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The R Project for Statistical Computing

Getting Started

Ris a free software

for statistical sl

variety of UNIX piatforms, Windows and MacOS. '{* download R, P?BSE

mirror.

. It compiles and runs on a wide
choose your prefermed CRAN

I you have questions about R like how 10 download and install the software, or what the cense lerms
are, please read our answers to frequently asked questions before you send an email,

News

+ Rversion 4.2.1 (Funny-Locking Kid) has been released on 2022-06-23,

« Rversion 4.2.0 (Vigorous Calisthenics) has been released on 2022-04.22.
+ Rversion 4.1.3 (One Push-Up) was released on 2022-03-10.

+ Thanks io the f useR! 2020 for a onling tutoriais and
talks from the conference are available on the R Consortium YouTube channel.
» You can support the R F with a i asa e

News via Twitter

News from the R Foundation

2. @8N mirror Y849 Thailand http://mirrors.psu.ac.th/pub/cran/
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CRAN Mirrors

The Compeebemane R Anchive Netwock i avadlable at the following URLa. pletse choose a Jocatian closs bo you. Souse tamitics on the status of the mimors can b found bere gaain pa#e. misdoms coleass. wandor old sclease

B you want to host a new mieroe a your instintion, please have s kok w1 the CRAN Mgy HOWTO

0-Clond

Aspetan

Belginm

Beazil

Chibe
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Download and Install R

+ Download R for Windows

Precompiled binary distributions of the base system and contributed packages. Windows and Mac users most likely want one of these versions of
R

+ Download R for Linuy ( Debian. Fedora Redhat. Ubunm)
Download R for macQs

R is part of many Linux distributions. you should check with your Linux package

system in addition to the link above.

Questions About R

Source Code for all Platforms

'Windows and Mac users most likely want to download the precompiled binaries listed in the upper box. not the source code. The sources have to
be compiled before you can use them. If you do not know what this means. you probably do not want to do it!

* The latest release (2022-06-23, Funay-Looking Kid) B=4.2, | tag ez, read what's gew in the latest version.
* Sources of B alpha and beta releases (daily snapshots, created only in time periods before a planned release).

+ Daily snapshots of cusrent patched and development versions are available here Please read about pew features and bug fixes before filing
comesponding feature requests or bug reports.

= Source code of older versions of R is gvailable here.
+ Contributed extension packages

= If you have questions about R like how to download and install the sofrware, or what the license terms are, please read our answers to
frequently asked questions

before you send an email.

What are R and CRAN?


https://www.r-project.org/
http://mirrors.psu.ac.th/pub/cran/

4. @an base %39 install R for the first time.

R for Windows

Subdirectones:

base Binaries for base distribution. This is what vou want to install R for the first time.

sontgh Binaries of contributed CRAN packages (for R == 3.4.x).

old conrgh Binaries of contributed CRAN packages for outdated versions of R (for R ]

EBiools Tools to build R and R packages. This is what you want to build your own packages on Windows, or to build R itself.

Please do not submit binaries to CRAN. Package developers might want to contact Uwe Ligges directly in case of questions / suggestions related to Windows binaries.

You may also want 1o read the B FACQ and B for Windows FACQ.

lownloadad Bl

Note: CRAN does some checks on these binaries for virmses, but cannot give g Use the normal precautions with

5. 1Aaan Download R-4.4.1 for Windows $93un1iilnaniasady (R-4.4.1 A version a'”lﬁjﬂ

minlasiae@nds R unnauvsidy version 4.0 Wuduun)

r Windows

Download R-4.4.1 for Windows 182 megabviss, ¢4 bit)

BEADME o
biew fRacures i this version

dos binacy distributics

Fhis build requires UCRT, which is part of Windows since Windows 10 and Windows Server 2016, On older systems, UCRT bas to be installed mams

from flare

fyou waat o double-check: tha ated by CRAN, you can compare the mSsrg of the exe to the fipzameus oo

Frequently asked questions

o Dees B oip upder my v
* How do [ vpdane packaee:

5 version of B2

.

exse see the B EAD for general infarmation about B and the B Windows FACH for Windows-specific information
Dther builds

+ Pasches to this release are incosporated in the c-patched snapaliot build
of the developenent version (which will evennually beccae the next nuxjor release of R) is available in the . devel spapsior bujld,

lote to webmasters: A stable li
CRAN MIEROR- by

which will redirect to the cusreat Windows binary release i
il

at chaspe: 2024-06-1%

6. Wenmilluanaieas vinshndslusunsy R Adn Next lUiFaeq auasadu (unewme: 910

1 suludeganisinaaiu R version 4.2.1)

5 Setup - R for Windows 4.2.1 -

Select Setup Language

Information .
Please read the following important information before continuing. w

\J/ Select the language to use during the
- installation.

‘When you are ready to continue with Setup, click Mext.

TUL SIUGIL OIS0 EL YUUT STIPIUYST (il YUU WUTR 65 @ PIUgianingen j i youn
school, if any, to sign a "copyright disclaimer” for the program, if
necessary. Here is a sample; alter the names:

i ~
EI"Ig|ISh Yoyedyne, Inc., hereby disclaims all copyright interest in the program
“Gnomovision' (which makes passes at compilers) written by James Hacker.

<signature of Ty Coon>, 1 April 1982
Ty Coon, President of Vice

Cancel

This General Public License does not permit incorporating your program into
proprietary programs. If your program is a subroutine library, you may

consider it more useful to permit linking proprietary applications with the

library. If this is what you want to do, use the GNU Library General I
Public License instead of this License.

Cancel




Setup - R for Windows 4.2.1

lect Destination Location
Where should R for Windows 4.2.1 be installed?

[ F Setup will install R for Windows 4.2.1 into the following folder.

To continue, click Next. If you would like to select a different folder, click Browse,

l'i’l Setup4R for Windows 4.2.1

Select Components
‘Which components should be installed?

Select the components you want to install; clear the components you do not want to
install. Click Next when you are ready to continue.

rgjtup - R for Windows 4.2.1 — X
rtup options

Do you want to customize the startup options?

User installation v
Main Files 89.7 MB
64-bit Files 64.5 MB
Message translations 9.0 MB
Current selection requires at least 166.2 MB of disk space.
Back Cancel
tup - R for Windows 4.2.1 - X

Additional Tasks
‘Which additional tasks should be performed?

Please specify yes or no, then click Mext.

() Yas (customized startup)
© no (accept defaults)

Back

Cancel

p

Select the additional tasks you would like Setup to perform while installing R for
‘Windows 4.2.1, then click Next.

Additional shortcuts:

Create a desktop shortcut

D Create a Quick Launch shortcut
Registry entries:

Save version number in registry

Associate R with .RData files

Back

Cancel

¢k Setup - R for Windows 4.2.1 - X

In%lﬁng
lease wait while Setup installs R for Windows 4.2.1 on your computer.

Extracting files...
C:\Program Files\R\R-4.2.1\library\graphics\help\graphics.rdb

ri—, Setup - R for Windows 4.2.1

8

Completing the R for Windows
4.2.1 Setup Wizard

Setup has finished installing R for Windows 4.2.1 on your

computer. The application may be launched by selecting the
installed shortcuts.

Click Finish to exit Setup.

7. defaduasaieuies udnlalusunsy R alivtinnduniugudneans vssiiausnazuen

. Ao v
version NgIu




R RGui - [R Console] = ] x

‘R File Edit View Misc Packages Windows Help - [l
EGREDCE

R version 4.4.1 (2024-06-14 ucrt) —-- "Race for Your Life"
Copyright (C) 2024 The R Foundation for Statistical Computing
Platform: xBé_64-wé4-mingw32/x64

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
'‘citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
‘help.start()' for an HIML browser interface to help.
Type 'q()' to quit R.




JunBUNIsAnRILUSKASY Rstudio

1.

N website https://posit.co/download/rstudio-desktop/ Watd8n install RStudio

RStudio Desktop

Used by millions of people weekly, the RStudio integrated
be more productive with R and Python.

Don't want to d

vnload or install anything? Get started with
RStudio on Posit Cloud for free. If you're a professional data

oad RStudio and also need common

scientist looking to dc
enterprise features, don't hesitate to book a call with us.

Want to learn about core or advanc rkfl in RStudio?
Explore the RStudio User Guide or the Getting Started section.

1: Install R

RStudio requires R 3.6.0+. Choose a version of R that

matches your computer’s operating system.

development environment (IDE) is a set of tools built to help you

2: Install RStudio

Size: 262.79 MB | sHA-256: ©9E1E38A | Version: 2024.04.2+764 |
Released: 2024-06-10

2. Jeanilluanasa sinnsandalusunsy Rstudio an Next TUiSess auiaSadu

ARStudio Setup

Welcome to RStudio Setup

Setup will guide you through the installation of RStudio.

Itis recommended that you dose all other applications
before starting Setup, This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue.

Next > Cancel

{37 RStudio Setup

Choose Install Location
Choose the folder in which to install RStudio.

Setup will install RStudio in the following folder. To install in a different folder, dick Browse
and select another folder. Click Next to continue.

Destination Folder

Browse...

Space required: 772.1MB
Space available: 94.4 GB

< Back Next > Cancel



https://posit.co/download/rstudio-desktop/

Choose Start Menu Folder
Choose a Start Menu folder for the RStudio shortcuts.

Select the Start Menu folder in which you would like to create the program's shortcuts. You
can also enter a name to create a new folder.

Maintenance

Micrasoft Corporation
Microsoft Office Tools
R

RStudio

Startup

System Tools

TinnR

Windows PowerShell
WinRAR

Zoom

[C) Do not create shorteuts

< Back Install Cancel

{37 RStudio Setup =

Installing
Please wait while RStudio is being installed.

Extract: Qt5WebEngineCore.dll... 35%

| Show details |

{47 RStudio Setup —

Completing RStudio Setup

RStudio has been installed on your computer.

Click Finish to dose Setup.

= Adding *

Source on Save \

R-script or Editor

History

Tutorial

R

* import Dataset <

Th Giobal Environment =

“jaxmie - | &

Environment is empty

Environment

- o
i
= Console  Terminal Background Jobs ]
R R4a21
R version 4.2.1 (2022-06-23 ucrt) -- "Funny-Looking Kid”
copyright (C) 2022 The R Foundation for Statistical Computing
Platform: xB6_64-wB4-mingw3Z/x64 (E4-DI1T)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.

Type 'Ticense()" ocherﬁgiﬁ]kéion details.
R is a collaborative project with many contributors.

Type 'contributors()' for more information and
‘citation()’ on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
‘help.start()’ for an HTML browser interface to help.
Type 'q()" to quit R.

[workspace loaded from -/.&Data]

>

Files Viewer  Presentation o

Plots  Packages

RSerint = <2 Export =

Help

List =

Output
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nann1sdiasicHdayan10dun1w

< 174 N
1.  nsinusIUsIUvaYa (Data Collection)
" nsidenuvastaya: Mtayavnuvasiidediold wu deyalsimenuia Yayaiinnisd1siaguain iusu
" nsivteya: IsNsAmunzanlun1siuteys W n1sdunival wuvaeuaiu Msduiindeayanisnisunng 1Judu

2. N133AN15¥0Ya (Data Management)

[
o

" nsviendazeIndeya (Data Cleaning): Mdnvsaunlutayaniianainviseliauysal 1wy Joyanddeu Tayad
gl

3. N15AsIzviveya (Data Analysis)

" MTIATIEATINTIUU (Descriptive Analysis): Tlun1seSulgdnuasniluvesdeya 1y Anade Adlisegiu n1suan
waaAud 1lusuy

6

i m'{'“atmwﬁl,%qaymu (Inferential Analysis): iﬂuﬂﬂiwmaauamagm WU NISNAABU t-test, ANOVA, N153LATNE
N309008 LJuAY

B 153AT1eAaNnensal (Predictive Analysis): Tglunrsvitunauwiluulusuias 1wu nasllunanisannouidady n1s
Tdn193euivedesos (Machine Learning) 1wy

*Fa: ChatGPT
OHEe, BOD &



Nnann1sdias1cHIaYan10dInIw (619)

4, ﬂ’l’iLL‘lJaNaLl,azﬂ’l’iﬁm'm*’fl’aga (Interpretation and Presentation)

a

" mswdanateya: wlanansiesevikarasuteyaiile welianunsatrlUldlunsdndulale

174 124

" sdvauena: Leselialunisiaueteaya wu 9, a179, Uil Liteliveyanduteugintadeuay
YALAY

=\ v Y . o o .
5. msﬂszmuwauazn'lﬂmaga (Evaluation and Utilization)
u miﬂizLﬁUﬂﬂJﬂﬂW%@ﬂJﬂﬁLLaxmﬁLﬂi'lzﬁ: Gli’lﬁ]ﬁ@Uﬂ’J’]ﬂJQﬂé)jaﬂLLﬁ%ﬂ’J’]ﬂJ‘Li']L%@ﬁ@%@ﬁﬁdﬁﬂ’]ﬁl,ﬂi’wﬁ

" aslddeyariienisdndula: Tdveyaiteimuulouigguain MsUsuugsusnmsguam

6. NM33NWIANUUABANYVBIYDYA

*Fi39: ChatGPT

OHee, BOD
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n1saaaoldsunsy R

Download R: https://cran.rstudio.com/bin/windows/base/ b2 R-441-winexe
or Download R: https://www.r-project.org/

rl.-, Setup - R for Windows 4.4.1
3 c

o=
pry

Information
cran.rstudio.com/bin/windows/base/

Please read the following important information before continuing

When you are ready to continue with Setup, click MNext.
R-4.4.1 for Windows

| GNU GENERAL PUBLIC LICENSE

Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.

Download R-4.4.1 for Windows (82 megabytes. 64 bit)

README on the Windows binary distribution
New features in this version

51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble
[his build requires UCRT, which is part of Windows since Windows 10 and Windows Server 2016. On older systems, UCRT has to be installed manually from here.

The licenses for most software are designed to take away your
freedom to share and change it. By contrast, the GNU General Public
License is intended to guarantee your freedom to share and change free
software--to make sure the software is free for all its users. This
f you want to double-check that the package you have downloaded matches the package distributed by CRAN, you can compare the mdSsum of the .exe to the fingerprint on the master server.

General Public License applies to most of the Free Software

oimedntionte cofhrien nnd to sm athar neaoca
Frequently asked questions

¢ Does R run under my version of Windows?

i b oot bo

» How do I update packages in my previous version of R?

Cancel
Please see the R FAQ for general information about R and the R Windows FAQ for Windows-specific information

I’L’l Setup - R for Windows 4.4.1

X
Other builds

Select Destination Location
‘R |
¢ Patches to this release are incorporated in the r-patched snapshot build.

Where should R for Windows 4.4.1 be installed?
» Abuild of the development version (which will eventually become the next major release of R) is available in the r-devel snapshot build
» Previous releases

| E Setup will install R for Windows 4.4.1 into the following folder.
Jote to webmasters: A stable link which will redirect to the current Windows binary release is
‘CRAN MIRROR>/bin/windows/base/release.html.

To continue, click Next. If you would like to select a different folder, click Browse.
Last change: 2024-06-15

C:\Program Files\R\R-4.4. 1]

Browse...

*sianewie: 1Usunsy R dnnsgwanaasdulndreudisios wiisnlignludes
NN Indnaan entdunsainiuig package fasldnuriastuluie




n1saaaolusunsy RStudio

Download RStudio: https://posit.co/download/rstudio-desktop/

RStudio Desktop

Used by millions of people weekly, the RStudio integrated
development environment (IDE) is a set of tools built to help you
be more productive with R and Python.

Don't want to download or install anything? Get started with
RStudio on Posit Cloud for free. If you're a professional data
scientist looking to download RStudio and also need common
enterprise features, don't hesitate to book a call with us.

Want to learn about core or advanced workflows in RStudio?
Explore the RStudio User Guide or the Getting Started section.

RStudio requires R 3.6.0+. Choose a version of R that
matches your computer's operating system.

Size: 262.79 MB | sHA-256: 09E1E38A | Version: 2024.04.2+764 |
Released: 2024-06-10

Funnewe: nasldeu R-studio sasinnisinss R new

(& RStudio-2024.04.2-764.exe

{57 RStudio Setup = X

Welcome to RStudio Setup

Setup will guide you through the installation of RStudio.

Itis recommended that you dlose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue.

(o> ] | omen

{77 RStudio Setup = X

Choose Install Location
Choose the folder in which to install RStudio.

Setup will install RStudio in the following folder. To install in a different folder, click Browse
and select another folder. Click Next to continue.

Destination Folder

:\Program Files\RStudio| Browse...

Space required: 1.1GB
Space available: 11.1GB

< Back Next > Cancel

OHep, BOD
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R Project

et Involved: Mailing

The R Project for Statistical
Computing

Getting Started

R is a free software environment for statistical computing and graphics. It compiles
and runs on a wide variety of UNIX platforms, Windows and MacOS. To download R,
please choose your preferred CHAN mirror,

News

» R version 4.2.1 (Funny-Looking Kid) has been released on 2022-06-23.

» R version 4.2.0 (Vigorous Calisthenics) has been released on 2022-04-22.

https://www.r-project.org/

Free and n
Open-source Tool
, Large Community L g Has a Robust
© of Users ﬁ' (R‘ visualization library

Latest cutting

edge technology

Independent
Platform

(DData
Flawr
Gateway to

lucrative career

Why Learn j

Go to language for
Stats. & Data Science‘

Used in almost
every industry

https://data-flair.training/blogs/why-learn-r/

- TUsunsu R W@uedesileflddmsunsmuiamisadnnaziiaue
Toyardunsm

- Awsesideyauualug) (Big data) vonuiidudould

- R WuTUsunsuw® Tflenldane Sadufidenlurdvnsanniu
o8

- R Julusunsuysgian open source MMAINISIINARILIADYBA
Tiauausafivainratesasies

- {U390u R 1 package 171 10,000 package

M MyleTenveyagu nluszuvanssaguinglaglylusunsy R

OHep, BOD



R RGui - [R Console]
R File
=

Edit View Misc

ENEEEE]

Packages

Windows Help

R version 4
Copyright (
latform: x

2]

4.1
)

(2024-06-14 ucrt) -- "Race for Your Life"
2024 The R Foundation for Statistical Computing
86 64-wE4-mingw32/x¢c4

R is free software and comes with ABSCLUTELY NCO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license ()" or 'licence()' for distribution details.

R is a collaborative project with many contributors.

Type 'contributors()' for

more information and

'citation()"' on how to cite R or R packages in publications.

Type 'demo()' for some demos,

'help() ' for on-line help,

'help.start()' for an HIML browser interface to help.

Type 'g()' to qgquit R.

R

R-Console, Editor, Output

or

Rstudio

Rstudio L“‘fJuIUiLmiwﬁQﬁﬁzhalﬁpﬂ%’muﬁmmLsﬁ’ﬂ,ﬁmﬁﬁ’muﬁuaﬂﬂﬁl,lmu R 1R

U Lazy NSyt umglusunsy R @¥alnau

*N158ARILUSLASY Rstudio 3e@a9Rnfalusunsy R NouLdus

RStudio
File Edit Code View Plots Session Build Debug Profile Tools Help
C -1 Of) oo Go - Addins -
@] Untitied2*
Sourceon Save | @ A - +run | o

1 # simple data

2 (mydata = c¢(1,2,5,2,2)) # make it and view it

3 (mydata = as.ts(mydata)) # the default frequency is 1 (1 observation/time unit)
4  (mydata = ts(mydata, start=2550))

3
6

# Times
time(mydata)

&

9 # Quarterly series

10 (mydata = ts(mydata, start=c(2550,3), frequency=4))
11

12 time(mydata) # view the sampled Times

13

14 (x = window(mydata, start=c(2551,1), end=c(2551,3)))
15

ig x <- ts(c(1,2,5,3,4)) R—script Or Editor

18 cbind(x, Tag(x), lag(x,-1))

20 ts.intersect(x, lag(x,1), Tag(x,-1))
21

22 # First difference

23 diff(x)

24

25 diff(x, lag=2)

26 |

27 # second order difference
28 diff(x, diff=2)

29

30 # Try

31 x -

261 (loplLe

Console  Terminal Background Jobs
R R420 - ~/
R version 4.2.0 (2022-04-22 ucrt) -- "vigorous calisthenics”

copyright (c) 2022 The R Foundation for statistical computing
pPlatform: x86_64-wb4-mingw32/x64 (64-bit) R C I
R is free software and comes with ABSOLUTELY NO WARRANTY. Onso e
You are welcome to redistribute it under certain conditions.
Type 'lTicense()' or 'licence()" for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and
‘citation()" on how to cite R or R packages in publications.

Type 'demo()’ for some demos, 'help()" for on-line help, or
‘help.start()’ for an HTML browser interface to help.
Type 'qQ" to quit R.

> # simple data

> (mydata = <(1,2,5,2,2)) # make it and view it
[A]i1z2522

> (mydata = as.ts(mydata))
Time series:

srart = 1

# the default frequency is 1 (1 observation/time unit)

=0

Source -~

RSeript ¢

=0

Environment ~ History  Connections  Tutorial

£

# Import Dataset ~ | N 1€3MB + | &

R = | 7k Global Environment ~

pata

D op List of 1

values
mydata Time-sSeries [1:5] from
X int [1:11] -5 -4 -3 -2

Environment

num [1:11] 1.42 -3.27 -

Files Plots Packages Help Viewer Presentation

& Zoom | -Tapet - O | ¢

plot{x)
u
: :
 + o ®
2 4 6 3 10
Index:
Output sen
.
<1
T T T T T
2 4 L 8 10
Time.
ts.plot{x)
.
<7
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Data Types in R

Numeric Contains decimal as well as whole numbers Sequence of data elements of the same

1 dimension :
basic type.
Integer Contains only whole numbers Matrix 2 dimensions Like a Vector but additionally contains the
dimension attribute.
Character Holds character strings Array Z.Dr more _-—ICJ;d_fnult:.:: ’T“:ensmﬂ_al datt_a_ Matrices are a
imensions special case of two-dimensional arrays.
d | f d )
o e — _ i ! ie . : Table-like data object allowing different data
A vector that can contain only predefined values, and is 2 dimensions " &
Factor s - 43 — Data frame types for different columns.

used to store categorical data.

Logical Can only take on two values, TRUE or FALSE. Collection of data objects, each element of a list is a data object.

INTEGER: If the data consists only of whole numbers, integers too may take negative or positive values.

CHARACTER: If data consists of strings, i.e., words or sentences.

FACTOR: A vector used to store categorical data which contain only predefined values. They can store both strings and integers.
LOGICAL: The type of data which can only assume two values, namely, true and false

Source: https://digitaschools.com/data-types-in-r-tutorial/

OHEe, BOD




Vector, Matrix, Data frame, Array llAc lists

#Vector
age <- ¢(10,20,30,40,50)
age

[1] 10 20 30 40 50
sex <- o(“male”, “male”,
sex

[1] “male® “male"”
#FMatrix
person <- cbind(a.ge,sex)
person

age sex

emale”™, “female”, '_1_5]

“female” “female”™ “male”

[1,] “10"
[2,] «20"
[3,] “30"
[4,] =40”
[5,] “s50"

#lata fram

L4}

“male”
“male”
“female”
“female™

“l]lalEl "

dat <- ta.frame (person)

dat

age sex
1 10 male
2 20 male
3 30 female
4 A0 female
5 50 male

Arrays

Inan Array, each row is of the same length and each column is also of the same
length. So, we say it holds multidimensional rectangular data.

[T}

s a1

[-11 [.2] [.3]
[1,] 1 a4 7
[2,] 2 5 8
[3,1] = & 9
s 2 2

[1,] 13 16 19
[2,] 14 17 2@
[32,] 15 18 21

<-array(1:24,dim=c(3,

18
11
12

22
23
24

Lists

A data structure containing mixed data tvpes is called a List. We can convert any
object into a list by using the function as.list(). We can also create lists using the
function list().

[=)
o
i

Il
Il
o
[ =1
(1]
i

[[1]1]
[1]12 35

=11
[1] "aa™ "bb" "cc™ "dd" "ee"

[[31]
[1] 3

OHep, BOD
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<- %58 -> 15a = AanN1sAIAN LARLLS
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OHpp, BOD

14



n1s 4 package Tu R ua: RStudio

o v

package tugarmdviglunsinnisteya Tnsisntaya awnsafnnstasyinnisinan package wasisenty

12 2 v
U = 74 U

library() lasRnsaneIAsIne 1899101
ansialaglalng

Ulglanasn n1saafenelusunsy R vila 2 35 AoNIU internet Lay

N1SAAAY Package A28 R: Packages 1dan install packages

LazLaen package MLI1ABINITANAY

R R Console (64-bit)
File Edit Misc Packages Windows Help
Load package...

R is a collal . ICOrs.
, N . Set CRAN mirror...

Type contril

‘citation()" Select repositories...

Install package(s)... «

publications.
Annsenu internet

Type "demo() “me—help, or
'help.start | Update packages.. ) help.

Type 'q()' t _ - ¢ -

y Install package(s) from local files... « AnAslagldlva

[Previously saved workspace restored]

N15AARAY Package A78 Rstudio: Tools 1dan install packages Ldan

Reposity (CRAN) wazfiun@e package fogneiisnfnsi egplot2

RStudio
File Edit Code View Plots Session Build Debug Profile Tools h
[~ B - - _ [ PP PR T S T —ndding v
Install Packages
P23
Install from: ?) Configuring Repositories -
4| [Repository (CRAN) v
2 ipe.psu.ac
3 Packages (separate multiple with space or comma): /LEVELS~1/.
lot2
4 ggp
5 Install to Library:
€ |C:/Users/LEVEL51 PC/AppData/Local/R/win-library/4.2 [Defaull v
7
g v Install dependencies
1C
11 Install Cancel tap_EngEmb.
12
13

OHep, BOD
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N1S1S9N0519as198@ package

14fds help(package=".............") 1w help(package="epiDisplay")

Documentation for package fepiDisplay’ version 3.5.0.2 aggregate plot {epiDisplay} R Documentation

« DESCRIPTION file. Plot summary statistics of a numeric variable by group

s Code demos. Use demo() to run them. Description
Help Pages Split a numeric variable into subsets, plot summary statistics for each
ABCDEEGHIKLMNOPRSIVX Usage

## 53 method for class “plot’

-- A -- aggregate(x, by, grouping = NULL, FUN = c(“mean”, "median"),
error = c("se", "ci", "sd", "none"), alpha = 8.05, lwd = 1,
aggregate numeric Summary statistics of a numeric variable by group Ity = "auto”, line.col = "auto”, bin.time = 4, bin.method = c("fixed",
. . . “quantile”), legend = "auto”, legend.site = "topright™,
aggregate.plot Plot summary statistics of a numeric variable by group legend.bg = "white", xlim = "auto”, ylim = "autc”, bar.col = "auto”,
alpha Cronbach's alpha cap.size = 0.82, lagging = ©.887, main = "auto”, return.output = FALSE, ...)
alphaBest Cronbach's alpha Details
ANCdata Dataset on effect of new antenatal care method on mortality . . , . . T
. i This function plots aggregated values of 'x' by a factor (barplot) or a continuous variable (time line graph).
ANCtable Dataset on effect of new ANC method on mortality (as a table)
Attitudes Dataset from an attitude survey among hospital staff When 'by' is of class 'factor’, a bar plot with error bars is displayed.
- B -- When 'by' is a continuous variable (typically implying time). a time line graph is displayed.
e Both types of plots have error arguments. Choices are 'se' and 'sd’ for the bar plot and 'ei’ and IQR for both bar plot and time line
Bang Dataset from 1988 Bangladesh Fertility Survey graph. All these can be suppressed by specifying 'error'="none".

|

Dataset on blood pressure and determinants o ) ‘ . . ) o
'bin.time' and 'bin.method' are exclusively used when by’ is a continuous variable and does not have regular values (minimum
- C -- frequency of 'by’ <3). This condition is automatically and silently detected by 'aggregate.plot’ before 'bin.method' chooses the

method for aggregation and bin.time determines the number of bins.

«© Odds ratio calculation and graphing If 'legend = TRUE" (by default). a legend box is automatically drawn on the "topright” corner of the graph. This character string

cel Odds ratio calculation and graphing can be changed to others such as, "topleft". "center", etc (see examples).

cl Confidence interval of probabilty, mean and incidence . .

T . . T o 'cap.size' can be assigned to zero to remove the error bar cap.

ci.binomial Confidence interval of probabilty, mean and incidence

ci.default Confidence interval of probabilty, mean and incidence Author(s)

ci.numeric Confidence interval of probabilty, mean and incidence Virasakdi Chongsuvivatwong cvirasak(@gmail.com

cl.poisson Confidence interval of probabilty, mean and incidence

clogistic.display, Tables for multivariate odds ratio, incidence density ete see Also

codebook Codebook of a data frame 'aggregate.data.frame’, 'aggregate.numeric', "tapply’

OHER,
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1. Adeugiunaulinvayag R

9 Y
4 1
= =

AEd setwd TUdMSUSZUNUNYINGU Set Working Directory

-0

Add getwd Td S UATIR@DUNUNYINGIU Get Working Directory

FIDYNLYU D:\Khanitta\R_workshop_basid

= dea el T FEr = z RN . Iy, “Taat TR b =z aaterd IPT s A\ A FhRamnitEr=at A D wasariFahor -
setwd ("D: /Ehanittca/RE workshon basic™) > setwd("D:\\Ehanitta\\R workshop basic™)

. =atwrd (
getwd () '

- 5 . | [1] "D:/Khanitta/R workshop basic"
[1] "D:/EKhanitta/B workshop basic" [1] ! FEF B_ =
; - : 5

2. ddhdiaya deaiansanuinana sox Idulidanvaele wdndenindnlviminzluwdasyssinn 1wy
‘txt 98 .csv ¥sa .dbf %139 .dta

library(openxlsx)
dat <- read.dta("personnlab.dta") dat_prev_f <- read.xlsx("D:\\Rhanitta
Risk factor62\\smecking\\data.xlsx",sheet = 1)

dat <- read.csv("personnlab.csv")

dat <- read.table ("personnlab.txt" , sep=",")

OHER, BOD 1



(100810N1SISUDIASI=H Rstudio

) Rstudio

File Edit Code View Plots Session Build Debug Profile Tools Help

O -l K| = | A Gotofile/ffunction |5~ Addins ~
@] Untitled1* 9| Untitled2* o [ Environment History Connections  Tutorial
. 7 = [)sourceonSave | Q / - ®Run | *% _tSource ~| = & I | 7 Import Dataset ~ | % 382 MiB ~ &
1 . . R - | (Th Global Environment -
2 Tibrary(epiDisplay)
3 Tibrary(ggplot2) Dab
4 O dat 20 obs. of 16 variables
5 setwd("D:\\Khanitta\\R_workshop_basic")
6
7 dat <- read.csv("SMPH2014_Day5_overall.csv'™)
8
o |
4 13
9:1 (Top Level) 2 R Script =
Console  Terminal Background Jobs |
(R R4.2.1 - DyKhanitta/R_workshop_basic/
> library(epibDisplay) -
Loading required package: foreign
Loading required package: survival
Load1_ng reqU'!red package: MASS Files Plots Packages Help Viewer Presentation
Loading required package: nnet i :
> Tibrary(ggplot2) O | NewFolder | © NewBlankFile ~ | © Delete =] Rename
ﬂ} Home
Attaching package: ‘ggplot2’ A e

The following object is masked from ‘package:epiDisplay’:

alpha
>
> setwd("D:\\Khanitta\\R_workshop_basic")
>
> dat <- read.csv("SMPH2014_pay5_overall.csv")
>
31°C am
flupnaing [ [ ] Q [ Q

= barchart_stacked.png
] Custom Office Templates
) desktop.ini
- forestplot.pdf
W | Heaven's Gate Tianmen Mountain_China.docx
= My EndNote Library.Data
- || My EndNote Library.enl

=@oerds®mhneoce

- o X

?-. Project: (None) =

=]
Lst - | ()~
=
4% more ~ B
Size Modified
4.2 KB Feb 27, 2022, 1:21 PM
402 B Oct 18, 2022, 12:58 PM
6.3 KB Jul 9, 2021, 4:55 PM
97.3KB Nov 29, 2021, 9:02 PM
12 KB May 25, 2022, 5:15 PM o
A G ING B ) @ L2e
e i 31/10/2565

BCD

Buardas. of Disecws Thodlond

OHER,
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LuIARNUFIUGIUNITWEINTAIlSA
(BASIC CONCEPTS IN DISEASE
FORECASTING)

NONSEUIAINGI NSHAIUANLSA
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Aims of Public Health Research

* DESCRIBE

e figvhgmelsavsnganiusesaunniosiisalalusarinuaiie

Q/

= a & 1 1 )] a v
* mmsguummummumﬂ{luﬂﬁmﬁﬂsw@qLLagww

* EXPLAIN

=4

e inlugeIaguynsIINN IR

U 9

aa a d @) & = 1
e msguyusiiedsaiuanudsalunisidulsauziSanssiwisenuisussld

* PREDICT
(% a & v a v ! S a L% @) 1
e Fasinsiiavwvevinguyvsvinluiluandsoularelminesidunils

o frannsasusadlialugmvudnguunsldifunadnde suaudiaslsamls
wasadoasgludlulntinazanaadusuiumils

®* CONTROL

* asnsAuNzaNdusURNTY (NMelddesinanie) Aeesls

Source: Morgenstern, 2001 (modified)



ADVANCED How can we

make it happen?

ANALYTICS WP R £ SCRIPTIVE

ANALYTICS

happen?

~Why did PREDICTIVE
it happen? ENYNNgi[eS

What DIAGNOSTIC
happened? BTSN e

Source: https://www.neuraldesigner.com/blog/what_is_advanced_analytics



Disease has a pattern

* nsiialsadsduuy (Pattern) Nosuisls audade
§N1UR (Determinants)

* nsifalsaluynvulilinssuiunisdusiogng
(Random process) WAENANINVSaNY Vol
a & ! & a
AeduasluAuUIenan UL u1ean

* Goulinusniszuiaingn essulsdaduiivua

A1) AnnbiusAuns auenguillon1avagninnin
Une



Determinants of Human Disease

_ Public health
Climate policy
Population
structure and
migration Health j Living conditions
infrastructure /
N Population/

Individual
Health S~ |ndividual risk

\ factors
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* ATWYINS (Forecast) = a statement of what is
judged likely to happen in the future, especially in
connection with a particular situation, or the

expected weather condition®

* AISWEINTAL (Forecasting) = Process for getting

the forecast

* finwansal (Forecaster) = One who do forecasting

*Source: Cambridge Advanced Learner’s Dictionary
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LUIAANLAYIVINAUNISW El’]ﬂ'%'ﬂi

® NIFINUNUANIAIUDABNISWEINTOL

e TagUndudiainlganniswensaiinasininy
dll =\ g ) v v 1 o 1
AATGLAADULAAVULAND iﬂmgnmammumammmuﬁﬂi
LUU
* NISWYINSONEADNDAY

— ANsN1INNTS (Maludailemuazidanaiianis
WENSTOL)

— Jszdunisol

— 71971505 5U

Source: Ozcan, 2009



Forecasting Assumptions (1)

® The underlying assumption is that past events will continue

® Errors will occur because of the presence of randomness and

that actual results are more than likely to be different from
those predicted.

® Forecasts of a group of items (aggregate forecasts) tend 1o be
more accurate than those for individual items.

— For example, forecasts made for a whole province would tend 1o
be more accurate than a disirict or sub-disirict forecast because
forecasting errors among a group tend to cancel each other

Source: Ozcan, 2009 8



Forecasting Assumptions (2)

® It is generally accepted that forecast accuracy decreases
as the time horizon (the period covered) increases.

— Short - range forecasts face fewer uncertainties than
longer — range forecasts do, so they tend to be more
accurate.

® (Choosing forecasting horizon depends on goals of

organization

— A flexible health care organization, which responds quickly
to changes in demand, makes use of a shorter, more
accurate forecasting horizon than do less flexible
competitors, who must use longer forecast horizons.

Source: Ozcan, 2009 9



Forecasting Framework

Related - Using

Surveillance information ' " Results for
conduct o
system and decision

forecasting

analyses making

\ "\

Information for Action!

10
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74
QU

VUNDUNISWEINS

Formulate Problem

¥

Obtain Information

y

Select Methods

y

Implement Methods

v

Evaluate Methods

J

Use Forecasts

“Forecasting

Modelling”

11
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lun1sidanlsansasivguniwnezinuiwgnsal

Disease Importance

*Frequency

*Severity

®Impact (QOL, Social,
economic)

*Public/political concern

Modifiability

*Preventable disease
® Available effective
infervention

® Acceptable cost

Predictability

®Available data

®* Available technigue

®* Available technology

® Available experts and
experiences (both content

and technique)




U290 ININIITUN
lunasidanmaiiadsniswainsal (1)

Forecast form required: dssnisArwennsalaanuniu
dnavgUrsusoidulonianaziia?

Horizon time frame: wgnsoiludnauninssesduiss

2177
Pattern of data: deyalusiimiisyuvuidaiauvialii

Cost ant time available for conducting

forecasting: ald3rsuazianilidmsunisdniunis

WYINSOIRNINTO YN le?
14



U290 ININIITUN
lunisidanimaiiadsniswainsal (2)

®* Accuracy desired: dasnisanuuiugiuinissiinedla?
* Availability of data: fiveyaszlstrefiaginuilile?

®* Ease of operation and understanding: a1uing

Tunaséniiunisuasnisasulgnaliaudu1la
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Forecasting Methods

Qualitative Methods Mixed Methods
— Expert Judgement — Risk analysis method
— Jury of Executive Opinion: JEO — Expert elicitation

— Delphi method

Quantitative Methods

Empirical/Statistical Model Process/Mechanistic Model

- Slmple prOjeCTion/mUH'ipliCOﬂOﬂ — Compar.l.men.l.al (mulﬁ_s.l.age) model

— Regression-based model: Linear, Poisson, Age- e.g. SIR model, System dynamics
Period-Cohort Model, etfc. model, Markov model, efc.

— Time series analysis: Decomposition, Smoothing, — Social Network Model
ARIMA 16

— Machine Learning, Deep Learning
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Outline

Role of modeling in epidemics

Model construction

Epidemic modeling mlf::f UB“TS‘DE
He HOX

SIR

Other variants

Additional issues

System dynamics
Causal loop diagram

Stock and flow diagram

Ref: Rapeepong Suphanchaimat, MD
FETP and IHPP



Role of modeling in Epidemics (1

< Tsaszunm Ao N13szuna2els lsafitindussneniasiuazdanuudiaaiinauastewnn lungduissansvsaiiuiinig luseaziaiauay

(mINAHa N9 CDC)

1 1
VA A = | oV

< NN332UR2aN Ispaziinduidadizn lsauazRndaNuLFEsesan1shiazeos luanuuiitneadns wazizn lsAaINIsaunINIzaNNLRaInN LU g9gna
ANNLEEN LApEH S aNE AN

< NN93UIN2DN L5ARANINNLTT8R199) 12U
> MSINNAUDNUTHIUHIDAINNTULTIVDILTD 156

> N15ULE8 19a THNd N TuNUNR ldeaiNna Y

1
=

HNNAINLEENNINDTY

=

> N5UAgULUaIPDIIENISULNSNIZANYLTDNT LAN

> NMstlasunlaszasniaunuaayfaizs

u Q

> 98N NNTANNENIDNITUNILINGINNNBHIUADINN Trd

Ref: Rapeepong Suphanchaimat, MD
FETP and IHPP



Role of modeling in Epidemics (2

AssnaasaaIunsainIsEuNa2ad IsANTBRaLAI O NENE L6
azlsAaanudseiiaunianisssunanaas lsa?
ANHFULIIARINTTIzLNAL T un 1957
UM (Lazamnaln) zlaqgi’ﬁﬂL?}’mzﬁmﬂﬁamwﬂwu?
U (Lazdnaiu) aovgidsdinaziuntioewd lyiu?
ANFITUIATLIUTULA L1114 ?
nnAuiANNEssiazRndansali?
AN3szuNnvzunsnszang ldlnawa lyu?
wnsnsunsnueanuy lainefiazdsnanaainuiass AHIULTY LAZITELLIANYDINITIZUNA

AsIaRddaaIunIsal lag 1 lunaneaaiadans 1ou SIR, SEIR waz SEIRS 3wz ldaunsadsuiiuaansznuneiladenies aanain2eensszunale deaziiuise Tawsd
Tun19URUNNIAINITAILAN LSALAZAANANIZNLTIDNANAZY

Ref: Rapeepong Suphanchaimat, MD
FETP and IHPP



Compartment Model

* compartment model ‘ViﬁJ’IEIfNI&JLﬂa‘VI’Nﬂmﬂﬂ’]ﬂﬂ’i‘ﬂGl,?isluﬂ’]’iﬂﬂ‘]s}’lﬂ’]’iLLW’i’iw‘lJ’]ﬂ?IENI’iﬂﬁlﬂm’a T,ﬂ'r'ilLL‘]N‘]J’SJD”]ﬂ’iBE]ﬂLﬂuﬂﬂ’lﬁlﬂau‘ﬁ’ia

%38 “294" (compartment” AUANAIIAY 125 ﬂdad‘num’ml,am (Susceptible), ﬂauwmﬂma (Infected), ﬂaN‘VIW]EI‘lJ’)EI (Recovered)
Wuau

+ Taeaiszanil dszannsazanisaildsuaaiuzliuinszninnauaesg ennaasinisiagsundasnnivualiluluea d9azgnasunsais
ANNSIENDUNUD5ITHAN

+ padNaad compartment model filan 9 laun SIR, SEIR waz SEIS lusu

+ Taaamaniizng 1 lanalneaan1sunsszunnaad lsadinizm wazainsalsaiuuansznuaadninsn1saIuay lsaa1ee) la 33gniian
lapginsunsvians lun1s@nEszUIAINgILazN1TAAEY laA a5 1MUY



LUINNNISENRUUINaDS (Model Construction)

1. Aurndayaiadnulsafiauls (Find out about the disease of interest)

2 nnunIngUszasazas Inea (Determine the objectives of your model)

3 srydnaNNf luN13a319 luaa (State the assumptions -simplify your model)

4. S5 19LEUNN LuLaa(Sketch a model)

5. Lﬁﬂuauﬂ’m%mgw”ué'ﬁa%mﬂwai’mmTuma (Describe a model with set of ordinary differential equations : ODES)
6. wiannisaywusiiavinnaans (Solve equations)

7. wlanawasitassvinaansan luwaa (Interpret the model outputs)



1. Auvin2ayalnaIny lsanau L (Find out about the disease of interest)

* ANWIANHUZNITAALTD JzaWnA) SEZNITUNILED Lazn19vialle

leigremg
1-2 U WAIAN
) NULADALAT 4-5 TU
an1 nazan9la
a ‘ﬁ .I\\‘l
335BINVDILIAE SR
£NATE
- _ MAHTINUI 7 U
ALAe 30 - 45 U
7-10 AU 1-2 9U

F12laN

andsznavuann
- WHO-TDR-Stammers-01
- University of Florida

- Peters, W. and H.M. Gilles. 1997. Tropical Medicine & Parasitology. 4th edition. Mosby-Wolfe,

Spain, 248 pp.

«Fonsldge fnmanu 2-7 U
e Uiadsee 1hanainiia 1hanszan daatinan unesis dihanas anldsu inanis
*Hyauatanganuaun anaiarsnusanaditdannan lvanazdon aanea lsu
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I I | >
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2. MAUMIAYUTZE A204 LuLAaa (Determine the objectives of your model)

17U ABINITANHINATAVDINITUNIIZLNA BIDUILHUNADINININITAILAN [5A

800

7007 Monitor

Evaluate Health

»

o

o
T
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Competent Diagnose
Workforce & Investigate
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o

o
T

Number of Boys
N
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o

Link
to / Provide

300+ Care

200+ Mobilize

Infectives — Enforce Community
Laws Partnerships
100+ e Dev.el_op
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f=3
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3. FEUANNG 74 LUN583719 Lueaa (State the assumptions —simplify your model)

D 17 LNLaad AN LS U ELaZdNNISOILATIEH LA L2

o MslazsuanuspaslsEmnsannngunillugidnnauniaiuluausasnnisidsundasfisinualiluTana
. ﬁ?ﬂ’i’]ﬂ’]’iﬁﬂL‘%ﬂLLa?dﬂ’]’SLLWS'ﬂ%‘%’]EIL%B’i?dﬁ’j’lﬁﬂ@:uﬂ’izﬁ’]ﬂ’ﬂﬂulﬂGlﬁﬁdﬂ{]?laﬁﬂ’]’il,tw%ﬂ’iizﬁﬂﬂL%?J

. ﬂsgmﬂsﬁmwauﬂ”uaﬁméjuuazaajmaua (well-mixed population)
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4. §51ULNUNN LNLaa (Sketch a model

ANt asuLydasssrindanInenn9) 289522103 1wu Susceptible, Exposed, Infectious, Recovered

+ mretneead Teaszunaingdi g luns@nsnnisunsssunnaas lsnfiauda w2
1. Tawma SIR (Susceptible-Infected-Recovered)
wiivilseansaantily 3 ngu: ﬂa:uﬁﬁmﬁmﬁm (Susceptible, S), ﬂdﬁdﬁﬁﬂtgﬂ (Infected, |) Ltazﬂtjw?'imﬂﬂaﬂ (Recovered, R)
UAARFINNTAABUENULTENINNNENEA) AunaTnzal lsa
a%mﬂﬁ’aﬂaumsl,%mgw”uﬁ"'ﬁﬁumf‘imuﬂué’mﬁmil,ﬂ?iﬂmmmGlul,wia::ﬂ@:u
2. Tuwaa SEIR (Susceptible-Exposed-Infected-Recovered)

Aananl SIR ualnay "Exposed (E)" lNNLAN d1vsuLanafifaauaddlidainis

COMPARTMENT SYNDROME

idngnueinauiiuaaafiiadasznanadugfinde
Tofdmsu Tsafifiszasinaafianiunu 1wy COVID-19
3. Tuwma SEIS (Susceptible-Exposed-Infected-Susceptible)
ad1aiu SEIR usuamafivngthaaznauniag lunduidssdnass T lufiofidunu
uaAaFINTARMZElAraNEASs

(2”4

a5y lsannsanza line THiAagRannuszazen?

"You've got to be kitten me. Stuck again.."
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Compartment Model

. luea SEIR AidinsuiiNaNas)

2818 luaa SEIR 31asgu laguiviszannsaantiuvaiananang w ANNTULII2849 IsALaznagnsns IR aduinanaNnuaINes)

. Tuwea SEIR fiwsngdvisy COVID-19

2218 luiaa SEIR thintan laasinnauainisuansuazlinaasainig
anIn1saiiu lsauaniuseninegn lasuuazlilasuindu

6. Other compartmental models:

SIRD model (Susceptible-Infectious-Recovered-Deceased)
SIRV model (Susceptible-Infectious-Recovered-Vaccinated)
MSIR model ( M class for maternally derived immunity)

Variable contact rates
Age structured model

Stochastic model
and etc.
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5. UENNITITIDYNUSNDSUIINAINYDY LLAE
(Describe a model with set of ordinary differential equations : ODES)

ANN15LLEAID AN INSIU AR LY 3209528105 LA azaa U
luniiaaunidgus SIR Model (Susceptible - Infected - Recovered)
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Susceptible Infected
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Exponental vs Logistic Growth Curve

Khan Academy N = N

o
Expovnental Lo \SvC
po / o‘?now\'\r\
Per copian oyousth vaxe (v) Pec copriar %:Ow'\'\'\ vore ()
doserty’ c\momqe, evew & POP. et sma\\ pPop.
ge:\'s vexy \o«'o\so. approoches WS v Size.
dN N dN — \- N
R B
Populotion Populotion
S\z2e S\z2e
(N) (N)
Tiwae_ Tiwae_

https://www.khanacademy.org/science/ap-biology/ecology-ap/population-ecology-ap/a/exponential-logistic-growth



SIR Model

F N

Susceptible Infected Recovered

Tw,ﬂamumﬂuaamﬂumwm 3 NANAD Susceptlble (ﬂauﬂuﬂﬂamam
ma) Infectious (ﬂaadﬂuwmﬂmauavuwsmalﬂ) ez Recovery (ﬂauﬂu‘n
SNEINE)

* Recovered aznNnsiagh fAaavisunsidialiladnealy 39snludiids
70 wazRfnlzei lau Isolate (pEN9UNIFN) A




SIR Model

AUNITN IUHUDULDUV1ADN SIR (Kermack-McKendrick Equations) |

ds(t) _ _ BI(t)S(t)

N d(t) BI(t) (N)
di(t)  BIE)S(t

@ == yI(t)
dR(t)
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= ~ o !
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HAZAIUU N = S(t) + I(t) + R(t) = A1A9N
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dS
— = — fIS
dt b

I 15— 1
dt §

aR _
i !

ann152a4 SIR model uyylalan1vuna1171 population

SIR Model

8 (Beta) @@ Transmission rate #308A3INITUNILZD y
mmsﬂwﬂﬁmﬂivﬂ”nmmuwhGlﬂﬁﬁ'flﬁ’l,ﬁmi'ﬂmelwaiﬁulﬁ 1 AU AIDELTUN lag
LQ&EILL&’)S”EI”L’)&’] 7 Suasfifindase v 1 au
A B = 1/7 = 0.143 Bu1gaNNINTzazIa 13 Jgihe vl 0.143 au vnwaiiv
BATINTTUNSITD dnsanaldin authganansaunsiialy 0.143 aulu 1 fu Wudu

y (Gamma) A Recovery rate ¥#398a51015%12128 1115090 LAIINTZHLIA NN LA
fivin Wehe 1 ﬂumﬂmﬂi‘sﬂ frpgnadu tagmdsudliie lian 10 Julunns
mﬂmﬂ‘[sﬂ At y = 1/10 = 0.1 BungANNINTzEzIa 1 34 Hazgvnaiie 0.1 A



Basic Reproductive Ratio (R0)

dsS(t) L BI(t)S(t)

dld(t) BI( )S(N) ﬁ
t C)S(t
dR(t) = 1

. iy 14

Basic reproductive ratio (RO; R naught) h mmtammmmumammw
(ﬂﬂlfb’ﬂi’]ﬂGl‘lr‘iﬁJ‘VlLﬂﬂﬂ’]ﬂﬁd(ﬂﬂtﬁﬂ‘i’]ﬂtﬂﬁdﬁuﬁi’m sluam'amﬂsmﬂﬂsmwmm
lufinfiaunu (Susceptible)
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i
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= 2

https:/ / www.researchgate.net/ figure / An-example-scenario-of-basic-reproduction-number-Ro_fig3_344013981



Basic Reproductive Ratio (RO0)

P — robability of
infection given a contact

uration of infection

Number of ‘ontact
per unit time




Basic Reproductive Ratio (RO

Q)

@1 RO fianuaan lun1simssiiazaani1sainIsunsssunnaed Isafnds laalanuvkanaanai:
* 11 RO > 1 waayin lsmazunsszunnuazaeng luilszang
e 91 RO < 1 wanainlsaazmaeq aauad wazazliwnsssunanaly

* 11 RO = 1 uanyinlsmazasas luszauaei

v
[V 4 1

A1 RO 2uastnuiladese) 12U 8nsIN1sAAE S28zaIN1SRAED LazwgANIINNITLNINIZANaEe aduln1sanal RO Téaindn 1 aaihwihvwunsdramn luns
AILANNITUNIIZLNAYD 190



Effecuve Reproductive Ratio (Re or Ri)

effective reproductive ratio (Re %38 Rt) fin Afiuaansdeanuumassailfiaznsng Tuuitnangaazes ataNniess o 1aan
lananis laaariisdsilavesns Nenadasuudasly wu sesnisaiuas lsa aaunuaaslseans uau
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&, 8Y & Faculty of Tropical Medicine
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Policy Platform

Assessing the Potential of a Candidate Dengue Vaccine
with Mathematical Modeling

WHO-VMI Dengue Vaccine Modeling Group*'

d
S H» L M R » Z
v" Allow for immune enhancement ' '
(Model a —¢) b
v" Allow for short-term cross . a B Y 4
protection (Model c—d) C
v" Allow for different infectiousness S E L [ c R 1§ O 5

and transmissibility of secondary d
infection (Model d and e)
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e
v
¥
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Figure 1. Example structures of dengue models. The disease state space of five alternative
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SEIR Model

dt N
— = ——0E
dt N
« g (Sigma) @@ Incubation period ﬂiﬂﬁuﬂuﬂ’ﬁﬂﬂﬂ’) ‘V]ﬂ’]ﬂﬁﬁttaut’ﬂﬂﬂm panu laune State dl
quarantlne 14 2 ‘nmﬁnﬂwaﬂmumw‘num’mLammma COVID-19 azudansanisasnsn lu 14 d— = oF — )’1
T wnlddanns mmsﬂuuslﬁflﬂ‘lusvﬂuwmmgwumﬂmamuu lail@Aniza COVID-19 usianaLiu t
laananeanuizgienasin @a COVID-19 ana ldseaziiaalnaiviuninuu



Example of other model variants

R . Carrier state
S —— 1 —"—R
y ol
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7. wanauazitasizinaansan luwaa (Interpret the model outputs

FAMNNAANS IUTINTTUNITZUIALAz LTI HUNAIDINIATNNTAILAN 15A

Schematic: Stages of the Covid Cycle
(Change in number of cases per 1 million population)

REAPPEARANCE STAGE 7 FIRST STAGE
PROTECT YOURSELF from MOSQUITO BITES aling acive cases o oifvs oo

Mosquitoes spread chikungunya, dengue, and Zika viruses EARLY CYCLE: SECOND WAVE

w
2
L/~ S PEAK
‘ O (epidemic curve)

=

O

m )

\‘"4
Daytime is the Use insect repellent Wear protective clothes Mosquito-proof
most dangerous It works! Wear long-sleeved shirts and long your home
Mosquitoes that spread Look for the following active pants or use insect repellent. For Use screens on windows and : falling new cases
ik va. de - ik ingredients: DEET, picaridin extra protection, treat clothin falling new cases )

chikungunya, dengue, and Zika Ingredients: , Prcaridin, f - 9 doors. Use air conditioning rising active cases
viruses are aggressive daytime IR3535, oil of lemon eucalyptus with permethrin. when available. Keep falling active cases PEAK I e
biters. They can also bite at night. or para-menthane-diol, mosquitoes from laying eggs LATE -S TAG E (active Cases) M I D -S TAG E

or 2-undecanone near standing water.

Active Cases

U.S. Department of
% l ”“":“;",","“"“" Servicess For more information: www.cdc.gov/zika

Control and Prevention

Source: AMRO staff.



System Dynamics

System Dynamics tHuuuing lunisniainuga langanssai lidudaduaasssuuidudow Iae lduwidanasg "dhan" (stock)
"nszud” (flow) uaz "gusaunau” (feedback loop)

sruufigudan (Complex System) vinnadisssuufivsznaumapsdussnauinuiunniionafiu fanRustu i ssuuafiannialan auss
NunE szuu Wi wazszuuauEs

System Dynamics #5101 N1INE12153NILAIAINTIH

VA

Juesasfiafifivse Tozl lunsdn lassuuiidudouldfan wazsruaafisnmnsaasananssny (leverage) Aaseuy

Tagagu System Dynamics D lunnsenesnszuufigudon TﬂﬂmLuumsmm']mm’Lawqmmsm“lmﬂmmLauuavmsuﬂﬁ SUNUS
SeriINeaAlsEnaumA1e) TussuL LWB?”UﬁlﬂVIﬁ’m’ﬁﬂﬂﬁ’NNﬂﬂi“ﬂﬂﬁl’ﬂ‘i”ﬁﬂlﬂ

Ref: Rapeepong Suphanchaimat, MD
FETP and IHPP



System Dynamics (cont

Causal loop diagram

o UHUNMWIZTULIzUEANDNALSzNaUVAN 12U nanlsesrnsnidanudny, nannfaa, nannniailie uwazn1shnaaszriNnanianil

o uHUNMIzUUzuEnNgUilaunauE uan (Positive Feedback Loop) #inn Tvnsunsszunaasnaai wazgiilaunauisayu (Negative Feedback Loop) fizigaiuannig
LNITZUNA
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Generation Power B1
—+ \
Electricity

Interruptions

+,/

New
Technology Perceived Need
Innovation to Invest

Ref: Rapeepong Suphanchaimat, MD Encectasett /

Modernlzatlon
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System Dynamics (cont

Stock and flow diagram

WHUNTWERBNLAZNSZUE (Stock and Flow Diagram) iiunisutasguilaunay (Causal Loop) ¥es lustuuufisnansadaseidesainaldatazdant v
afan (Stock) nuned mulsfissanrsoanasningan i s1uulssannsifianudss, Suganga, sauuginatae Judu

nszua (Flow) vianade 8nsinsiasuulaizasasion 12 ansin1sende, snsinsrietie, sasinisdsdia Wudu
nsulasgiilaunau e lusduuuaasununmwaionuaznszid 9228 TRENI903LATIZRLEZIaDINATIRYIINISUNTSzUNA LaasNaziB s anaz NI

LRUNAWERDNLazNSewadzEle 1A ladlenalnnsidasundaszeeszuulafdu wasdnsalsaiunansenueaatadenies aan1sunsszua la

Tagagl ununwananuaznszuaiueiasianaia linisieszdinisunsszuinzad lsafadainnuazidaauazidilsunaninay laguaastsnisazanuaznisilisunlasaniainilsannge

Tuszuy

Q E - Ciock

F oy

— Look very similar to compartmental model!

Ref: Rapeepong Suphanchaimat, MD
FETP and IHPP



T'ake Home Messages

Compartment model Aan1suiivlszznsaantdunaisdIurisn "go4’" (compartment) ANNNAINVBINITHNINTEN YLD 15A
msumﬂso,mﬂsaaﬂLﬂu%mmq6’] iU NEANTATANLEEN (Susceptible), NaNARALED (Infected), NgNAivnatag (Recovered) tlugu azaa Widr la

Wdﬁ

WAINYD ﬂ’TSLL‘Wﬁﬂ’iJ\]’]ElL?fﬂlﬂ AU

a1 lafigalauii gnnusnsnsiinga (reproduction number) LLﬂw‘W’ﬁ’]ﬁJLﬂ'ﬂi'ﬂu“] fidn 10U L2 Szeznan, seasneiig, scazanfiae 1l
A9 TuAaNITILATIEHNA TNLDINITUNSNTZANENTD

LUIAAADITZUUNAIA (system dynamics) EINITAUINIUSZENG 12 Lun1511A10127 TanaziesziuuudnassuuuLLNa U 9szuaIna la

Iﬂﬂﬂﬁﬂ WULADIMUURLNEIN M USEUIAINEN Lﬂuttuﬁﬂﬂﬂttﬂﬁﬂiu%’]ﬂ‘i'ﬂﬂﬂL‘]J‘L!‘ViaﬁElﬂ')uf?'l’]ﬁ»lwa’)ﬂilﬂﬂﬂ’lﬁl,LWiﬂiuﬁﬂElL°2)'E] LWE]?Y)EIGLVIL“ZI’]GLQLLQW
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Ref: Rapeepong Suphanchaimat, MD FAKE A AAE SSAE.
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Example of Dengue infection SIR model

incubation Rx recover
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N
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Presentation outline

Basic concepts

Recap on correlation and linear regression
Autocorrelated disturbances: how to deal with it
Some useful techniques

— Smoothing
— ARIMA
— etc

OHEP.
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BASIC CONCEPTS



OHPP.
What are time series data?

e Panel data

— Longitudinal multidimensional data involving
measurements over time on the same individuals

e Cross sectional data

— Unidimensional on time (but possibly covering groups of
populations)

e Time series data

— Unidimensional on panel on a group of individuals (panel
members) through multiple time points



Time series analysis” usefulness

e Better description

* Forecasting

e Explanative

e Measure of (policy) impact

—+— glifivanibsz Auganmasumin —8— Amenn salanusaaunisaieasa
150,000
100,000
50,000
2539 2541 25473 2545 2847 2549 2880 2551

Source: Limwattananon (2011)



OHEP.
Relation to epidemiology

e Objectives/aims of epidemiological study
— To describe (situation)
— To explain (risk factors)

— To predict (any adverse events)

¥

— To implement control measures



What is forecasting? .

e Time series forecasting

— The use of a model to predict future values based on previously
observed values.

e Common assumptions behind forecasting
— Past events predict the future (and current) events.
— Series = fit (signal) + residuals
— Aggregate forecasts tend to be more accurate than those for
individual forecasts.

— Forecast accuracy decreases as the time horizon (the period covered)
increases.

— Choosing forecasting horizon depends on goals of organization



Types of forecasting VREE.

e (Classification by research methods
— Qualitative

— Quantitative
— Mixed
e Classification by time

— Multiple steps ahead

— One step ahead
e Static
e Dynamic
e (Classification by sets of data involved
— Univariate

— Multivariate



Forecasting Methods

OHEP.

Qualitative Methods

— Expert Judgement
— Jury of Executive Opinion: JEO
— Delphi method

Quantitative Methods

Mixed Methods

— Risk analysis method
— Expert elicitation

Empirical/Statistical Model

— Simple projection/multiplication

— Time series analysis: Decomposition,
Smoothing, ARIMA

— Regression model: Linear, Poisson, Age-
Period-Cohort Model, etc.

Process/Mechanistic Model

Compartmental (multi-stage)
model e.g. SIR model for
Infectious diseases, Markov
Chain, etc.



Before forecasting, we need to think of

OHEP.

Disease Importance

*Frequency

*Severity

*Impact (QOL, Social,
economic)
*Public/political
concern

Predictability

*Available data
*Available technique
*Available technology
*Available experts and
experiences (both
content and
technique)

10



Elements of good forecast

Compatible

Meaningful

Useful time horizon
Reliable

Accurate

Easy to understand and use

OHEP.
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OHEP.
Measurements for forecast accuracy (1)

Error (E,) = Actual value (A,) — Forecasted value (F,)

1) Mean Error (ME) _ > (E)
n
2) Mean Absolute Error (MAE) _ 2IE
n
2N
3) Mean Percent Error (MPE) A

4) Mean Absolute Percent Error (MAPE)




OHEP.
Measurements for forecast accuracy (2)

5) Mean Squared Error (MSE) D (E)?

6) Root-Mean Squared Error (RMSE)

12
7) Theil’s U :\/Z(At i%
JS(A - A L)

Note: Other goodness of fit tests such as AIC and BIC are also useful.

13



OHEP.

Recap on correlation and regression

14



. : OHEP.
Correlation and covariance (1) he

e Covariance

— The covariance between two jointly distributed real-
valued random variables X andY is defined as the
expected product of their deviations from their individual
expected values.

— Cov(X,Y) = E[(X-E[X])(Y-E[Y])]

e Correlation

— Like a standardized form of covariance
— Corr(X,Y) = E[(X-E[X])(Y-E[Y])]/(0,0,)

15



Correlation and covariance (2)

BASIS FOR

COMPARISON

Meaning

What is it?
Values
Change in scale

Unit free measure

OHEP.

COVARIANCE CORRELATION

Covariance is a measure Correlation is a
indicating the extent to statistical measure that

which two random indicates how strongly

variables change in two variables are

tandem. related.

Measure of correlation Scaled version of
covariance

Lie between -o= and +o< Lie between -1 and +1

Affects covariance Does not affect
correlation

No Yes

16



OHEP.
Correlation direction and strength (1)

s
4
s
#
’
s
Perfect positive correlation r= 1.0 Strong positive correlation r= 0.9 Moderate positive correlation  r=10.5
~
\
N
b
.
\.
Perfect negative correlation r= —1.0 Strong negative correlation r= —0.9 Moderate negative correlation  r= —0.5

17



OHEP.
Correlation direction and strength (2)

o Denoted as ‘r’

o Direction of association:
- Positive (up-up, down-down)
- Negative (up-down, down-up)
= ~ 0 (independent)
e  Strength of association
—  closeto1or—-1= strong
—  close to 0 = weak
—  guidelines
e if|r| 2.7 = say ‘strong’
e if|r] £.3=say ‘weak

18



. . OHEP.,
Linear regression

Regression line equation:

yi=PBo+ Byx

where
y. = predicted value of Y at x;

B, = intercept coefficient
(value of y when x=0)
:] b (slope) = changein ¥ per unit X

B, = slope coefficient | .
(change in value of y for
a one-unit increase of x)

?: a+ bx (Ime)

a (intercept)

L

Regression Model: Y; =B, + B, X;+ €

19



Least squares line

OHEP.

Residual = distance of data point from regression line (dotted)

Lung Cancer Mortality per 100000, 1950

501

401

301

201

101

200

400 600 800 1000

Cigarettes per capita, 1930

1200

1400

The best fitting line is
the line that minimizes
the residuals (least
sguare approach).

‘Ordinary least
squares’ (OLS)

R? = coefficient of
determination = To
what extent (%) the
variance in the
response variable is
accounted by the
model.

20



Assumption of ordinary least square

Exogeneity—Regressor is independent of the errors.

Linearity—Mean of the response variable is a linear
combination of the parameters (regression
coefficients) and the predictor variables.

Independence of errors: There is no autocorrelation
of error terms.

Homoscedasticity: Constant variance of errors is
assumed.

Normal distribution of errors
No perfect multicollinearity

21
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° ° ° ° 0 aifand
What residuals tell us in regression line =

PREDICTED PERFORMANCE = 34.3 + 0.64 * I1Q R-SQUARE =0.403
115 - o1
110 4 ACTUAL - PREDICTED
g PERFORMANCE = RESIDUAL—/»
[74]
g 105 — .2
E 4
100 —
m
: 3 15
=]
R o
E— PREDICTED
[=] JOB PERFORMANCE.
g0 -
9 10
85 —
I | | | | | |
85 90 95 100 105 110 115

IQ test score

22



. OHPP.
What are residuals? b

e Assumed to be independent and identically
distributed (i.i.d) if fulfilling all the following criteria
— E(e,) =0
— E(e,?) = 02
— E(e,e,) =0for Vtzh
e Other synonyms
— Errors
— white noises
— Innovations
— Disturbances

23



. : OHPP.
White noise e

e White noise is an i.i.d. (independent and identically
distributed).

e Can be checked by various techniques, eg
— Autocorrelogram
— Ljung Box test (portmanteau test)
— Box—Pierce test
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Fundamentals of forecast
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Trend (T)

O

— Persistent systematic tendency for a series to increase or

decrease

Cycle (C)

— Oscillating around a trend if the series incorporates a

trend or around the mean if the series has no trend
— No need to regular periodic oscillating

Seasonal (S)
— Special case of cycle
— Predictable and periodic

Random or irregular components (shock) (I/R)

31
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OHPP,
Trend i

e Deterministic trend
— y.=f(t)+e =» E(y,) = a t; Var(y,) = 02
— Smoother is used to estimate f(t).

— Trend stationary: The mean trend is deterministic. Once the trend is
estimated and removed from the data, the residual series is a
stationary process.

— Detrending approach

e Stochastic trend (random walk with drift)
— yF~oty,_ e, P E(y,) = at; Var(y,) = to?

— Differencing stationary: Differencing the series D times until yielding
a stationary process.

— Differencing approach

32
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Patterns of time series model he

e Additive model
—Y=T+S+C+R

e Multiplicative model
—Y=TxSxCxR

e Mixed model (can be written in various
forms)
—Y=T+(SxCxR)
—Y=(TxC)+(SxR)
— etc

34
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Smoothing by various smoothers

35



Smoothing techniques VREE.

e Smoothers provide tools for filtering out the noise
component in a series, making it easier to isolate the
systemic component.

e Most of times, we focus on trend and seasonal effects.

e The smoother does not completely eliminate the residual
component from the smoothed series, but it does reduce the
variance of the residual component, making the fit more
prominent.
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Guide for selecting smoothers

Season (-) Season (+)

Simple moving average Holt-Winters without
e Weighted moving average trend
(including Hanning)
* Non linear filter
 Simple exponential

Trend (.|.)  Holt-Winters (non-seasonal) * Holt-Winters with
 Double exponential seasonal effect

37



. OHPP,
Example of moving average

> A in previous n periods

Moving Average (F,) =
n

Week No of cases Three-week moving average
1 8
2 10
3 9
4 11 (é+1‘b+%)/3 =9
5 10 (10+9+11)/3 =10
6 13 (9+11+10)/3 =10
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Example of weighted moving average

OHEP

Weighted Moving Average (F,) =

Y (weight for period n)(Y, in period n)

> weights

Week No of cases

Three-week moving average

1 3

10

9
11
10
13

o U b W N

(1*§+2*jf0+3*l9)/6 =9.17
(1*10+2*9+3*11)/6 = 10.17
(1*9+2*11+3*10)/6 = 10.17

39




OHEP.
(double) Exponential (weighted) moving average

e (Can be written as
_ y*t= ay, + (1' (1) y*t-l

e ais called smoothing parameter, ranging from 0 to 1.

e o near 0 =2 relatively smooth

e o near 1l -2 relatively volatile

e Can be written in a generalized form as
—y=ay,+a(l-a)y., +a(l-a)?y.,+. a(l-a)ty,
— Where y’,= mean of the series at time 0

e This means that for a reasonable long time horizon, the results will
be affected by the setting of a than of y,

e Double exponential smoothing applies exponential smoothing
twice.
. Y**t= ay*t + (1_ a) y**t_l
40



Holt-Winters methods (seasonal) VRek

Additive a; =al¥, —¢;_; )+ (1-a)a,_, +b,_,)

I;Hﬂ —a+bn+cs, b, = Play a“)+(1ﬂ)b“‘

G :}/(Yr _ar+l)+(1_}/)cr—s

Multiplicative Y,

+—a)a—, +by)

Yrip=(a+bn)cs,, s b =p(a —a_ )+ Bb

¢ = ;V[YfJ + (=)

dy

Value 1 gives more weight to recent data; value
close to 0 gives more weight to distant data

i




Holt-Winters methods (seasonal) VRek

e Alpha captures average value of the dataset. Beta
captures trend. Gamma captures season.

e Value 1 gives more weight to recent data; value
close to 0 gives more weight to distant data.

e The Additive structure or model is used when the
seasonal pattern of data has the same magnitude or
is consistent throughout, while the Multiplicative
structure or model is used if the magnitude of the
seasonal pattern of the data increases over time.
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ARIMA model
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Autoregressive integrated moving average

e An autoregressive integrated moving average (ARIMA) model is a
generalization of an autoregressive moving average (ARMA)
model. To better comprehend the data or to forecast upcoming
series points, both of these models are fitted to time series data.

e ARIMA models are applied in some cases where data show
evidence of non-stationarity in the sense of mean (but not
variance/autocovariance), where an initial differencing step
(corresponding to the "integrated" part of the model) can be
applied one or more times to eliminate the non-stationarity of the
mean function (i.e., the trend).

e When the seasonality shows in a time series, the seasonal-
differencing could be applied to eliminate the seasonal

component.
44
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Lag operator

Consider lag operator

— le,=¢e.

— L(Le,) = Le,, = e,,= L%,
Lag operator can be viewed as an ordinary algebraic variable,
and this allows us to specify the time series model more
conveniently.
Suppose; y, = u+ e+ Y, Le + Y,L%, + ... then

— v,=u+e(l+Y,L+,L2+...) then

— y=u+ P(L)e, where Y(L) = 1 + YL+ Y,L% +...
This approach can be applied to other operators.

— Fe,=Lle,=e,,

— De,=(1-L)e,=e,— e,

— Se,=(1-L)e,=e,— e,

45



Stationary VREE.

A time series, y,, is said to be ‘stationary’ if the following criteria are met:
— Ely)=u
— E(yy p)?=o0?
— Elye Iy w) = £(j) = f(t).
A time series, y,, is said to be ‘non-stationary’ if at least one of the above
criteria is violated.

Stationary is important because we can apply law of large number,
central limit theorem and many other statistic theorems that are applied
on independent random variables on stationary random variables.

Dickey Fuller test or Augmented Dickey Fuller test to test for stationary
process (significant p-value means stationary).

Kwiatkowski—Phillips—Schmidt—Shin (KPSS) tests are used for testing
a null hypothesis that an observable time series is stationary (non-
significant p-value means non-stationary).
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ARMA

OHEP.

ARMA model is a shorthand for autoregressive

moving average model, and the model is written as
— ¢(L)y, = B(L)e,

For example, an ARMA(2,1) model is written as

— (1-¢,L - d,L%)y, = (1-0,L)e,

For example, an ARMA(2,0) model is written as

— (1-¢p,L - d,L%)y, = e,, aka AR(2)

For example, an ARMA(O,2) model is written as

- (1-8,L-6,L%e,=y,, aka MA(2)

48



AR and MA properties VREE.

e For instance, let’s consider AR(1) process:
— Y=+ D1y
— Y= et by e+ Oy,
—YVi= et e+ d%e, + dle st
e Thus we can write AR(g) process as an MA(o)
process and vice versa.

e If |®| <1, the AR process is ‘stationary’ and if |6] <
1 the MA process is ‘invertible’.

49



What does ¢ tell us in lay term? VREE.

e Suppose the model is AR(1), we will find that
— Ey 2=0.2/(1-9,?) ...
e This means that the condition, |p| < 1,

guarantees that the influence of e, on vy,
diminishes as j increases.

e || > 1 means the impact of disturbances
grows without bound (rarely occurs in real
world).

50



OHPP.,
Random walk process i

e We call the series random walk process if
— V=Y., + €, (in other words, ¢ =1)
e Let’s considery,=vy,,+e, we can prove that..

_ E(yt) - Yo

e Note thaty,=vy,,+ e +a=» random walk with drift

51



ARMA and stationary process VREE.

e The ARMA models, described above can only
be used for stationary time series data.

e However most time series models contain
trend and seasonal patterns, which are also
non-stationary in nature.

e Thus from application view point, ARMA
models are inadequate.

e For this reason the ARIMA model is proposed,
which is a generalization of an ARMA model.
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ARIMA CHEL.

In ARIMA models a non-stationary time series is made
stationary by applying finite differencing of the data points.

ARIMA is a shorthand of autoregressive integrated moving
average.

ARIMA(p,d,q) is given as

— $(L)(1-L)%y, = (L)e,

D is order of differencing until the process is stationary.
SARIMA is a special case of ARIMA where seasonal

component is added (such as 6,L* for quarterly seasonal
effect).=»can be additive and multiplicative.

53



| | OHEP.,
Autocorrelation function (ACF)

Assessing autocorrelation with lag time by ‘correlogram’

A correlogram, also known as an autocorrelation plot, is a
plot of the sample autocorrelations r, versus h (the time

lags).
If the autocorrelations collapse quickly toward 0 (either in
the form of exponential decay or damped oscillation), the

time series is stationary. We can use 95% Cl to determine if
the autocorrelations collapse to 0 significantly.

If the magnitude if autocorrelations declines approximately
linearly and does not collapse to 0, at least one more
difference is needed.
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Partial autocorrelation function (PACF)'JHB‘E""

e |f we compare an AR(l) with an AR(2), we will find that;

— In the AR(1) the effect of y,_, on vy, is always through vy, ,, and
giveny,_,, the value of y,_, is irrelevant for predicting y,;

— In an AR(2) in addition to the effect of y,_, which is transmitted
to y, through y,_,, there exists a direct effect ony,_, onyy,.

e |n general, an AR(p) has direct effects on observations separated
by 1, 2, ..., p lags and the direct effects of the observations
separated by more than p lags are null.

e Thus the partial autocorrelation coefficient of order k, denoted by
pP,, is defined as the correlation coefficient between observations
separated by k periods, when we eliminate the linear dependence
due to intermediate values.
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ACF and PACF for AR(2)
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Summary of ACF and PACF

OHEP.

Prozess ACF (px(h)) PACF (my(h))
AR(p) infinite finite
(dampened exponential | 7y (h) =0 for h > p
or sinusoidal waves
MA(q) finite infinite
py(h) =0 for h >q (dampened exponential
or sinusoidal waves
ARMA(p,q) | as AR(p) for h > g as MA(q) for h > p

60



Summary of ARIMA

MA(0,0,0) = white noise
MA(O,1,0) = random walk
MA(1,0,0) = AR(1)
MA(0,0,1) = MA(1)
MA(1,0,1) = ARMA(1,1)

OHEP.,
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More on ARIMA CHEL.

 ARIMA with seasonal component

— SARIMA is a designated version of ARIMA model
with a seasonal component.

— SAR(P) process = AR process with P seasonal lag

— SMA(Q) process = MA process with Q seasonal
lag

— SI(D) process = Seasonal differencing with D
seasonal lag

— We can use the following notation:
SARIMA(p,d,q) x (P,D,Q).

e \WWe can model the residuals with ARIMA 62



In practice, the steps in executing oHpp,
ARIMA in programming is as follows

When fitting an ARIMA model to a set of (non-seasonal) time series
data, the following procedure provides a useful general approach.

1. Plot the data and identify any unusual observations.
2. If necessary, transform the data to stabilize the variance.”

3. If the data are non-stationary, take first differences of the data
until the data are stationary.

4. Examine the ACF/PACF and identify p, d, g for ARIMA

5. Try your chosen model(s), and use the AIC to search for a better
model.

6. Check the residuals from your chosen model by plotting the ACF of
the residuals, and doing a portmanteau test of the residuals. If
they do not look like white noise, try a modified model.

7. Once the residuals look like white noise, calculate forecasts.

*For instance, using a Box-Cox transformation 63



aifand

More on ARIMA (auto.arima in R)

1. Flot the data. ldenmntify
unNnusual observations.
Understand patternmns.

1

2. IFf mnecessary, use a Bo»x-
Cox tramnsformation to
stabilize the varianmnce.

Use automated
algorithrm.

Select model
arder ywourseLlf.

Use auto.acimail ) to Firad
the best ARIMA model
for your time series.

3. If mnecessary. difference
the data until it appears

statiormnary. UUse unit-root
rtests 0if wou are unsure,

!
<. Plot the ACFEF/SPACE of
the differenced data and
try o determine pos-—
sible candidate models.

S. Tryw wour chosen model(s)
and use the AlIlC. to
search for a better model.

X . Check the residuals
from your chosen model |
by plottimngzs the ACF of the

| residuals, anmnd doimng a port— I

mMmanteau test of the residuals.

Do the
residuals
look Like
ww i tte
Nnoisae?

[ L]

1 e

. Calculate forecasts.
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Step by step of forecast



3.

4.

Summary of steps for forecasting

Model specification

Data visualization
Looking for patterns (trend, cycle, seasonal,...)

Model fitting and diagnosis
Using the whole records
Assessing accuracy (MAPE, MAE, etc)
Assessing error (autocorrelated disturbances, heteroscedasticity, etc)

Model validation
Back-testing
Assessing accuracy again

Model application and forecasting

Updating of data
Assessing accuracy again (and again)

OHEP.
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Box-Jenkins approach VREE.

e Box and Jenkins (1970) proposed an iterative approach to
time series modeling.

— Step 1: Identification
e |s the model ARMA(1,1) or ARMA(2,0)?
e Assessing ACF and PACF
e Do we need differencing to make it stationary?
e Using unit root test =» Dickey Fuller test
[ Significant =» stationary
[ Non-significant =» non-stationary

— Step 2: Estimation ... Let’s the software helps us
— Step 3: Diagnostic checking

e Overfitting (if now it is AR(2), what about AR(3))? = Any change in
goodness of fit

e Checking for autocorrelation of disturbances = Q statistics

— Step 4: Forecasting (if any)
67



. OHPP.
Points to remember i

e Box-Jenkins approach is neither foolproof nor
definitive. You still have to exercise judgment
(and link with theoretical grounds).

e Parsimony versus goodness of fit
* |terative process (remember back-testing!)

e With predict command in Stata or R,
forecasting can be performed in many
fashions (one step ahead, dynamic, etc)
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Thank you
Let’s exercise
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