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大綱

 CRAN Task View: Time Series Analysis

 學習資源及參考書目

 R軟體中的時間序列物件
 資料輸入與輸出

 資料處理: lubridate 套件

 時間序列資料視覺化: 線圖、熱圖、桑基圖

 象徵性資料分析 (Symbolic Data Analysis)
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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

CRAN Task View: Time Series Analysis

https://cran.r-
project.org/web/views/TimeSeries.html
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Overview of Time Series Objects in R 
說明套件時間序列類別

This package contains functions for statistical calculations 
and random number generation. 

stats: R statistical functions ts, mts

'S4' classes and various tools for financial time series: 
Basic functions such as scaling and sorting, subsetting, 
mathematical operations and statistical functions.

timeSeries:
Financial Time Series Objects 
(Rmetrics)

timeSeries

Functions and S3 classes for time indexes and time 
indexed series, which are compatible with FAME 
frequencies.

tis: Time Indexes and Time Indexed 
Series

ti

An S3 class with methods for totally ordered indexed 
observations. It is particularly aimed at irregular time 
series of numeric vectors/matrices and factors. zoo's key 
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.

zoo: S3 Infrastructure for Regular 
and Irregular Time Series (Z's 
Ordered Observations)

zoo

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.

xts: eXtensible Time Seriesxts
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Overview of Date and Date.Time Objects in R

說明套件類別
Represent calendar dates as the number of days since 1970.01.01baseDate

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.) 

basePOSIXct

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

basePOSIXlt

Provides chronological objects which can handle dates and times.chron: Chronological Objects 
which Can Handle Dates and Times

chron

Represent monthly (quarterly) data. Internally it holds the data as year 
plus 0 for January, 1/12 for February, 2/12 for March (Quarter 1, 1/4 for 
Quarter 2) and so on in order that its internal representation is the same 
as tsclass with frequency = 12 (4).   

Zoo: S3 Infrastructure for Regular 
and Irregular Time Series (Z's 
Ordered Observations)

Yearmon
(yearqtr)

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.

timeDate: Rmetrics -
Chronological and Calendar Objects

timeDate
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日期 Dates
The Date Class (base R)

 R以"Date" 類別表示(不包括時間)日期: 年月日。
 Internally, Date objects are stored as the number of days 

since January 1, 1970, using negative numbers for 
earlier dates. 

 The as.numeric function can be used to convert a Date 
object to its internal form. 

> as.Date("1985-6-16")
[1] "1985-06-16"
> as.Date("2019/02/17")
[1] "2019-02-17"
> as.Date(1000, origin = "1900-01-01")
[1] "1902-09-28"
> as.Date("2/15/2011", format = "%m/%d/%Y")
[1] "2011-02-15"
> 
> as.Date("April 26, 1993", format = "%B %d, %Y")
[1] "1993-04-26"
> as.Date("22JUN01", 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"

> (lct <- Sys.getlocale("LC_TIME"))
[1] "C"
> Sys.setlocale("LC_TIME", "C")
[1] "C"

請先執行!!

> Sys.getlocale("LC_TIME")
[1] "Chinese (Traditional)_Taiwan.950"

> as.numeric(as.Date("1970/1/1")) 
[1] 0
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日期時間
The POSIXt classes (base R)

 R的"時間"用"POSIXct"或 "POSIXlt" 類別表示，
 內部時間是以 "1970年1月1日" 起至今的秒數表示。
 (UTC, Universal Time, Coordinated, 世界協調時間)
 (GMT, Greenwich Mean Time, 格林威治標準時間)

> Sys.time()
[1] "2028-10-14 21:16:07 台北標準時間"
# 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"

> my.date <- as.POSIXlt(Sys.time())
> my.date
[1] "2028-10-14 21:18:31 台北標準時間"
> 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

sec, min, hour,
mday (# day number within the month), 
mon (#January=0), 
year (#+1900), 
wday (#day of the week starting at 0=sunday),
yday (#day of the year after 1 january=0)

> now <- Sys.time()
> as.POSIXct(now)
[1] "2027-06-03 17:46:44 CST"
> as.POSIXlt(now)
[1] "2027-06-03 17:46:44 CST"
> class(now)
[1] "POSIXct" "POSIXt" 
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Two POSIXt sub-classes:
POSIXlt / POSIXct 類別

 Functions to convert between character representations and objects of classes "POSIXlt" and 
"POSIXct" representing calendar dates and times. 
 Character input is first converted to class "POSIXlt" 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 "POSIXlt" to "POSIXct" will validate times in the selected time zone. 

> 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.POSIXlt(Sys.time(), "GMT") 
[1] "2017-08-27 13:17:45 GMT"
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strptime {base}: Date-time 
Conversion Functions to and from Character

> x1 <- c("20040227", "20050412", "19930922")
> strptime(x1, format = "%Y%m%d")
[1] "2004-02-27 CST" "2005-04-12 CST" "1993-09-22 CST"
>
> x2 <- c("27/02/2004", "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("1jan1960", "2jan1960", "31mar1960", "30jul1960")
> 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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時間序列資料輸入與輸出: 純文字檔

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

> mydate <- read.table("mydate.txt", 
sep = ";")

> mydate
V1 V2                  V3

1  1 73 2017/01/27 11:30:20
2  2 52 2017/03/05 12:01:40
3  3 57 2017/05/12 03:20:00
4  1 74 2017/08/27 14:00:00
5  2 51 2017/10/17 21:03:50
6  3 60 2017/12/08 08:40:30
> lapply(mydate, class)
$V1
[1] "integer"

$V2
[1] "integer"

$V3
[1] "factor"

> # 方法一
> varNames <- c("ID", "Values", "DateTime")
> mydate <- read.table("mydate.txt", sep = ";", 

col.names = varNames)
> mydate

ID Values            DateTime
1  1     73 2017/01/27 11:30:20
2  2     52 2017/03/05 12:01:40
3  3     57 2017/05/12 03:20:00
4  1     74 2017/08/27 14:00:00
5  2     51 2017/10/17 21:03:50
6  3     60 2017/12/08 08:40:30
> lapply(mydate, class)
$ID
[1] "integer"
$Values
[1] "integer"
$DateTime
[1] "factor"

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

> lapply(mydate, class)
$ID
[1] "integer"
$Values
[1] "integer"
$DateTime
[1] "POSIXlt" "POSIXt" 

> # 方法二
自定讀取類別

mydate.txt
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時間序列資料輸入與輸出: EXCEL檔

library(writexl)
write_xlsx(iris, path = "iris.xlsx")
write_xlsx(list(sheet1 = iris[, 1:2], sheet2 = iris[, 3:4]), path = "iris.xlsx")

> library(readxl)
> mydate <- read_excel("data/mydate.xlsx", col_names = FALSE)
> mydate
# A tibble: 6 × 3

...1  ...2 ...3               
<dbl> <dbl> <dttm>             

1     1    73 2017-01-27 11:30:20
...
6     3    60 2017-12-08 08:40:30
> lapply(mydate, class)
$...1
[1] "numeric"

$...2
[1] "numeric"

$...3
[1] "POSIXct" "POSIXt" 

> mydate2 <- read_excel("mydate2.xlsx", col_names = FALSE)
> mydate2
# A tibble: 6 × 4

...1  ...2 ...3                ...4               
<dbl> <dbl> <dttm>              <dttm>             

1     1    73 2017-01-27 00:00:00 1899-12-31 11:30:20
...
6     3    60 2017-12-08 00:00:00 1899-12-31 08:40:30

Further modification is needed

滑鼠右鍵
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時間序列資料輸入與輸出: 中文格式

TimeData-cht.xlsx

> library(readxl)
> TimeData_xlsx <- read_excel("data/TimeData-cht.xlsx")
> TimeData_xlsx
# A tibble: 4 × 4

日期格式1           日期格式2           日期格式3            價錢
<dttm>              <dttm>              <dttm>              <dbl>

1 2019-05-01 00:00:00 2019-05-01 00:00:00 2019-05-01 00:00:00   100
2 2020-06-01 00:00:00 2020-06-01 00:00:00 2020-06-01 00:00:00   120
3 2021-04-01 00:00:00 2021-04-01 00:00:00 2021-04-01 00:00:00   300
4 2022-09-01 00:00:00 2022-09-01 00:00:00 2022-09-01 00:00:00   500
> str(TimeData_xlsx)
tibble [4 × 4] (S3: tbl_df/tbl/data.frame)
$ 日期格式1: POSIXct[1:4], format: "2019-05-01" "2020-06-01" "2021-04-01" ...
$ 日期格式2: POSIXct[1:4], format: "2019-05-01" "2020-06-01" "2021-04-01" ...
$ 日期格式3: POSIXct[1:4], format: "2019-05-01" "2020-06-01" "2021-04-01" ...
$ 價錢 : num [1:4] 100 120 300 500
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時間序列資料輸入與輸出: 中文格式

TimeData-cht.csv

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

日期格式1    日期格式2 日期格式3 價錢
1   五月-19 2019年5月1日 2019/5/1  100
2   六月-20 2020年6月1日 2020/6/1  120
3   四月-21 2021年4月1日 2021/4/1  300
4   九月-22 2022年9月1日 2022/9/1  500
> str(TimeData_csv)
'data.frame': 4 obs. of  4 variables:
$ 日期格式1: chr  "五月-19" "六月-20" "四月-21" "九月-22"
$ 日期格式2: chr  "2019年5月1日" "2020年6月1日" ...
$ 日期格式3: chr  "2019/5/1" "2020/6/1" "2021/4/1" ...
$ 價錢 : int  100 120 300 500

> TimeData_csv$日期格式2 <- as.POSIXct(strptime(TimeData_csv$日期格式2, format="%Y年%m月%d日"))
> TimeData_csv$日期格式2
[1] "2019-05-01 CST" "2020-06-01 CST" "2021-04-01 CST" "2022-09-01 CST"
>
> TimeData_csv$日期格式3 <- as.POSIXct(TimeData_csv$日期格式3, format="%Y/%m/%d")
> TimeData_csv$日期格式3
[1] "2019-05-01 CST" "2020-06-01 CST" "2021-04-01 CST" "2022-09-01 CST"
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時間序列資料輸入與輸出: 中文格式
> months_map <- c("一月" = 1, "二月" = 2, "三月" = 3, "四月" = 4, 
+                 "五月" = 5, "六月" = 6, "七月" = 7, "八月" = 8, 
+                 "九月" = 9, "十月" = 10, "十一月" = 11, "十二月" = 12)
> date_str <- TimeData_csv$日期格式1
> parts <- strsplit(date_str, "-"); parts
> month <- months_map[sapply(parts, function(x) x[1])]; month
> year <- as.numeric(sapply(parts, function(x) x[2])) + 2000; year
> date_str <- paste(year, month, "1", sep = "-")
> TimeData_csv$日期格式1 <- as.POSIXct(date_str, format="%Y-%m-%d")
> TimeData_csv

日期格式1  日期格式2  日期格式3 價錢
1 2019-05-01 2019-05-01 2019-05-01  100
2 2020-06-01 2020-06-01 2020-06-01  120
3 2021-04-01 2021-04-01 2021-04-01  300
4 2022-09-01 2022-09-01 2022-09-01  500
> str(TimeData_csv)
'data.frame': 4 obs. of  4 variables:
$ 日期格式1: POSIXct, format: "2019-05-01" "2020-06-01" "2021-04-01" ...
$ 日期格式2: POSIXct, format: "2019-05-01" "2020-06-01" "2021-04-01" ...
$ 日期格式3: POSIXct, format: "2019-05-01" "2020-06-01" "2021-04-01" ...
$ 價錢 : int  100 120 300 500
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時間序列資料的處理
lubridate: Make Dealing with Dates a Little Easier

• https://lubridate.tidyverse.org/
• 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

Garrett Grolemund, Hadley Wickham (2011). 
Dates and Times Made Easy with lubridate. 
Journal of Statistical Software, 40(3), 1-25.
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Parsing Dates and Times
> library(lubridate)
> 
> today()
[1] "2023-09-10"
> current1 <- now()
> current1
[1] "2023-09-10 08:17:32 UTC"
> class(current1)
[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"

> two_dates <- ymd_hms("2023-01-01 01:15:00", "2023-02-01 01:30:00")
> minute(two_dates)
[1] 15 30
> mean(minute(two_dates))
[1] 22.5
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時區 (Time Zone)
 The default time zone for the lubridate functions is Greenwich Mean Time (GMT, 

formerly)/Universal Time, Coordinated (UTC)
 Taipei: CST (China Standard Time), Offset: UTC + 8 hours
 London: BST (British Summer Time) (Apr. ~ Oct.), Offset: UTC/GMT + 1 hour
> OlsonNames() ## typically 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-SU" "WET""Zulu"                            
attr(,"Version")
[1] "2022e"

> 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 = "Europe/London")
[1] "2023-08-17 19:25:00 BST"
> 
> departure <- ymd_hms("2023-08-17 08:50:00", tz = "Asia/Taipei")
> departure
[1] "2023-08-17 08:50:00 CST"
> with_tz(departure, "Europe/London")
[1] "2023-08-17 01:50:00 BST"

> changed <- force_tz(departure, "America/Chicago")
> changed
[1] "2023-08-17 08:50:00 CDT"
> with_tz(changed, "Europe/London")
[1] "2023-08-17 14:50:00 BST"

Central Daylight Time
中部夏令時間
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> departure <- ymd_hms("2023-08-17 08:50:00", tz = "Asia/Taipei")
> year(departure) 
[1] 2023
> month(departure) 
[1] 8
> week(departure) 
[1] 33
> yday(departure) 
[1] 229
> mday(departure) 
[1] 17
> wday(departure) 
[1] 5
> hour(departure) 
[1] 8
> minute(departure) 
[1] 50
> second(departure)
[1] 0

> month(departure, label = TRUE) 
[1] 八月
Levels: 一月 < 二月 < 三月 < 四月 < 五月 < 六月 < 七月 < 八月 < 九月 < 十月 < 十一月 < 十二月
> month(departure, label = TRUE, abbr = FALSE)
[1] 八月
Levels: 一月 < 二月 < 三月 < 四月 < 五月 < 六月 < 七月 < 八月 < 九月 < 十月 < 十一月 < 十二月
> wday(departure, label = TRUE)
[1] 週四
Levels: 週日 < 週一 < 週二 < 週三 < 週四 < 週五 < 週六

Setting and Extracting Information

> Sys.getenv()
> Sys.setenv(LANG = "en")
> Sys.setenv(LANG = "zh")

英文: August, Aug

> second(departure) <- 25
> departure
[1] "2023-08-17 08:50:25 CST"
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Time Intervals
> 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

> int_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: 
> # int_start, int_end, int_flip, int_shift, int_aligns, union, 
> # intersect, setdiff, %within%.
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Arithmetic with Date Times
> # 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] "0S" "1d 0H 0M 0S" "2d 0H 0M 0S" "3d 0H 0M 
0S" "4d 0H 0M 0S" "5d 0H 0M 0S"
> weeks(1:5)
[1] "7d 0H 0M 0S"  "14d 0H 0M 0S" "21d 0H 0M 
0S" "28d 0H 0M 0S" "35d 0H 0M 0S"
> months(1)
[1] "1m 0d 0H 0M 0S"
> ymd(20230805) + months(1)
[1] "2023-09-05"
> years(1:2)
[1] "1y 0m 0d 0H 0M 0S" "2y 0m 0d 0H 0M 0S"
> ymd(20230805) + years(1:2)
[1] "2024-08-05" "2025-08-05"

> # Durations: record the time span in 
seconds
> dweeks(1)
[1] "604800s (~1 weeks)"
> ddays(6) 
[1] "518400s (~6 days)"
> dhours(1)
[1] "3600s (~1 hours)"
> dminutes(1)
[1] "60s (~1 minutes)"
> dseconds(60)
[1] "60s (~1 minutes)"
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Arithmetic with Date Times
 Question: January 31st + one month. 

Should the answer be
(1) February 31st (which doesn't exist)
(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(jan31, "month")
[1] "2013-01-01"
> floor_date(jan31, "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
> jan31 %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"

> jan31 <- ymd("2013-01-31")
> jan31
[1] "2013-01-31"
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Creating ts Time Series Object

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

> ts_matrix <- matrix(round(rnorm(60), 2), 20, 3)
> ts_matrix
> ts_obj <- ts(ts_matrix, start = c(1961, 1), frequency = 12)
> ts_obj 
> class(ts_obj)
[1] "mts"    "ts"     "matrix"
> is.mts(ts_obj)
[1] TRUE

ts(data = NA, start = 1, end = numeric(), frequency = 1,
deltat = 1, ts.eps = getOption("ts.eps"), class = , names = )

as.ts(x, ...)
is.ts(x)
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The R Graph Gallery: Time Series
https://r-graph-gallery.com/time-series.html The R Graph Gallery

See also:
https://r-charts.com/evolution/time-series-ggplot2/
https://plotly.com/r/time-series/ 
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matplot {graphics}, geom_line {ggplot2}

stockdata <- read.table("data/stock-data.txt", skip = 1, header = T)
head(stockdata, 5)
sapply(stockdata, class)
for(at in 7:9){

stockdata[,at] <- as.numeric(gsub(",", "", stockdata[,at]))
}

ts.plot(stockdata$加權平均價[1:12])

ts.plot {stats}
Plot Multiple Time Series
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使用 matplot {graphics} 
mat <- as.data.frame(matrix(stockdata$加權平均價, ncol = 5))
colnames(mat) <- unique(stockdata$半導體公司)
mat

matplot(1:12, mat, type = "o", lty = 1:5, col = 1:5, pch = 1:5, 
main = "民國100年5家半導體公司股票月成交資訊(元,股)", 
xlab = "月份", ylab = "價位(元/股)")

legend(10, 240, legend = colnames(mat), lty = 1:5, col = 1:5,
pch = 1:5, cex = 0.9)

type = "l"

ts.plot(mat, lty = 1:5, col = 1:5, type = "b")
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線圖 (Line plot)
使用 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()
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線圖 (Line plot)
使用 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 <- 1:nrow(mydata) 
> #reshape to long format
> mydata.lf <- melt(mydata, id.var = "id")
> head(mydata.lf)

id variable      value
1  1       V1  0.2846997
2  2       V1  1.2510186
3  3       V1  0.3827782
4  4       V1 -3.2994010
5  5       V1  1.4943630
6  6       V1  0.1557203
> tail(mydata.lf)

id variable      value
95  20       V4  1.1655219
96  21       V4  0.5081844
97  22       V4 -1.2523577
98  23       V4 -2.3553732
99  24       V4  0.1542803
100 25       V4  0.6899416
> ggplot(mydata.lf, aes(x = id, y = value, group = variable, colour = variable)) +
+   geom_point()+
+   geom_line(aes(lty = variable)) 
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使用 geom_line, geom_area
library(ggplot2)
ggplot(stockdata, aes(x = 月份, y = 加權平均價, colour = 半導體公司)) +

geom_point(aes(size = 週轉率百分比))+
geom_line(aes(lty = 半導體公司)) + 
scale_x_continuous(breaks = 1:12, labels = month.abb) +
labs(title="民國100年三家半導體公司股票月成交資訊(元,股)")

ggplot(stockdata, aes(x = 月份, y = 加權平均價, colour = 半導體公司)) +
geom_area(aes(fill = 半導體公司), alpha = 0.5) +
scale_x_continuous(breaks = 1:12, labels = month.abb) +
labs(title="民國100年三家半導體公司股票月成交資訊(元,股)")

stockdata$年月日 <- as.Date(paste0("2011/", stockdata$月份, "/01"))
ggplot(...) +

scale_x_date(date_labels = "%b/%Y") 
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使用 autoplot {ggplot2} for ts, mts Object

> 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)
Time Series:
Start = c(1987, 26) 
End = c(1987, 31) 
Frequency = 52 

First.Class Business.Class Economy.Class
1987.481       1.912             NA        20.167
1987.500       1.848             NA        20.161
1987.519       1.856             NA        19.993
1987.538       2.142             NA        20.986
1987.558       2.118             NA        20.497
1987.577       2.048             NA        20.770
> class(melsyd)
[1] "mts" "ts" 
> colnames(melsyd)
[1] "First.Class"    "Business.Class" "Economy.Class" 
> time(melsyd)
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...

> autoplot(melsyd[, "Economy.Class"]) +
+   xlab("Year") +
+   ylab("Thousand") +
+   ggtitle("Passenger numbers (Melbourne - Sydney)")

34/86



https://hmwu.idv.tw

使用 ggseasonplot for ts Object

> data(a10) # Monthly anti-diabetic drug (抗糖尿病藥) sales in Australia from 1992 to 2008. 
> a10

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(a10)
[1] "ts"
> ggseasonplot(a10, year.labels = TRUE) +
+   xlab("Month")+
+   ylab("Million (USD)") +
+   ggtitle("Monthly anti-diabetic drug sales in Australia (1992-2008)")

autoplot(a10) +
xlab("Month")+
ylab("Million (USD)") +
ggtitle("Anti-diabetic drug sales)")
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plotly package supports the time-series classes:
ts, mts, zoo, xts, data.frame, tbl

> # convert data.frame to ts, and then using ts_plot
> mat_ts <- as.ts(mat, start = c(2011, 1), frequency = 12)
> mat_ts
Time Series:
Start = 1 
End = 12 
Frequency = 1 

台積電 威盛 聯發科 聯電 旺宏
1  74.30 30.97 403.55 17.19 22.19

...
12  75.00 16.96 268.01 12.51 12.17
> class(mat_ts)
[1] "mts"    "ts"     "matrix"
> str(mat_ts)
Time-Series [1:12, 1:5] from 1 to 12: 74.3 72.5 69.7 71.4 75 ...
- attr(*, "dimnames")=List of 2
..$ : NULL
..$ : chr [1:5] "台積電" "威盛" "聯發科" "聯電" ...

> ts_plot(mat_ts)
> ts_plot(mat_ts, type = "multiple")

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)
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Range Matrix Condition

Range Column Condition

Range Row Condition

What about this one?

Heat Map: Data Image, 
Matrix Visualization
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Search “heatmap” (title/abstract)
in the academic databases
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Center Matrix Condition

Heat Map: Display Conditions

genes/
subjects

Samples/
conditions/
variables

Color mapping
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Hierarchical Clustering and Dendrogram
(Agglomerative Nesting, AGNES)

Example: Average-Linkage

UPGMA
(Unweighted 
Pair-Groups 

Method 
Average)

UPGMC 

(Kaufman and Rousseeuw, 1990)

distance matrix
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Display of Genome-Wide Expression 
Patterns

Software:
Cluster and TreeView
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Microarray Data 
 Lu and Wu (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 

G1, S, S/G2, G2/M, or M/G1. (Remove NA’s: 79.)

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
map/

43/86



https://hmwu.idv.tw

Heatmaps in R

Wu, H. M., and Chen, C.H.* (2021), Matrix visualization: a review and perspective, WIRES Computational Statistics.
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電信大數據
id,date,time,latitude(緯度),longitude(經度)

raw 
data

2020/04-2020/10

應用: 
公共部門(例如: 資源配置、風險管理、績效評估及建置規畫)
民間部門(例如: 市場行銷、人力安排、商業選址及置產出租)

自2018 年起，主辦台灣燈會節日的各縣市政
府(例如: 2018 年嘉義縣、2019 年屏東縣及
2020 年台中市)己應用此項技術分析遊客人群
移動特徵，據此來調整活動資源配置及交通行
程的安排規劃。
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D2.01  D2.02  D2.03  D2.04  D2.05  D2.06  D2.07  D2.08  D2.09  D2.10

D7.02  D7.03  D7.04  D7.05  D7.06  D7.07  D7.08  D7.09  D7.10  D7.11 
D2.01表示: 2018/06/05，00:00(含)~01:00共4個時間點(00:00，00:15，00:30
，00:45)之停留地區，取最多停留地區為此時段之停留地區。D7.02表示: 
2018/06/10，01:00(含)~02:00。

白色為遺失

電信大數據

id,date,time,latitude,longitude

raw 
data
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Missing 
Patterns
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624
新店區

(t)

中正區
(t+1)

• 共624人從新店區(時間
t)移動到中正區(時間
t+1)。

• 對角線為停留在原區域
之使用者人數。

#> dim(CHT): 1049500 x 4320
#> dim(FET): 568493 x 4320
#> dim(TWM): 534732 x  4320
(FET, TWM, CHT)
2,152,725 by 4,320 

(30 x 24 x 6)
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• 當新北市是偏向流入時，同時段台北市是偏向流出，反之亦是。兩城市的平日及假日信令數流向樣態也有明顯的不同。

• 基隆市與新北市(第1群)、台北市與金門縣(第2群)，不論平日或假日皆有高度相似的信令數流向樣態; 
• 信令數流向樣態非常相似: 第4群，第5群。
• 第4群地區與第5群地區的平日信令數流向樣態有明顯不同，第5群地區有明顯的流入高於流出或流出高於流入的時段，

兩群地區在假日就較相似，皆有較大的流入現象，這符合大眾對第4群地區(宜苗嘉)及第5群地區(南雲花東)是熱門旅遊
區的印象。

• 第7群: 不論平日或假日，流入數與流出數大約一致的縣市。
• 澎湖縣與連江縣各成一群(第3群、第6群)，信令數流向樣態與其它縣市的有很大不同，且兩縣市包含相對較高或較低的

流入流出比值是因為於某些時段，信令數過少所致。
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Matrix visualization and clustering of the 
mobile phone data based on symbolic data analysis
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區間軌跡地圖視覺化
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pheatmap: Pretty Heatmaps
Implementation of heatmaps that offers more control over dimensions and appearance.

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/

> library(pheatmap)
> DESeq_subset <- read.csv("DESeq_subset.csv")
> dim(DESeq_subset)
[1] 49  7
> head(DESeq_subset)

X   T1a   T1b    T2    T3    N1    N2
1 Gene_00562 32314 29693 66140 17973 47994 30878
2 Gene_02115 15261 23301  1944  4578  4087  1072
...
6 Gene_03194  7611  6806 13506  5727 25020  9235
> DESeq.X <- as.matrix(DESeq_subset[,2:ncol(DESeq_subset)])
> colnames(DESeq.X)
[1] "T1a" "T1b" "T2"  "T3"  "N1"  "N2" 
> rownames(DESeq.X) <- DESeq_subset[,1]
> dimnames(DESeq.X)
[[1]]
[1] "Gene_00562" "Gene_02115" "Gene_02296" "Gene_02420" ...
[46] "Gene_17743" "Gene_17849" "Gene_17865" "Gene_17992"

[[2]]
[1] "T1a" "T1b" "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] "T1a" "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
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> 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
T1a tumour   male
T1b 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         1
Gene_02296         1
Gene_02420         2
Gene_02800         1
Gene_03194         2
> 
> pheatmap(DESeq.X.std,
+          annotation_row = gene.cluster,
+          annotation_col = sample.group)
> 
> pheatmap(DESeq.X.std,
+          annotation_row = gene.cluster,
+          annotation_col = sample.group,
+          cutree_rows = 4,
+          cutree_cols = 2)

pheatmap: Pretty Heatmaps

display_numbers = TRUE

more examples:
https://www.jianshu.com/p/86ae39a227f4
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ComplexHeatmap

> if (!requireNamespace("BiocManager", quietly = TRUE))
install.packages("BiocManager")

> BiocManager::install("ComplexHeatmap") 
> library(ComplexHeatmap)
> Heatmap(exprs(selected.eset))

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.

visualize multiple genomic alteration 
events by heatmap

https://jokergoo.github.io/ComplexHeatmap-reference/book/
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Example: ComplexHeatmap
> head(mtcars)

mpg cyl disp  hp drat    wt  qsec 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  0    3    1
Hornet Sportabout 18.7   8  360 175 3.15 3.440 17.02  0  0    3    2
Valiant           18.1   6  225 105 2.76 3.460 20.22  1  0    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 : num  6 6 4 6 8 6 8 4 4 6 ...
$ 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 ...
$ qsec: num  16.5 17 18.6 19.4 17 ...
$ vs  : num  0 0 1 1 0 1 0 1 1 1 ...
$ am  : num  1 1 1 0 0 0 0 0 0 0 ...
$ gear: num  4 4 4 3 3 3 3 4 4 4 ...
$ carb: num  4 4 1 1 2 1 4 2 2 4 ...
> mtcars.df <- scale(mtcars)
> class(mtcars.df)
[1] "matrix" "array" 
> library(ComplexHeatmap) 
> ? Heatmap

# Reference
https://www.datanovia.com/en/lessons/heatmap-in-r-static-and-interactive-visualization/
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ComplexHeatmap: 列、行標題

Heatmap(mtcars.df)

Heatmap(mtcars.df, name = "mtcars", 
row_title = "Samples",
column_title = "Variables")
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ComplexHeatmap: 
樹狀圖位置、格線及字體大小

Heatmap(mtcars.df, name = "mtcars", 
row_title = "Samples",
column_title = "Variables",
cluster_rows = FALSE,         
column_dend_side = "bottom")

Heatmap(mtcars.df, name = "mtcars",  
rect_gp = gpar(col = "white", lwd = 1),
border = TRUE,
row_names_gp = gpar(fontsize = 7))
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ComplexHeatmap: 顯示數字、指定分群法

Heatmap(mtcars.df, name = "mtcars",         
cell_fun = function(j, i, x, y, width, height, fill) {

grid.text(sprintf("%.1f", mtcars.df[i, j]), x, y, 
gp = gpar(fontsize = 8))},

row_names_gp = gpar(fontsize = 7))

Heatmap(mtcars.df, name = "mtcars", 
clustering_distance_rows = "pearson",
clustering_method_rows = "average",
row_names_gp = gpar(fontsize = 7))
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ComplexHeatmap: 自定色階
library(fields)
Heatmap(mtcars.df, name = "mtcars", 

col = tim.colors(),
row_names_gp = gpar(fontsize = 7))

library(circlize) # Circular Visualization
mycolorRamp <- colorRamp2(c(-3, 0, 3), c("green", "black", "red"))
Heatmap(mtcars.df, name = "mtcars", 

col = mycolorRamp,
row_names_gp = gpar(fontsize = 7))
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ComplexHeatmap: 
以顏色標記樹狀圖、熱圖分割

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: 
依據類別變數分割熱圖

# 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: 
依據群集分析法分割熱圖

# install.packages("cluster")
library("cluster")
set.seed(12345)
pa <- pam(mtcars.df, k = 3)
Heatmap(mtcars.df, name = "mtcars", 

row_split = paste0("PAM C", pa$clustering),
row_names_gp = gpar(fontsize = 7))

66/86



https://hmwu.idv.tw

ComplexHeatmap: 
以類別變數標記註解並指定顏色

# HeatmapAnnotation for "top_annotation", "bottom_annotation"
# rowAnnotation for "left_annotation", "right_annotation"
var.colors <- list(cyl = c("4" = "green", "6" = "gray", "8" = "darkred"),

am = c("0" = "yellow", "1" = "orange"),
mpg = colorRamp2(c(17, 25), c("lightblue", "purple")))

ha <- rowAnnotation(cyl = mtcars$cyl, am = mtcars$am, mpg = mtcars$mpg,
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: 
標記統計圖為註解

# 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"))

v <- 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",         
top_annotation = ha.top,
right_annotation = ha.right,
row_names_gp = gpar(fontsize = 7))

Translate from pheatmap to 
ComplexHeatmap
https://jokergoo.github.io/2020/05/06/translate-from-
pheatmap-to-complexheatmap/
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熱點分析: Taipei 101 69/86
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熱點分析: 內政部
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桑基圖 (Sankey Diagram) 71/86
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Sankey Diagram
http://www.sankey-diagrams.com/
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sankeyNetwork {networkD3}: 
Create a D3 JavaScript Sankey diagram

Usage
sankeyNetwork(Links, Nodes, Source, Target, Value, NodeID, NodeGroup = NodeID,
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.

• NodeID: 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.

• LinkGroup: character string specifying the groups in the Links. Used to color the links in the network.
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sankeyNetwork {networkD3}: 
Create a D3 JavaScript Sankey diagram

> URL <- paste0(
+         "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] 0 1 1 1 1 6 7 8 10 9 ...
..$ target: int [1:68] 1 2 3 4 5 2 4 9 9 4 ...
..$ value : num [1:68] 124.729 0.597 26.862 280.322 81.144 ...

> lapply(Energy, head)
$nodes

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

$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

> sankeyNetwork(Links = Energy$links, Nodes = Energy$nodes, 
+               Source = "source", Target = "target", 
+               Value = "value", NodeID = "name",
+               fontSize = 12, nodeWidth = 30)
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sankeyNetwork
> sankeyNetwork(Links = Energy$links, Nodes = Energy$nodes, 
+               Source = "source", Target = "target", 
+               Value = "value", NodeID = "name",
+               fontSize = 12, nodeWidth = 30)

Drag to rearrange nodes.

use htmlwidgets to save this plot
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sankeyNetwork
> Energy
$nodes

name
1                Agricultural 'waste'
2                      Bio-conversion
3                              Liquid
4                              Losses
5                               Solid
6                                 Gas
7                     Biofuel imports
8                     Biomass imports
...
46            UK land based bioenergy
47                               Wave
48                               Wind

$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
68     47     15 289.366

Sankey diagrams are closely related to alluvial 
diagrams, which show how network structure 
changes over time. 
https://en.wikipedia.org/wiki/Alluvial_diagram
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quantmod: Quantitative Financial Modeling Framework

tidyquant: Bringing financial and business analysis to the tidyverse

• Core Functions: 
• Getting Financial Data from the web: tq_get()
• Manipulating Financial Data: tq_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-

tidyquant.html

quantmod: Specify, build, trade, and analyse quantitative financial trading strategies.

http://www.quantmod.com/ https://business-
science.github.io/tidyquant/
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Create Your Own Visualization Methods:
Path point approach
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