article/pii/030440769290104Y
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Time Time
(@] (d)

andunusluna (Autocorrelation)

GIGENY maﬂﬂivmwuwawamaumuLam A mswmuﬂwum UMY
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Giusiudmeludies a ety degnatu i udiinAnwdicu
ogdununils st tutnfnwiisedisegsruaunis Sungsdiindnu

&

fardiduvifusuuiuiifeglud fulausenediesewiheu agiu
hduiitegludh fuidsmasosnuduiivsilud  ungsdéne viedn
mamwm Ao ALY wmmumflmﬂuimwu - v-1e-v11 aduly
il nm‘wumuq uvmmum’amsma Fatiu Tumamlﬂmwmma
W agufiuidiiidm a el daadeiiiazdndaainiude
aruduiusludvesdust wazfinsaniewzmelufuusifier
fidAntusnanmiu anedieiing1ndn iRinsananuduiusves
$ruauiuvestindnw aunieluidh funded fuSuveannlud ful 4
finrsandudsifentu Tufe S1uulu uwiseiuinainmsiadifuds
Fay i Tudsud unged luanuBuaiernmesiiuus s nawmils e
lg5unansznuanevesiulsiienlunanagaia vsedwaseiudy
yanq sudwunald Lildhdnewzganaiiedfafuminiu Tums
affis3enanefiddinaveseynsunan a ganaivinaiu 2 9a
dutusiin avduiuslush (Autocorrelation) FsanunsainAnanduiug
Tughvasrdanadisnnindu k mhenatlusynsunauuuasitld Tay

Asteianduandunusiusi (Autocorrelation Function: ACF) ANV LA

< v a
X = (X1, js X jo oo X1 jo X jo X1, o - X j) SUUBUNTUNIAWOIRWUT X; V13
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(@ aunTULAILUU AL (b) BUNTH 1IN
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Aadewiniu ; wallimnuuususiuninu o, Wedduanduniuslui o
YNNI k WBLIaT Wnusudyanual p Ao

_ 2?:k+1(xt,j - ,Uj)(xt—k,j - /Jj) _ PX. X,k

i (4.30)
(n = k) Xpegerr (6, - ﬂj)z 0')2(]-

Pk

Aanilsiduanduiuslusiianeg sewing -1 uay 1 Wafldity 1
namafensil anuduius egnsanysaluvu seninamdinys ar ganand
t WAEANAEOUNAY k vigIan Tunnnduiu Aanduiusluiiien
whiu -1 Yavenfsmsiianuduiusegeanysaluuulumenssiudiy
TSRS & 9A0AnTl ¢ uazanandounds k mhsnan waziilo
Ailerduavdituslusaiidviiiu 0 wansindduys a 9anand ¢ way
e ¢ - k Liflanuduiudiu egnalsfmunismssduauduiug
Tudh o ganandl « uae ¢ - k Sedlsdfuanduiuslumdsaldldman
NAYBIAMILYSTIagsEMIeTIIna ¢ uaE ¢ - k lIIENNTAMSERUAIY
duiudlud o ganandl ¢ uazganadounds k mhom Werdn
NANTENUTEIARLUTTEIagaanTeansldde daituanduiuslush
9@ (Partial Autocorrelation Function: PACF) snitléanniteriduan
Suslususduimusowanaldisuienfudilsiduanduiusiu
i \ilesanmsAnueilaiduanduiuslushunsdndamnududou 39
volsithunnanluit faulaannsafneiiudldan [14]

anudugania (Seasonality)

AnantAanaduggnia wansfadnwae anudunus vesaynsunandi
fisUuuuang i Tneldsser nauiilunisn duani suuuuiin svey
e 1 50UreIFULUUE veseynsunand Fendh AU fegnaiu
fuvsgamgivesdeyadnmeinia Ssuanslunim 4.8 Afldnwazns
Wasuuasvesigungiidu-asegaaiiane Taagugiive iy
Prvduiiesfuuay fingedusewinefudeuas Buansasdnadalugis
o Huduiyng Su Taefiszeznm 1 enu widu 24 dalueve 1
Fu TumsAeszi doya ounsu 1an e ms I dou AnELTA ALY
ganavestayansunisidenmuuuvihnedmivihnldieseideya
\esnnuduuusngdmivinldfuoynsuna ifauaui@e
Jugeanaleeame nsdenduuulivuneauiuinvusdoyageunin
wisldfanadnsvosnsiuneifiaugniesgs

4 manaTIemdawensal | 139

[14] Walter Enders (2015). Applied
econometric time series. Hoboken,
NJ: Wiley. isbn: 9781118808566



AUUNTITAN088 TUAD (AILLUULDBNS)

Aauwuun1sanaasluda (Autoregressive Model: AR) tHumLuuuans
A duius Baduserinmoynsune o e+ uaz e founds
Fausqganaan £ 1 89t - p IngAdauys u 9aandl ¢ fe Mauuse uay
AdoundsRausigaiia - 1 8 ¢ - p Huiuusdasy andiuldhiuuy
flosueauauiRavduiuslusveseynsunan Tngliaduds a nani
t Buagfuvaaiaiuedusindulng p whena fuvunsonnesly

'
o w a

1 U7 p WeueeNEad1 AR(p) anunsadeuluguaunisadinmans

X = CH PG+ PoXpp ot Py + 8 (4.31)

dlo ¢ fle mmafl g fo FasunuaN (White Noise) Faunuiladedus
fdmasorfuls s 1nand + uenndeanamvessiiules uay ¢ =
[61. b2, s bp] FO M1 WimESVRIFINUY BEELT AR TUNUHTR Al
ANSONTIUAN & TuTiaseld Wty AdauUsey x lda e
Uszanauwiniu Tneananse @eusauuuanaeslush dmsunsdsyana
Aduls o qanaandt ¢ 1adl

P
K=ctPiX 1+ PoXp g+t PpXpp=ct Z bpXi—p (4.32)
i=1

e % Ao ATUTZUNVBIAILUTANY X

Tunsatreshuvunsanaeslufity msiuuaasu p v
wuuidudsidessifiunsdueiausn Basnilsdmsuimunaidy
» VosFLUUTIInzan Ao nsRansaneiliiduanduiuslus vse
Herduanduiuslushuidn Tnsmsmevesitaddy Wofmuaaiia
fidrinfu (Lag) nannuanean (faud 1 audsdnnniianiivonsu) wieu

v
v o 1

MamuatANdesiu 95 Wesidu Franusathuuanaduununin
16 desegnenn 4.10 uwansisnduanduiusluduayienduandunus
Tushuneduvessuusgamgiivesdeyaanmeinia fanaritinia
fu faud 0 9 20 Fessrhaduiihdulunnuanstsaudestu 95
Woedldu Addiu p Mungauvesiiuy fo Anafidininfuiiundiae
foudl Arilsdduanduiudlus vFeflsiduanduiuslufuisdny) ae
oglutiseundediu 95 Wesidu WeRinsandnaidininfuBuanay
Wiy 1 uaziiuduluidesy
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Autocorrelation Function: ACF

Partial Autocorrelation Function: PACF
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AW 4.10: (a) ﬁaﬁﬁ'fgamﬁ’uﬁuﬂuﬁa way
(b) Meridu am dusius Tu 6 unsda wes

srudsgngiilugadayaaninenie fien
KaEnIAY (Lag) Asust 0 83 20 Falaa
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WULAEI AU LUUNIS AR N1 N1 U1 lUITe Neuuntin 1ie nviun

F LU 71L0Ng du L 899169991 Ao 11 Av N1 Useanu A wsditnes
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k Wuga nandmsunis uwusdeya eynsu an sen Wy doya gnlnaeu
LAz YA MAdoy TeyayaRinaeu A UsenauMeAUeIfegns (x,x) 1le
X = (o1 Xigs e Ximp) Wefl i = kk-1,..k - p 3515 UsERI0AN
WweivefuuumMsannesludmgnuiaue vainviaeds i I8
Masaesteyanandy (Ordinary Least Squares Method) Wagnsua
sTUUaNMIga-20anines (Yule-Walker Equation) 18usiu Geazlive
namswazBen a il faulaausofnwifnduldan (15

o a & a v <
AAILUUNITLRAYLAADUN (AILLUULDULD)

fauuuNsIRaELIARauUN (Moving Average Model: MA) (Juduuu
g anuipdouvesmaiueamiwlsiuna founds ¢ anan lu
MsvgAFILUT & 9na1i ¢ lagvinissiunataae Ui wuy

nsannegludl @uuuUNsaaIAdeun a1eull ¢ WEULUAIY MA(q)

v
P

ausadeulugvaunsadiaaans laesil
X =cte+0ig g +06 5+ .. + 0,64 (4.33)

ilo ¢ Ao AmsT & Ao FITUNILYT (White Noise) wiamnaMuLATauYes
MITWIBAEILUS o ATl £ uaz 0 = [6,,6,, .. 6,1 fm MHmeIveq
druvy TumeufiRialianmnsansiuen g fuiasald dady eduus
A x 7ilgaziduifisainUssinaviniiy Tneanunsadeusauuy MA(q)
dmsumsUszanaafanls o ganand ¢ Idiotatl

)2} =C+ 91&}_1 + 62&}_2 + ...+ eqft_q (434)

e % Ao ATUTZUNBIRLUTANY X

WU Aumuuumsanoeslud 15183150 MUAAIAIPU g 9
WL ALURITILUUNSRALATBUTL Iagn1sRansaunfenFuandunus
Tush visedanduanduiiusludiuisdin Anwlenusiagiasaludl

fn2e9 4.20

INYATOYAANINBINA 13IAUTNBBNUUUMIUUUNT AR IAROUTN
MA(g) HiaUszunuAdwUsaamall i 9auianil ¢ lanadl

W9150u7 Waridu av dusius Tu 67 ves fauds aumgll ves ya Toua
an1nonA Aasanslunn 4.10() wuin fanduanduiusludidean
DHUBNVDULIATIANNTDIU 95 Wasiduviiun Weawiafidinii
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[15] Jonathan D. Cryer and Kung-Sik
Chan (2008). “Parameter Estimation.”
In: Time Series Analysis: With Appli-
cations in R. New York, NY: Springer
New York. isbn: 978-0-387-75959-3
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A vyo = = Al v ! a s
LN@I@@?LLUUﬂWiLQﬁULﬂai’JUVWILWlI']gﬁlILLaQ ABDUIATNIFIULEDT 0 =

[6,,6,, ... 6,] VoSV FRIgNUTEINMA TNz T e ddayate
fnaou Tufitazvolinanfineandeamamamniines vz
¥03fuuy Lilosniineasdennensdunuiidudou uas Jagiud
iwsesiioftiglumamamnivesimnzaulaeselui@ Wy Tsunsy

815 (R) wazluga statsmodels Tunmwilwnew (Python) [16] \Jusiu [16] Skipper Seabold and Josef Perk-
told (2010). “statsmodels: Econometric
and statistical modeling with python.”
In: 9th Python in Science Conference



ALLUUSIUNITANNDY TUAINUNISARBUNLRAY (AILUUBS
1)

fauuusaunisanaseludafiunisiniouiiaie (Autoregressive Inte-
grated Moving Average) %38 #auuUa 381 (ARIMA) 1 Judiuuui
suonuumsanaesTud wasduuunisedeedeudiin1ise fu
Tngmsvilieynsunafinuadinnuasd (angaadensd) kuns
AutuNITHasg (Differencing) NOUNNTUIZIIANA AILUUDITU WU
WU ARIMA(p, d, q) d5Uaunis el

AR(p) MA(q)

X = e P+ Goxf g+t Pl + Oy + Opey + .+ Opr_g +e (4.35)

dlo x Ao eynsunmfiumsdudunsnasii d A aunseied
@mauﬁammmﬁ p Ao manuvesdun1sannesluf ¢ Ao ATAIAU
YosdINISLRALATDUT ¢ A AATT Wag & Ao FITUNILYT U 9AIAT
t Fdlumnundusasaud f 5 4 axldanunsansusiuiaseld s 157
el ifmarnUssnaes x Wity Tnsanunsadeusnuuuesu dmsu
Ussanauen st

X =ct Py + Poxi g+t PpXip + 0161 +Ohe g+ .+ Oty (4.36)

dlo 2 Humussunames x FuvveFunidusuuuiimngaudmdu
ounsunalifinuaniRrunduggma dmueynsunaniifinuaudi
arduggna azdinsveeifiniuanusingasuluguouedunid
Feanunsofnwldann [17]

TumsihfuvueFin e s1dufiesfessmvune p d uas
g Tnzay dmsuelewesmsmfiwes (Hyperparameter) d #919u
$ruauasavesn1s Ay nng ua g el ounsu 1ian 1 AnuasTR A
asft annsatwusldlaglddwnuadeiitosianiisniumanasaiivhls
oynsunafiauantRnnuasd Awueld X = (o, x, .. x,) Huounsy
nawmis Madudunssaing 1 ﬂ%uuaqﬂiumm X Al il

X =X - X_q (4.37)

dwiut=23,..n m'ﬁei’wLﬁum'ﬁﬁ%ﬁﬂﬁaqmmL’meaé’wéﬁmmm n-1
e feiu mndudumssa k adsfueynsunaBuduiiiivng
nan wvhlildeunsuna imeasiisud faue o - k mMafivua
lawesmiwes d fumean Wudiideshdeunsimun p was g
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[17] Rob J Hyndman and George
Athanasopoulos (2021). Forecasting:
Principles and Practice. Melbourne,
Australia: OTexts. isbn: 9780987507112.
url: https://otexts.com/fpp3/



W nis e dan Al bauaswisimes eaea launsawseu
Wieuiule e d wanenaty

dwusulaesmsfimes p uag ¢ eunsanmuamlvivaulalag
MRS nsiveauma (Information Criteria) Aaludl

YaaumAveaianlawne (Akaike’s Information Criterion : AIC) 1Ty

Lneusi NS Ae Lden 71 390 19 1w n1s 1@en 67 wuU NS anneY N e @1 39

v

A131150A U LAeat)
AIC = -2log(L) + 2(p+ g+ k + 1) (4.38)

2 a fa P ' W v = & ' a
e L e laddgevesdayaounsuiian A1 k windu 1 a1an ¢ Jaduriad
Ya9suulavingu 0 wagaAn k Wiy 0 81ANA99 ¢ winfu 0

%’aaummjmm“lﬂl,ﬂzﬂ%'w?a (Corrected Akaike’s Information Cri-
terion : AICc) 1Tuinawinigfinden duuuign Uiuugsanande
aumAvaIalang ausasuln lasadl

20p+q+k+1)(p+q+k+2)

AlCc = AIC + (4.39)
n-p-q-k-2

\ie n fID YUIAVBIBUNTULIA

JodunAvaug (Bayesian Information Criterion : BIC) Junuat
o oA ) = ) % A ad =
N7 AN LABAN AT LL‘U‘UVIQﬂUﬁUU?Q LN VD AUNA VDY E]’]Iﬂ LA BN I YU

v
=

AN1150ANUIN L9

BIC = AIC + (log(n) - 2)(p + q + k + 1) (4.40)

A 1

Alawesnsilives p uay ¢ NA9Ngn Ao ArvinlidoaunAveIves

A ¥

anlag deaunavesenlanzUSuus vsedeaumevasud daeiign
WNsAUMAN p Uay ¢ I1eNge TuRe NsmALNMNIAAGoNAILUY
wuulauwuunils @msunne e p uag g Naula 3ndudwinisdend p

wag g MvhliRunaueinisAndeniutieenan
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[18] Nathan Maton (2019). Project
VIX. Accessed on 2 July 2020. url:
https://github.com/NathanMaton/
vix_prediction
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4.6 LWUURNIRANIOUN

1.

90TUBAULANANNTZNINAT 2 AN flUil

a) YeyayeRindeu (Training Set) uag Toyayanaaou (Test Set)
b) nsdmunUszLam (Classification) ay N13nAnee (Regression)
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o) Wawaay (Actual Value) way mﬁgﬂv‘hma (Predicted Value)
d) MuUsdase (Independence Variable) Lag fuusaiu (Dependence Variable)

v

2. Yggmgstaseluil dmludymnisiesisidmensaivsuania

a) thin@meaunilsiosmsmauaeiusvesunananaeundiialalunannvaneyuam

b) smeunaliaunisiosmsaamsaiufinusanandrinadels donsuuinanh Jo uavas
Mdnnuasuasdngiadild

o) mnsaundsfesnmansuinsnsudnszugiiaeadeuasnuuruiumumuimiazanasilu
yuvnFell Wensuaruduasfiemeesauiiinsig tutnvessn uasussiuanavessn

d) Ustmintlniandalssimauisils deansinszdunanin (szduazuun 0 - 12) vedludusas
118 nMInTaaUinaninia asszneumaad woanesed AruMuILL wazaTILTuNIA-

LUe

Y

3. yadoyanilsusenaumedeya 8 Jeya anunInAIIMIEEEINLULYAGASEIN TaYausas e Lana
n3Indszesnaselull

X3 Xy X3 X4 X5 Xq X7 Xg
X1 0.00 1.64 1.68 133 3.02 829 638 594
Xy 1.64 0.00 1.19 0.67 172 937 7.10 7.09
X3 1.68 1.19 0.00 0.6 147 994 790 7.60
Xy 1.33 0.67 0.60 0.00 170 947 7.35 7.14
X5 3.02 1.72 147 170 0.00 11.08 8.81 8.78
Xg 829 937 994 947 11.08 0.00 293 236
X7 6.38 7.10 790 735 881 293 0.00 212

xs | 594 7.09 7.60 7.4 878 236 212 0.00
lnedeya x; 1Aand y, Aall

yi=1 y=1 y3=1 y5=2 ys=2 y;=2 (4.41)

(%

WINUYAARAVDIVBYR vy UaE yz MedTeuTUlNAan Wi vuad et ulnaan k fadl

a) wuiveutulndan wiiu 1
b) Fwauieutulndge Wiy 3
o) wuieutulndgn wiiu 5

a. shilsnaulaseluil gnatstunndeyadisaneldvesiussaifinnzdau 22,793 au Usenousis
Yoyaeny e vIARUE 01 vanavyjvesondn Hlusihnusdedan sefunsine auamansa
anuduiusluaseunds uazsedusels dmfumsiueseduneldedssol Gnnivietesn
50,000 ABARAFANTF)
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= P
9IYN = UIN158U) ?

Ty laild
AnuNWENSE = fausanaEou ? anunwausd = liiagausa ?
15 Taild 1 laily
Falugaureduand <402 214 < 26 anuduiuslunseunda = a1l ? szfiunsfin = syl ?

Ty i i lily Ty i i‘lu'l'd 19 i i"lu'hi Ty Laild

algauldsnaulatnedu seudanufe bl

a) WeAunieny 52 U adiudyiiiug ondntnsden WWugshadiud i 25 dluseduani

UMSANEITZAUUTYYIR3 aarunnlan e ienneu veautdaziiseldeasneUszauls

nnldanunsamenseausglaandulddndulala asssyvene)

b) niJaauniltany 43 U vAnugunIniud 91t naanizn1e Usenaugsnadium i 45

Plussaduant aumsAnunseaulgaln aarunmiiasouniilaeilunssen wisauiaziisne

IadeseUszaula (mnldansomeanszaunelaanndulddndulals asssywmena)

o) vigeaunils Linseny aiugyImd endndideimaganiznig aulunieanusy 1w

40 FlussiedUnnt aun1sAnwsEAuUSy N3 anunwausa udlildegsuiuandl ndauiiae

figlandernelseaula nliaunsomaseauneliansulddndulale asssyvana)

d) sudslalulagnianldlumsiuneseduneldiaiensl nieunsefusewveua

5. Mnyadeyamsdndulaiduneda (11519 4.2) adldimuuuiudsiiaundu iieviuner1duls Decision

vostaya dolull

a) Outlook =
b) Outlook =
c) Outlook =
)
)

d

Outlook =
e) Outlook =

Rainy Temperature = Mild Humidity = High Wind = True
Sunny Temperature = Mild Humidity = Normal Wind = False
Overcast Temperature = Hot Humidity = High Wind = False
Overcast Temperature = Cool Humidity = High Wind = True

Sunny Temperature = Hot Humidity = Normal Wind = False

6. MAUNsNGaUan FudunanisuseiiuuszansamessnuuutnunUseLandnuunie dnsuvinune

ALAE9Y89N5ARBINN5HR e saludl

Actual Class

Less chance More chance

of heart attack | of heart attack

s Less chance

o 31 12
D | of heart attack

©

9| More chance

& 7 41

of heart attack
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WANIUAIANUYNABIVBINTTMUN AN A1AUTUNIE wagAIAUITEs Wiaiaaiuse
UszdnSamuasiuuutiunusennsiuuuil
NauNsonneedudunslUll asszufulsdase uassudsnuluaunis

a
b

@

) 3 =bo + by + beiZ

) V;=by+byx; + g

) 9i=bo + bixi1 + baxip + b3xi3

d) y; = by +byx; + byx® + byx? +

MmN eMuANTUSTErIdLUIIL fe man1sSeudsinAnusedutudindnw (Graduate GPA)
wazfuUsy Ao Azuuuaeutmwiiyaviily (GPE) nansSouaieluseiuySyaes (Undergrad-
uate GPA) uazSuulfidnuluseduinends (Years Out of College) vastindnumlundngmssguse

AauAansuUudia lskuunisanneeidadunyam Al
Graduate GPA = 1.437 + (0.367)(Undergraduate GPA) + (0.00099)(GPE) + (-0.014)(Years Out of College)

995U AU FUNUS TEMINIAILUT AU AL FILUT AU VDIFILUU DAY TN AL Lag USEUATNANIT
Svuadvin@nuszauiudiefnsaunidendazuuuaeuiantdygiily wdu 3.54 Azuuudey
Torideygmalu wiidv 1,600 aziuu wagdnuudifnuiluszauine1dy windu 9

. Uggnngsia TunisfinwiTesmnuanunsanuussfeswean Epoxy Aagldlunisdnauau 2 3udnee

fu fidupou Ao 1) nendunaunmasuuiununiudihdndununianfadidetu 2) dldey
Fhennufou ielinmuiiuasunuiaosdiniunudesns fAnwdesnmmauaudiiusseuing
gungiiililumsouiuauannsalunsmuusaiaesnvdiey Sahmaveasseudunundainnm
Fegamgiisedusine Tussoznanmssuiiu wasthfuufadauaunsalunismuussfssinm
ntlymgsiatneiy ssmeudnusielud

a) fuuslaths Ae dudsdastlunisinund

b) dhusla Ao Fuusaulunsaneil

C) WVDNUUUMLULONNBULTUEUDEN19918 d1mSUBBUNEAMUANNUSIENINAILUTDETY LagsuUs
Y,

d) 999NUUUMKUUAANBY LUUNYWY A3 3 dmTusiuieanuduius seninedudsdase uay
fruUsnu

Taymgsia dnidemsiminermaninisineunil feansairesnuuuusssnadmnsldosndiauves
fumeiflesendegnastuidafaiian (vo,max) nelddoyaniy e thuiin wasdnmnisiduves
wlawaglussezim 5 wid lumsanud Tniseldinsiiudegiaantiniun 100 au vhnsiaasa
wU3 VO,max 818 LINF duiln wagsnsinsduvesil Tnefn VO,max gﬂ"’i@ﬁwm%aﬁamm'ﬁgm
ntlymgsiatneiy ssmeudnusiolud

a) fudslatng Ao mwusdaselunisdnwidl
b) fudsle fs suusanulunisAnedl
0) WDBNWUUAUUDANDY F1USUDTUIEANUAUNUSTENINIRILUIDATE tagiausmny
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11. 93 Useliudseansnmvesiuuuonnes dvsulssiiugan saeun 3n AnaudR a1 2 dauuy
IfnansUszifiuuszdnsnmlag Muvuanaes A fasnvesrnuranirdeudassiade iy
2,268.36 LLazﬁhmwmmmLﬂ?%aué’ugmim?{a WU 1,637.29 ALUUOAN8Y B IA151NUBIANLAANA
\doum&sanalade Wiy 4,077.98 wagAanuamaLAAsudLysallads Wiy 2,535.99 21eiUse
wanU3uifisulsyAnsnimnisnnnesvesiaLUUAREAB IR ILUY

12. doyaoynsunaryanis ansadrandunuaileituanduiuslud uasailsiduanduiuslusuns

d laeadl

Time Series Data

4 T T T T
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; Sample Autocorrelation Function
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05k 1 1 1 =
0 5 10 15 20
Lag
| Sample Partial Autocorrelation Function
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2998NLUUMLUUNISanaoelufl AR(p) LarfLUUNMsIadenaoud MA(q) Tnan1sfiasanaitendy
avduiuslud wazailsduanduiuslughursdniirualsdiesiu

13, dogamnuiraniignasainsevineduil 1 unsiau . 2013 fs fufl 1 unsie A.A.2017 o iileq
Wad Usemeduie 3nYavaya Daily Climate time series data [22] anunsainanduinmilsnduan

[y

Fuuslus wagalanduandunusiusuiadiu lasad
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999NUVUMULUUNITN00YIUAY AR(p) UAZFILUUNTRABLARDUN MA(g) lnun1siansanaiendu

andunuslud isarilsnduandunusludiunsdiuneuinlaisu

14. andeyarnuiianlude 13 Wewmduliunisuasig 1 ase udrmumuadeaumavenud i p

way g wuur19q Tugae 0 B 5 lanaans aell

q
0 1 2 3 4 5
0| 876797 | 8395.68 | 8266.77 | 8267.07 | 8273.94 | 8281.22
1]8627.71 | 8259.51 | 8265.87 | 8266.07 | 8279.28 | 8286.32
2 | 8528.00 | 8265.33 | 8263.90 | 8279.62 | 8284.91 | 8285.95
3| 8472.27 | 827259 | 8279.73 | 8276.70 | 8285.39 | 8290.48
4 | 8434.76 | 8279.85 | 8286.81 | 8288.96 | 8292.33 | 8299.33
5| 8410.85 | 8287.09 | 8293.97 | 8290.48 | 8299.59 | 8306.51

98NLUUAILUYU ARIMA(p, d, g) 1agNISRANTANAIUDHUNATDILUTT IR



