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1 Recap: Using RGui

Ìàíàé ñòàòèñòèêèéí ñóðãàëòàíä äàõèí òàâòàé ìîðèëíî óó! �íã°ðñ°í äîëîî õîíîãò áèä R-èéí äàâò-
ëàãà õè÷ýýëèéã ýõë³³ëñýí á°ã°°ä òóñ õè÷ýýëèéí ³åýð R ïðîãðàì áîëîí ò³³íèé ãðàôèê õýðýãëýã÷èéí
èíòåðôýéñèéã àøèãëàõàä çàðèì áýðõøýýë òóëãàð÷ áàéãààã àíçààðñàí. Ýíý íü òóñ ïðîãðàìûã õýðõýí
àøèãëàõàà ñàéí òàéëáàðëààã³éãýýñ áîëñîí ãýæ áîäîæ áàéíà. Òèéìýýñ °í°°ä°ð áè °íã°ðñ°í äîëîî õîíî-
ãèéí òîéì ýõëýõýýñ °ìí° ³³íèéã àøèãëàõ òàëààð èë³³ íàðèéâ÷ëàí ÿðüæ ýðãýí äàâòàõûã õ³ñ÷ áàéíà.

Á³ð ýõíýýñ íü ýõëýõèéí òóëä áèä òàíû Windows-èéí desktop-îîñ ýõëýõ áîëíî. R ïðîãðàìûã ýõë³³ëýõèéí
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òóëä èõýâ÷ëýí äýëãýöèéíõýý ç³³í äîîä áóëàíä áàéäàã öîíõíû ä³ðñ äýýð äàðíà. Ì°í ãàð äýýðõ windows
öîíõíû òîâ÷ëóóðûã äàðàõàä ë õàíãàëòòàé

Äàðàà íü ãàð äýýðýý Rgui ãýæ áè÷èæ îðóóëíà óó. Òàíûã áè÷èæ ýõýëìýãö Windows íü õàéëòûí òàëáàðûã
àâòîìàòààð íýýãýýä òàíû îðóóëñàí ìýäýýëýë òýíä áè÷èãäýíý. �³íèé äàðàà òà enter òîâ÷èéã äàðàõ
øààðäëàãàã³é, áè÷èæ áàéõ ³åä öîíõ õàéæ ýõýëäýã. Õàéëòûí ³ð ä³íã áè÷èæ äóóñàõàä �R x64 4.0.3� ãýñýí
íýã ñîíãîëò áàéõ ¼ñòîé. Ò³³í÷ëýí "R i386 4.0.3" ãýñýí áàñ íýã ñîíãîëò áàéõ ¼ñòîé. Àëü ÷ òîõèîëäîëä
�4.0.3� íü òàíû ñóóëãàñàí R-ûí õóâèëáàðûí äóãààð ãýæ íýðëýãääýã. R õóâèëáàðûã òàòàæ ñóóëãàõòàé
õîëáîîòîéãîîð òàíû õóâèëáàðûí äóãààð °°ð áàéæ áîëíî. �X64� íü 64 áèò, �i386� íü 32 áèòèéí èíñòàëë
þì. Ñ³³ëèéíõ íü ç°âõ°í ìàø ýðòíèé êîìïüþòåðóóäàä çîðèóëàãäñàí òóë àøèãëàõ øààðäëàãàã³é þì.
Òà R-ã ýõë³³ëýõèéí òóëä "R x64" äýýð äàðíà óó.
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Îäîî äýëãýöýí äýýð R êîíñîëûã õàðóóëñàí ãàíö íýýëòòýé öîíõ á³õèé R ãðàôèê õýðýãëýã÷èéí èíòåðôýéñ
íü àæèëëàæ ýõëýýä áàéíà. Áèä R-èéã ýõýëñýíèéã òýíä áè÷èãäñýí "greeting" òåêñò, õóâèëáàðûí äóãààð
áîëîí õàðãàëçàõ íýðèéã õàðààä ýíý íü êîíñîë ãýäãèéã òàíüæ áîëíî. Áèäíèé ïðîãðàì÷ëàëûã R äýýð
õèéõ 2 àðãà áàéäãèéã ñàíàæ áàéãàà áàéõ. 1-ð àðãà íü áèä êîíñîë ðóó R êîìàíäûã îðóóëæ áîëíî. Èíãýñ-
íýýð �R interpreter� /"R òàéëáàðëàã÷" ãýæ íýðëýãääýã õýðýãëýã÷èéí ãðàôèê èíòåðôåéñèéí àðä áàéãàà
R ïðîãðàì íü ãàíö êîìàíäûã óíøààä øóóä ã³éöýòãýäýã á°ã°°ä ÿìàð ÷ ³ð ä³íã áóöààíà ãàðãàäàã. Ýíý
íü °°ð °°ð êîìàíä õýðõýí àæèëëàäàãèéã ñóäëàõàä àøèãòàé àðãà áàéæ áîëîõ þì. Ãýõäýý ýðäýìòýä áèä
°°ðñäèéí àæëûã äàõèí äàâòàãäàõ ÷àäâàðòàé áàéãààñàé ãýæ õ³ñ÷ áàéäàã òóë áóñàä ýðäýìòýí ñóäëàà÷äàä
³ð ä³íãýý ç³ãýýð ë òàíèëöóóëàõûí îðîíä ñòàòèñòèê ä³í øèíæèëãýýíä õèéñýí àëõàìóóäàà îéëãóóëàõûã
õ³ñ÷ áàéäàã. Ì°í R-ä áèä R- script áè÷èõ çàìààð ñòàòèñòèê ä³í øèíæèëãýý õèéõ ãýñýí 2 äàõü àðãûã
àøèãëàæ áîëíî. R-script íü äàðàà äàõèí ã³éöýòãýãäýõ áîëîí õàäãàëàãäàõ áîëîìæòîé R-ûí êîìàíäóó-
äûã õàäãàëäàã ýíãèéí òåêñò ôàéë þì. Òà R äýýð ä³í øèíæèëãýý õèéæ àæèëëàõäàà áîëîí ì°í ýíä
àæèëëàäàã äàñãàëóóä äýýð ³³íèéã àøèãëàõûã òàíä ç°âë°æ áàéíà. R -script-³³äèéã °ã°ãäëèéí áàãöûí
õàìò èìýéëýýð õÿëáàðõàí õóâààëöàõ áîëîìæòîé òóë òà áóñàä õàìò àæèëëàãñàäòàéãàà èæèë ñòàòèñòèê
ä³í øèíæèëãýý õèéõ ýñâýë ³ð ä³íã õàðüöóóëàõ ãýõ ìýò ç³éë äýýð õàìòðàí àæèëëàõ áîëîìæòîé þì.
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Øèíý R-script íýýõèéí òóëä äýýä öýñíèé ì°ð°íä áàéãàà File öýñíèé New script äýýð äàðíà.

Ýíý íü øèíý öîíõîíä øèíý R- script íýýõ áîëíî
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Ýäãýýð õî¼ð öîíõûã çýðýãöýý àâòîìàòààð ñàéõàí áàéðëóóëàõûí òóëä òà Windows Tile Vertically ýñâýë
Windows Tile Horizontally äýýð äàðæ ñîíãîæ áîëíî. Ãýõäýý ýíý áîë òà á³õýíä çîðèóëñàí ç°âë°ìæ þì.
Áè ç³ãýýð ë äýëãýöèéã öýãöòýé çîõèîí áàéãóóëàõ äóðòàé.

Ýíý ñëàéä äýýð áèä ç³³í ãàð òàëä íü R- script editor, áàðóóí ãàð òàëä íü êîíñîë áàéðëàñàí áàéãàà 2
öîíõûã õàðæ áàéíà.
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Áèä R-script-ýý õàðààõàí õàäãàëààã³é áàéíà. Editor-èéí ãàð÷èã äýýð �Untitled� áóþó "Íýðã³é" ãýæ
áàéãàà òóë ä³í øèíæèëãýýíäýý íýð °ãüå. Øèíý ôàéëûí õýëáýðýýð õàäãàëàõûí òóëä File öýñíèé Save
As äýýð äàðíà óó. Õýðýâ òà °°ðèéí R-script-èéã àíõ óäàà õàäãàëæ áàéãàà áîë File öýñíèé Save äýýð
äàðàõ áà R àâòîìàòààð õààíà õàäãàëàõûã àñóóíà. Ýñâýë òà êîìïüþòåðèéí ãàðûíõàà Ctrl + S òîâ÷ëóóð
äýýð äàðæ áîëíî

Îäîî áèä R-script-èéíõýý íýðèéã ñîíãîíî. Áè °°ðèéíõèéã°° �my-script. R�ãýæ íýðëýñýí áàéãàà. Òà
ôàéëûíõàà íýðèéã �. R� -ààð äóóñãàõ ¼ñòîéã àíõààðíà óó. Ýñ òýãâýýñ R-script ãýæ òàíèãääàãã³é. Ì°í
R íü òàíû õýðýãëýã÷èéí áàðèìò áè÷ãèéí õàâòñûã íýýæ áàéãààã àíçààðààðàé. ßàãààä èíãýæ áàéãààã
áèä óäàõã³é ìýäýõ áîëíî. Õÿëáàð áàéõ ³³äíýýñ °ã°ãä°ë áîëîí R-script-ýý õàäãàëàõäàà ýíý õàâòñûã
àøèãëàõûã ç°âë°æ áàéíà. Õýðýâ òà °°ð õàâòàñ ñîíãîâîë òà °ã°ãäëèéíõ°° ôàéëûí á³òýí çàìûã îëîõ
õýðýãòýé áîëíî. Õàìãèéí ñ³³ëä íü ìýäýýæ R ïðîãðàì ðóó áóöàõûí òóëä save òîâ÷ äýýð äàðíà.
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Îäîî áèä R-script-ýý õàäãàëñàí òóë editor-èéí íýð íü áèäíèé õàäãàëàãäñàí script-èéí íýð, áàéðøëûã
óíøèõ áîëíî.

Òà Windows File Explorer ïðîãðàìàà íýýãýýä R-script õàäãàëàãäñàí õàâòñûã íýýæ áîëíî.Òàíû õàðæ
áàéãàà÷ëàí ÿã ýíý õàâòñàíä áè íàñ òààõ CSV ôàéëûã õóóëñàí áàéãàà. Õýðýâ áè ýíý õàâòñàíä CSV
ôàéëàà õóóë÷èõ þì áîë R äýýð á³òýí çàìûí îðîíä ç³ãýýð ë ôàéëûí íýðèéã áè÷èæ îðóóëààä øóóä
óíøèõ áîëîìæòîé þì.

R-ä áóöàæ îðîîä R-èéí "�working directory�/�àæëûí ëàâëàõ" ãýñíèéã øàëãàæ áîëíî. �working directory�
íü òàíû êîìïüþòåð äýýðõ �R õàðæ áàéãàà� õàâòàñ þì. Òà getwd () ôóíêöèéã àøèãëàí �working directory�

8



ãýæ þó áîëîõûã øàëãàæ áîëíî. Òàíû õàðæ áàéãàà÷ëàí R-èéí �working directory� íü R-script-ýý õàä-
ãàëñàí ì°í íàñûã òààõ °ã°ãä°ëèéí CSV ôàéë áàéðëàæ áàéãàà õàâòàñòàé èæèëõýí õàâòàñ þì.

Press x2 to complete automatically

�working directory� -ä óíøèõûã õ³ññýí õàäãàëñàí ôàéëóóäòàé áàéõ íü ôàéëûí íýðèéã á³òýí çàìã³éãýýð
áè÷èõýä ë äàâóó òàëòàé þì. Ò³³í÷ëýí, ýíý íü R-èéí êîíñîëûí �auto-completion�/ "àâòîìàòààð á°ãë°õ"
îíöëîãèéã àøèãëàõ áîëîìæèéã áèäýíä îëãîäîã. Õýðýâ òà õî¼ð öýãòýé õààëòàíä òýìäýãò ì°ð/ôàéëûí
íýð/-èéã îðóóëæ, äàðàà íü êîìïüþòåðèéíõýý ãàð äýýð áàéãàà TAB òîâ÷ëóóðûã õî¼ð óäàà äàðâàë R íü
working directory äîòðîîñ òîõèðîõ ôàéëûí íýðèéã òààðóóëæ õàéæ îëîõ áîëíî. Ýíý àðãà íü ìàø èõ
õýðýãòýé á°ã°°ä áèä ôàéëûí íýðèéã ÿã á³ðýí ñàíàõ øààðäëàãàã³é, ç°âõ°í ýõíèé õýäýí òýìäýãòèéã ë
ñàíàõàä áîëíî.

Òàíû õàðæ áàéãàà÷ëàí ýíý ñëàéäàí äýýð R íü ìèíèé õàéæ áàéãàà ôàéëûí íýðèéã àâòîìàòààð á°ãë°ñ°í
áàéíà.
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Õàðàìñàëòàé íü äýýðõ �auto-completion�/ "àâòîìàòààð á°ãë°õ" îíöëîã íü ç°âõ°í R-èéí êîíñîëûí õóâüä
áîëîìæòîé á°ã°°ä editor -èéí õóâüä áîëîìæã³é þì. Editor äýýð TAB òîâ÷èéã äàðàõàä òàá áóþó çàé
ë îðóóëíà. Ãýñýí õýäèé ÷, áèä îäîî êîíñîëîîñ òåêñòèéã õóóëæ àâààä Editor-ò õýðýãòýé áàéãàà ãàçðàà
paste /áóóëãàõ áîëîìæòîé þì.

Ýíý òîõèîëäîëä °íã°ðñ°í äîëîî õîíîãèéí æèøýýã àøèãëàÿ. Áèä óíøèõûã õ³ñ÷ áóé ôàéëäàà ïàðàìåò-
ðèéí ôàéëûí set á³õèé fread () ôóíêöèéã äóóäàÿ. Áèä °ã°ãäëèéí ôàéëûíõàà íýðèéã îðóóëàõûí òóëä
Editor äýýð õóëãàíû áàðóóí òîâ÷èéã äàðààä "Paste" òîâ÷èéã äàðàõàä ë õàíãàëòòàé.

Áèä èéíõ³³ °íã°ðñ°í äîëîî õîíîãèéí script-ýý õèéæ äóóñãàëàà. Ctrl + R òîâ÷èéã äàðæ êóðñîðûí äîîð
áàéãàà ì°ð°í äýõ êîìàíäûã ã³éöýòãýõ áîëîìæòîéã áèä àëü õýäèéí ñóð÷ ìýäñýí áàéãàà. Ãýõäýý script
-èéã á³õýëä íü íýã äîð, °°ð°°ð õýëáýë script äýõ ì°ð á³ðèéã áè÷èãäñýí äàðààëëààð íü ã³éöýòãýæ áîëíî.
�³íèéã õèéõèéí òóëä áèä script -èéí á³õ êîìàíäûã Ctrl + A òîâ÷èéã äàðæ èäýâõæ³³ëýýä, äàðàà íü
ñëàéä äýýð òýìäýãëýãäñýí R- script editor-èéí äýýä òàëä áàéðëàõ "Run line or selection" ãýñýí òàéëáàð
á³õèé æèæèã ä³ðñ äýýð äàðíà.
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Õýðýâ äýýðõ á³õ ³éëäýë õèéãäñýí áîë editor-îîñ èðñýí ãóðâàí êîìàíäûã êîíñîë äýýð øàëãàñíààð íýã
äîð ã³éöýòãýãäñýí áîëîõûã õàðæ áîëíî. Ýíý 3 êîìàíäûí ñ³³ëèéí êîìàíä íü íàñ òààìàãëàõ °ã°ãäëèéã
àãóóëñàí data.table/°ã°ãäëèéí õ³ñíýãò/-èéã àãóóëñàí dt õóâüñàã÷èéí àãóóëãûã õýâëýõ ÿâäàë áàéñàí.

2 Recap: Working with data sets
• Prepare data set: from Excel (*.xlsx) to CSV (*.csv)
• Read-in data set: fread(file = ...)
• Analyse, modify, plot data sets
• Save modified data set: fwrite(x=..., file=..., sep=’,’)

�íã°ðñ°í äîëîî õîíîãò áèä CSV ôàéëûí ôîðìàòûã àøèãëàí °ã°ãäëèéã R-ðóó õýðõýí óíøèõ òàëààð
àâ÷ ³çñýí áàéãàà. Microsoft Excel ôàéëóóäàà CSV ôàéëûí ôîðìàòòàé áîëãîí °°ð÷ë°õèéí òóëä õýðõýí
àøèãëàæ áîëîõ òàëààð ÿðèëöñàí. CSV ôàéëûã ³³ñãýñíèé äàðàà áè òà á³õýíä °ã°ãäëèéã R-ä óíøèõ õî¼ð
àðãûã õàðóóëñàí áàéãàà. R-èéí áàãöûí data.table-ýýñ fread () ôóíêöèéã àøèãëàí °ã°ãäëèéã óíøèõ áîëîí
data.table ãýæ íýðëýãääýã °ã°ãäëèéí ò°ð°ëä õàäãàëæ áîëíî. Íýãýíò °ã°ãäëèéã data.table-ýýð óíøààä
õàäãàëàñàí áîë áèä °ã°ãäë°° °°ð÷ë°õ, ä³í øèíæèëãýý õèéõ ýñâýë âèçóàë÷ëàõ/ä³ðñëýõ áîëîìæòîé áîëæ
áàéãàà þì. Ýöýñò íü áèä ì°í ò³³í÷ëýí fwrite() ôóíêöèéã àøèãëàí °°ð÷èëñ°í °ã°ãäë°° ôàéëä õàäãàëàõ
áîëîìæòîé þì.

3 Accessing variables from a data.table
3.0.1 Column Access - $

Using $ to access a column
library(data.table)
dt <- fread("age-guessing-data-excel-exercise.csv")
dt$group

## [1] "A" "B" "C" "D" "E" "F" "G" "H" "I" "J"

dt$card_1

## [1] -11 -1 3 -6 3 0 -2 3 -8 -4

R-console: Press behind $ to list all available column names

Îäîîãèéí áàéäëààð áèä data.table îáúåêòûã õýðõýí ÿàæ õýâëýõ, ò³³íä õýðõýí áàãàíà íýìæ îðóóëàõûã ë
³çñýí áàéãàà. Ñëàéä äýýð õàðóóëñàí êîäîíä áèä data.table-ä çîðèóëæ áàãöûã äàõèí à÷ààëëààä data.table
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îáúåêòûã °°ðèéí °ã°ãäëèéí áàãö äýýð óíøèæ ³³ñãýýä ³ð ä³íã dt íýðòýé õóâüñàã÷ äîòîð õàäãàëíà.
Õýðýâ áèä dt-ýýñ íýã áàãàíà õýâëýõ ýñâýë àøèãëàõûã õ³ñ÷ áàéâàë $ òýìäýãèéã àøèãëàäàã á°ã°°ä ³³íèéã
áàãàíàä õàíäàõ îïåðàòîð ãýæ íýðëýäýã. Ýíý æèøýýíä áè ýõëýýä group áàãàíûí óòãóóäûã õýâëýýä äàðàà
íü êàðò_1 áàãàíû ýõíèé ãýðýë çóðãèéí òààìàãëàëûí àëäààíû óòãóóäûã õýâëýæ áàéíà. Õýðýâ áèä
õàíäàõûã õ³ñ÷ áóé áàãàíû íýð äýýð ýðãýëçýæ áàéãàà áîë êîíñîë äýýð �auto-completion�/ "àâòîìàòààð
á°ãë°õ" àðãûã àøèãëàõ áîëîìæòîé þì.

3.0.2 Selecting multiple columns

We can also use [] to access columns
dt[, c("group", "card_1")]

## group card_1
## 1: A -11
## 2: B -1
## 3: C 3
## 4: D -6
## 5: E 3
## 6: F 0
## 7: G -2
## 8: H 3
## 9: I -8
## 10: J -4

Áàãàíàä õàíäàõ $ îïåðàòîðûã àøèãëàõ íü äàí ãàíö íýã áàãàíàä õàíäàõ áîëîìæèéã îëãîäîã. Õýðýâ áèä
îëîí áàãàíàä õàíäàõûã õ³ñâýë dt-èéí ä°ðâ°ëæèí õààëò [] îïåðàòîðûã àøèãëàõ øààðäëàãàòàé. Áèä
ä°ðâ°ëæèí õààëòûã îðóóëààä, õààëòàí äîòðîî ãàíö òàñëàë áè÷ýýä äàðàà íü áèäíèé ìýääýã áîëñîí c()
ôóíêöèéã àøèãëàí áàãàíóóäûí íýðèéã òýìäýãò âåêòîð áàéäëààð áè÷èæ °ãí°.

. . . or a combination of both . . .
dt[, c("group", "card_1")]$group

## [1] "A" "B" "C" "D" "E" "F" "G" "H" "I" "J"

Èéì áàéäëààð data.table-ýýñ áàãàíàä õàíäàõ íü ³íýí õýðýãòýý ç°âõ°í çààñàí áàãàíóóäûã àãóóëñàí øèíý
data.table îáüåêòèéã ãàðãàæ èðäýã. Ñîíèðõîëòîé íü áèä ñëàéä äýýð õàðóóëñàí÷ëàí áàãàíà õàíäàëòûí
$ îïåðàòîðûã øóóä àðä íü äàõèí àøèãëàæ áîëäîã.

4 Accessing subsets from data.table
Subset: Selection of rows by row number

# first row
dt[1]

## group card_1 card_2 card_3 card_4 card_5 card_6
## 1: A -11 -15 11 -2 0 5
## card_7 card_8 card_9 card_10
## 1: -4 1 -7 -6

Áèä áàãàíóóäàä õýðõýí õàíäàõûã ³çëýý. Ãýõäýý áèä áàñ òîäîðõîé ì°ð³³äýä õàíäàõ áîëîìæòîé þì.
�³íèéã áèä data.table-èéí "subsetting" ãýæ íýðëýäýã. �³íèé òóëä áèä õàíäàõ îïåðàòîð ä°ðâ°ëæèí
õààëòûã äàõèí àøèãëàäàã. Ãýõäýý ýíý óäàà áèä òàñëàëûã áè÷èõã³é. Ýíãèéí äýä áàãöûí õóâüä ç°âõ°í
ýõíèé ì°ð°íä õàíäàõ, õýâëýõ ³éëäëèéã õÿëáàðõàí õèéäýã. Åðä°° ë õàíäàõ ì°ðèéí äóãààðàà ë çààæ
°ãí°.

Subset: Selection of rows by row number

12



# first three rows
dt[1:3]

## group card_1 card_2 card_3 card_4 card_5 card_6
## 1: A -11 -15 11 -2 0 5
## 2: B -1 -12 4 7 7 -5
## 3: C 3 -12 20 9 23 1
## card_7 card_8 card_9 card_10
## 1: -4 1 -7 -6
## 2: 12 9 5 3
## 3: 12 7 5 3

Îëîí ì°ð°íä õàíäàõûí òóëä áèä èæèë çàð÷ìûã áàðèìòàëíà. Áèä ì°ð³³äèéí äóãààðûã çààæ °ãí°.
Ì°ðèéí äóãààðóóäûã ³ðãýëæèëñýí òàñðàëòã³é áàéäëààð îðóóëàõ øààðäëàãàã³é. Ì°ðèéí äóãààðóóä
ãàðöààã³é áàéãàà òîõèîëäîëä áèä á³õýë òîîíóóäûí ÿìàð ÷ âåêòîðûã áýëòãýæ áîëíî.

# all but the row 1 to 5
dt[-(1:5)]

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

Ãýñýí õýäèé ÷ ãàæèõ ç³éë áàéäàã áà ýíý íü ñ°ð°ã òîîíóóä þì. Ìýäýýæèéí õýðýã ñ°ð°ã ì°ðíèé äóãààð
ãýæ áàéõã³é, ãýõäýý ýíý íü þó ãýñýí ³ã âý ãýõýýð ñ°ð°ã òýìäãèéã ì°ðíèé äóãààðûí °ìí° áè÷ñýíýýð áèä
dt îáüåêòäîî çààñàí ñ°ð°ã òýìäýãòýé ì°ðèéí äóãààðòàé ì°ðí°°ñ áóñàä á³õ ì°ðèéã õýâëýõèéã õýëíý.
Òèéìýýñ ñëàéä äýýðõ õî¼ðäàõü æèøýý íü ýõíèé 5 ì°ðã³éãýýð °ã°ãäëèéí õ³ñíýãòèéã õàðóóëæ áàéíà

Subset: Selection of rows by variable value

# Only rows where group equals "A" or "D"
dt[group == "A" | group == "D"]

## group card_1 card_2 card_3 card_4 card_5 card_6
## 1: A -11 -15 11 -2 0 5
## 2: D -6 -10 -1 -3 -20 0
## card_7 card_8 card_9 card_10
## 1: -4 1 -7 -6
## 2: -11 -5 -3 -1

Symbol | is a logical “or”: group can be “A” or “D”

Ì°ð³³äèéí äóãààðûã çààæ °ã°õ íü íýã èõ õýðýãöýýòýé áèø áàéæ áîëîõ þì. Ó÷èð íü ç°â ì°ð³³äèéã
ñîíãîõûí òóëä ì°ð³³äèéí äóãààðóóäûã ÿã òàã ìýäýæ áàéõ ¼ñòîé á°ã°°ä íýìýýä õýëýõýä ì°ð³³äèéí
äàðààëëààñ õàìààðäàã. Èë³³ ïðàêòèê àðãà áîë õóâüñàã÷ óòãóóä äýýð ³íäýñëýí äýä áàãöóóäûã çààæ
°ã°õ ÿâäàë þì. Ñëàéä äýýðõ ýõíèé æèøýýí äýýð áèä òîäîðõîé À, D óòãà á³õèé õóâüñàã÷ group-èéí
ì°ð³³äèéã ñîíãîæ áàéíà. Áèä ì°ð ñîíãîõ íýã áèø õî¼ð õýìæ³³ðèéã çààæ °ã÷ áàéãàà òóë ëîãèê ýñâýë
boolean îïåðàòîðûã àøèãëàí òýäãýýðèéã íýãòãýõ øààðäëàãàòàé þì. R-ä boolean îïåðàòîðóóäûã ëîãèê
îïåðàòîðóóä ãýæ íýðëýäýã áîëîâ÷ áîäèò ÿëãàà áàéäàãã³é. Õîîëîé ãýæ íýðëýãääýã | òýìäýã íü boolean
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OR/ÝÑÂÝË ãýñýí óòãàòàé. Áîäèò áàéäàë äýýð ³³íèéã äàðààõü áàéäëààð óíøèæ áîëíî: �A ýñâýë D
óòãàòàé á³ëãèéí ì°ð³³äèéã ñîíãîíî óó�. Øóëóóõàí õýëýõýä ýíý ìýäýãäýë íü �A ýñâýë D ýñâýë õî¼ó-
ëàíãèéíõ íü óòãà á³õèé group-èéí ì°ð³³äèéã ñîíãîíî óó� ãýñýí ³ã þì. Õýäèé òèéì ÷ áèä ç°âõ°í íýã
õóâüñàã÷èéã õýëæ áàéãàà òóë ýíý õóâüñàã÷ õî¼ð óòãûã çýðýã àãóóëæ ÷àäàõã³é.

Subset: Selection of rows by variable value

# Only rows where the absolute value
# of error is larger than 5
dt[abs(card_1) > 5]

## group card_1 card_2 card_3 card_4 card_5 card_6
## 1: A -11 -15 11 -2 0 5
## 2: D -6 -10 -1 -3 -20 0
## 3: I -8 2 -3 6 13 -1
## card_7 card_8 card_9 card_10
## 1: -4 1 -7 -6
## 2: -11 -5 -3 -1
## 3: 6 9 5 3

�³íòýé èæèë ëîãèê íü òîîí õóâüñàã÷óóäàä ì°í õàìààðíà. Áèä ýíý æèøýýíä çààñíû äàãóó àáñîëþò
óòãà íü 5-ààñ èõ õóâüñàã÷ êàðò 1-èéí á³õ ì°ðèéã ñîíãîõ õýìæ³³ðèéã çààæ °ã÷ áîëíî.

Subset: Selection of rows by variable value

# Only rows where group is one of "A", "B" or "C"
# and the absolute value of error for the 1st photograph
# is larger than 5
dt[group %in% c("A", "B", "C") & abs(card_1) > 5]

## group card_1 card_2 card_3 card_4 card_5 card_6
## 1: A -11 -15 11 -2 0 5
## card_7 card_8 card_9 card_10
## 1: -4 1 -7 -6

• group %in% c("A", "B", "C") means group == "A" | group == "B" | group == "C"
• Symbol & is a logical “and”, i.e. group must be "A", "B" or "C" AND error is larger than 5

Áèä õýìæ³³ðèéã íýã óäààä ç°âõ°í íýã õóâüñàã÷ äýýð àøèãëàõààð õÿçãààðëàãäàõã³é. Ëîãèê ýñâýë
boolean îïåðàòîðóóäààð íýãòãýãäñýí òîõèîëäîëä äóðûí õóâüñàã÷ äýýð õýìæ³³ðèéí äóðûí õîñëîëóó-
äûã ñîíãîæ áîëíî. Òîõèîëäîæ áîëîõ õàìãèéí ìóó ç³éë íü áèäíèé ì°ð³³äèéí àëü íü ÷ °ã°ãäñ°í õýì-
æ³³ðò íèéöýõã³é áàéõ ÿâäàë á°ã°°ä ³ð ä³íä íü 0 ì°ð á³õèé data.table ãàð÷ èðíý. Ýíý æèøýýíä
ëîãèê îïåðàòîðûí õýðýãëýýã äàõèí õàðóóëàõûí òóëä, boolean AND ãýñýí & îïåðàòîðûã àøèãëàí õýì-
æ³³ð³³äèéã íýãòãýæ áàéíà. Ýõíèé õýìæ³³ðò á³ëýã íü A, B, ýñâýë C áàéõ ¼ñòîé ãýñýí áîë õî¼ð äàõü
õýìæ³³ðò card_1-èéí òààìàãëàëûí àëäààíû ³íýìëýõ³é óòãà 5-ààñ èõ áàéõ ¼ñòîé ãýæ çààñàí áàéíà.
boolean AND/ &-èéã àøèãëàæ áàéãààãèéí ó÷èð íü áèä ýíä õî¼ð õýìæ³³ðò õî¼óëàíä íü òîõèð÷ áàéãàà
ì°ð³³äèéã ñîíãîæ áàéãàà þì.

Subset: Selection of rows by variable value

# same as above, but using logical OR instead of AND
dt[group %in% c("A", "B", "C") | abs(card_1) > 5]

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

Ëîãèê OR ýñâýë ëîãèê AND-èéí ÿëãààã õàðóóëàõûí òóëä ëîãèê AND-èéã ëîãèê OR-îîð îðëóóëáàë
þó áîëîõûã øàëãàæ ³çüå. �ð ä³í íü ýõíèé áà õî¼ð äàõü õýìæ³³ðèéã õàíãàñàí ì°ð³³ä ã³éöýòãýãäýíý.
Ãýõäýý ç°âõ°í íýã õýìæ³³ðèéã ë õàíãàñàí òîõèîëäîëä àëü õýäèéí õàíãàëòòàé þì. Ýíý íü èë³³ îëîí
ì°ðèéã ãàðãàæ èðýõ ¼ñòîé.

5 Sorting
To sort means to change the order of rows

Sorting: ascending vs descending
# ascending
dt[order(card_2)]

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

Çàðèì òîõèîëäîëä áèä data.table-ýýñ ì°ð³³äýä õàíäàõûí îðîíä ì°ð³³äèéí ýðýìáý, áàéðëàëûã èë³³
ñîíèðõäîã. Æèøýýëáýë, õýðýâ áèä çàðèì õóâüñàã÷èéí õàìãèéí áàãà ýñâýë õàìãèéí èõ óòãàòàé ì°ðèéã
ìýäýõèéã õ³ñ÷ áàéâàë. �³íèéã õèéõ íýã àðãà áîë data.table äýõ ì°ð³³äèéí äàðààëëûã íýã áóþó õýä
õýäýí õóâüñàã÷èéí óòãà äýýð ³íäýñëýí ýðýìáýëæ °°ð÷ë°õ ÿâäàë þì. Ýõëýýä ä°ðâ°ëæèí õààëò îïåðàòî-
ðîîð äàìæóóëàí ì°ðèéí ñîíãîëòîä äàõèí õàíäàæ, 2-ðò order() ôóíêöûã àøèãëàí õóâüñàã÷èéí íýðýýð
áýëòãýõ ýðýìáýëýõ çàìààð ³³íèéã õèéæ áîëíî. Àëèâàà ç³éëèéã ýðýìáýëýõýä ³íäñýíäýý °ñ°õ äàðààëàë
áà áóóðàõ äàðààëàë ãýñýí õî¼ð àðãà áàéäàã áîëîõûã àíõààðíà óó. �ñ°õ òîîí óòãóóä íü áàãààñ ýõýëæ,
ì°ðèéí èõ òîîãîîð íýìýãäýõ áîëíî. Áóóðàõ íü ýñðýãýýðýý, õàìãèéí èõ óòãààñ ýõýëæ, ì°ðèéí èõ òîî
áóóðíà. order() ôóíêö íü óòãûã °ñ°õ äàðààëëààð ýðýìáýëäýã.

Sorting: ascending vs descending
# descending
dt[order(card_2, decreasing = TRUE)]
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## group card_1 card_2 card_3 card_4 card_5 card_6
## 1: F 0 13 1 0 20 7
## 2: H 3 9 4 3 9 5
## 3: I -8 2 -3 6 13 -1
## 4: G -2 -6 0 -4 -10 -1
## 5: D -6 -10 -1 -3 -20 0
## 6: J -4 -10 2 11 -4 -5
## 7: B -1 -12 4 7 7 -5
## 8: C 3 -12 20 9 23 1
## 9: E 3 -12 10 8 13 -6
## 10: A -11 -15 11 -2 0 5
## card_7 card_8 card_9 card_10
## 1: 0 1 1 2
## 2: 1 0 1 1
## 3: 6 9 5 3
## 4: -8 -10 -5 -2
## 5: -11 -5 -3 -1
## 6: -11 8 -1 1
## 7: 12 9 5 3
## 8: 12 7 5 3
## 9: 1 -3 6 4
## 10: -4 1 -7 -6

Õýðýâ áèä ýõíèé ì°ð°íä áàéãàà çàðèì õóâüñàã÷èéí õàìãèéí èõ óòãûã õàðàõûã õ³ñâýë decreasing íýðòýé
ïàðàìåòð á³õèé order() ôóíêöèéã áýëòãýæ decreasing=TRUE áîëãîæ òîõèðóóëàõ ¼ñòîé.

6 Summary: What functions did we learn?
• dt\$column: get column from data.table
• dt[, c("columnA", "columnB")]: get one or more columns from data.table
• order(column): Sort values in column in ascending order
• order(column, decreasing = TRUE): Sort values in column in decreasing order
• A \%in\% c(B, C; D): shortcut for A = B or A = C or A = D
• Logical Or-operator |: A=="normal" | A=="small"
• Logical And-operator \&: A>1 \& A<5

�í°°ä°ð ñóð÷ ìýäñýí ç³éëýý íýãòãýí ä³ãíýå. Áèä áàãàíàä õàíäàõ îïåðàòîð ãýæ íýðëýâýë èë³³ òî-
õèðîìæòîé äîëëàðûí òýìäãýí îïåðàòîð áîëîí ä°ðâ°ëæèí õààëò îïåðàòîðûã àøèãëàí data.table -ýýñ
áàãàíóóäàä õàíäàõ òàëààð àâ÷ ³çëýý. Øààðäëàãàòàé áîë ýíý õî¼ðûã íýãòãýæ áîëíî ãýäãèéã áèä áàñ
³çñýí áàéãàà. Äàðàà íü áèä ì°ðèéí õýìæ³³ðèéã çààæ °ã°õ°ä ä°ðâ°ëæèí õààëò [] îïåðàòîðûã õýðõýí
àøèãëàõ òàëààð ÿðèëöñàí. Ìèíèé äóðäààã³é ç³éë áîë ä°ðâ°ëæèí õààëò [] îïåðàòîðûã àøèãëàí ì°ð,
áàãàíûã çýðýã ñîíãîõ áîëîìæòîé þì. Ãýõäýý áèä ³³íèéã ìàðãààø R-èéí äàâòëàãà õè÷ýýë äýýð àâ÷
³çýõ áîëíî. Äàðàà íü ì°ð³³äèéí äàðààëëûã õýðõýí °°ð÷ë°õèéã ³ç³³ëñýí. order() ôóíêöèéã àøèãëàõ
íü ýãíýýíèé ñîíãîëòûã õèéõòýé àäèëõàí ãýäãèéã õàðëàà. Áèä ³ð ä³íãèéí äàðààëàë áóóð÷ áàéãàà òóë
decreasing ãýæ íýðëýãäýõ ïàðàìåòðèéã çààæ °ã°õ çàìààð order() ôóíêöèéí ³éëäëèéã °°ð÷èëæ áîëíî.
While discussing row criteria, we also introduced logical operators in R: OR and AND and how to use them
for selecting rows. One special form of OR is the in-operator, which provides a handy shortcut for specifying
multiple OR conditions.

7 Exercises
7.0.1 Age Guessing

Analyse the age guessing data set. For each question, write one line of R code to determine the answer.

1. Which team had the lowest absolute error for card no. 8?
2. Which photograph card was the most difficult one, i.e. the one with the highest total error
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7.0.2 Bird Flue - Avian Influenza A/ H5N1

Zuur et al. (2009): The file BirdFlu.xls contains the annual number of confirmed cases of human Avian
Influenza A/(H5N1) for several countries reported to the World Health Organization (WHO). The data were
taken from the WHO website (www.who.int/en/).

Download the data set and copy file BirdFlu.xls from http://highstat.com/Books/Book3/MoreData.zip.
Convert BirdFlu.xls into a csv format, ie. birdflu.csv. Write a R-script to answer the following questions:

1. What is the total number of bird flu cases in 2003 and in 2005?
2. Which country has had the most cases?
3. Which country has had the least bird flu deaths?

8 Quiz

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

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