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1 Recap: Exercise Solutions
1.0.1 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

�íã°ðñ°í äîëîî õîíîãò áèä õî¼ð äàñãàë àæèëëàñàí. Ýõíèéõ íü °ã°ãäñ°í ðàäèóñòàé òîéðãèéí òàëáàéã
òîîöîîëîõ òóõàé áàéâ. Ì°í òóõàéí äàñãàëä òàëáàé áà òîéðîã ãýñýí õî¼ð óòãà á³õèé list-èéã ãàðãàæ èðýõ
ôóíêöèéã áè÷èõ ¼ñòîé áàéñàí.

1.0.2 Normal Probability Density Function

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

Õî¼ð äàõü äàñãàë íü äóíäàæ µ áîëîí ñòàíäàðò õàçàéëò íü °ã°ãäñ°í õýâèéí ìàãàäëàëûí íÿãòûí ôóíê-
öèéí óòãûã ãàðãàæ èðýõ ôóíêöèéã áè÷èõ ¼ñòîé áàéñàí. Òîìú¼î íü °ã°ãäñ°í áàéãàà á°ã°°ä õýâèéí
ìàãàäëàëûí íÿãòûí ôóíêöèéí x ïàðàìåòð³³äèéí äàðààëëûí óòãûã òîîöîîëæ R -ä ñóóëãàñàí dnorm()
íýðòýé ôóíêöòýé õàðüöóóëàõ ¼ñòîé áàéñàí.
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1.1 Solutions
1.1.1 Circles

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

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

}

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

Òîéðãèéí òàëààðõè ýõíèé äàñãàëûí øèéäýë ýíä õàðàãäàæ áàéíà. Áèä ò³ëõ³³ð ³ãèéí ôóíêöèéã áè÷èõ
çàìààð R-ä ôóíöèéã òîäîðõîéëæ áàéãàà áà ýíä r ãýæ íýðëýãäñýí íýã ïàðàìåòðèéã òîäîðõîéëíî. Äàðàà
íü áèä ýíý ôóíêöèéã circle ãýæ íýðëýãäýõ õóâüñàã÷èä õóâààðèëàõ á°ã°°ä ³³íèéã äàðàà íü ôóíêöèéã
äóóäàõàä àøèãëàæ áîëíî. Ôóíêö äîòîð áèä result ãýñýí õóâüñàã÷èéã òîîöîîëæ, ³³íèéãýý òàëáàé áà
òîéðîã ãýñýí õî¼ð óòãûã àãóóëñàí list ãýæ òîäîðõîéëæ, òîîöîîëíî. Áèä return/áóöààõ ìýäýãäëèéã
àøèãëàí list-ýý ãàðãàæ èðýõ áîëîìæòîé

1.1.2 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

Ýíä õàðàãäàæ áàéãàà ç³éë áîë õî¼ð äàõü äàñãàëûí õàðèó þì. Áèä äàõèí ôóíêöèéã òîäîðõîéëæ npdf
íýðòýé õóâüñàã÷ ðóó õóâààðèëíà. Ýíý ôóíêöûí õóâüä áèä x, average/äóíäàæ/ ãýñýí ³ãíèé òîâ÷ëîë avg,
standard deviation/ñòàíäàðò õàçàéëò/ ãýñýí ³ãíèé òîâ÷ëîë stdev ãýñýí ãóðâàí ïàðàìåòðèéã òîäîðõîéëíî.
Îäîî áèä ôóíêöýý x-èéí óòãûí áîëîí äóíäàæ óòãà áà ñòàíäàðò õàçàéëò òóñ á³ðèéí õî¼ð äàí óòãûí
âåêòîðûã áýëòãýæ äóóäàæ áîëíî. Áèäíèé ôóíêöèéã R-ä ñóóðèëóóëñàí ôóíêöòýé õàðüöóóëàõûí òóëä
áèä ç³ãýýð ë dnorm ôóíêöèéã äóóäààä ë ïàðàìåòð³³äòýé èæèë óòãóóäûã äàìæóóëíà. Êîíñîë äýýð
õýâëýñýí ³ð ä³íã³³ä èæèë áàéãààã áèä õàðæ áàéíà.
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2 R Tutorial
• Every Thursday, 02:00-03:00pm, Room: 314 (here)
• Practising R and working on exercises
• No lecture, just programming practise and answering questions
• Also possible: analysis of your data sets

Áè òà á³õýíä R-èéí õýðýãëýýíèé äàäëàãà õèéõ òóñäàà õè÷ýýëèéí öàãèéã ñàíàë áîëãîõ ãýñýí þì. Áè
³³íèéã tutorial áóþó äàâòëàãûí õè÷ýýë ãýæ íýðëýæ áàéãàà áà áèä ýíý õè÷ýýëýýð áèå äààí R ïðîãðàììûí
òàëààð ÿðèëöàæ ç°âë°ëä°õ áîëîìæòîé þì. Õýðýâ òà R-èéí òàëààð èë³³ èõèéã ìýäýõèéã õ³ñ÷ áàéâàë
áèä ýíý õè÷ýýë äýýð ÿðèëöàõ áîëîìæòîé á°ã°°ä R-èéã îéëãîõîä áîëîí °ãñ°í äàñãàëóóäûã àæèëëàõàä
áýðõøýýëòýé òóëãàð÷ áàéãàà áîë òóñ õè÷ýýëèéí öàãèéã àøèãëàí øèéäýõ áîëîìæòîé þì . Ì°í òà á³õýí
àíàëèç ä³í øèíæèëãýý õèéõ °°ðèéí °ã°ãäëèéí áàãöûã ÷°ë°°òýé àâ÷ðàõ áîëîìæòîé. Ýíýõ³³ äàâòëàãûí
õè÷ýýë äýýð ÿìàð íýãýí ëåêö îðîõã³é áîëíî.

3 Formatting a data set
3.0.1 CSV files

• CSV - comma separated values

• easiest data format to work with

• can also be used by Microsoft Excel, etc.

• can easily be created from Microsoft Excel file (.xlsx)

• is not a Microsoft Excel Spreadsheet!

R õýë äýýð áèä R äîòîð ³³ñãýñíýýñýý èë³³òýé áîäèò åðò°íö°ä öóãëóóëñàí °ã°ãäëèéí áàãöûí ñòàòèñòèê
ìýäýýëëèéí àíàëèç õèéõèéã èõýâ÷ëýí õ³ñäýã. Èõýâ÷ëýí áèä °ã°ãäëèéã òîäîðõîé ôîðìàòòàé °ã°ãäëèéí
ôàéëä öóãëóóëæ õàäãàëäàã áîëíî. R õýë äýýð îëîí ÿíçûí ôîðìàòòàé °ã°ãäëèéí ôàéëóóäûã óíøèõ
áîëîìæòîé. Ìýäýýëëèéí ñàíã àøèãëàõ ýñâýë èíòåðíåòýýñ øóóä òàòàæ àâàõ çàìààð èë³³ òîì °ã°ãäëèéí
áàãöûã àøèãëàõ áîëîìæòîé. Ãýñýí õýäèé ÷ áèä ýíý òàëààðõè õýò îëîí òåõíèêèéí äýëãýðýíã³é îéëãîëò
ðóó îðîõã³éãýýð äàí ãàíö °ã°äëèéí ôàéëóóäûã óíøèæ àæèëëàõ áîëíî. Õàìãèéí íèéòëýã, àìàðõàí
ãàðûí äîîðõ °ã°ãäëèéí ôîðìàòóóäûí íýã áîë �CSV� ãýæ íýðëýãääýã ôàéëûí ôîðìàò þì. CSV íü
comma-separated values /òàñëàëààð òóñãààðëàãäñàí óòãà/-èéí òîâ÷ëîë á°ã°°ä ýíý íü ç³ãýýð ë ýíãèéí
òåêñòýí ôàéë þì. Ýíý íü òà ³íäñýíäýý CSV ôàéë ³³ñãýõèéí òóëä äóðûí text editor /òåêñò çàñâàðëàã÷-
èéã àøèãëàæ áîëíî ãýñýí ³ã þì. Òà íàðûí îëîíõè íü Microsoft O�ce ïðîãðàìûí áàãö, òîäðóóëáàë
Microsoft Excel ïðîãðàìûã ñàéí ìýääýã áàéõ. Excel-èéã CSV ôàéë ³³ñãýõýä àøèãëàæ áîëíî. Õýðýâ òàíä
Excel-èéí ôàéë õýëáýðýýð èõýâ÷ëýí Xls ôàéëûí °ðã°òã°ëòýé ýñâýë èë³³ ñ³³ëèéí ³åèéí xlsx °ðã°òã°ëòýé
°ã°ãä°ë áàéãàà áîë ýíý íü ÿëàíãóÿà äàäëàãà áîëæ °ãí°.

Example: test.csv

name;age;language;nationality;
eric;33;english;german;
stefanie;32;russian;german;
nino;2;mongolian;german;

• Open any text editor
• Enter example text
• File Save As "test.csv"
• Open "test.csv" in Microsoft Excel

CSV ôàéëûí æèøýýã àâ÷ ³çüå. Òà text editor/òåêñò çàñâàðëàã÷-èéã íýýæ, äýëãýöýí äýýð õàðóóëñàí òåêñ-
òèéã áè÷íý ³³. Òåêñò íü åðä°° ë òàñëàëààð òóñãààðëàñàí ³ã, òîîíîîñ á³ðäýíý. Ýíý ôàéëûã °ã°ãäëèéí
õ³ñíýãò õýìýýæ äàðààõ áàéäëààð òàéëáàðëàíà: Áàãàíà, ì°ðèéí õ³ñíýãò õèéõ áà ýõíèé áàãàíà áîëîí
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ì°ðèéí í³äýíä "íýð" ãýñýí ³ã áàéíà, èæèëõýí ì°ð°íä ãýõäýý õî¼ð äàõü áàãàíûí í³äýíä "íàñ" ãýñýí
³ã áàéíà. 1-ð ì°ðèéí 3, 4-ð áàãàíàä "õýë", "³íäýñ óãñàà" ãýñýí ³ãñ áàéíà. Õýðýâ áèä CSV ôàéëûí
õî¼ð äàõü ì°ð°íä òåêñò îðóóëáàë ýíý ì°ðíèé òåêñòèéã õ³ñíýãòèéí õî¼ð äàõü ì°ðèéí í³äýíä áè÷íý.
Òàñëàëóóä íü í³äýí äýõ àãóóëãûã ÿíç á³ðèéí áàãàíàä òóñãààðëàæ çààãëàæ °ãí°. Õýðýâ òà ýíý òåêñòèéã
°°ðèéí ñîíãîñîí text editor /òåêñò çàñâàðëàã÷- ðóó îðóóëáàë ôàéëûã æèøýý íü test.csv áàéäëààð CSV
ôàéë áîëãîí õàäãàëàõ çàìààð ³ð ä³íã øàëãàõ áîëîìæòîé áà File Open äýýð äàðæ ôàéëûã Excel äýýð
íýýæ áîëíî. �³íèé ³ð ä³íä òà òåêñò ôàéëûí òóõàéí ³ãòýé òîõèð÷ áóé àãóóëãà á³õèé õ³ñíýãòèéã õàðàõ
áîëíî.

3.0.2 From Excel-file to CSV-file

Typical Microsoft Excel table. Not suitable for using with R.

Îäîî Microsoft Excel ôàéëûã R äîòîð àøèãëàæ áîëîõ CSV ôàéë áîëãîí õýðõýí ÿàæ °°ð÷ë°õèéã õà-
ðóóëüÿ. �³íèé òóëä èë³³ ïðàêòèê äàäëàãàä ñóðàëöàõ ³³äíýýñ °°ðèéí êîìïüþòåð äýýðýý õàðóóëñàí
àëõìóóäûã õèéãýýä ÿâààðàé. Áèäíèé îäîî àæèëëàõ ãýæ áàéãàà Excel ôàéëûã ýíý õè÷ýýëèéí ñëàéäóóä-
òàé õàìò èëãýýñíèéã á³ãä õ³ëýýí àâñàí áàéãàà áàéõ. Ýíýõ³³ Excel ôàéë íü áèäíèé íàñ òààõ òóðøèëòûí
³åýð öóãëóóëñàí °ã°ãä°ë áîëîõ 10 áàã òóñ á³ðèéí 10 ãýðýë çóðàã òóñ á³ðèéí òààìàãëàëûí àëäààã àãóóë-
ñàí áàéãàà. Ì°í ò³³í÷ëýí õ³í á³ð êîìïüþòåð äýýðýý Microsoft Excel ïðîãðàì ñóóëãàñàí áàéãàà áàéõ
ãýæ íàéäàæ áàéíà. Õýðýâ ñóóëãààã³é õ³í áàéãàà áîë °°ð îðîëöîã÷èéí êîìïüþòåðèéã õàìò õýðýãëýæ,
äàãààä õèéãýýðýé. Ôàéëûã íýýõýä äýëãýö äýýð òà á³õýíä èëãýýñýí Excel ôàéë õàðàãäàíà. Ýíý áîë òà
á³õíèé èõýíõ íü ìýääýã åðäèéí Excel ôàéë þì: �³íä ôîðìàòëàãäñàí òåêñò, çàðèì í³ä íü õîîñîí, áóñàä
í³äýíä °íã°, èðìýã íýìñýí, çàðèìäàà Excel ôàéëóóä áàñ òîìú¼î àãóóëäàã. Ãýñýí õýäèé ÷, ýíý ôàéëûã
ÿã îäîî áàéãàà áàéäëààð íü øóóä R äàõü °ã°ãäëèéí ôàéë áîëãîí àøèãëàõ áîëîìæã³é þì. ßàãààä
ãýäãèéã õàðöãààÿ. Îäîî Excel ôàéëûã CSV áîëãîí °°ð÷ë°õ áîëîìæòîé ýñýõèéã øàëãàõ øààðäëàãàòàé
çàðèì øàëãóóðûã òàíèëöóóëüÿ
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Cells should not be merged.

CSV ôàéëûí ýõíèé æèøýýíýýñ õàðàõàä õ³ñíýãòèéí ýõíèé ì°ð°íä õ³ñíýãòèéí áàãàíûí òîîã çààæ °ãä°ã.
Ãýõäýý ýíý Excel ôàéëä ýõíèé ýãíýýíèé B-ýýñ K õ³ðòýëõ í³äí³³ä íýãòãýãäýæ íýã í³äýíä îðñîí áàéíà.
Áèä äîîðõè í³äí³³äèéí òîîã òîõèðóóëàõûí òóëä ýíý íýãòãýñýí í³äèéã õýä õýäýí í³äýíä äàõèí õóâààõ
øààðäëàãàòàé. Ì°í ýíý õ³ñíýãòýä ýõíèéõ áèø õàðèí ýõíèé õî¼ð ì°ð íü áàãàíûí íýðèéã çààæ °ã÷ áàéíà.
Òèéìýýñ áèä òýäãýýðèéã íýã ì°ð áîëãîí áè÷èõ øààðäëàãàòàé.

The first row should be used for table header/ variable names

Íýìæ äóðäàõàä áàãàíûí íýð group-èéã ýõíèé ì°ð°íä øèëæ³³ëýõ øààðäëàãàòàé áîëíî, ÿàãààä ãýâýë
ýíý íü áàãàíóóäûí íýðñèéã çààæ °ãñ°í ì°ð þì.
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• Variable names should be not start with a number or other non-readable characters.
• Variable names cannot contain characters like £, ¿, $, %, ^, *, +, -, (, ), [ ], #, !, ?, <, > or anything

that is a operator in R

Ýíý õ³ñíýãòýä áàãàíóóäûí íýðñèéã òîîãîîð äóãààðëàí íýðëýñýí áàéíà. Excel-èéí õóâüä ýíý íü àñóóäàë
áèø áîëîâ÷ áèä ýíý õ³ñíýãòèéã R-ä óíøèõàä ýäãýýð áàãàíóóäûã òîäîðõîéëîõîä õýö³³ áàéõ áîëíî, ó÷èð
íü R íü æèøýý íü áèäíèé "2" ãýæ íýðëýñýí áàãàíû íýðèéã 2 ãýñýí òîîã èëýðõèéëæ áàéíà ãýæ îéëãîõ
áîëíî. Òîîãîîð íýðëýãäñýí áàãàíóóäòàé òîîöîîëîë õèéõ íü áîëîìæã³é òóë R íü "2" ãýñýí íýðòýé
áàãàíûí áîäèò óòãûã óíøèõûí îðîíä ³³íèéã ³ðãýëæ òîî ãýæ òàéëáàðëàõ áîëíî.

Re-formated Microsoft Excel table suitable for using with R. Needs to be saved as *.csv file.

Îäîî Excel ôàéëûã R-ä óíøèãäàõ áîëîìæòîé CSV ôàéëóóäòàé íèéö³³ëýí °°ð÷ë°öã°°å. Õýðýâ òà ýõíèé
ì°ðèéí òîëãîé õýñã³³ä, õ³÷èí ò°ã°ëä°ð õóâüñàã÷èéí íýðýýð, °°ð ôîðìàòã³éãýýð °°ðèéí ôàéëûã çàñ÷
°°ð÷èëæ ÿíçëàõàä èíãýæ õàðàãäàõ áîëíî.
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Áèäíèé õèéõ ¼ñòîé õàìãèéí ñ³³ëèéí àëõàì áîë óã ôàéëûã CSV ôîðìàòààð õàäãàëàõ ÿâäàë þì. Ó÷èð
íü xlsx ôàéëûí °ðã°òã°ëòýé îäîîãèéí °ã°ãäëèéí ôîðìàòûã óíøèõ áîëîìæã³é òóë ³³íèéã õèéõ øààðä-
ëàãàòàé þì. Ôàéëàà CSV ôàéë õýëáýðýýð õàäãàëàõûí òóëä File öýñíèé Save As äýýð äàðæ ôàéëûí
íýðèéí äîîð áàéðëàõ dropdown öýñ äýýð äàðæ "CSV" òîõèðãîîíû àëü íýãèéã ñîíãîíî óó. CSV °ã°ãäëèéí
ôîðìàòàä çîðèóëñàí õýä õýäýí ñîíãîëòóóä áàéæ áîëíî. Ìèíèé êîìïüþòåð äýýð MS-DOS, Macintosh ãýõ
ìýò õóâèëáàðóóä áàéíà. Áè MS-DOS õóâèëáàðûã ñîíãîõûã ç°âë°æ áàéíà. Ãýõäýý áóñàä õóâèëáàðóóä
íü áàñ àæèëëàíà. Ì°í ýíý ôàéëûã õàäãàëàõäàà ýðãýýä ñàíàõ folder/õàâòàñ-ûã ñîíãîõûã ç°âë°æ áàéíà.
�³íýýñ ãàäíà òà ýíý ôàéëûã ç³ãýýð ë Desktop äýýðýý õàäãàëàõ áîëîìæòîé.

4 R - reading in data
# On windows operating system
read.csv(file = "C:/Users/eric/Desktop/age-guessing-data-excel-exercise.csv")

## group card_1 card_2 card_3 card_4 card_5 card_6 card_7 card_8 card_9 card_10
## 1 A -11 -15 11 -2 0 5 -4 1 -7 -6
## 2 B -1 -12 4 7 7 -5 12 9 5 3
## 3 C 3 -12 20 9 23 1 12 7 5 3
## 4 D -6 -10 -1 -3 -20 0 -11 -5 -3 -1
## 5 E 3 -12 10 8 13 -6 1 -3 6 4
## 6 F 0 13 1 0 20 7 0 1 1 2
## 7 G -2 -6 0 -4 -10 -1 -8 -10 -5 -2
## 8 H 3 9 4 3 9 5 1 0 1 1
## 9 I -8 2 -3 6 13 -1 6 9 5 3
## 10 J -4 -10 2 11 -4 -5 -11 8 -1 1

Ctrl + R (script editor)

Enter (console)

Áèäíèé êîìïüþòåðò õàäãàëàãäñàí CSV ôàéëààð áèä R-ã ýõë³³ëæ, íàñ òààõ °ã°ãäëèéí áàãöàà óíøóó-
ëàõàä áýëýí áîëëîî. �³íèé òóëä R ïðîãðàìûã ýõë³³ëæ, øèíý script íýýíý ³³. Äýëãýö äýýð õàðóóëñàí
êîìàíäûã îðóóëíà óó. Ýíý êîìàíä íü read.csv íýðòýé ôóíêöèéã äóóääàã á°ã°°ä áèä �le ãýñýí ãàíö
ïàðàìåòðèéã áýëäýíý. Ýíý ïàðàìåòð íü áèäíèé óíøèõûã õ³ñ÷ áóé ôàéëûí íýðèéã àãóóëäàã. Õýðýâ òà
°°ðèéí CSV ôàéëûã °°ð äèðåêòîðò õàäãàëñàí áîë øóóä íàëóó (/) òýìäãèéã àøèãëàí òóõàéí ôàéë ðóó
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÷èãëýñýí á³òýí çàìûã çààæ °ã°õ øààðäëàãàòàé áîëæ ìàãàäã³é þì. Õýðýâ òà ýíý êîìàíäûã R script
editor-ò áè÷ñýí áîë Ctrl + R òîâ÷èéã äàðæ, õýðýâ òà êîíñîë äýýð àæèëëàæ áàéãàà áîë Enter òîâ÷èéã
äàðæ êîìàíäûã àæèëëóóëíà óó. Õýðýâ òà êîìàíäûã ç°â áè÷ñýí á°ã°°ä çàì íü ì°í ç°â áîë ñëàéä äýýð
õàðóóëñíû äàãóó R íü °ã°ãäëèéí ôàéëûí àãóóëãûã õ³ñíýãò áîëãîí êîíñîë äýýð õýâëýíý.

# install.packages("data.table")
library(data.table)
dt <- fread(input = "age-guessing-data-excel-exercise.csv")
dt

Çà, îäîî íýã àëõàì óðàãøëúÿ. Õýðýâ áèä °ã°ãäëèéí áàãö, ãðàôèê äýýðýý òîîöîî õèéõèéã õ³ñâýë õóâü-
ñàã÷ äîòîð õàäãàëàõ øààðäëàãàòàé. �ã°ãäëèéí áàãöûã õàäãàëàõ, ò³³íòýé àæèëëàõàä õÿëáàð °ã°ãäëèéí
ò°ð°ë áîë data.table þì. Ýíý íü øóóä R-ä îðæ èðäýãã³é °ã°ãäëèéí ò°ð°ë þì. Òèéìýýñ áèä R áàãöûí
data.table-èéã ñóóëãàõ õýðýãòýé. Õýðýâ òà ýíý áàãöûã àëü õýäèéí ñóóëãàñàí áîë ³³íèéã ç°âõ°í íýã óäàà
ñóóëãàõ øààðäëàãàòàé òóë ýíý àëõàì øààðäëàãàã³é áîëíî. Õýðýâ áèä R áàãöûã ñóóëãàñàí áîë ³³íèéã
áàñ à÷ààëàõ øààðäëàãàòàé. �³íèéã library () ôóíêöèéã áàãöûí íýðýýð ïàðàìåòð áîëãîí äóóäàæ ã³é-
öýòãýíý. Õýðýâ áàãö à÷ààëàãäñàí áîë áèä °°ð ôóíêöèéã àøèãëàí CSV ôàéë äýýðýý óíøèõ áîëîìæòîé.
Ýíý áîë "ôàéë óíøèõ" ãýñýí óòãàòàé fread íýðòýé ôóíêö á°ã°°ä áèä CSV ôàéëûí áàéðøëûã °ìí°õ
øèãýý äàìæóóëäàã input/îðîëò íýðòýé äàí ãàíö ïàðàìåòðèéã áýëòãýíý. Øóóä êîíñîë äýýð àæèëëàäàã
õ³ì³³ñ äýýøýý ñóìûã àøèãëàí °ìí°õ êîìàíäóóäûã ã³éëãýí õàðàõ áîëîìæòîé ãýäãèéã ñàíààðàé. Ìàíàé
CSV ôàéëä óíøèõ fread ôóíêöààñ ãàäíà ³ð ä³íã áèä ýíý òîõèîëäîëä dt /data.table/ ãýæ íýðëýñýí øèíý
õóâüñàã÷èä õàäãàëíà. Íýãýíò áèä CSV ôàéëûã óíøèæ, õóâüñàã÷ äîòîð õàäãàëñíààñ öààø õóâüñàã÷èéí
íýðèéã êîìàíä áîëãîæ îðóóëñíààð õóâüñàã÷èéí àãóóëãûã äàõèí õýâëýõ áîëîìæòîé þì.

## group card_1 card_2 card_3 card_4 card_5 card_6 card_7 card_8 card_9
## 1: A -11 -15 11 -2 0 5 -4 1 -7
## 2: B -1 -12 4 7 7 -5 12 9 5
## 3: C 3 -12 20 9 23 1 12 7 5
## 4: D -6 -10 -1 -3 -20 0 -11 -5 -3
## 5: E 3 -12 10 8 13 -6 1 -3 6
## 6: F 0 13 1 0 20 7 0 1 1
## 7: G -2 -6 0 -4 -10 -1 -8 -10 -5
## 8: H 3 9 4 3 9 5 1 0 1
## 9: I -8 2 -3 6 13 -1 6 9 5
## 10: J -4 -10 2 11 -4 -5 -11 8 -1
## card_10
## 1: -6
## 2: 3
## 3: 3
## 4: -1
## 5: 4
## 6: 2
## 7: -2
## 8: 1
## 9: 3
## 10: 1

Ñëàéä äýýðýýñ õàðæ áàéãàà÷ëàí R íü csv ôàéëûí àãóóëãûã äàõèí õýâëýæ áàéíà

dt[, total_error := abs(card_1) +
abs(card_2) +
abs(card_3) +
abs(card_4) +
abs(card_5) +
abs(card_6) +
abs(card_7) +
abs(card_8) +
abs(card_9) +
abs(card_10)]

dt

• Function abs(x): Compute absolute value of x
• Operator :=: Create new column in data table

Îäîî ñîíèðõîëòîé õýñýã ð³³ãýý îðü¼: Áèä °ã°ãäëèéí áàãö äýýðýý çàðèì òîîöîîã õèéäýã. Ýíý ñëàéä äýýðõ
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êîä íü := îïåðàòîðûã õýðõýí àøèãëàæ áèäíèé °ã°ãäëèéí õ³ñíýãòýä øèíý áàãàíà ³³ñãýõèéã õàðóóëæ
áàéíà. Ýíý áàãàíûã áóñàä áàãàíûí óòãûã ³íäýñëýí òîîöîîëñîí óòãóóäààð ä³³ðãýõ áîëíî. Õýðýâ òà
áèäíèé íàñ òààñàí òóðøèëòûã ñàíàæ áàéãàà áîë áèä áàã á³ðèéí íèéò òààëòûí àëäààã ãàð àðãààð
òîîöîîëñîíûã ñàíàæ áàéãàà áàéõ. Áèä R-ä ò³³íòýé èæèëõýí òîîöîîã õèéæ áîëîõ á°ã°°ä ýíý íü èë³³
õóðäàí á°ã°°ä àëäàà áàãàòàé áàéõ áîëíî. Áèä data.table dt íýðíèé àðä ä°ðâ°ëæèí õààëò íýýæ áè÷ýýä
ë áîëîî. Ä°ðâ°ëæèí õààëò íýýõ íü R-ä áèä data.table äîòîð ÿìàð íýãýí ç³éë õèéõ ãýæ áàéãààãàà
èëýðõèéëæ áàéãàà þì. Ýíý êîäîíä áèòãèé òîëãîé ýðãýýðýé, ýíý íü þó áîëîõûã äàðàà äýëãýðýíã³é
òàéëáàðëàõ áîëíî. Ãîë íü áèä total_error íýðòýé øèíý áàãàíà ³³ñãýæ, ò³³íèé óòãûã card_1, card_2 ãýõ
ìýòýýð card 10 õ³ðòýëõ áàãàíóóäûí àáñîëþò óòãóóäûí íèéëáýðýýñ òîîöîõ ÿâäàë þì. Áèä dt/data.table/
õóâüñàã÷èéí àãóóëãûã õýâëýæ, ç°â õèéñýí ýñýõýý äàõèí øàëãàæ áîëíî.

## group card_1 card_2 card_3 card_4 card_5 card_6 card_7 card_8 card_9
## 1: A -11 -15 11 -2 0 5 -4 1 -7
## 2: B -1 -12 4 7 7 -5 12 9 5
## 3: C 3 -12 20 9 23 1 12 7 5
## 4: D -6 -10 -1 -3 -20 0 -11 -5 -3
## 5: E 3 -12 10 8 13 -6 1 -3 6
## 6: F 0 13 1 0 20 7 0 1 1
## 7: G -2 -6 0 -4 -10 -1 -8 -10 -5
## 8: H 3 9 4 3 9 5 1 0 1
## 9: I -8 2 -3 6 13 -1 6 9 5
## 10: J -4 -10 2 11 -4 -5 -11 8 -1
## card_10 total_error
## 1: -6 62
## 2: 3 65
## 3: 3 95
## 4: -1 60
## 5: 4 66
## 6: 2 45
## 7: -2 48
## 8: 1 36
## 9: 3 56
## 10: 1 57

Ýíý ñëàéä äýýðýýñ õàðàõàä áèä õ³ññýíýýðýý øèíý áàãàíà ³³ñãýëýý. R íü ì°ð á³ðèéí ³éëäëèéã òóñ òóñàä
íü àâòîìàòààð ã³éöýòãýñýí áàéíà.
dt[, mean_error := total_error / 10]
head(dt)

## group card_1 card_2 card_3 card_4 card_5 card_6 card_7 card_8 card_9 card_10
## 1: A -11 -15 11 -2 0 5 -4 1 -7 -6
## 2: B -1 -12 4 7 7 -5 12 9 5 3
## 3: C 3 -12 20 9 23 1 12 7 5 3
## 4: D -6 -10 -1 -3 -20 0 -11 -5 -3 -1
## 5: E 3 -12 10 8 13 -6 1 -3 6 4
## 6: F 0 13 1 0 20 7 0 1 1 2
## total_error mean_error
## 1: 62 6.2
## 2: 65 6.5
## 3: 95 9.5
## 4: 60 6.0
## 5: 66 6.6
## 6: 45 4.5

• Function head(x): Print the �rst 6 rows of x

Íàñ òààõ òóðøèëòèéí ³åýð áèä õàìãèéí ñàéí àæèëëàñàí áàã áàéãàà ýñýõèéã ñîíèðõîæ áàéñàí. Áèä äóí-
äàæ àëäààã òîîöîîëîõ çàìààð áàãóóäûã õàðüöóóëæ áîëîõûã ìýäýæ àâñàí. R äýýð áàñ ³³íèéã àäèëõàí
õèéæ ³çýöãýýå. Áèä äàõèí data.table äîòîð øèíý áàãàíà ³³ñãýå. Ýíý óäààä áèä ñàÿ ³³ñãýñýí total_error
áàãàíûã ãýðýë çóðãèéí òîî áîëîõ 10-ä õóâààæ àøèãëàæ áàéíà. Á³õ ç³éë ç°â áîëñîí ýñýõèéã äàõèí
øàëãàíà. Data.table-èéí àãóóëãûã õýâëýõ °°ð íýã ïðàêòèê àðãà áîë head ôóíêöèéã àøèãëàõ ÿâäàë þì.
Ýíý ôóíêö íü ÿìàð ³³ðýãòýéã íýðíýýñ íü àëü õýäèéí ìýäýæ áîëæ áàéíà: Ýíý íü ç°âõ°í °ã°ãäëèéí
õ³ñíýãòèéí ýõíèé ì°ð³³äèéã õýâëýíý. Õýðýâ °ã°ãäëèéí õ³ñíýãò íü êîíñîë äýýð õýâëýãäýõ õýò îëîí ì°ð
æèøýý íü 1000 ì°ðèéã àãóóëæ áàéãàà áîë ýíý íü áàéõ ç³éë þì. Head íü àíõäàã÷ áàéäëààð ýõíèé 6
ì°ðèéã õýâëýíý.

fwrite(x = dt, filename = "my-data-set.csv", sep = ";")

• Function fwrite(x): Save data.table x as *.csv file
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• ... as file named filename
• ... using separating character sep

Áèä °ã°ãäëèéí áàãöûí íàðèéí ò°â°ãòýé òîîöîîëëûã õèéñíèé äàðàà ³ð ä³íãýý õàäãàëàõûã õ³ñ÷ áàéãàà.
Áèä R-ä CSV ôàéëóóäûã óíøèæ ÷àääàã øèãýý R-ýýñ CSV ôàéëóóä ðóó °ã°ãä°ë áè÷èõ ÷àäâàðòàé áàéäàã.
Ýíý íü ìàø ýíãèéí á°ã°°ä ³³íèéã fwrite ôóíêöèéã àøèãëàí ã³éöýòãýæ áîëíî. Ýíý ôóíêö íü õýä õýäýí
ïàðàìåòðèéã àâäàã. Ýíý òîõèîëäîëä áèä áèäíèé °ã°ãäëèéí áàãöûã àãóóëñàí x íýðòýé õóâüñàã÷èéã,
CSV ôàéëàà õààíà õàäãàëàõàà çààæ °ãñ°í ôàéëûí íýðèéã, ì°í ÿìàð òýìäýãòèéã í³äíèé òóñãààðëàã÷
áîëãîí àøèãëàõûã çààæ °ãñ°í sep ïàðàìåòðèéã áýëääýã. Ýíä õàðóóëñàí êîìàíä íü òóñãààðëàã÷èéã
òàñëàëààð çààæ °ã°õèéã õàðóóëæ áàéíà, ãýõäýý ýíý íü àíõäàã÷ òóñãààðëàã÷ ó÷ðààñ øààðäëàãàã³é þì.
Õàäãàëàãäñàí ôàéëûã Excel äýýð íýýæ õàäãàëàëò àìæèëòòàé áîëñîí ýñýõèéã øàëãàæ áîëíî. Ýíý áîë
ìèíèé òóñ õè÷ýýëýýð çààõûã õ³ññýí ç³éë ìààíü þì. Îäîî áè R äàâòëàãûí õè÷ýýëèéí ³åýð áîëîí ãýðòýý
àæèëëàõ °°ð äàñãàëûã òà á³õýíä °ãüå.

5 Exercises
5.1 Creating data sets
5.1.1 c()-function

Epidemiological data set: Observations of red deer and wild boar, tubercolosis (tb), parasite (ecervi) (Zuur
et al., 2009)

farm month year sex length.class length.ct ecervi tb
MO 11 2000 1 1 75.0 0 0
MO 7 2000 2 1 85.0 0 0
MO 7 2001 2 1 91.6 0 1
MO NA NA 2 1 95.0 NA NA
LN 9 2003 1 1 NA 0 0
SE 9 2003 2 1 105.5 0 0
QM 11 2002 2 1 106.0 0 0

1. Use c() to create a vector of the tb values. Store the result in a variable named tb.

Ýíý äàñãàë äýýð òà °ã°ãäëèéí áàãö ³³ñãýõ äàäëàãà õèéõ áîëíî. Ýíä õàðàãäàæ áàéãàà °ã°ãäëèéí áàãö
íü Èñïàíèä çýðëýã ãàõàé, áóãà çýðãèéã õàøààíä àæèãëàí õèéñýí °â÷íèé òàðõâàð ñóäëàëûí õýìæèë-
ò³³äèéã àãóóëñàí áîëíî. Òóñ àìüòäûã ñ³ðüåý áîëîí òóñãàé ò°ðëèéí øèìýã÷ õîðõîéãîîð õàëäâàðëàñàí
ýñýõèéã øèíæëýñýí áàéãàà. Íýìæ äóðäàõàä àìüòäûí áóñàä øèíæ ÷àíàðóóä, ì°í áàñ áàéðøèë, öàã
õóãàöààíû òàëààðõè ìýäýýëëèéã áàñ á³ðòãýæ îðóóëñàí áîëíî. Ýõíèé äààëãàâàð áîë ýíý õ³ñíýãòèéí
"tb" /tuberculosis/ áàãàíûí óòãûã àãóóëñàí âåêòîð ³³ñãýõ R script-èéã áè÷èõ ÿâäàë þì.

5.1.2 list()-function

2. Use c() to create a second vector of the length.ct values. Store the result in a variable named
length.ct.

3. Use list() to create a list using the two vectors length.ct and tb. Store the result as deer
4. Use the function as.data.table() to turn deer into a data.table. Print the result to the console.

Äàñãàë 2 áîëîí 3-ò äàõèí °°ð íýã âåêòîð ³³ñãýýä ò³³íèéãýý õóâüñàã÷ õýëáýðýýð õàäãàëæ, äàðàà íü
³³ñãýñýí õî¼ð âåêòîðûã õóâüñàã÷ õýëáýðýýð õàäãàëàãäàõ list-ä íýãòãýíý ³³. Äàñãàë 4-ò ³³ñãýñýí list-
èéã àøèãëàæ, as.data.table() ôóíêöèéã àøèãëàí list-èéã data.table áîëãîí õ°ðâ³³ëæ, ãàðñàí îáúåêòûã
õýâëýíý ³³.
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6 Quiz

• Phone or Computer: https://www.kahoot.it
• Wifi: Platinum
• Password: H2SvsH2O

References
Song S Qian. Environmental and ecological statistics with R. CRC press, 2016.

Alain Zuur, Elena N Ieno, and Erik Meesters. A Beginner's Guide to R. Springer Science & Business Media,
2009.

11

https://www.kahoot.it

	Recap: Exercise Solutions
	Solutions

	R Tutorial
	Formatting a data set
	R - reading in data
	Exercises
	Creating data sets

	Quiz

