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Maintainer:
Contact:
Version:
URL:
Source:

Contributions:

Citation:

Installation:

Basics

CRAN Task View: Time Series Analysis

Rob J Hyndman, Rebecca Killick https //Cra n.r-

Rob.Hyndman at monash.edn

2023-07-26 project.org/web/views/TimeSeries.f

https//CRAN .R-project.org/view=TimeSeries

Base R ships with a lot of functionality useful for time series, in particular in the stats package. This is complemented by many packages
on CRAN, which are briefly summarized below. There 1s overlap between the tools for time series and those designed for specific
domains including Econometrics, Finance and Environmetrics.

The packages in this view can be roughly structured into the following topics. If you think that some package is missing from the list,
please let us know, either via e-mail to the maintainer or by submitting an issue or pull request in the GitHub repository linked above.

o Infrastructure : Base R containg substantial infrastructure for representing and analysing time series data. The fundamental class
is "ts" that can represent regularly spaced time series (using numeric time stamps). Hence, it is particularly well-suited for annual,

https://oithub.com/cran-task-views/TimeSeries/

Suggestions and improvements for this task view are very welcome and can be made through issues or pull requests on
GitHub or via e-mail to the maintainer address. For further details see the Contributing guide.

Rob J Hyndman, Rebecca Killick (2023). CRAN Task View: Time Series Analysis. Version 2023-07-26. URL
https://CRAN.R-project.org/view=TimeSeries.

The packages from this task view can be installed automatically using the ctv package. For example,
ctv:i:install.views("TimeSeries", coreOnly = TRUE) installs all the core packages or
ctv::update.views("TimeSeries") installs all packages that are not yet installed and up-to-date. See the CRAN Task
View [nitiative for more details.

itmll

Basics ~ Times and Dates - Time Series Classes - Forecasting and Univariate Modeling ~ Frequency analysis
- Decomposition and Filtering ~ Seasonality ~ Stationarity, Unit Roots, and Cointegration ~ Nonlinear Time

Series Analysis ~ Entropy ~ Dynamic Regression Models - Multivariate Time Series Models -~ Analysis of large
groups of time series ~ Functional time series - Matrix and tensor-valued time series ~ Continuous time models
- Resampling ~ Time Series Data - Miscellaneous

https://hmwu.idv.tw
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Springer Texts in Statistics

Robert H. Shumway
David S. Stoffer

With R Examples
Fourth Edition

4 springer
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“Texts in Statistical Science

Time Series
A Data Analysis
Approach Using R

Texts in Statistical Science

The Analysis
of Time Series

An Introduction with R

Seventh Edition

Springer Texts in Statistics

René Carmona

Second Edition

APPLIED
TIME SERIES
ANALYSIS
WITH R

Second Edition

Wayne A. Woodward
Henry L. Gray
Alan C. Elliott

Springer Texts in Statistics

Jonathan D. Cryer
Kung-Sik Chan

Time Series Analysis

With Applications in R

@ Springer



Monographs on Statistics and Applied Probability 166

Introduction to
Time Series Modeling
with Applications in R

Second Edition

The R Series

Displaying Time Series,
Spatial, and Space-Time
Data with R

Second Edition

Monographs on Statistics and Applied Probabllity 150

Hidden Markov Models
for Time Series

An Introduction Using R
Second Edition

PRACTICAL
TIME SERIES
FORECASTING wrw R

A HANDS~ON GUIDE

Galit Shmueli
Kenneth C. Lichtendahl Jr.

Arunachalam
Rajagopal

A Beginner's
Guide

Time Series
Forecasting
with R

Genshiro Kitagawa

Time Series Analysis
& Forecasting
Using Python & R

Jeffrey Strickland

g ‘Annual Pork Froduction Annual Lynx Trapgings
3
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obert H. Shumway 1 '
David S. Stoffer

Time Series
Analysis and
Its Applications

Third Edition

000

t

Walter Zucchini
lain L. MacDonald
Roland Langrock

~
CRC Press
e & ranca Lo

A CHAPMAN & HALL BOOK

Time Series Analysis
for the State—Space
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ts, mts stats: R statistical functions This package contains functions for statistical calculations
and random number generation.

timeSeries timeSeries: 'S4' classes and various tools for financial time series:

. . . . : Basic functions such as scaling and sorting, subsetting,
Financial Time Series Ob-] ects mathematical operations and statistical functions.

(Rmetrics)
ti ti1s: Time Indexes and Time Indexed Functions and S3 classes for time indexes and time
S indexed series, which are compatible with FAME
Stllss frequencies.
Z00 Z00: S3 Infrastructure for Re gular An S3 class with methods for totally ordered indexed

d . . q observations. It is particularly aimed at irregular time
o IrregUIar Time Series (Z > series of numeric vectors/matrices and factors. zoo's key
Ordered ObSGI’V&tiOIlS) design goals are independence of a particular
index/date/time class and consistency with ts and base R
by providing methods to extend standard generics.

Xts XTS: eXtensible Time Series Provide for uniform handling of R's different time-based
data classes by extending zoo, maximizing native format

information preservation and allowing for user level
customization and extension, while simplifying cross-class
interoperability.

https://hmwu.idv.tw
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Qo' Date Date.Time

Date base Represent calendar dates as the number of days since 1970.01.01

POSIXct base Represent calendar dates and times within the day as the (signed)
number of seconds since the beginning of 1970 as a numeric vector.
Supports various time zone specifications (e.g. GMT, PST, EST etc.)

POSIXIt base Represents local dates and times within the day as named list of vectors
with date.time components.

chron chron: Chronological Objects Provides chronological objects which can handle dates and times.

which Can Handle Dates and Times

Yearmon /00: S3 Infrastructure for Regular Represent monthly (quarterly) data. Internally it holds the data as year

(yearqgtr) 4nd Trregular Time Series (Z's plus 0 for January, 1/ ?2 for Februa'ry,.Z/ 12 for March (anrtq 1, 1/4 for
Citered Obsaratoms) Quarter 2) and so on in order that its internal representation is the same

as tsclass with frequency = 12 (4).

timeDate timeDate: Rmetrics - The 'timeDate' class fulfils the conventions of the ISO 8601 standard as
well as of the ANSI C and POSIX standards. Beyond these standards it
provides the "Financial Center" concept which allows to handle data
records collected in different time zones and mix them up to have

always the proper time stamps with respect to your personal financial
center, or alternatively to the GMT reference time. It can thus also
handle time stamps from historical data records from the same time zone,
even if the financial centers changed day light saving times at different
calendar dates.

Chronological and Calendar Objects

https://hmwu.idv.tw



a RL,("Date" $ARlRN(AEFERE)EER: £ 2 - Code |Value

= Internally, Date objects are stored as the number of days  [sa  [pay of the month (decimal number)

since January 1, 1970, using negative numbers for #m | Month (decimal number)

earlier dates. :
b |Month (abbreviated)

m The as.numeric function can be used to convert a Date

object to its internal form. *5  Month (full name)

¥y | Year (2 digit)
> as.numeric(as.Date(''1970/1/1))

[1] O Y | Year (4 digit)

> as.Date(''1985-6-16") . _
[1] "1985-06-16" =8 ST AT!
> as.Date("'2019/02/17™)

[1] "2019-02-17" > (Ict <- Sys.getlocale("LC_TIME™))
> as.Date(1000, origin = '1900-01-01'") [1] "C”

[1] ll1902_09_28|l > Sys-setlocale('lLC_TlME.', 'lC")

> as.Date(''2/15/2011", format = "‘%m/%d/%Y') [1] "c”

[1] ""2011-02-15" |
> > Sys.getlocale(""'LC_TIME™)

> as.Date("April 26, 1993", format = "%B %d, %Y') | [11 "Chinese (Traditional)_Taiwan.950"

[1] ""1993-04-26"

> as.Date("'22JUNO1", format = "%d%b%y'")

[1] '"2001-06-22""

> seq(as.Date("1976-7-4%), by = "days", length = 10)

[1] "1976-07-04" "1976-07-05" "1976-07-06" "1976-07-07" "1976-07-08" "1976-07-09" "1976-07-10"
[8] "1976-07-11" "1976-07-12" "1976-07-13"

> seq(as.Date("2010-2-1"), to = as.Date("2010-4-1"), by = "2 weeks")
[1] '"2010-02-01" *2010-02-15" ""2010-03-01'"" *'2010-03-15" *'2010-03-29"

https://hmwu.idv.tw




REY"FE"A"POSIXct "8k "POSIXIt" #2AIFER -

u > now <- Sys.time()

. ARRKEZEM "1970F1/81H" EESHMWEERT - > as.POSIXct(now)

s (UTC, Universal Time, Coordinated, t& 5% 7 5/ i 5) [1] ""2027-06-03 17:46:44 CST"
s (GMT, Greenwich Mean Time, 8 & /& 12 X4ERF ) > as.POSIXIt(now)

[1] '"2027-06-03 17:46:44 CST"

> Sys.time()

[1] "2028-10-14 21:16:07 &JGiE2EHERT"

# extract date

> substr(as.character(Sys.time()), 1, 10)
[1] "2028-10-14"

# extract time

> substr(as.character(Sys.time()), 12, 19)
[1] "21:16:07"

> date()

[1] "Tue Oct 14 21:16:09 2028"

> class(nhow)
[1] "POSIXct'™ "POSIXt"

sec, min, hour,

mday (# day number within the month),

mon (#January=0),

year (#+1900),

wday (#day of the week starting at O=sunday),
yday (#day of the year after 1 january=0)

|

> my.date <- as.POSIXIt(Sys.time())
> my.date

[1] ""2028-10-14 21:18:31 &JpEAERFRE"
> my.date$sec

[1] 31.304

> my.date$min

[1] 18

> my.date$hour

[1] 21

> my.date$mday

[1] 14

> my.date$mon

[1] 9

> my.date$year + 1900
[1] 2028

> my.date$wday

[1] 2

> my.date$yday

[1] 287

https://hmwu.idv.tw




POSIXt

POSIXIt POSIXct

m  Functions to convert between character representations and objects of classes "POSIXIt" and
"POSIXct" representing calendar dates and times.
m  Character input is first converted to class "POSIXIt" by strptime.

= Numeric input is first converted to "POSIXct".

= Any conversion that needs to go between the two date-time classes requires a time zone:
conversion from "POSIXIt" to "POSIXct" will validate times in the selected time zone.

Code Meaning Code Meaning

ta  |Abbrewviated weekday A |Full weekday

b |Abbrewviated month B |Full month

%c  |Locale-specific date and time %<  |Decimal date

*H  |Decimal hours (24 hour) %I |Decimal hours (12 hour)

%3 |[Decimal day of the year tm  |Dectmal month

M |Decitmal minute 3 |Locale-specific AM/PM

33 |Decimal second U |Decimal week of the year (starting on Sunday)
*w  |Decimal Weekday (0=Sunday)|*W |Decimal week of the year (starting on Monday)
¥x  |Locale-specific Date X |Locale-specific Time

¥y [2-digit year Y |4-digit year

¥z |Offset from GMT %2 |Time zone (character)

> as.POSIXct(''1969-12-31 23:59:59", format = "%Y-%m-%d %H:%M:%S", tz = "UTC"™)
[1] "1969-12-31 23:59:59 UTC"

> as.POSIXIt(Sys.time(), "GMT™)

[1] "2017-08-27 13:17:45 GMT™
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strptime {base}

> x1 <- c('20040227', 20050412, '19930922')

> strptime(x1, format = "%Y%ml%d'")

[1] "2004-02-27 CST™ ""2005-04-12 CST™ ""1993-09-22 CST™"

>

> x2 <- c('27/02/72004, "27/02/2005", "14/01/2003')

> strptime(x2, format = "%d/%m/%Y')

[1] "2004-02-27 CST™ '2005-02-27 CST'"™ "2003-01-14 CST"

>

> x3 <- c("1janl1960', "2janl960™, "31marl960', "30jull960'™)
> strptime(x3, "%d%b%Y'")

[1] "1960-01-01 CST™ "1960-01-02 CST™ ""1960-03-31 CST"™ ""1960-07-30 CDT"

> dates <- c(*'02/27/92'", '02/27/92", '01/14/92', ""02/28/92', '02/01/92™")
> times <- c¢(''23:03:20", '22:29:56", '"01:03:30", "18:21:03", "16:56:26")
> X <- paste(dates, times)

> strptime(x, "%m/%d/%y %H:%M:%S")

[1] "1992-02-27 23:03:20 CST'™ '1992-02-27 22:29:56 CST"

[3] "1992-01-14 01:03:30 CST'™ '1992-02-28 18:21:03 CST™

[5] '"1992-02-01 16:56:26 CST™
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mydate.txt

1;73;2017/01/27 11:30:20
2:52;2017/03/05 12:01:40
3;57;2017/05/12 03:20:00
1;74;2017/08/27 14:00:00
2:51;2017/10/17 21:03:50
3;60;2017/12/08 08:40:30

> # BoE—

> varNames <- c("ID", "Values', "DateTime™)

> mydate <-

> mydate
ID Values
73

read.table("'mydate.txt", sep = ";
varNames)

2017/01/727

col _.names

DateTime
11:30:20

V1 V2
73
52
57
74
51
60

OO0, WNE
WNNPFPWNPE

$V1

$V2

$V3

> mydate

2017/01/727
2017703705
2017705712
2017708727
2017/10/17
2017/12/08

[1] "integer™

[1] "integer"

[1] "factor™

sep =

V3
11:30:20
12:01:40
03:20:00
14:00:00
21:03:50
08:40:30

> lapply(mydate, class)

> mydate <- read.table('mydate.txt",

"3

https://hmwu.idv.tw

52 2017/03/05 12:01:40
57 2017/05/12 03:20:00
74 2017/08/27 14:00:00
51 2017/10/17 21:03:50
60 2017/12/08 08:40:30
> lapply(mydate, class)

$ID

[1] "integer”

$values

[1] "integer™

$DateTime

[1] "factor™

O~ WNLE
WNNEFEWNPE

> mydate$DateTime <- strptime(mydate$DateTime,
%Y /%m/%d %H :%M:%S"™)
> lapply(mydate, class)

$1D

[1] "integer”

$values .
[1] "integer" > # A=
$DateTime H EEIE G

[1] "POSIXIt™ "POSIXt"




Ilbrary(readxl)

> mydate <- read_excel(“'data/mydate.xlsx", col _names = FALSE)
> mydate _ e e
# A tibble: 6 x 3 roEn A . .
1 .2 _...3 wiE  mEss FEOME ER 0 EE | L = |
RO 1| 1 73 r ToT/27 T13570
<dbl> <dbl> <dttm> B A 2 | 2 52 2017/3/5 12:01:40
1 1 73 2017-01-27 11:30:20 iﬁ[fé 20171727 11:30.20 3 3 571 2017/5/12 03:20:00
.- Al i‘i‘;—”& — 4 1 74 1 2017/8/27 14:00:00
6 3 60 2017-12-08 08:40:30 :%ztb sy fmsd b Cl 2 51 2017/10/17 21:03:50
> I app I y(mydate , C I ass) gzéﬁﬁi Em;ss.o 5_ 3 80 I — _ZD:I.TL'LZJ&Q&AQSQ.
$ 1 keizd [hl:rarm:ss
- - TS 300 NT§* #1820 TS @ -
. T SRR - ##0 '---@ 3 E3
[1] "numeric “ﬁgﬁ”%;&fﬁw%“ﬁ, EE-E =R =F:
[$-zh-TW]J’-\MfPM hh:rrrm:ss
$ 2 werelrofd hhomemiss
[1] numeric e B SATE o LB AR LS -
$...3
[1] "POSIXct POSIXt e

> mydate2
# A tibble: 6
A B | c \ D \ .1 .2

1] 1 73 2017/127  11:30:20
2 2 52 2017/3/5  12:01:40 <dbl> <dbl>
3| 3 57 2017/5/12  o03:20:00| | 1 1 73
4| 1 74 2017/8/27 14:00:00| | _ _
5| 2 51 2017/10/17  21:03:50
6 3 60 2017/12/8  08:40:30 3 60

> mydate2 <- read_excel("'mydate2.xlsx", col_names

FALSE)

x 4
-3
<dttm>  <dttm> __
2017-01-27 00:00: OO|1899 12- 31'11 30:20
|
2017-12-08 00:00:00:1899—12—31:08:40:30

2 Further modification is

library(writexl)
write_xlIsx(iris, path =
write_xIsx(list(sheetl

iris.xlIsx™)
iris[, 1:2],

sheet2

= iris[, 3:4]), path = "iris.xlIsx")

needec
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B2 7 f 2019/5/1

A B C D
1 HBEEIRL HEAET2 HEAHE 3 B
2 hH-19 201955H1H 2019/5/1 100
3 7~H-20 2020F6H1H 2020/6/1 120
4 MmA-21 20215F4H1H 2021/4/1 300
5 1.H-22 20225F9H1H 2022/9/1 500

TimeData-cht.xlIsx

library(readxl)

TimeData xlIsx
A tibble: 4 x 4

H kg1
<dttm>

¥V V V

V hWOWNPEF

str(TimeData_ xlIsx)

$ fEs2

HiHrg =2
<dttm>

TimeData xlIsx <- read_excel("'data/TimeData-cht.xlsx™™)

Hr A3

tibble [4 x 4] (S3: tbl_df/tbl/data.frame)
$ HEARR1: POSIXct[1:4], format: '2019-05-01" '2020-06-01" '2021-04-01" ...
$ HHEI#E=2: POSIXct[1:4], format: '2019-05-01" "2020-06-01" "'2021-04-01" ...
$ HHEI#E3: POSIXct[1:4], format: '"2019-05-01" "2020-06-01" "'2021-04-01" ...
- num [1:4] 100 120 300 500

<dttm>

2019-05-01 00:00:00 2019-05-01 00:00:00 2019-05-01 00:00:00
2020-06-01 00:00:00 2020-06-01 00:00:00 2020-06-01 00:00:00
2021-04-01 00:00:00 2021-04-01 00:00:00 2021-04-01 00:00:00
2022-09-01 00:00:00 2022-09-01 00:00:00 2022-09-01 00:00:00

B e B0 AN E EIEL B ERET - D25k ) HEMEWED - eRRRRtRERET

S
209F5H1H

HAD:

*2M2/3/14
201238148

38148

—o-—#ZA+MA

=A+MA

g1= v
WEDE WBO:

P ()
ASEERL

EE

IRERBHEEERTHNE - SEERNET ) IFSRLGNREREE -

EE

HeH

=624

<dbl>

100
120
300
500
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TimeData-chtoey =

HEfE 1, HEfEDL, HEEE.3,
FHB-19,  2019ESHIH, 201951,
SE20, 020E6H1H, 202006/,
mE-21, 202154 H1H, 2021441,
FB-22, RESFIH, 2022941,

Hiz
100
120
300
500

TimeData-cht.csv

> TimeData _csv <- read.csv(''data/TimeData-cht.csv",
stringsAsFactors = FALSE,
fileEncoding = "big5")

V o+ 4+

TimeData_csv
HiAkE=1 HEAtE=2 HERA3 EiE
HHB-19 2019%45H1H 2019/5/1 100
~NH-20 202086H1H 2020/6/1 120
ViH-21 20214F4H1H 2021/4/1 300
JLH-22 202249H1H 2022/9/1 500
> str(TimeData_csv)
"data.frame": 4 obs. of 4 variables:
$ HERE1: chr "HHB-19" "xH-20" "PUH-21" "jLH-22"
$ HEI#EZ2: chr "20194E5H1H" "20204E6H1H" ...
$ HEIE=R3: chr '2019/5/1" '2020/6/1' '2021/4/1" ...
$ E - int 100 120 300 500

A WON PR

> TimeData_csv$HEEZ2

>

> TimeData_ csv$HHEK3

> TimeData_ csv$HHEHR2 <- as.POSIXct(strptime(TimeData csv$HEHEI2, Format="%YFEImH%dH"))
[1] "2019-05-01 CST™ ""2020-06-01 CST™ '2021-04-01 CST™ ''2022-09-01 CST™
> TimeData_csv$HHEIK3 <- as.POSIXct(TimeData_csv$HHA3, Format="%Y/%m/%d"")

[1] '2019-05-01 CST"™ "2020-06-01 CST'" "'2021-04-01 CST' ''2022-09-01 CST"
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months _map <- c("—H" 1, "ZA"
.lﬂﬂl' 5’ "‘7\<HI'
"AAT =9, T
date str <- TimeData_csv$HHEI#E=1
parts <- strsplit(date _str, "-");
month <- months map[sapply(parts,

VVVVVVYV+ + YV

TimeData_csv
HitE1 B2 B3 Ei
2019-05-01 2019-05-01 2019-05-01
2020-06-01 2020-06-01 2020-06-01
2021-04-01 2021-04-01 2021-04-01
2022-09-01 2022-09-01 2022-09-01
str(TimeData_csv)
data.frame”":

sV hAOWN P

2,

parts
function(xX) x[1])]; month

100
120
300
500

4 obs. of 4 variables:

=R = 3, "WA"
6, "EA" = 7, "AR"
10, "f—A" = 11, "+

$ HEIK=U1: POSIXct, format: ""2019-05-01" '2020-06-01" "
$ HEIR2: POSIXct, format: '2019-05-01" "2020-06-01" "
$ HEI3: POSIXct, format: '2019-05-01" '2020-06-01" "

$ His - int 100 120 300 500

https://hmwu.idv.tw

4,
8,
AT = 12)

year <- as.numeric(sapply(parts, function(x) x[2])) + 2000; year
date_str <- paste(year, month, "1", sep = "-")
TimeData_csvSHEKR1 <- as.POSIXct(date_str, format="%Y-%m-%d"")

> months map

R =R

|'|1|,_::1||

"2021-4-1" 20




lubridate

Garrett Grolemund, Hadley Wickham (2011).

lubridate 192 — . . -
Dates and Times Made Easy with lubridate.
LINKS 1 1
lubridate e Journal of Statistical Software, 40(3), 1-25.
lubridate e .
i Browse source 1 - 1
code Base R method | lubridate method 1
i 1
OVESEY Beparta bug date <- as.POSIXct("01-01-2010", | date <- dmy("01-01-2010") |
Date-time data can be frustrating to work within R. R Learn more format = "%d-%m-%Y", tz = "UTC") 1 1
commands for date-fimes are generally unintuitive and 1 1
h . i . ) LICENSE . . | |
change depending on the type of date-time object being _ as.numeric (format (date, "%m")) or I month(date) I
used. Moreover, the methods we use with date-times must Full license as.POSTX1t (date)$month + 1 | 1
bea robust to time zones, leap days, daylight savings times, GPL {==2} 1 1
and other time related quirks, and R lacks these capabilities 1 |
in some situations. Lubridate makes it easier to do the COMMUNITY date <- as.POSIXct(format(date, I month(date) <- 2 i
things R does with date-times and passible to do the things Contributing "%Y-2-%d"), tz = "UTC") : :
R does not. guide 1 1
i i Code of Table 1: lubridate provides a simple way to parse a date into R, extract the month value pnd
If you are new to lubridate, the best place to start is the date Lodeol L it to Fob I I
and times chapter in R for data science. conduct cllange 1t to tebruary. i I
Getting help M 3
. | i |
Installation . Base R method i lubridate method i
Citing lubridate date <- seq(date, length = 2, I date <- date - days (1) !
# The easiest way to get lubridate +s to dinstall the 1 |
install.packages{ " tidyverse") bY = "-1 da.y ") [2] 1 1
NECWEl ADEDC I I
| |
as.P0SIXct (format(as.P0SIXct(date), I with_tz(date, "GMT") |
tz = "UTC"), tz = "GMT") l :
o httpS//IU bridate tldyve rse org/ Table 2: lubridate easily displays a date one day earlier and in the GMT time zone.

» https://rawgit.com/rstudio/cheatsheets/main/lubridate.pdf

« https://cran.r-project.org/web/packages/lubridate/index.html

Do more with dates and times in R: https://cran.r-
project.org/web/packages/lubridate/vignettes/lubridate.html
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lubridate

Dates and times with lubridate : : CHEATSHEET

Date-times

RO17-11-2%

2017-22-12

11/2%/2017

1 Jawn 2017

201701321

2017-11-28 12:90:00

Jul.-j 4, 2000

4 July 99
Rool: 03
07-2020

R0l

2017-11-28 12:00:00

A date-time is a point on the timeline,
stored as the number of seconds since

1970-01-01 00:00:00 UTC

dt < as_datetime(1511870400)
## "2017-11-28 12:00:00 UTC"

PARSE DATE-TIMES (Convert strings or numbers to date-times)
1. Identify the order of the year (y), month (m), day (d), hour (h),
minute (m) and second (s) elements in your data.

2. Use the function below whose name replicates the order. Each
accepts a tz argument to set the time zone, e.g. ymd(x, tz="UTC").

ymd_hms(), ymd_hm(), ymd_h().
ymd_hms("2017-11-28114:02:00")

ydm_hms(), ydm_hm(), ydm_h().
ydm_hms("2017-22-12 10:00:00")

mdy_hms(), mdy_hm(), mdy_h().
mdy_hms("11/28/2017 1:02:03")

dmy_hms(), dmy_hm(), dmy_h().
dmy_hms("1 Jan 2017 23:59:59")

ymd(), ydm(). ymd(20170131)
mdy(), myd(). mdy("July 4th, 2000")
dmy(), dym(). dmy("4th of July '99")
yq() Q for quarter. yq("2001: Q3")
my(), ym(). my("07-2020")
hms::hms() Also lubridate::hms(),
hm() and ms(), which return

periodsX hms:hms(seconds =0,
minutes =1, hours = 2)

date_decimal(decimal, tz="UTC")
date_decimal(2017.5)

now(tzone ="") Current time in tz
(defaults to system tz). now()

today(tzone = "") Current date in a
tz (defaults to system tz). today()

fast_strptime() Faster strptime.
fast_strptime(“9/1/01", “Y%y/%m/%d")

parse_date_time() Easier strptime.
parse_date_time("09-01-01", "ymd")

2017-11-28

A date is a day stored as
the number of days since
1970-01-01

d < as_date(17498)
##"2017-11-28"

12:00:00

An hms is a time stored as
the number of seconds since
00:00:00

t <- hms::as_hms(85)
##00:01:25

GET AND SET COMPONENTS

Use an accessor function to get a component.
Assign into an accessor function to change a

componentin place.
PLICECIRER] 11:59:59
psjRi-01-31 11:59:59

2018 fH1-31 11:59:59

2018-01-gfl 11:59:59

2018-01-31 [:59:59
2018-01-31 11:F3:59
2018-01-31 11:59:F

2018-01-31 11:59:59

d M "2017-11-28"
day(d) #it 28

day(d) <1

d i "2017-11-01"
date(x) Date component. date(dt)
year(x) Year. year(dt)

isoyear(x) The ISO 8601 year.

epiyear(x) Epidemiological year.

month(x, label, abbr) Month.
month(dt)

day(x) Day of month. day(dt)
wday(x, label, abbr) Day of week.
qday(x) Day of quarter.

hour(x) Hour. hour(dt)

minute(x) Minutes. minute(dt)
second(x) Seconds. second(dt)
tz(x) Time zone. tz(dt)

week(x) Week of the year. week(dt)
isoweek() SO 8601 week.
epiweek() Epidemiological week.

quarter(x) Quarter. quarter(dt)

ster(x, with_year = FALSE)

{¥|®

Semester. semester(dt)

am(x) Is it in the am? am(dt)
pm(x) Isitin the pm? pm(dt)

dst(x) Is it daylight savings? dst(d)

leap_year(x) Is it a leap year?
leap_year(d)

update(object, ..., simple = FALSE)
update(dt, mday =2, hour=1)

lubridate

Round Date-times
floor_date(x, unit = "second")

Round down to nearest unit.
floor_date(dt, unit ="month")

v

m £ e e round_date(x, unit = "second")
Round to nearest unit.
I |"] _’I | round_date(dt, unit = "month")
san Feb Mar apr ceiling_date(x, unit="second",
change_on_boundary = NULL)
—>| Round up to nearest unit.
] | I J ceiling_date(dt, unit = "month")
Jan Feb Mar Apr

Valid units are second, minute, hour, day, week, month, bimonth,
quarter, season, halfyear and year.

rollback(dates, roll_to_first = FALSE, preserve_hms = TRUE) Roll back to
last day of previous month. Also rollforward(). rollback(dt)

Stamp Date-times

stamp() Derive a template from an example string and return a new
function that will apply the template to date-times. Also
stamp_date() and stamp_time().

1. Derive a template, create a function

Tip: us
sf <- stamp("Created Sunday, Jan 17,1999 3:34") .

date with

2. Apply the template to dates day >12

sflymd("2010-04-05")
#i# [1] "Created Monday, Apr 05, 2010 00:00"

Time Zones

R recognizes ~600 time zones. Each encodes the time zone, Daylight
Savings Time, and historical calendar variations for an area. R assigns
one time zone per vector.

Use the UTC time zone to avoid Daylight Savings.
OlsonNames() Returns a list of valid time zone names. OlsonNames()
Sys.timezone() Gets current time zone.

5:00 6:00

Mountain Central 7:00 with_tz(time, tzone="") Get

the same date-time in a new
Eastern time zone (a new clock time).
Also local_time(dt, tz, units).
with_tz{dt, "US/Pacific”)

force_tz(time, tzone="") Get

7:09 thesame clock timeinanew
time zone (a new date-time).

Eastern Also force_tzs().

force tz(dt, "US/Pacific")

7:00

7:00 7:00
Mountain Central

CC BY SA Posit Software, PBC - info@posit.co « posit.co « Learn more at
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lubridate

M at h Wi t h D ate'tl MES _ Lubridate provides three classes of timespans to facilitate math with dates and date-times.

Math with date-times relies on the timeline,
which behaves inconsistently. Consider how
the timeline behaves during:

Anormal day
nor<-ymd_hms("2018-01-01 01:30:00",Lz="US/Eastern")

nor+ minutes(90)

Periods track changes in clock times,
which ignore time line irregularities.

Durations track the passage of
physical time, which deviates from
clock time when irregularities occur.

nor +dminutes(90)

. X L e . 4 1 s A g . »
1:00 2:00 3:00 400 1:00 2:00 3:00 400 1:00 2:00 300 400 1:00 200 3:00 4:00 E;SaﬁgﬁIgb:‘i;?‘tchr:a:egal;g;;gamryaggtate
The start of daylight savings (spring forward) gap + minutes(90) gap + dminutes(90) interval(gap, gap + minutes(30)) jan31 <-ymd(20180131)
gap <-ymd_hms("2018-03-11 01:30:00"t7="US/lastern") jan31+ months(1)
##NA
= e —— —t % wi imagi
1:00 2:00 3:00 4:00 1:00 2:00 3:00 4:00 1:00 2:00 3:00 4:00 1:00 2:00 3:00 4:00 %m+% and %m % W'“ ro“ lma.glnary
dates to the last day of the previous
The end of daylight savings (fall back) : . 4 . month.
lap= yme_hms(*2018 11 04 00:30:00"7-"US/Fastern’] lap + minutes(90) lap+ dminutes(90) interval(lap, lap + minutes(90)) R G
[T _ | ## "2018-02-28"
——— —— ® add_with_rollback(el, e2, roll_to_first=
12:00 1:00 2:00 3:00 12:00 1:00 2:00 3:00 12:00 1:00 2:00 3:00 12:00 1:00 2:00 3:00 TRUE) will roll imaginary dates to the
Leap years and leap seconds leap +years(1) leap + dyears(1) interval(leap, leap + years(1)) ﬁ:; dalyhof tflnr;ne:. SRS h
leap = ymd("2019-03-01") ®, foll _t\gltﬁrgtrz TSLCJE()janB,I, months(1),
986 ## "2018-03-01"
2019 2020 2021 2019 2020 2021 2019 2020 2021 2019 2020 2021
PERIODS DURATIONS INTERVALS

Add or subtract periods to model events that happen at specific clock
times, like the NYSE opening bell.

Make a period with the name of a time unit pluralized, e.g.
p <- months(3) + days(12)
p

"3m 12d OH OM 0S"

Number |Number
of months | of days

years(x = 1) x years.

months(x) x months.

weeks(x = 1) x weeks.

days(x = 1) x days.

hours(x=1) x hours.

minutes(x = 1) x minutes.
seconds(x = 1) x seconds.
milliseconds(x = 1) x milliseconds.
microseconds(x = 1) x microseconds
nanoseconds(x = 1) X hanoseconds.
picoseconds(x = 1) x picoseconds.

period(num = NULL, units = "second", ...)
An automation friendly period constructor.
period(5, unit ="years"}

as.period(x, unit) Coerce a timespantoa
period, optionally in the specified units.
Also is.period(). as.period(p)

period_to_seconds(x) Convert a period to
the "standard" number of seconds implied
by the period. Also seconds_to_period().
period_to_seconds(p)

== posit’

Add or subtract durations to model physical processes, like battery life.
Durations are stored as seconds, the only time unit with a consistent length.
Difftimes are a class of durations found in base R.

Make a duration with the name of a period prefixed with ad, e.g.

dd <- ddays(14) dyears(x = 1) 31536000x seconds.

dd dmonths(x = 1) 2629800x seconds.
1209600s (~2 weeks) dweeks(x = 1) 604800x seconds.

ddays(x = 1) 86400x seconds.

length in §in common dhours(x = 1) 3600x seconds.

seconds units dminutes(x = 1) 60x seconds.
dseconds(x = 1) x seconds.
dmilliseconds(x = 1) x X 103 seconds.
dmicroseconds(x = 1) x X 106 seconds.
dnanoseconds(x = 1) x x 10 seconds.
dpicoseconds(x = 1) x X 1012 seconds.

duration(num = NULL, units = "second", ...}
An automation friendly duration
constructor. duration(, unit = "years")

as.duration(x, ...) Coerce a timespanto a
duration. Also is.duration(), is.difftime().
as.duration(i)

make_difftime(x) Make difftime with the
specified number of units.
make_diffime(39999)

|
Intervals represent specific intervals Not all years .
of the timeline, bounded by start and are 365 days IUbrldate
end date-times. due to leap days.

interval(nor, nor + minutes(90))

Not all minutes
are 60 seconds due to
leap seconds.

Divide an interval by a duration to determine its physical length, divide
an interval by a period to determine its implied length in clock time.

Start | End
Date ] Date

##2017-01-01 UTC-2017-11-28 UTC
##2017-11-28 UTC-2017-12-31 UTC

Make an interval with interval() or %--%, e.g.

i<-interval(ymd("2017-01-01"), d)
j<-d %% ymd("2017-12-31")

|
|
—:)
i
| —
==
| -

a %within% b Does interval or date-time a fall
within interval b? now() Y%within% i

int_start(int) Access/set the start date-time of
an interval. Also int_end(). int_start(i) < now();
int_start(i)

int_aligns(intl, int2) Do two intervals share a
boundary? Also int_overlaps(). int_aligns(i, j)

int_diff(times) Make the intervals that occur
between the date-times in a vector.
v =c(dt, dt + 100, dt + 1000); int_diff(v)

int_flip(int) Reverse the direction of an
interval. Also int_standardize(). int_flip(i)

int_length(int) Length in seconds. int_length(i)

int_shift(int, by) Shifts an interval up or down
the timeline by a timespan. int_shift(i, days(-1))

as.interval(x, start, ...) Coerce a timespan to
an interval with the start date-time. Also
is.interval(). as.interval(days(1), start = now())

CC BY SA Posit Software, PBC - info@posit.co « posit.co « Learn mare at lubri yv

org - HTML ¢ at pos.
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> library(lubridate)

>

> today()

[1] "2023-09-10"

> currentl <- now()

> currentl

[1] ""2023-09-10 08:17:32 UTC"
> class(currentl)

[1] "POSIXct™ "POSIXt™

>

> current2 <- date()

> current2

[1] ""Sun Sep 10 16:17:32 2023"
> class(current2)

[1] "character™

> my_date <- ymd(''20230910'")

> my_date

[1] "2023-09-10"

> class(my_date)

[1] "Date™

>

> mdy(*'09-10-2023"")

[1] '"2023-09-10"

> dmy(*'10/09/2023™)

[1] "2023-09-10"

>

> ymd_hms(*'20131219101707")

[1] "2013-12-19 10:17:07 UTC"

> ymd_hms(*'2013 Dec 19 10:17:07'")
[1] "2013-12-19 10:17:07 UTC"

>

> mdy(*'Dec 19, 2013")

[1] "2013-12-19"

>

> mdy_hms(*'December 19, 2013 10:17:07")
[1] '"2013-12-19 10:17:07 UTC"

>

> dmy_ hms(**19-Dec, 2013 10:17:07")
[1] "2013-12-19 10:17:07 UTC"

> minute(two_dates)

[1] 15 30

> mean(minute(two_dates))
[1] 22.5

> two_dates <- ymd_hms('2023-01-01 01:15:00", *2023-02-01 01:30:00")

https://hmwu.idv.tw




m The default time zone for the lubridate functions is Greenwich Mean Time (GMT,
formerly)/Universal Time, Coordinated (UTC)

m Taipei: CST (China Standard Time), Offset: UTC + 8 hours
m  London: BST (British Summer Time) (Apr. ~ Oct.), Offset: UTC/GMT + 1 hour

> OlsonNames() ## typlcally around six hundred names

[1] “Africa/Abidjan™ "Africa/Accra" "Africa/Addis_Ababa" "Africa/Algiers”
[5] “Africa/Asmara' "Africa/Asmera’ "Africa/Bamako’ "Africa/Bangui™
[9] "Africa/Banjul' "Africa/Bissau’ "Africa/Blantyre" "Africa/Brazzaville”
[589] "US/Mountain®™ "“US/Pacific'” "US/Samoa'" "'UTC"
[593] "w-SuU' “WET""Zulu"
attr(,"Version™)
[1] "2022e™

>

> departure

[1] ""2023-08-17 08:50:00 CST"

> with_tz(departure, "Europe/London')
[1] "2023-08-17 01:50:00 BST"

> Sys.timezone()

[1] "UTC"

> Sys.setenv(TZ = "UTC")

> ymd_hms(*'2023-08-17 08:50:00", tz = "Asia/Taipei™)
[1] ""2023-08-17 08:50:00 CST"

> ymd_hms(*'2023-08-17 19:25:00", tz
[1] ""2023-08-17 19:25:00 BST"

"Europe/London')

> departure <- ymd hms(''2023-08-17 08:50:00", tz = "Asia/Taipei')

> changed <- force_tz(departure, "America/Chicago')

> changed
[1] "2023-08-17 08:50:00 CDT"
> with_tz(changed, "Europe/London™)

Central Daylight Time
PEIE DI E

[1] "2023-08-17 14:50:00 BST"

https://hmwu.idv.tw




> year(departure)

> departure <- ymd _hms(''2023-08-17 08:50:00", tz = "Asia/Taipei™)

> second(departure)

[1] O

[1] 2023

> month(departure) Date Component | Extractor Function
[1] 8 Year year ()

> week(departure) Month month ()

[1] 33 Week week ()

> yday(departure) Day of year yday ()

[1] 229 Day of month mday ()

> mday(departure) Day of week wday ()

[1]1 17 Hour hour ()

> wday(departure) Minute minute ()

[1] 5 Second second ()

> hour(departure) Time zone tz ()

[1] 8

Elylggte(departure) > second(departure) <- 25

> departure
[1] "2023-08-17 08:50:25 CST"

> month(departure, label
[11 A

Levels: —H < —H < =H
> month(departure, label
[11 XA

Levels: —H < —H < =H
> wday(departure, label

[1]1 &

TRUE)

<WH < A7 < ~NH < tH < AH < LA < +H < +—H < +=H

= TRUE, abbr = FALSE) ZE7: August, Aug

<WMWH < A < "H < tH < /\H < iIH < +H < +—H < +=H
= TRUE)

Levels: #H < H— < #— < FE= < @MU < @A < #F@N

https://hmwu.idv.tw

> Sys.getenv()
> Sys.setenv(LANG

> Sys.setenv(LANG =




> summer_camp_start <- ymd hms(''2023-07-20 08:00:00"")

> summer_camp_end <- ymd hms(*'2023-08-03 12:00:00")

> camp_period <- interval(summer_camp_start, summer_camp_end)
> camp_period

[1] 2023-07-20 08:00:00 UTC--2023-08-03 12:00:00 UTC

>

> # Toronto

> # Current: EDT — Eastern Daylight Time

> # Next Change: EST — Eastern Standard Time

>

> JSM2023 <- interval (ymd(20230805, tz = '"Canada/Eastern'’),
+ ymd(20230810, tz = "Canada/Eastern'))
> JSM2023

[1] 2023-08-05 EDT--2023-08-10 EDT

> 1nt_overlaps(JSM2023, camp_period)

[1] FALSE

> union(JSM2023, camp_period)

[1] 2023-07-20 04:00:00 EDT--2023-08-10 EDT

>

> # Other functions that work with intervals:

> # 1nt_start, int_end, int flip, int_shift, int_aligns, union,
> # 1Intersect, setdiff, %within%.
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> # Periods record a time span in units larger
than seconds

> ymd(20230805) + 1

[1] "2023-08-06"

> ymd(20230805) + days(1)

[1] '"2023-08-06"

> days(0:5)

[1] "OS™ "1d OH OM 0OS™ *"2d OH OM 0S'™ "'3d OH OM
0S™ "4d OH OM 0S™ "'5d OH OM 0OS"

> weeks(1:5)

[1] "7d OH OM 0S™ *14d OH OM 0OS™ "21d OH OM
0S™ "28d OH OM 0OS™ *35d OH OM 0S™

> months(1)

[1] ""Im Od OH OM 0OS"

> ymd(20230805) + months(1)

[1] '"2023-09-05"

> years(1:2)

[1] "1y Om Od OH OM 0OS'™ "2y Om Od OH OM OS™

> ymd(20230805) + years(1l:2)

[1] '"2024-08-05" '"2025-08-05"

> # Durations: record the time span iIn
seconds

> dweeks(1)

[1] "604800s (~1 weeks)"
> ddays(6)

[1] '"518400s (~6 days)™
> dhours(1)

[1] "3600s (~1 hours)"

> dminutes(l)

[1] "60s (~1 minutes)"

> dseconds(60)

[1] "60s (~1 minutes)"
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0 Question: January 31st + one month.

- PP
Should the answer be g jzggi <- ymd(*'2013-01-31")
(1) February 31st (which doesn't exist) [1] "2013-01-31"

(2) March 4th (31 days after January 31), or
(3) February 28th (assuming its not a leap year)

> #(1)
> jan31 + months(1)
[1] NA
> jan31 + months(0:11)
[1] "2013-01-31" NA "2013-03-31" NA "'2013-05-31" NA
[7] "2013-07-31" '"2013-08-31" NA ""2013-10-31'" NA "2013-12-31"
>
> #(2)
> floor_date(jJjan31l, "month')
[1] "2013-01-01"
> floor_date(jJan31l, "month'™) + months(0:11) + days(31)
[1] "2013-02-01" "2013-03-04" '2013-04-01" "'2013-05-02" "'2013-06-01" "2013-07-02"
[7] "2013-08-01" '2013-09-01" "'2013-10-02'" *"2013-11-01" "2013-12-02' '2014-01-01"
>
> #(3)
> # %m+% and %m-%: roll dates back to the last day of the month
> jan31l %m+% months(0:11)
[1] "2013-01-31" "2013-02-28" '"2013-03-31" "'2013-04-30" ""2013-05-31" ""2013-06-30"
[7] '"2013-07-31" "2013-08-31" *2013-09-30" "'2013-10-31" ""2013-11-30" "2013-12-31"
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RO

U
e

ts(data = NA, start = 1, end = numeric(), frequency = 1,
deltat = 1, ts.eps = getOption(''ts.eps’'), class = , names = )
as.ts(x, ...)

o to00)

Type of data frequency start example
Annual 1 1995
Year Observation Quarterly 4 ¢(1995,2)
2013 39 Daily 7 or 365.25 1orc(1995,234)
2014 78 Weekly 52.18 ¢(1995,23)
2015 52 Hourly 24 0r 168 or 8,766 1
2016 110 Half-hourly 48 or 336 0r 17,532 1

Observation <- ts(c(123, 39, 78, 52, 110), start = 2012)

> T8 matrix >t ob)
(.11 [.2] [,3] Series 1 Series 2 Series 3
[1,] -0.33 0.14 0.52 ||Jan 1961 -0.33 0.14 0.52
[2,] 0.44 2.83 0.58 ||Feb 1961 0.44 2.63 0.58
[3,] -1.05 -0.37 -1.33 Mar 1961 -1.05 -0.37 -1.33
[4,] -0.42 -2.10 -0.5% ||apr 1961 -0.42 -2.10 -0.59
[5,] 0.89 0.05 -0.5% ||May 1961 0.63 0.05 -0.59
[6,] 0.85 0.74 0.64 Jun 1961 0.85 0.74 0.64 = =
(71 -0.74 -1.87 0.20 ||ou1 1561 —o.7a  -1.97 0.0 || > TS_matrix <- matrix(round(rnorm(60), 2), 20, 3)
[&,] -0.87 -0.13 0.28 ||aug 1961 -0.67 -0.13 0.28 > H
[#,] 0.42 1.5 1.18 sep 1961 0.42 1.69 1.18 ts_ma1_:r|x _
10,1 1.66 -2.16 0.90 ||oct 1961 1.66  -2.16 0.5 | > ts obj <- ts(ts_matrix, start = c(1961, 1), frequency = 12)
[11,] 0.30 -1.83 0.90 ||Nov 1961 0.30 -1.93 0.90 - _ -
(12,1 -0.03 -1.21 0.60 ||lpec 1961  -0.03  -1.21 0.0 || > tS_0b}
[13,] -0.10 -0.49 -0.40 ||Jan 1962 -0.10 -0.49 -0.40 _ =
[14,] -0.35 0.19 -1.01 ||Feb 1962 ~0.35 0.19 -1.01 > ClaSS(tS_Ob_])
[15,] -0.68 -1.26 2.20 Mar 1562 -0.58 -1.26 2.z20 (T} [T [T [T (T} = (T}
[16,] 1.34 -0.64 -0.05 [|apr 1962 1.34 -0.64 -0.05 [1] mts ts matrix
[17,] 1.15 1.28 0.%0 [|May 1962 1.15 1.28 0.90 > Is.mts(ts obi
[18,] ©0.55 0.34 -2.00 Jun 1962 0.55 0.34 -2.00 - ( - J)
[18,] -0.03 -0.17 0.5% ||sul 1262  -0.03  -0.17 0.59 [1] TRUE
[20,] 0.53 0.42 -1.25 ||aug 1%&2 0.53 0.42 -1.25
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The R Graph Gallery

https://r-graph-gallery.com/time-series.html

«— Gallery Q

CHART TYPES

PKG BEST QUICK

Time Series

000

TOOLS

ALL RELATED SUBSCRIBE

INTERACTIVE VERSION: pLOTLY

The ggplotly(y function of the plotly library makes it a breeze to build an interactive version. Try to howver circles to get a

tooltip, or select an area of interest for zooming. Double click to reinitialize.

GET CODE
20000

TIME SERIES WITH GcpLoT2

turn the resulting chart interactive in one more line of code.

geplot? offers great features when it comes to visualize time series. The date format will be recognized automatically,

resulting in neat X axis labels. The scale x data() makes it a breeze to customize those labels. Last but not least, plotly can

TIME SERIES WITH DYGRAPH

below).

https://hmwu.idv.tw
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The dygraphs package is a htmlwidoet. It allows to make interactive time series chart: you can zoom and hover data points to
get additional information. Start by reading the chart #3716 for quick introduction and input description. Then, the graph #3717

gives an overview of the different types of charts that are offered. To go further, check the graph #2712 {interactive version
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100 : : l stockdata <- read.table("data/stock-data.txt", skip = 1, header = T)
100

100 p l head(stockdata, 5)
100 ’ -1 =8 sapply(stockdata, class)

P for(at in 7:9){
100 : 5 : stockdata[,at] <- as.numeric(gsub(",'", "', stockdata[,at]))
100 1] )
100
100

[wi! A

100

FT . ts.plot {stats}
$ "] Plot Multiple Time Series
8 ts.plot(stockdata$iitE e E[1:12])
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mat <- as.data.frame(matrix(stockdata$itEEEE, ncol = 5))
colnames(mat) <- unique(stockdata$}fZEfE/\E])

mat 't3/KN3 — IIIII

matplot(1:12, mat, type = , Ity = 1:5, col = 1:5, pch = 1:5,

main = "RE100F55FEASNFIRE AR ENGT, )",
xlab = "Afp", ylab = "EGT/E)™)

legend(10, 240, legend = colnames(mat), Ity = 1:5, col = 1:5,
pch = 1:5, cex = 0.9)
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ts.plot(mat, Ity =

1:5, col = 1:5’ type = "bn)
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geom_line {ggplot2}

> head (airquality)
Ozone Solar.R Wind Temp Month Day
1 41 190 7.4 67 5 1
2 36 118 8.0 72 5 2
3 12 149 12.6 74 5 3
4 18 313 11.5 62 5 4
5 NA NA 14.3 56 5 5
6 28 NA 14.9 66 5 6
> airquality$Month <- factor(airquality$Month)
> ggplot(airquality, aes(x = Day, y = Temp, group = Month, color = Month)) +
+ geom line(aes(linetype = Month)) +
+ geom point ()
90-
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geom_line {ggplot2}

> mydata <- as.data.frame (matrix(rnorm(100), ncol = 4))
> library (reshape2)
> head (mydata, 3)

V1 V2 V3 V4

1 0.2846997 0.78283129 0.659318307 -0.04318195
2 1.2510186 1.59782230 0.187074422 -1.23161275
3 0.3827782 1.44676700 0.840148794 -0.20081868
> #id variable for position in matrix
> mydata$id <- l:nrow(mydata)
> #reshape to long format
> mydata.lf <- melt(mydata, id.var = "id") 1-
> head (mydata.lf)
id variable value
1 1 V1l 0.2846997 0- .
variable
2 2 V1l 1.2510186 .
3 3 V1l 0.3827782 g . .
4 4 V1 -3.2994010 =Ny M
5 5 V1 1.4943630 e v
6 6 V1l 0.1557203
> tail (mydata.lf) -2-
id variable value
95 20 V4 1.1655219
96 21 V4 0.5081844 -3
97 22 V4 -1.2523577 . . . . . .
98 23 V4 -2.3553732 0 5 10 _ 18 20 25
99 24 V4 0.1542803 'd
100 25 V4 0.6899416
> ggplot (mydata.lf, aes(x = id, y = value, group = variable, colour = variable)) +
+ geom point () +
+ geom line(aes(lty = wvariable))

= Al . ...
InWu. ruv . Lw



geom line, geom area

library(ggplot2)
ggplot(stockdata, aes(x = Hfiy, y = MMEFEE, colour = FEFNF)) +
geom _point(aes(size = FEERETIEE))+
geom_line(aes(lty = FEF/N\E])) +
scale_x_continuous(breaks = 1:12, labels = month.abb) +

labs(title="RKE100F =5 RN FRKRTEHBXENCT, K™

ggplot(stockdata, aes(x = Ay, vy = Jif#EEEE, colour = FEE/NE)) +
geom_area(aes(fill = FZE§E/\5)), alpha = 0.5) +
scale_x_continuous(breaks = 1:12, labels = month.abb) +

labs(title="RKE100F=5FER/NFRTEHRKENCT. K"
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stockdata$®EHH <- as.Date(paste0(''2011/", stockdata$Hf{y, "/01'™))
ggplot(...) +
scale_x_date(date_labels = "%b/%Y'")
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autoplot {ggplot2} ts,

> library(forecast)

> library(ggplot2)

> library(fpp) # Forecasting: principles and practice

>

> data(melsyd) # Total weekly air passenger numbers on Ansett airline flights between

Melbourne and Sydney, 1987-1992.

> head(melsyd) > autoplot(melsyd[, "Economy.Class']) +

Time Series: +  xlab('Year™) +

Start = c(1987, 26) + ylab("Thousand™) +

End = c(1987, 31) S ggtitle('Passenger numbers (Melbourne - Sydney)')

Frequency = 52 |
First.Class Business.Class Economy -Class Passenger numbers on Ansett airline (Melbourne - Sydney)

1987.481 1.912 NA 20.167

1987 .500 1.848 NA 20.161 o

1987.519 1.856 NA 19.993

1987.538 2.142 NA 20.986 o

1987.558 2.118 NA 20.497 2

1987.577 2.048 NA 20.770 §

> class(melsyd)
[1] "'mts"™ "ts™
> colnames(melsyd)
[1] "First.Class™ "Business.Class™ "Economy.Class" o
> time(melsyd) 158 150 1600
Time Series:
Start = c(1987, 26)
End = c(1992, 48)
Frequency = 52
[1] 1987.481 1987.500 1987.519 1987.538 1987.558 1987.577 1987.596 1987.615
1987.635. ..

https://hmwu.idv.tw



ggseasonplot ts

> data(al0) # Monthly anti-diabetic drug (F#Kz%%) sales in Australia from 1992 to 2008.
> alo
Jan Feb Mar Apr May Jun Jul Aug

1991 3.526591 3.180891
1992 5.088335 2.814520 2.985811 3.204780 3.127578 3.270523 3.737851 3.558776

2007 28.038383 16.763869 19.792754 16.427305 21.000742 20.681002 21.834890 23.930204
2008 29.665356 21.654285 18.264945 23.107677 22.912510 19.431740
> class(al0)

[1] "ts" autoplot(al0) +

> ggseasonplot(alO, year.labels = TRUE) + xlab("M9ntﬁ )+ )

+  xlab('Month™)+ ylab("Million (USD)™) +

+ ylab(C'Million (USD)™) + gogtitle("Anti-diabetic drug sales)')
+

ggtitle(""Monthly anti-diabetic drug sales 1In Australia (1992-2008)')

Monthly anti-diabetic drug sales in Australia (1992-2008) Anti-diabetic drug sales in Australia {1992-2008)
30=-

2007

2006

2008 S
2003
2002

Million (USD)
(%]

L] " i
Jan Feb Mar Apr May Jun Jul Aug Sep Ozt Meow Dec 1855 2000
Month/Year
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plotly

ts, mts, zoo, xts, data.frame, tbl

library(plotly)

# data.frame with one date/time column

date_mat <- data.frame(date = seq(as.Date('2011/1/1"),
by = "month",
length.out = 12),

mat)
sapply(date_mat, class)
ts_plot(date _mat)

> # convert data.frame to ts, and then using ts plot
> mat_ts <- as.ts(mat, start = c(2011, 1), frequency = 12)

> mat

aiEE
T4.30
7Z.54
65,74
71.37
74,596
7470
71.5%
56.6l

=1 3 N e LW

10 70.70
11 74.03
12 75.00

BE BN BE
30.
30.
3z.
30.
29.
34,
35.
30.
26.
23.
22.
18.

(3

97 403.55 17.19 22.19
54 348.%8 1e6.38 21.49
01 339.%6 14.92 19.48
35 3Z8.65 15.21 13.88
40 335.42 14.76 18.25
68 311.57 14.51 17.%0
47 274.39 13.89 17.09
13 2¢Z2.09 11.13 11.84
17 209.66 11.25 11.55
39 32%.86 12.35 11.31
74 302.52 1Z.68 12.54
96 2e8.,01 12.51 12.17

¥

> date mat

date STER

B BHEN BB OER

> mat_ts > mat_ts 1 2011-01-01 74.30 30.37 403.55 17.1% 22.1%
= = - Time series: 2 2011-02-01 72.54 30.54 348.98 16.38 21.49
- e irles 3 2011-03-01 9.74 32.01 339.96 14.92 19.48
Time Series fn PR
- - 4 2011-04-01 71.37 30.35 328.65 15.21 18.88
Start = 1 ggzq;eiiy _ 5 2011-05-01 74.96 29.40 335.42 14.76 18.25
End = 12 Saw e wun wn m e
Frequency =1 1 74.30 30.37 403.55 17.19 22.15 8 2011-08-01 66.61 30.13 262.09 11.13 11.84
L = S = 2 2 72.54 30.54 348.58 16.38 21.49 $ 2011-03-01 69.11 26.17 309.66 11.25 11.55
D%E E’E% Hﬁﬁ%ﬁ]‘ Hﬁﬁ% ﬁt 3 65.74 32.01 335.96 14.92 19.48 10 2011-10-01 70.70 23.39 329.66 12.39 11.31
4 71.37 30.35 328.65 15.21 18.88 11 2011-11-01 74.03 22.74 302.52 12.68 12.54
1 74.30 30.97 403.55 17.19 22.19 5 74.95 29.40 335.47 14.76 18.25 12 2011-12-01 75.00 16.96 268.01 12.51 12.17
--- & 74.70 34.68 311.57 14.51 17.60
7 71.5% 35.47 274.3% 13.83 17.09
12 75.00 16.96 268.01 12.51 12.17 § 66.61 30.13 262.09% 11.13 11.84
> class(mat_ts) 5 69.11 26.17 309.66 11.25 11.55 - Pmﬂ
" " [T T " =, 10 70.70 23.3% 32%.6% 12.3% 11.31 _ .
[1] mts ts matrix 11 74.03 22.74 302.52 12.68 12.54 :Eﬁ“
> str(mat ts) 12  75.00 16.96 268.01 12.51 12.17 — iz
- — E
Time-Series [1:12, 1:5] from 1 to 12: 74.3|« g\\\ﬁ,//ii;i\\//ﬂ//’e .
- attr(*, "dimnames)=List of 2 @ .
.-$ - NULL e ) P
..$ : chr [1:5] “GRE" CHE" CBWRR CBiEe— |
> ts_plot(mat_ts) o i : . .
- - - - - 5 —\_—_—'\_’————
> ts_plot(mat_ts, type = "multiple™) “
By T———
2 4 & 10 1z
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Top 25 heatmap researches and applications domains (WOS).

Biochemical Research Methods
Biotechnology Applied Microbiology
Multidisciplinary Sciences

Biochemistry Molecular Biology
Mathematical Computational Biology
Computer Science Interdisciplinary Applications
Environmental Sciences

Chemistry Analytical

Oncology

Genetics Heredity

Statistics Probability

Engineering Electrical Electronic

Plant Sciences

Computer Science Information Systems
Computer Science Software Engineering
Pharmacology Pharmacy

Chemistry Multidisciplinary

Food Science Technology

Microbiology

Computer Science Artificial Intelligence
Neurosciences

Cell Biology

Medicine Research Experimental
Clinical Neurology

Health Care Sciences Services
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Proc. Natl. Acad. Sci. USA
Vol. 95, pp. 14863-14868, December 1993
Genetics

Cluster analysis and display of genome-wide expression patterns

MicHAEL B. E1sen®, PAUL T. SPELLMAN®, PATRICK O. BROWNT, AND DAVID BOTSTEIN® £

Fig. 1. Clustered display of data from time course of serum
stimulation of primary human fibroblasts. Experimental details are
described elsewhere (11). Briefly, foreskin fibroblasts were grown in
culture and were deprived of serum for 48 hr. Serum was added back
and samples taken at time 0, 15 min, 30 min, 1 hr, 2 hr, 3 hr, 4 hr, §
hr, 12 hr, 16 hr, 20 hr, 24 hr. The final datapoint was from a separate
unsynchronized sample. Data were measured by using a cDNA
microarray with elements representing approximately 8,600 distinct

human genes. All measurements are relative to time 0. Genes were
selected for this analysis if their expression level deviated from time 0
by at least a factor of 3.0 in at least 2 time points. The dendrogram and
colored image were produced as described in the text: the color scale
ranges from saturated green for log ratios —3.0 and below to saturated
red for log ratios 3.0 and above. Each gene is represented by a single
row of colored boxes; each time point is represented by a single
column. Five separate clusters are indicated by colored bars and by
identical coloring of the corresponding region of the dendrogram. As
described in detail in ref. 11, the sequence-verified named genes in
these clusters contain multiple genes involved in (A4) cholesterol
biosynthesis, (B) the cell cycle, (C) the immediate—early response, (D)
signaling and angiogenesis, and (£) wound healing and tissue remod-
eling. These clusters also contain named genes not involved in these
processes and numerous uncharacterized genes. A larger version of
this image, with gene names, is available at http://rana.stanford.edu/
clustering/serum.html.

Software:
Cluster and TreeView

FiG. 3. To demonstrate the biological origins
of patterns scen in Figs. 1 and 2, data from
Fig. 1 were clustered by using methods
described here before and after random
permutation within rows (random 1),

within columns (random 2), and

both (random 3).

start clustered randoml random2 random3
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= LuandWu (2010)

= Time course data: every 7 minutes and totally 18 time points.

= Known genes: there are 103 cell cycle-regulated genes by traditional method in
Gl, S, S/G2, G2/M, or M/G1. (Remove NA" s:79)

Time
phase E—
M 2
(Mitosis)
G2 (GAP 2)
G1l (GAP 1) 2

LS R

GO
Cells that
cease division

S phase
(DNA Synthesis)

[CEY= T TEE

ra e s hat

log-ratio
- I o s 10 15
-2 o 2

See also: Using R to draw a Heatmap from Microarray Data
http://www2.warwick.ac.uk/fac/sci/moac/people/students/peter _cock/r/heat
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Table 1: R packages for static MV /heatmaps.

Packages

Description

Reference

Autoimage

Multiple heatmaps for projected coordinates French (2017)

ComplexHeatmap Make complex heatmaps

corrplot
fheatmap
heatmap3
heatmap.plus
Heatplus

NeatMap
mcheatmaps
pheatmap
superheat

Visualization of a correlation matrix
Fantastic heatmap

An improved heatmap package
Heatmap with more sensible behavior

Gu et al. (2016)

Wei et al. (2017)

Tumulu and Sindiri (2015)
Zhao et al. (2014)

Day (2015)

Heatmaps with row and/or column covari- Ploner (2020)

ates and colored clusters

Nonclustering heatmap alternatives in R
Multiple matrices heatmap visualization
Pretty heatmaps

Rajaram and Oono (2010)
Chenard and Najmanovich (2014)
Kolde (2015)

A graphical tool for exploring complex Barter and Yu (2018)

datasets using heatmaps

Table 2: R packages and R-based tools for interactive and/or web-based MV /heatmaps.

Packages

Description

Reference

clustvis
d3heatmap

gapmap

heatmaply
Heatmapper
iheatmapr
shinyheatmap

A web tool for visualizing clustering of mul-
tivariate data

Interactive heatmaps using htmlwidgets and
D3.js

Drawing gapped cluster heatmaps with gg-
plot2

Interactive cluster heatmaps using plotly
Web-enabled heat mapping for all
Interactive, complex heatmaps

Ultrafast low-memory heatmap web interface
for big data genomics

Metsalu and Vilo (2015)
Cheng and Galili (2018)
Sakai (2015)

Galili et al. (2018)

Babicki et al. (2016)

Schep and Kummerfeld (2017)
Khomtchouk et al. (2017)

https://byavi. bdv. b
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pheatmap

> library(pheatmap)
> DESeq_subset <- read.csv("'DESeq_subset.csv")
> dim(DESeq_subset)
[1] 49 7
> head(DESeq_subset)
X Tla Tlb T2 T3 N1 N2
1 Gene_00562 32314 29693 66140 17973 47994 30878
2 Gene_02115 15261 23301 1944 4578 4087 1072

Gene_03194 7611 6806 13506 5727 25020 9235

DESeq.X <- as.matrix(DESeq_subset[,2:ncol (DESeq_subset)])
> colnames(DESeq-X)

[1] “T1ia™ "Tib™ T2 *T3" N1 "N2"
> rownames(DESeq.X) <- DESeq_subset[,1]
> dimnames(DESeq.X)

[[111

[1] ""Gene_00562' "Gene_02115" "'Gene_02296" '"Gene_02420" ...
[46] "Gene_ 17743 "Gene_17849" "Gene_17865" '‘Gene_17992"

vV O

[[2]1]
[1] "Tia"™ "Tib™ *T2" *T3"™ N1 "N2"

> str(DESeq-X)
int [1:49, 1:6] 32314 15261 6730 ...
- attr(*, "dimnames'™)=List of 2
--$ : chr [1:49] "Gene_00562". ..
--$ - chr [1:6] "Tl1a"™ "T1b"™ "T2" "T3" ...
> pheatmap(DESeq.-X) > DESeq.X.std <- t(apply(DESeq.-X, 1, scale))
> class(DESeq.X.std)
[1] "matrix
> dimnames(DESeq.X.std) <- dimnames(DESeq.X)
> pheatmap(DESeq.X.std) # note the color spectrum

Making a heatmap in R with the pheatmap package
https://davetang.org/muse/2018/05/15/making-a-heatmap-in-r-with-the-pheatmap-package/

https://hmwu.idv.tw



pheatmap

sample.group <- data.frame(cell = rep(c(tumour™, "normal™), c(4,2)),
gender = sample(c("male™, "female™), 6, replace=T))
row.names(sample.group) <- colnames(DESeq.X)
sample.group
cell gender
Tla tumour male
T1lb tumour female
T2 tumour female
T3 tumour male
N1 normal female
N2 normal female
> km <- as.character(kmeans(DESeq.X.std, 2)$cluster
> gene.cluster <- data.frame(KMcluster = km)
> row.names(gene.cluster) <- rownames(DESeq.X)
> head(gene.cluster)
KMcluster
Gene_00562 2
Gene_ 02115
Gene_02296
Gene_ 02420
Gene_02800
Gene_03194
>

N NP PR

pheatmap(DESeq.X.std,
annotation_row
annotation_col = sample.group)

>

+

+

> -

> pheatmap(DESeq.X.std, display_numbers = TRUE
+

+

+

+

gene.cluster,

annotation_row = gene.cluster,

annotation_col = sample.group,

cutree_rows = 4,

cutree_cols = 2) more examples:
https://www. jianshu.com/p/86ae39a227f4

https://hmwu.idv.tw



Comp lexHeatmap

Zuguang Gu, Roland Eils, Matthias Schlesner, Complex heatmaps reveal patterns and correlations in multidimensional genomic data,
Bioinformatics, Volume 32, Issue 18, 15 September 2016, Pages 2847-2849.

https://jokergoo.github.io/ComplexHeatmap-reference/book/

> 1T ('requireNamespace(''BiocManager™, quietly = TRUE))
install .packages("'BiocManager")

> BiocManager: :install (""ComplexHeatmap™)

> library(ComplexHeatmap)

> Heatmap(exprs(selected.eset))
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“ ComplexHeatmap

(f:.

> head(mtcars)
mpg cyl disp hp drat wt gsec vs am gear carb

Mazda RX4 21.0 6 160 110 3.90 2.620 16.46 0 1 4 4
Mazda RX4 Wag 21.0 6 160 110 3.90 2.875 17.02 0 1 4 4
Datsun 710 22.8 4 108 93 3.85 2.320 18.61 1 1 4 1
Hornet 4 Drive 21.4 6 258 110 3.08 3.215 19.44 1 O 3 1
Hornet Sportabout 18.7 8 360 175 3.15 3.440 17.02 0 O 3 2
Valiant 18.1 6 225 105 2.76 3.460 20.22 1 O 3 1
> str(mtcars)
"data.frame”: 32 obs. of 11 variables:

$ mpg : num 21 21 22.8 21.4 18.7 18.1 14.3 24.4 22.8 19.2 ...

$cyl 2num 6646868446 ...

$ disp: num 160 160 108 258 360 ...

$ hp : num 110 110 93 110 175 105 245 62 95 123 ...

$ drat: num 3.9 3.9 3.85 3.08 3.15 2.76 3.21 3.69 3.92 3.92 ...

$wt - num 2.62 2.88 2.32 3.21 3.44 ...

$ gsec: num 16.5 17 18.6 19.4 17 .

$vs num 0011010111 ..

$an znum 1110000000 ..

$gear: num 4 4 43333444 ...

$carb: num 4411214224 ...
> mtcars.df <- scale(ntcars)
> class(mtcars.df)
[1] "matrix" "array"
> library(ComplexHeatmap) # Reference
> ? Heatmap https://www.datanovia.com/en/lessons/heatmap-in-r-static-and-interactive-visualization/

|

https://hmwu.idv.tw



ComplexHeatmap

Heatmap(mtcars.df)
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ComplexHeatmap

Heatmap(mtcars.df, name = "mtcars",

row_title = "Samples", Heatmap(mtcars.df, name = "'mtcars",
column_title = "Variables", rect_gp = gpar(col = "white", lwd = 1),
cluster_rows = FALSE, border = TRUE,

column_dend_side = "bottom™) row_names_gp = gpar(fontsize = 7))
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ComplexHeatmap

Heatmap(mtcars.df, name =

cell_fun

grid.text(sprintf("%.1f", mtcars.df[i1, jJ]), X, VY,
gp = gpar(fontsize = 8))},
row_names_gp = gpar(fontsize =

function((,

“"mtcars'',

i, x, y, width, height, fill) {

)

Heatmap(mtcars.df, name

clustering_distance_rows =
clustering_method rows =
row_names_gp = gpar(fontsize =

= "mtcars",

"average'',

)

"pearson’’
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N M

Comp lexHeatmap
NN

library(fields)

Heatmap(mtcars.df, name = 'mtcars",
col = tim.colors(),
row_names_gp = gpar(fontsize =

7))

library(circlize) # Circular Visualization
Heatmap(mtcars.df, name = 'mtcars",
col = mycolorRamp,
row_names_gp = gpar(fontsize =

7))

mycolorRamp <- colorRamp2(c(-3, 0, 3), c('green', "black", "red"™))
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ComplexHeatmap

library(dendextend)

row.dend <- hclust(dist(mtcars.df))

column.dend <- hclust(dist(t(mtcars.df)))

Heatmap(mtcars.df, name = “mtcars",
cluster_rows = color_branches(row.dend, k = 4),
cluster_columns = color_branches(column.dend, k = 2),
row_names_gp = gpar(fontsize = 7))

# plit the dendrogram using k-means
Heatmap(mtcars.df, name = "mtcars",

row_km = 4,

column_km = 3,

row_names_gp = gpar(fontsize = 7))
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ComplexHeatmap

# split by a vector specifying rowgroups

Heatmap(mtcars.df, name = "mtcars",
row_split = mtcars$cyl,
row_names_gp = gpar(fontsize = 7))

# Split by combining multiple variables

Heatmap(mtcars.df, name ="mtcars",
row_split = data.frame(cyl = mtcars$cyl, am = mtcars$am),
row_names_gp = gpar(fontsize = 7))
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ComplexHeatmap

# 1nstall.packages(''cluster™™)

library('cluster')

set.seed(12345)

pa <- pam(mtcars.df, k = 3)

Heatmap(mtcars.df, name = "mtcars",
row_split = pasteO("PAM C', pa$clustering),
row_names_gp = gpar(fontsize = 7))
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ComplexHeatmap

# HeatmapAnnotation for 'top_annotation', "bottom_annotation"

# rowAnnotation for "left_annotation', "right _annotation"

var.colors <- list(cyl = c("4"™ = "green™, "6" = "‘gray', "8" =
am = c('0" = "yellow"™, "1" = "orange'),
mpg = colorRamp2(c(17, 25), c('lightblue™, "purple'™)))

"darkred'),

mtcars$cyl, am = mtcars$am, mpg = mtcars$mpg,

ha <- rowAnnotation(cyl

col = var.colors)
myvars <- colnames(mtcars.df) %in% c('cyl', "am', "mpg"™)
Heatmap(mtcars.df[, !myvars], name = "mtcars",

left _annotation = ha,

row_names_gp = gpar(fontsize = 7))
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ComplexHeatmap

# anno_points, anno_barplot, anno_boxplot, anno_density, anno_histogram

h <- anno_histogram(mtcars.df, gp = gpar(fill = "lightblue™))

d <- anno_density(mtcars.df, type = "line", gp = gpar(col = "blue™))

ha.top <- HeatmapAnnotation(histogram = h, density = d, height = unit(3.8, "cm'))

Vv <- anno_density(mtcars.df, type = "violin"™, which = "row")

b <- anno_boxplot(mtcars.df, which = "row")
ha.right <- HeatmapAnnotation(violin = v, boxplot = b, which = "row", width = unit(4, "cm"™))

Heatmap(mtcars.df, name = "mtcars'", _ o=
top_annotation = ha.top, ] Eij - Eﬂﬁ %3E§
right _annotation = ha.right, -f
E>E>§ >b>b&> density
—

roTe
=g
g
&
©
3

row_names_gp = gpar(fontsize = 7))
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https://jokergoo.github.io/2020/05/06/translate-from-
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%g r sankeyNetwork {networkD3}
il

Usage
sankeyNetwork(Links, Nodes, Source, Target, Value, NodelD, NodeGroup = NodelD,
LinkGroup = NULL, units = """,

colourScale = JS("d3.scaleOrdinal (d3.schemeCategory20);"), fontSize = 7,
fontFamily = NULL, nodeWidth = 15, nodePadding = 10, margin = NULL,
height = NULL, width = NULL, =iterations = 32, sinksRight = TRUE)

Arguments
« Links: a data frame object with the links between the nodes. It should have include the Source and Target
for each link. An optional Value variable can be included to specify how close the nodes are to one another.

« Nodes: a data frame containing the node id and properties of the nodes. If no ID is specified then the nodes
must be in the same order as the Source variable column in the Links data frame. Currently only grouping
variable is allowed.

« Source: character string naming the network source variable in the Links data frame.

« Target: character string naming the network target variable in the Links data frame.

« Value: character string naming the variable in the Links data frame for how far away the nodes are from
one another.

* NodelD: character string specifying the node IDs in the Nodes. data frame. Must be 0-indexed.

« NodeGroup: character string specifying the node groups in the Nodes. Used to color the nodes in the
network.

https://hmwy. idv _tw



sankeyNetwork {networkD3}

URL <- pasteO(
"https://cdn.rawgit.com/christophergandrud/networkD3/",
"master/JSONdata/energy. json™)

Energy <- jsonlite::fromJSON(URL)

str(Energy)

List of 2

$ nodes:"data.frame": 48 obs. of 1 variable:

.-$ name: chr [1:48] "Agricultural “waste"™ "Bio-conversion"™ "Liquid" "Losses"™ ...
$ links:"data.frame®: 68 obs. of 3 variables:

..$ source: int [1:68] 01111678109 ...

--$ target int [1:68] 1234524994 ...

-$ value : num [1:68] 124.729 0.597 26.862 280.322 81.144 ...

> Iapply(Energy, head)
$nodes

vV V + + V

name
1 Agricultural "waste®
2 Bio-conversion
3 Liquid
4 Losses
5 Solid
6 Gas

$links
source target value

0 1 124.729 > sankeyNetwork(Links = Energy$links, Nodes = Energy$nodes,
2 0.597 + Source = ''source', Target = '"target',
3 26.862 + Value = "value'™, NodelD = "name",
4 280.322 + fontSize = 12, nodeWidth = 30)
5
2

81.144
35.000

OR R R

y 4

B~ - s immen e o = Al . ...
IILL[JD-I IHiwu - iUV . Lw



> sankeyNetwork(Links = Energy$links, Nodes = Energy$nodes, :£x?ymmwmlmM)
+ Source = '"'source', Target = ''target" 1A¢mmmuﬂvm2?
+ Value = "value'™, NodelD = "name" 2 i~ comersion
+ fontSize = 12, nodeWidth = 30) 4 Losses
5 solid
& Gas

I Agricultural ‘waste! use htmlwidgets to save this plot sLinks
_ source target value
1 0 1 124.72¢9
2 1 2 0.597
3 1 3 26.862
4 1 4 280.322
Losses | 5 1 5I 81.144
& 6 27 35.000
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& 9%

-0
N ;g S
z
J%g -’

> Energy
$nodes -
name - Agricultural 'waste'
1 Agricultural 'waste'
2 4 Bio-conversion
3 f 4 Liquid : : Bio-conversion — Liquid
4 Losses Marine algae 1
5 / / Solid UK 1 o
/ / and base .

6 / / Gas Solid
8 { /Biomass Imports
46 / UK Iaqﬂ based bioenergy
47 / / Wave
48 ','I 'l’l Wi nd Nucleal-
$links  /

source/target/ value
1 0 1 124.729
2 1 2 0.597
3 1 3 26.862
4 1 4 280.322
5 1 5 81.144
6 6 2 35.000
7 7 4 35.000
67 46 15 19.013 Sankey diagrams are closely related to alluvial
68 47 15 289.366 diagrams, which show how network structure

changes over time.

https://en.wikipedia.org/wiki/Alluvial _diagram
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quantmod

o
il
% ? £ tidyquant

quantmod: Specify, build, trade, and analyse quantitative financial trading strategies.
http://www.quantmod.com/

https://business-
science.github.io/tidyquant/

quantmod

Quantitative Financial Modelling & Trading Framework for R

quantmeod Updated Charting Tools for 0.3-61 tidyquant Home Getting Started Tutorials ~ API Reference News

The quantmeod package for = is designed to assist the quantitative trader o '\‘

in the development, testing, and deployment of statistically based trading W k) 'Ji;‘?h .
news models. .-‘.H‘ % L t d t

< e, gy S || tlayquan

what's next What quantmod /S M b i

A rapid prototyping environment, where quant traders can quickly and L_.'{ Er— | e—
documentation cleanly explore and build trading models

tidyquant

What quantmod is

Bringing financial and business analysis to the tidyverse

examples T
May 05 Mlay 27
2008 2008
1-02/2008-06

A replacement far &
gallery analysis tool to spea
elsewhere in R, but
already know and love

2-Minutes To Tidyquant

QOur shortintroduction to tidyquant on YouTube.

download

quantmod makes mo
license issues surrounding da
performance analysis

feeds Explore what is currentl

Riquart links quantmod/xts tidyverse
/x4 P el

k A
N

This sofware is written end ma

and use. Copyright 2008,

zoo ggplot2
F!arform?;nl_t:.:nalytics ti dy qua nt angur::ml

«  Core Functions: —=u
. Getting Financial Data from the web: tq_get()
. Manipulating Financial Data: tgq_transmute() and tq mutate()
. Performance Analysis and Portfolio Analysis: tq_performance() and tq_portfolio()

« Comparing Stock Prices, Evaluating Stock Performance, Evaluating Portfolio Performance
« https://cran.r-project.org/web/packages/tidyquant/vignettes/TQ03-scaling-and-modeling-with-
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Dimension reduction and visualization of multiple time
series data: a symbolic data analysis approach
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Abstract

Exploratory analysis and visualization of multiple time series data are essential for
discovering the underlying dynamics of a series before attempting modeling and
forecasting. This study extends two dimension reduction methods - principal com-
ponent analysis (PCA) and sliced inverse regression (SIR) - to multiple time series
data. This is achieved through the innovative path point approach, a new addition
to the symbolic data analysis framework. By transforming multiple time series data
into time-dependent intervals marked by starting and ending values, each series is
geometrically represented as successive directed segments with unique path points.
These path points serve as the foundation of our novel representation approach. PCA
and SIR are then applied to the data table formed by the coordinates of these path
points, enabling visualization of temporal trajectories of objects within a reduced-
dimensional subspace. Empirical studies encompassing simulations, microarray
time series data from a yeast cell cycle, and financial data confirm the effectiveness
of our path point approach in revealing the structure and behavior of objects within a
2D factorial plane. Comparative analyses with existing methods, such as the applied
vector approach for PCA and SIR on time-dependent interval data, further under-
score the strength and versatility of our path point representation in the realm of
time series data.

Keywords Exploratory data analysis - Data visualization - PCA - Sliced inverse
regression - Symbolic data analysis - Time dependent interval-valued data
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4-TIME POINTS
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ol =2 N, 0, 10 25 15 20
to Y t ty
time
BOXES
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DIRECTED SEGMENTS
S (c) Time-dependent intervals
9 O, | Variables Xi Xo X3
o 8 | Period th - 1 t; - to to - t3
N, \;,}1 ;0  Objects start - end start - end start - end
| < ” O [15: 20]  [20; 15]  [15; 10]
) Jo M O- [10; 25] [25; 15] [15; 20]

5 10 15 20 25 30

to—t;
@ The position is due to the values assumed in the different times.

© The length is related to the period variability.

(a) Time series

th th 2 3
0O, 15 20 15 10
0, 10 25 15 20

@ The direction is related to the shape of a time series.
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REPRESENTATION OF TIME SERIES: PATH POINTS

(d) Time period variables with path points
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orld indices from Investing.com.

Market

n;

No.: name of indices

ASIA 17 1: BIST 100, 2: BSE Sensex, 3: China A50, 4: CSE All-Share, 5: Hang
Seng, 6: IDX Composite, 7: Karachi 100, 8: KOSPI, 9: MICEX, 10:
Nifty 50, 11: Nikkei 225, 12: RTSI, 13: SET, 14: Shanghai, 15: TA35,
16: Tadawul All Share, 17: Taiwan Weighted.

EUROPE

Global

NORTH AMERICA

OCEANIA

SOUTH AMERICA

13

18: AEX, 19: BEL 20, 20: Budapest SE, 21: CAC 40, 22: DAX, 23: Euro
Stoxx b0, 24: FTSE 100, 25: FTSE MIB, 26: IBEX 35, 27: OMXC20,

28:
31:

33:
38:

42:

43:

PSI20, 29: SMI, 30: WIG20.
DJ Shanghai, 32: TR Canada 50.

DJ New Zealand, 34: Dow 30, 35: IPC, 36: Nasdaq, 37: OMXS30,
SmallCap 2000, 39: S&P500, 40: S&P500 VIX, 41: S&P/TSX.

S&P/ASX 200.

Bovespa.
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VANCIAL DATA OF THE

MAJOR WORLD INDICES
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Comp.1 (42.3%)

Comp.2 (28.5%)

SIR(PP)

ASIA
EUROPE
Gilobal
MAMERICA
DCEANIA

S AMERICA

Comp.1 (42.1%)

The first two PCA/SIR projections of the path point (PP) approaches
applied to the financial data of the 43 major world indices.
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