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R áîë õýë á°ã°°ä òóõàéí õýëíèé ÷°ë°°ò, íýýëòòýé ýõ ñóðâàëæ R îð÷óóëàã÷ ÷ þì. R íü îëîí ç³éëèéã
õèéõ áîëîìæèéã îëãîäîã ïðîãðàì÷ëàëûí õýë þì. �³íèéã àíõàíäàà ñòàòèñòèê òîîöîîëîë, °ã°ãäëèéã
âèçóàë÷ëàõ/ä³ðñëýõ çîðèëãîîð áîëîâñðóóëñàí áîëíî. Ãýñýí õýäèé ÷ °í°°ä°ð R-èéí ÷àäâàðóóä íü ä³í
øèíæèëãýý õèéõ, âýá äèçàéí õèéõ, èõ õýìæýýíèé °ã°ãä°ë áîëîâñðóóëàõ, îíëàéí õÿíàëò õèéõ ñàìáàðûã
áèé áîëãîõ ãýõ ìýò îëîí ç³éëèéã õàìàð÷ áàéíà. Òèéìýýñ R-èéã ñóäëàà÷ õ³íèé õóâüä ñóð÷ ìýäýõ íü
ìàø ÷óõàë þì Õýðýâ òà Windows ³éëäëèéí ñèñòåì äýýð R-èéã ýõë³³ëáýë òàíä èéìýðõ³³ ç³éë õàðàãäàõ
áîëíî. Òàíû õàðæ áàéãàà ç³éë áîë R Gui /ãðàôèê õýðýãëýã÷èéí èíòåðôýéñ ãýñýí ³ãíèé òîâ÷ëîë/ þì.
Öýñíèé áààðààñ ãàäíà ýíý íü ³íäñýíäýý êîíñîëîîñ á³ðäýíý. Êîíñîë íü êîìàíäûã øóóä R ðóó èëãýýõýä
àøèãëàãääàã. Äàðààãèéí ñëàéäóóä äýýð áè òà á³õýíä ÿíç á³ðèéí êîìàíäóóäûã òàíèëöóóëàõ áîëíî.
Èë³³ ïðàêòèê òóðøëàãàòàé áîëîõûí òóëä òýäãýýðèéã R êîíñîë äýýðýý øóóä áè÷èæ îðóóëààä äàãààä
õèéãýýä ÿâíà óó.

2 R Commands

3+4*12

## [1] 51

• Place cursor into console
• Write command
• Press
• R interprets the command and returns it’s computes output
• Repeat previous command:

Çà èíãýýä ýíãèéí òîîöîîëëûã êîìàíä áîëãîæ ³çüå. Êóðñîðûã êîíñîë äýýð áàéðëóóëààä êîìàíäûã
îðóóëààä enter òîâ÷èéã äàðàõàä ë õàíãàëòòàé. Õýðýâ òà enter òîâ÷èéã äàðâàë êîìàíä R îð÷óóëàã÷
ðóó èëãýýãäýæ, ³ð ä³í íü êîíñîë äýýð äàõèí ãàð÷ èðíý. Õýðýâ áèä õýä õýäýí êîìàíäóóäûã äàðààëàí
èëãýýñýí á°ã°°ä õýñýã õóãàöààíû äàðàà °ìí°õ êîìàíäûã äàâòàõûã õ³ñ÷ áàéâàë äýýøýý çààñàí ñóìàí
òîâ÷èéã äàðæ °ìí°õ á³õ êîìàíäûã ³çýõ áîëîìæòîé.

a <- 3+4*12
a

## [1] 51

Èõýâ÷ëýí òîîöîîëëûí ³ð ä³íã³³äèéã õàäãàëàõ áîëîìæòîé õóâüñàã÷óóäòàé àæèëëàõ íü èë³³ àìàð áàé-
äàã. �a� õóâüñàã÷èéã òîäîðõîéëæ, óòãûã îíîîõûí òóëä õóâüñàã÷ òîõèðóóëàõ îïåðàòîð áîëîõ �-ààñ áàãà�
áîëîí �õàñàõ� òýìäýã/ <- èéã áè÷íý. Áèä a õóâüñàã÷èéã òîõèðóóëñíû äàðàà a-èéí óòãûã õýâëýýä àì-
æèëòòàé áîëñîí ýñýõýý ìýäýæ áîëíî. Áèä ³³íèéã êîíñîë äýýð "à" ãýæ áè÷ýýä ë àìàðõàí õèéæ áîëíî.

b <- c(1, 2, 3, 4, 5)
d <- 1:5
b

## [1] 1 2 3 4 5

b == d

## [1] TRUE TRUE TRUE TRUE TRUE

a*b

## [1] 51 102 153 204 255

aˆb

## [1] 51 2601 132651 6765201 345025251

Òýãýõýýð äàõèàä õýäýí õóâüñàã÷èéã òîäîðõîéëú¼. Åð°íõèéä°° R äàõü òîîí õóâüñàã÷èä íü ³ðãýëæ âåê-
òîð õýëáýðýýð õàäãàëàãääàã. Õýðýâ òà õóâüñàã÷èéã äàí ãàíö òîî ãýæ òîäîðõîéëñîí áîë ò³³íèéã áàñ
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ë âåêòîð ãýæ ³çíý. Âåêòîðûã îëîí ÿíçààð R-ä õÿëáàðõàí ³³ñãýæ áîëíî. �³íèé íýã íü c() ôóíêöèéã
àøèãëàõ ÿâäàë þì. c() íü íýãòãýõ/concatenate/ ãýñýí ³ãíèé òîâ÷ëîë þì. Òýãýõýýð c() ôóíêö íü åðä°°
õààëòààð çààãëàãäñàí îðîëòûí ïàðàìåòð³³äèéã àâààä ýäãýýð ïàðàìåòð³³äèéã àãóóëñàí âåêòîð ³³ñãý-
äýã. Èæèë âåêòîð ³³ñãýõ °°ð íýã àðãà áîë òîäîðõîéëîõ öýã/:/èéã àøèãëàõ ÿâäàë þì. Ýäãýýð õî¼ð
êîìàíäûí ÿëãàà íü ýõíèéõ íü á³õýë òîî áîëîí òîîí óòãóóäûí àëü àëèíä íü àøèãëàãäàõ áîëîìæòîé
á°ã°°ä äàðààãèéíõ íü ç°âõ°í äàðààëñàí á³õýë òîîí óòãóóäûã ³³ñãýäýã Õî¼óëàà òýíö³³ ýñýõèéã õàðàõûí
òóëä R-èéí Boolean ýñâýë ëîãèê îïåðàòîðóóäûí àëü íýãèéã àøèãëàí õàðüöóóëæ áîëíî. Äàâõàð òýíö³³
òýìäýã/== íü õî¼ð îáúåêòûã õàðüöóóëäàã á°ã°°ä òýäãýýðèéí óòãà íü òýíö³³ áîë TRUE, ÿëãààòàé áîë
FALSE, ýñâýë óòãà íü àëü íýã íü áîëîìæã³é áàéâàë NA -èéã ãàðãàæ èðäýã. Ãýñýí õýäèé ÷ b áà d íü
èæèë óòãóóäòàé áîëîâ÷ ãàð÷ èðýõ õàðüöóóëàëòûí ³ð ä³í íü b áà d-òýé èæèë òîîòîé âåêòîð áàéõ á°-
ã°°ä âåêòîðûí á³ðýëäýõ³³í õýñã³³äèéí õàðüöóóëàëò á³ðèéí ³ð ä³íã õýëæ °ãä°ã áîëîõûã àíõààðíà óó.
�³íèéã âåêòîðæèëò ãýíý. Âåêòîðæèëò íü áóñàä ³éëäë³³äýä áàñ àæèëëàäàã á°ã°°ä òóõàéí ³éëäýë íü
âåêòîðèéí á³ðýëäýõ³³í õýñýã òóñ á³ðýýð àâòîìàòààð õèéãääýã.

3 Working Principles
• R commands can be send via console or script
• Console:

– Experiment with commands
– R documentation: e.g. ?range
– Look up history of commands ( or )
– Installing packages: install.packages("ggplot2")

• R-Scripts: File New Script
– Make your analysis shareable and replicable
– Documentation of analysis
– Using comments: \#here is a comment
– Saving analysis: File Save or Ctrl + s and save as *.R

R-èéã êîíñîëîîð íü äàìæèí õýðõýí àøèãëàæ áîëîõûã áèä ìýäýæ àâëàà. Òîîöîîëîë õèéõ °°ð íýã àðãà
áîë script-ä êîììàíä áè÷èõ ÿâäàë þì. Êîíñîë ðóó êîìàíäûã øóóä áè÷èæ îðóóëàõ íü øèíý êîìàíä
òóðøèæ ³çýõ, áàðèìò áè÷ãèéã õàéæ îëîõ, êîìàíäûí ò³³õèéã ³çýõ ýñâýë øèíý êîìàíä °ãä°ã R áàãöóó-
äûã ñóóëãàõ áîëîìæòîé ãýäãýýðýý äàâóó òàëòàé þì. Ãýñýí õýäèé ÷ òà R-ä àæèëëàõ èõýíõ àæëûíõàà
êîìàíäèéã R-script-ä áè÷èõèéã óðèàëìààð áàéíà. Òà File öýñíèé New Script-èéã äàðæ øèíý R script
íýýõ áîëîìæòîé. Script editor íü êîíñîëûí õàæóóä ãàð÷ èðýõ á°ã°°ä òà R script áè÷èæ ýõëýõ áîëîìæòîé
áîëíî Ä³í øèíæèëãýýíèé àëõàì á³ðèéã àãóóëñàí script-èéã àøèãëàñíààð òà áóñäàä àíàëèçàà äàâòàõ
áîëîìæèéã îëãîíî.

3.1 Using the RGui
• Chose clean windowing layout: Windows Tile Vertically
• Select code with cursor and press Ctrl + R executes the code
• . . . or right-click on selection and chose “Run line or selection”
• Clear console: Ctrl + L

R õýðýãëýã÷èéí èíòåðôýéñòýé àæèëëàõ °°ð õýäýí ç°âë°ìæèéã ýíä àâ÷ ³çüå. Õýðýâ òà êîíñîë áîëîí
script õî¼óëàíã íü àæèëëóóëæ áàéãàà áîë õî¼ð öîíõûã öýãöòýé áàéäëààð áàéðëóóëàõûã õ³ñ÷ ìàãàäã³é
þì. �³íèéã õèéõèéí òóëä òà Windows öýñíèé Tile Vertically-ûã ñîíãîæ, õî¼ð öîíõûã çýðãýëäýý æèãä
áàéðëóóëíà. Õýðýâ òàíû êóðñîð editor äýýð áàéãàà áîë ctrl + R òîâ÷èéã äàðæ îäîîãèéí ì°ðíèé êîìàí-
äûã ã³éöýòãýíý. Îëîí òîîíû ì°ðíèé êîäûã ã³éöýòãýõèéí òóëä òà îëîí ì°ðèéã ñîíãîæ èäýâõæ³³ëýýä
äàðàà íü ctrl +R òîâ÷èéã äàðàõ ýñâýë áàðóóí òîâ÷èéã äàðæ ýõíèé ñîíãîëòûã ñîíãîæ ã³éöýòãýíý. Õýðýâ
òàíû êîíñîë ä³³ðñýí, æààõàí ýìõ çàìáàðààã³é áàéãàà áîë Ctrl + L òîâ÷èéã äàðæ àðèëãàæ áîëíî.
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4 R Data Types

s <- "Hello World!"
s

## [1] "Hello World!"

class(s)

## [1] "character"

R äýýð ³ðãýëæë³³ëýí ÿíç á³ðèéí °ã°ãäëèéí ò°ð°ëòýé àæèëëàöãààÿ. Äýýðõ ýõíèé êîìàíäóóäàä áèäíèé
àøèãëàæ áàéñàí õóâüñàã÷óóä íü òîîí °ã°ãä°ë áàéñàí. R-ä °°ð °°ð ò°ðëèéí °ã°ãä°ë áàéäàã, æèøýýëáýë,
òà "character" ãýñýí °ã°ãäëèéí ò°ðë°°ð áè÷ñýí òåêñòèéã õàðóóëæ áîëíî. Áèäýíä Hello World ãýñýí õî¼ð
³ãèéã àãóóëñàí òýìäýãò âåêòîðûã õàäãàëñàí s íýðòýé õóâüñàã÷ áàéíà. Áèä s íýðèéã áè÷èõ çàìààð s-
èéí óòãûã äàõèí õàðóóëæ áîëíî. s-èéí °ã°ãäëèéí ò°ðëèéã íü ìýäýõèéí òóëä R-èéí class() ôóíêöèéã
àøèãëàæ áîëíî. Ýíý òîõèîëäîëä áèä s íü æèíõýíý character ò°ð°ë áîëîõûã áàòàëãààæóóëíà.

a

## [1] 51

class(a)

## [1] "numeric"

R íü áèäíèé àíõíû à õóâüñàã÷èéí °ã°ãäëèéí ò°ðëèéí òàëààð þó õýëýõèéã õàðöãààÿ.

m <- matrix(data = c(1, 2, 3, 4),
nrow = 2,
ncol = 2)

m

## [,1] [,2]
## [1,] 1 3
## [2,] 2 4

class(m)

## [1] "matrix"

Øóãàìàí àëãåáð àøèãëàí òîîöîî õèéõäýý ìàòðèö àøèãëàõûã õ³ñ÷ ìàãàäã³é þì. R-ä ìàòðèöûã ìàò-
ðèöûí ýëåìåíò³³äèéí óòãûã °ã÷, ìàòðèöûí õýìæýýñèéã ì°ð, áàãàíûí òîîãîîð òîäîðõîéëäîã matrix()
ôóíêö-èéã äóóäàæ ³³ñãýæ áîëíî. Äàõèí õýëýõýä áèä ìàòðèö m-èéí °ã°ãäëèéí ò°ðëèéã class () -èéã
äóóäàæ áàòàëãààæóóëæ áîëíî.

v <- c(2, 2)
m %*% v

## [,1]
## [1,] 8
## [2,] 12

Õýðýâ áèä ñêàëÿð ³ðæâýðýýñ °°ð ìàòðèöûã m-ýýð ³ðæ³³ëýõèéã õ³ñ÷ áàéâàë ìàòðèöûí ³ðæ³³ëýõ îïå-
ðàòîð/ %*%/ûã àøèãëàäàã. Æèøýý áîëãîí áèä òîõèðîõ 2 òîîòîé âåêòîð v-ûã òîäîðõîéëîîä äàðàà íü
m-ýýð ³ðæ³³ëíý.

a <- runif(15)
summary(a)

## Min. 1st Qu. Median Mean 3rd Qu. Max.
## 0.03921 0.47017 0.59317 0.58597 0.73041 0.95299
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Ñòàòèñòèê ïðîãðàì÷ëàëûí °°ð íýã îéëãîëò áîë ñàíàìñàðã³é òîî ³³ñãýã÷ àøèãëàõ ÿâäàë þì. R-ä õýä
õýäýí ñóóðèëóóëñàí ñàíàìñàðã³é òîî ³³ñãýã÷èä áàéäàã á°ã°°ä ýäãýýðèéã ìýäýãäýæ áàéãàà òàðõàëòààñ
³³ñýõ òîîíû äàðààëëûã ³³ñãýõýä àøèãëàæ áîëíî. Èõýíõäýý ýäãýýð ñàíàìñàðã³é òîîíû ³³ñã³³ð³³ä íü
íýð íü "r" ³ñãýýð ýõýëñýí ôóíêöóóä þì. Ýíý æèøýýíä áèä æèãä òàðõñàí 15 òîîã ³³ñãýõ áà òóñ á³ð íü
0-ýýñ 1-èéí õîîðîíä ãàðàõ òýíö³³ ìàãàäëàëòàé 15 òîîã ãàðãàæ, ³ð ä³íã à õóâüñàã÷èä õàäãàëíà. Ýíý
êîìàíäûí °ìí° áèä à-ã àëü õýäèéí òîäîðõîéëñîí òóë à-èéí °ìí°õ óòãûã ç³ãýýð ë äàðæ áè÷äýã. À-ä
àãóóëàãäñàí °ã°ãäëèéã øàëãàõ °°ð íýã ³ð ä³íòýé àðãà áîë R-èéí summary() ôóíêöèéã äóóäàõ ÿâäàë
þì. Summary íü íýðøëèéíõýý äàãóó à õóâüñàã÷ äàõü óòãóóäûí òàëààðõ òîâ÷ õóðààíãóé ñòàòèñòèêèéã
õýâëýí ãàðãàæ èðäýã. Õýðýâ ýíý íü òîîí õóâüñàã÷ áîë áèäíèé °ìí°õ õè÷ýýë äýýð àâ÷ ³çñýí õàìãèéí
áàãà, õàìãèéí èõ, äóíäàæ, ãîë÷, ì°í 1, 3-ð êâàðòèëóóäûã ýíý íü áýëòãýæ °ã°õ áîëíî.

length(a)

## [1] 15

Õýðýâ òà R îáúåêò äýýð length() ôóíêöèéã äóóäâàë ýíý íü âåêòîð áàéõ òîõèîëäîëä âåêòîð äîòîðõ
ýëåìåíò³³äèéí òîîã ãàðãàíà. Length() íü áóñàä îáúåêòóóäàä, æèøýýëáýë ìàòðèöàä áàñ àæèëëàäàã
áîëîâ÷ ³ð ä³í íü °°ð óòãàòàé áàéæ áîëíî.

violation <- a > 0.8

class(violation)

## [1] "logical"

summary(violation)

## Mode FALSE TRUE
## logical 12 3

mean(violation)

## [1] 0.2

À-ä àãóóëàãäàæ áóé ñàíàìñàðã³é áàéäëààð ³³ñãýñýí °ã°ãäë³³äòýé öààøàà àæèëëàöãààÿ. A íü ãîëûí
óñíû 15 äýýæèéí õýìæèëòèéã àãóóëæ áàéíà ãýæ ³çüå. Æèøýýëáýë, áèä äýýæ òóñ á³ðèéí ôîñôî-
ðûí êîíöåíòðàöèéã õýìæñýí ãýæ ³çüå. Çàðèì óëñ îðîíä óñàí ñàíãààñ àâàõ ôîñôîðûí ç°âø°°ð°ãäñ°í
õýìæýýã õîðèãëîäîã. Ôîñôîðûí õóâüä 0.8 ãýñýí õóóëü ¼ñíû áîñãî õýìæýý áàéíà ãýæ ³çüå. Ýíý áîñãî
õýìæýý íü õýòýðñýí äýýæèéã áèä åðä°° 0.8-ààñ èõ õýìæýýòýé ãýæ áè÷ýýä ³ð ä³íã íü violation ãýæ íýðëý-
äýã õóâüñàã÷èä õàäãàëàõ çàìààð òîäîðõîéëæ áîëíî. R-èéí âåêòîðæèëòûí à÷ààð õàðüöóóëàõ ³éëäëèéã
à âåêòîð äàõü ýëåìåíò òóñ á³ðò àâòîìàòààð õèéæ áàéíà. Õóâüñàã÷ violation-íèé °ã°ãäëèéí ò°ð°ë íü ëî-
ãèê/�logical� þì. Ýíý °ã°ãäëèéí ò°ð°ë íü ç°âõ°í FALSE/ÕÓÄÀË áà TRUE/�ÍÝÍ ãýæ òýìäýãëýãäñýí
õî¼ðòûí °ã°ãäëèéã õàäãàëàõ áîëîìæòîé. Ýíý òîõèîëäîëä TRUE/�ÍÝÍ íü òóõàéí äýýæ íü ôîñôî-
ðûí áîñãî õýìæýýíýýñ õýòýðñýí ãýñýí ³ã á°ã°°ä FALSE/ÕÓÄÀË íü òèéì áèø ãýñýí ³ã þì. Õýðýâ áèä
violation äýýð summary ôóíêöèéã äóóäâàë ³ð ä³í íü °ìí°õ°°ñ°° °°ð õàðàãäàæ áàéíà. Ìýäýýæèéí õýðýã,
êâàðòèëèéã ç°âõ°í õî¼ð áîëîìæèò ³ð ä³íòýé °ã°ãä°ë äýýð òîîöîîëîõ íü óòãà ó÷èðòàé þì. Òèéìýýñ ýíý
õóâüñàã÷èéí summary íü èë³³ ýíãèéí, õÿëáàð áàéäàã. Ãýñýí õýäèé ÷ õýðýâ áèä violation õóâüñàã÷èéíõàà
äóíäàæ óòãûã òîîöîîëîõ þì áîë þó áîëîõ âý? Áèä òîîí ³ð ä³íã àâàõ áîëíî! R íü äîòîîääîî 0-èéã
FALSE, 1-èéã TRUE ãýæ ëîãèê óòãóóäûã àâ÷ ³çäýã òóë ýíý íü áîëíî. Òýãýõýýð ëîãèê âåêòîðûí äóí-
äàæûã òîîöîîëîõ þì áîë ýõëýýä ýíý òîõèîëäîëä 14-èéã 0-ä ³ðæ³³ëýýä 0 ãàðàõ áà 1-èéã 1-ä ³ðæ³³ëýýä 1
ãàðãààä íèéëáýðèéã òîîöîîëíî. Òèéìýýñ íèéëáýðèéí ³ð ä³í íü 1 áàéíà. Äàðàà íü ³³íèéã ýëåìåíòèéí
òîîíä õóâààõ áà ýíý òîõèîëäîëä ýëåìåíòèéí òîî íü 15 þì. Òèéìýýñ ³ð ä³í íü 1-èéã 15-ä õóâààíà.
�³íèé ³ð ä³í íü áàñ à÷ õîëáîãäîëòîé þì, ó÷èð íü ýíý íü äýýæèéí 7 îð÷èì õóâü áîëîõ áîñãî õýìæýýã
äàâñàí äýýæèéí õóâèéã áèäýíä õýëæ °ãä°ã.

my_list <- list(measurements = a,
violations = a > 0.8,
percentage = mean(a > 0.8))
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class(my_list)

## [1] "list"

R äàõü °°ð íýã °ã°ãäëèéí ò°ð°ë áîë list þì. List íü ÿíç á³ðèéí òîîòîé õýä õýäýí õóâüñàã÷äûã íýãòãýæ
íýã õóâüñàã÷ áîëãîí áè÷èõ áîëîìæòîé öîãö °ã°ãäëèéí ò°ð°ë þì. list ³³ñãýõèéí òóëä áèä R-èéí list()
ôóíêöèéã äóóäàæ, õýäýí òîîíû íýð áîëîí õóâüñàã÷èéã ïàðàìåòð áîëãîí áýëäýæ °ã°õ áîëîìæòîé. �ð
ä³íãèéí list-èéã áèä øèíý õóâüñàã÷èä õàäãàëàõ á°ã°°ä ³³íèéã áèä my_list ãýæ íýðëýäýã. Áèä class()-ûã
äóóäàæ °ã°ãäëèéí ò°ðëèéã äàõèí áàòàëãààæóóëæ, ³íýõýýð list ³³ñãýñýí áîëîõûã õàðàõ áîëîìæòîé.

# This is a comment: you can describe something here
my_list

## $measurements
## [1] 0.89435281 0.76264325 0.03920702 0.59316960
## [5] 0.20459158 0.95299083 0.56384652 0.67461965
## [9] 0.55433377 0.94954836 0.69817750 0.48905335
## [13] 0.36196161 0.45128005 0.59977342
##
## $violations
## [1] TRUE FALSE FALSE FALSE FALSE TRUE FALSE FALSE
## [9] FALSE TRUE FALSE FALSE FALSE FALSE FALSE
##
## $percentage
## [1] 0.2

List-èéí àãóóëãûã á³õýëä íü õýâëýõèéí òóëä áèä list-èéí íýðèéã êîìàíä õýëáýðýýð äàõèí áè÷èæ áîëíî.

# You can access elements from a list by the $-operator
my_list$percentage

## [1] 0.2

# ... or by enumeration
my_list[3]

## $percentage
## [1] 0.2

# ... or by using names
my_list[["percentage"]]

## [1] 0.2

List-òàé àæèëëàõûã õ³ñâýë ò³³íèé ýëåìåíò³³äýä òóñãàéëàí õàíäàõ áîëîìæòîé áàéõ øààðäëàãàòàé.
�³íèéã õèéõ õýä õýäýí àðãà áàéäàã. Æèøýýëáýë, áèä $ operator-èéã àøèãëàí æàãñààëòûí áèå äààñàí
ýëåìåíòýä õàíäàõ áîëîìæòîé. Ì°í ýëåìåíò³³äèéã ³³ñãýñýí äàðààëëààð íü àâ÷ ä°ðâ°ëæèí õààëòàíä
°ã°ãäñ°í èíäåêñýýð íü õàíäàæ áîëíî. Èéì áàéäëààð list-èéí ýëåìåíòýä ò³³íèé íýðèéã ìýäýõ øààðä-
ëàãàã³éãýýð õàíäàõ áîëîìæòîé áîëíî. Ýñâýë áèä ýëåìåíòýä íýðýýð íü õàíäàæ áîëîõ áîëîâ÷ ³³íèéã
äàâõàð ä°ðâ°ëæèí õààëòàíä òýìäýãò âåêòîð áîëãîí áýëòãýæ °ã°õ áîëîìæòîé þì.

5 R Functions
R-èéí ³íäñýí èíñòàëë íü òîîöîîëîë õèéõ îëîí ôóíêö, á³òöèéã àãóóëäàã. Æèøýý íü: mean() ôóíêö
�³íýýñ ãàäíà õýðýãëýã÷ òà °°ðèéí ôóíêöóóäàà ÷°ë°°òýé òîäîðõîéëîõ áîëîìæòîé. Ýíý íü æèøýýë-
áýë, êîäûí çàðèì õýñýã äàâòàãäâàë áè÷ñýí êîäûí õýìæýýã áàãàñãàõ, ýñâýë òàíû êîäûã óíøèõàä èë³³
õÿëáàð áîëãîõîä òóñòàé áàéæ áîëîõ þì. Õóâüñàã÷òàé àäèëõàí ôóíêö³³äèéã ñóìàí îïåðàòîðûí äàðàà
ò³ëõ³³ð ³ãèéí ôóíêö, äàðàà íü õààëò () àøèãëàí ³³ñãýäýã. Õààëò äîòîð áèä îðîëòûí ïàðàìåòð³³äèéã
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òîäîðõîéëæ áîëîõ áîëîâ÷ çààâàë òýãýõ øààðäëàãàã³é þì. Äàðàà íü ôóíêöèéí èõ áèåèéã çààãëàñàí õîñ
äîëãèîíòîé õààëò ãàð÷ èðíý. Èõ áèåèéí äîòîð ôóíêöûí ³ð ä³íã ôóíêöûí äóóäàã÷ ðóó áóöààæ ãàðãàõ
çààâðûã °ã°õèéí òóëä return()-èéã äóóäàæ ôóíêöèéã èõýâ÷ëýí äóóñãàäàã.

greet <- function(n = 1) {
return(paste0(rep("Hello!", times = n), collapse = " "))

}

greet()

## [1] "Hello!"

greet(4)

## [1] "Hello! Hello! Hello! Hello!"

Îäîî áèä èæèëõýí ôóíêöèéí èë³³ óÿí õàòàí õóâèëáàðûã áè÷èæ áàéíà. Øèíý greet ôóíêö íü n ïàðà-
ìåòðèéã àâàõ áîëîìæòîé. Ôóíêöèéí òîäîðõîéëîëòîí äàõü n = 1 íü õýðýâ ôóíêöèéí äóóäëàãàä ÿìàð
÷ ïàðàìåòð °ã°ãä°õã³é áîë n-èéã 1 áîëãîæ òîõèðóóëíà ãýñýí ³ã þì. Ýíý íü ÿìàð ÷ ïàðàìåòð áýëòãýæ
°ã°õã³éãýýð greet() ôóíêöèéã äàõèí äóóäàæ àæèëëàñíûã áèä õàðæ áàéíà. Õýðýâ áèä n ïàðàìåòðèéí
ñòàíäàðò óòãûã òîäîðõîéëîîã³é áàéñàí áîë ýíý ôóíêöèéí äóóäëàãà íü R-ààñ äóòóó ïàðàìåòð áàéíà ãý-
ñýí àëäààíû ìýäýãäëèéã ãàðãàõàä õ³ðãýõ áàéñàí. Ýíý ôóíêöèéí òîäîðõîéëîëò áîëîí °ìí°õ õóâèëáàð
õî¼ðûí õîîðîíäûí °°ð íýã ÿëãààòàé òàë íü ôóíêöèéã äóóäàõ çàìààð èëýðäýã: "Ñàéí óó!" ãýñýí ³ãèéã
êîíñîë ðóó n óäàà õýâëýíý. Áèäíèé ôóíêö íü °°ð 2 ôóíêöèéã äóóäàõààñ õàìààðíà: paste0() áà rep().
Ýäãýýðèéí óòãûã °°ð°° îëæ ìýäýõèéí òóëä òà R-èéí áàðèìò áè÷ãèéã àøèãëàæ áîëíî. Ì°í ò³³í÷ëýí
R-èéí áàðèìò áè÷èã íü èõýâ÷ëýí æèøýýí³³äèéã àãóóëäàã. Ýäãýýð æèøýýã áàðèìò áè÷èã äîòîð õàðæ
áîëîõ áà ýñâýë R êîíñîë äýýð example(...)-èéã äóóäàæ ã³éöýòãýæ áîëíî.

6 Exercises
6.1 Using R as calculator
6.1.1 Circles

1. Calculate the area of a circle A = 2πr2 with r = 2 (Qian, 2016)

2. Write the circle area formula as a function with named as circle with parameter r and and calculate
the area for r <- seq(0, 3, 0.1)

3. Extension: Extend your function to return a named list that contains the area and the circumference
for a given parameter vector r

6.1.2 Normal Probability Density Function

1. Calculate the density of the normal probability distribution function x ∼ N (2, 1.25) (mean and standard

deviation) at x <- seq(0, 4, 0.5) by using the normal probability density formula
(

1√
2πσ2 e

− (x−µ)2

2σ2

)
,

and verify your result by using the function dnorm (Qian, 2016).

6.2 Solutions
6.2.1 Circles

circle <- function(r) {
result <- list(area = 2 * pi * rˆ2,

circumference = 2 * pi * r)
return(result)

}
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circle(r = seq(0, 3, 0.5))

## $area
## [1] 0.000000 1.570796 6.283185 14.137167 25.132741
## [6] 39.269908 56.548668
##
## $circumference
## [1] 0.000000 3.141593 6.283185 9.424778 12.566371
## [6] 15.707963 18.849556

6.2.2 Normal Probability Density Function

npdf <- function(x, avg, stdev) {
result <- 1.0 / (sqrt(2*pi*stdevˆ2)) *

exp(-(x - avg)ˆ2 / (2.0 * stdevˆ2))
return(result)

}

npdf(x = seq(0, 4, 0.5), avg = 2, stdev = 1.25)

## [1] 0.08873667 0.15534884 0.23175324 0.29461611
## [5] 0.31915382 0.29461611 0.23175324 0.15534884
## [9] 0.08873667

dnorm(x = seq(0, 4, 0.5), mean = 2, sd = 1.25)

## [1] 0.08873667 0.15534884 0.23175324 0.29461611
## [5] 0.31915382 0.29461611 0.23175324 0.15534884
## [9] 0.08873667
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