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1 Recap: Accessing data tables
• Accessing columns from a data.table

– Single columns: e.g. dt\$colA

– Multiple columns: e.g. dt[, c("colA", colB")]

• Accessing rows/ subsetting a data.table

– By row number: e.g. dt[1:3] returns first 3 rows

– By variable values: e.g. dt[colA > 3 \& colB < 2]

Áèä °íã°ðñ°í õè÷ýýëýýð data.table îáúåêòîä õàäãàëàãäñàí °ã°ãäëèéã õýðõýí ñîíãîõ, àøèãëàõ áîëîìæóó-
äèéí òàëààð ÿðèëöñàí. Òóõàéí õ³í íü õýä õýäýí õóâüñàã÷ áîëîí õýìæèëò³³äèéí °ã°ãäëèéí áàãöòàé
áàéäàã òóë ýíý íü íýëýýä ÷óõàë ç³éë þì. �ã°ãäëèéí áàãöàä ä³í øèíæèëãýý õèéõäýý áèä ãàð äîð áàé-
ãàà °ã°ãäëèéíõ°° çàðèì õýñãèéã ñîíãîõ øààðäëàãàòàé áîëäîã. Æèøýý íü ñîíãîñîí õî¼ð õóâüñàã÷èéí
õîîðîíäûí õàìààðëûã âèçóàë÷ëàõ/ä³ðñëýõ-ä. Òîäîðõîé °ã°ãäëèéí áàãöòàé òàíèëöààä òóõàéí õ³í íü
èõýâ÷ëýí èë³³ ÷óõàë ãýæ ³çýõ³éö ö°°í õýäýí õóâüñàã÷èä ä³í øèíæèëãýý õèéæ ýõëýýä, äàðààãèéí øà-
òàíä áóñäûã íü àâ÷ ³çýõ çàìààð ³ðãýëæë³³ëýí ñóäàëäàã. Áèä data.table-ýýñ äàí ãàíö áàãàíàä õàíäàõàä
$-operator-èéã õýðõýí àøèãëàõûã ³çñýí áàéãàà. R-êîíñîë äýýð àæèëëàõäàà òîäîðõîé áàãàíû íýðèéã
îëîõîä òóñëàõûí òóëä TAB òîâ÷èéã äàõèí àøèãëàæ áîëíî. Íýãýýñ èë³³ áàãàíûã ñîíãîõûí òóëä áèä
àðàé èë³³ ³éëäëèéã õèéõ øààðäëàãàòàé. �³íèé íýã àðãà íü áîë áàãàíûí íýðí³³äèéí âåêòîðûã °ã°°ä,
ç°âõ°í ýäãýýð õî¼ð áàãàíûã áàãòààñàí øèíý õ³ñíýãòèéã ãàðãàæ èðýõèéã data.table îáúåêòîîñ õ³ñýõ ÿâäàë
þì. Ä°ðâ°ëæèí õààëòàíä áèä òàñëàëûí òýìäãèéí äàðàà áàãàíûí íýð³³äèéã °ãä°ã áîëîõûã àíõààðíà
óó. Òàñëàë òýìäãèéí °ìí°õ ìýäýãäëèéã data.table -èéí ì°ð°íä, àðäàõ ìýäýãäëèéã áàãàíàä õýðýãëý-
äýã ãýäãèéã ñàíààðàé. �³íèé äàãóó áèä data.table-ýýñ õýä õýäýí ì°ðèéã òàñëàëûí °ìí° ìýäýãäýë °ã°õ
çàìààð ñîíãîæ áîëíî. Æèøýý íü ì°ðèéí äóãààð áîëîõ áàãö òîîã áýëòãýæ °ã°õ. Ýñâýë áàãàíóóä íü òî-
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äîðõîé óòãàòàé ì°ð³³äèéã ñîíãîæ áîëíî. �³íèéã õèéõèéí òóëä áèä boolean ýñâýë ëîãèê îïåðàòîðóóäûã
àøèãëàæ áîëíî.

2 Aggregating grouped data
2.0.1 Calculating measures of columns

library(data.table)
dt <- fread("age-guessing.csv")
dt[, mean(card_1)]

## [1] -2.3

dt[abs(card_2) > 5, mean(card_1)]

## [1] -1.666667

dt[, var(card_1)]

## [1] 24.01111

dt[, var(card_1) + var(card_2)]

## [1] 120.2444

data.table îáúåêòîîñ °ã°ãäëèéã ñîíãîæ, ø³³õ áîëîìæòîé áîëñîí òóë ³³ãýýð þó õèéæ ÷àäàõàà ìýäýõ
öàã áîëæýý. �ìí° äóðüäñàí÷ëàí, data.table-èéí äîòîðõ òàñëàëûí äàðàà °ãä°ã ìýäýãäë³³ä áàãàíóóäàä
àøèãëàãääàã. Ýíý íü áèä ñîíãîñîí áàãàíóóä äýýðýý òîäîðõîé òîîöîîëëûã øóóä data.table äîòîð õèéõ
áîëîìæòîé ãýñýí ³ã þì. Òà áèäíèé íàñ òààõ °ã°äëèéí áàãö äýýðõ åðäèéí ñòàòèñòèê òîîöîîëëûí ñîí-
ãîëòûã ýíä õàðæ áàéíà. Êîäûí æèøýýíèé õî¼ðäàõü ì°ðèéã áàñ àíõààðíà óó: Áèä card_1 áàãàíûí
äóíäàæèéã òîîöîõ áîëîâ÷ á³õ óòãûã àøèãëàõûí îðîíä ç°âõ°í card_2-èéí àáñîëþò àëäàà 5-ààñ èõ áàéõ
óòãûí äóíäàæûã òîîöíî. Òèéìýýñ áèä êîäûí ýõíèé ì°ð°°ñ °°ð ³ð ä³íä õ³ð÷ áàéíà.

2.0.2 Using factors

• How to categorize data? Use factors!
• factors are categories. Example: “mammals”

– Horse
– Sheep
– Cow
– Goat

• different categories in a factor are called “levels”
• In R we say: factor mammals has levels Horse, Sheep, Cow, Goat

Íàñ òààõ °ã°ãäëèéí æèøýýíä áèäýíä òîäîðõîé íýã ãýðýë çóðãèéí õóâüä á³ëýã òóñ á³ðò ³ðãýëæ íýã
óòãà áàéíà. Ãýõäýý íýã á³ëýãò íýã ë õýìæèëò áàéõ íü îíöãîé òîõèîëäîë þì. Èõýíõ òîõèîëäîëä íýã
á³ëýãò õýä õýäýí õýìæèëò áàéäàã. Á³ëýã òóñ á³ðýýð íü õàðñàí÷ëàí ýäãýýð ò°ðëèéí òîîöîîã õèéõ ìàø ³ð
ä³íòýé àðãà áîë factor/ôàêòîð-èéã àøèãëàõ ÿâäàë þì. Factors/ôàêòîðóóä íü ³íäñýíäýý êàòåãîðèóäûã
òîäîðõîéëäîã R äàõü °°ð íýã °ã°ãäëèéí ò°ð°ë þì. Õóâüñàã÷èéã factor/ ôàêòîð áîëãîí ìýäýãäýõ íü
R-ä ýíý õóâüñàã÷èéã àðàé °°ð°°ð çîõèöóóëàõûã õýëæ °ãä°ã. Æèøýýëáýë: Áèä ìàëûí òàëààðõè çàðèì
°ã°ãäëèéã öóãëóóëààä, ç³éëèéí ò°ðëèéã �mammal�/ �õ°õò°í� ãýñýí íýðòýé õóâüñàã÷ áîëãîí òýìäýãëýñýí
ãýæ ³çüå. ßíç á³ðèéí êàòåãîðèóäûã R-ä factor/ôàêòîð-èéí levels/ ò³âøèíã³³ä ãýæ íýðëýäýã. Òèéìýýñ
°ã°ãäñ°í æèøýýíä áèä "Ìîðü", "Õîíü", "�õýð", "ßìàà" ãýñýí levels-òýé mammal íýðòýé factor /ôàêòîð
õóâüñàã÷òàé áàéõ áîëíî.
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mammal age weight
horse 1 359.46
horse 1 404.33
horse 1 421.24
sheep 2 92.78
sheep 2 87.12
sheep 3 63.69
cow 1 1047.44
cow 3 402.14
cow 3 720.19
goat 3 41.97
goat 1 -31.23
goat 1 85.48

Èéì °ã°ãäëèéí áàãöûí æèøýýã ýíä õàðóóëñàí áàéíà. Áèäýíä íàñûã íü æèëýýð íü òîîöñîí áîëîí, æèíã
íü õýìæñýí 12 ò°ðëèéí àìüòàí áàéíà.

Example: Create a factor in R
my_factor <- factor(x = c("horse", "sheep", "cow", "goat"))
class(my_factor)

## [1] "factor"

my_factor

## [1] horse sheep cow goat
## Levels: cow goat horse sheep

R-ä ôàêòîðûã õýðõýí ³³ñãýõ âý? Áèä factor() íýðòýé ôóíêöèéã àøèãëàäàã íü ãàéõàõ ç³éë áèø þì. Ýíý
ôóíêö íü ôàêòîð áîëîõ ¼ñòîé óòãóóäûã àãóóëñàí x ïàðàìåòðèéã àâäàã. factor() ôóíêö íü x-èéí áýëòãýæ
°ãñ°í ÿëãààòàé óòãóóä äýýð ³íäýñëýí °°ð °°ð levels áóþó êàòåãîðèóäûã °°ð°° àâòîìàòààð îëæ ìýäýõ
áîëíî. Áèä ýíý òîõèîëäîëä my_example ãýæ íýðëýäýã õóâüñàã÷ äýýð ³ð ä³íã õàäãàëæ áîëîõ á°ã°°ä ýíý
íü ³íýõýýð ôàêòîð áîëîõûã ìýäýõèéí òóëä class()-èéã äóóäàæ °ã°ãäëèéí ò°ðëèéã øàëãàæ áîëíî. Ýíý
õóâüñàã÷èéã õýâëýõýä ³ð ä³í íü ýíãèéí òýìäýãò âåêòîðèéã õýâëýõýýñ àðàé °°ð õàðàãäàæ áàéíà. R íü
âåêòîðûí óòãóóäûã åðäèéíõ°°ð°° äàõèí õýâëýíý. Ãýõäýý ³³íýýñ ãàäíà factor() ôóíêöèéí òîäîðõîéëñîí
ÿíç á³ðèéí levels-èéã õýâëýíý. Ýäãýýð levels-èéã ³ðãýëæ öàãààí òîëãîéí äàðààëëààð ýðýìáýëäýã áîëîõûã
àíõààðíà óó.

Òèéìýýñ õ³ñíýãò ³³ñãýõ ³åä êàòåãîðè òóñ á³ðò °ã°ãäëèéí óòãàòàé áàéõ òóñàì äàâòàãäàõ êàòåãîðèéí
âåêòîð áèäýíä ³íýõýýð õýðýãòýé áîëíî. Ýíý íü ìàø èõ áè÷èæ øèâýõ ãýñýí ñàíàà áàéæ áîëîõ þì.
Ó÷èð íü áèä æèøýý íü x ïàðàìåòðèéí âåêòîð ëóó 5 óäàà "ìîðü" ãýñýí ³ãèéã øèâýõ õýðýãòýé áîëíî.
Ãýõäýý ³³íèéã èë³³ õóðäàí õèéõ àðãà íü ýíä áàéíà: Áèä ³³íèéã õèéõèéí òóëä äàâòàõ ôóíêö (rep())-èéã
àøèãëàæ áîëíî. rep() -èéã àøèãëàñíààð ýíý íü ö°°õ°í õýäýí óòãûã ³íäýñëýí èë³³ òîì âåêòîðóóäûã
³³ñãýõ ÿâäëûã ìàø ýíãèéí áîëãîäîã. �íäñýíäýý each áîëîí times ãýñýí ïàðàìåòð³³äýýðýý ÿëãàãäàõ rep()
ôóíêöèéí õî¼ð õóâèëáàð áàéäàã. Òèéìýýñ áèä ³íäñýí óòãóóäûí x ïàðàìåòðèéã áýëòãýí °ã÷, äàðàà íü
each ïàðàìåòðèéã °ã÷ ³³íäýý äàâòàëòûí òîîã çààæ °ãí°. rep () íü äàðàà íü óòãà òóñ á³ðèéã x-ýýñ
õóâèëàí áè÷èæ ³³íèéã àíõíû òîõèîëäëûíõ íü äàðààëëààð íýãòãýõ áîëíî.

. . . or using parameter times to repeat the whole sequence:
# use rep() to avoid too much typing:
my_categories <- rep(x = c("horse", "sheep", "cow", "goat"),

times = 3L)
my_categories
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## [1] "horse" "sheep" "cow" "goat" "horse" "sheep"
## [7] "cow" "goat" "horse" "sheep" "cow" "goat"

rep() -èéí õî¼ðäàõü õóâèëáàð íü times ïàðàìåòðèéã àøèãëàäàã. Æèøýýíýýñ ÿëãààã íü òà õàðæ áàéíà:
times íü rep() -èéã âåêòîð x-èéã á³õýëä íü n óäàà äàâòàæ, á³ãäýíãèéí õàìòàä íü äàðààëóóëàí íýãòãýõýä
õ³ðãýäýã.

. . . and then convert to factor
my_categories <- factor(my_categories)
my_categories

## [1] horse sheep cow goat horse sheep cow goat
## [9] horse sheep cow goat
## Levels: cow goat horse sheep

Note: Levels are sorted alphabetically

Îäîî áèä rep() -èéí ³ð ä³íã àøèãëàí êàòåãîðè òóñ á³ðèéã áè÷èõã³éãýýð òýäãýýðèéã àÿòàéõàí á°ã°°ä
àìàðõàí ôàêòîð áîëãîí õóâèðãàæ ÷àäíà. factor() ôóíêö íü my_categories õóâüñàã÷èä °ã°ãäñ°í îëîí
óòãóóäûí äîòðîîñ ÿëãààòàé °â°ðì°ö levels-èéã òîäîðõîéëæ áàéãààã äàõèí àíõààðíà óó.

2.0.3 Calculating measures per groups

Calculating e.g. the mean of column weight:
dt[, mean(weight)]

## [1] 307.8838

. . . not very meaningful, since these are different mammals. How to calculate for each mammal type?:
dt[, mean(weight), by = mammal]

## mammal V1
## 1: horse 395.00913
## 2: sheep 81.19747
## 3: cow 723.25598
## 4: goat 32.07251

Îäîî áèäíèé data.table-èéí òîâ÷ õóðààíãóé ñòàòèñòèêèéã òîîöîîëîõ òàëààð äàõèí àâ÷ ³çüå. Áèä ìàëûí
°ã°ãäëèéíõ°° äóíäàæ æèíã ñîíèðõîæ áàéíà ãýæ áîäú¼. �ìí° íü ³çñýí÷ëýí áèä weight áàãàíà äýýð
mean() ôóíêöèéã äóóäàõ çàìààð data.table-èéí äîòîðõ äóíäàæûã òîîöîîëæ áîëíî. Ãýñýí õýäèé ÷, ýíý
ôóíêö íü ÿíç á³ðèéí àìüòäûã ÿëãàæ ñàëãàõã³é òóë ýíý àðãààð òîîöîîëñîí äóíäàæ óòãà íü õýðýãã³é
ç³éë þì. Óãààñàà ÿìàà ³õðýýñ õ°íã°í, ìîðü íü ³õðýýñ õ°íã°í áàéæ áîëîõ ÷ ÿìààíààñ õ³íä þì. Òèéìýýñ
ÿíç á³ðèéí àìüòäûí °ã°ãäëèéã õàìòàä íü õýðýãëýæ àìüòíû äóíäàæ æèíã òîîöîîëîõ íü óòãàã³é þì.
Ñòàòèñòèêò ýíý ò°ðëèéí õàðüöóóëàëòûã çàðèìäàà �àëèì, æ³ðæ õî¼ðûã õàðüöóóëàõ� ãýæ õýëäýã á°ã°°ä
õî¼ð ç³éë îãò °°ð áîëîõûã èëýðõèéëäýã. ßìàð ÷ áàéñàí îäîî áèä R-ä ôàêòîðûã õýðõýí ìýäýãäýõýý
ìýääýã áîëñîí òóë data.table äîòîð by ïàðàìåòðèéã àøèãëàí ³³íýýñ çàéëñõèéõ áîëîìæòîé þì. Õýðýâ
áèä °ã°ãäëèéí õ³ñíýãòèéí áàãàíûí äóíäàæèéã äàõèí òîîöîîëîõ áîëîí ³³íýýñ ãàäíà by ïàðàìåòðò °°ð
áàãàíûã çààæ °ã°õ þì áîë áèäíèé data.table íü ýíý áàãàíàä áàéãàà êàòåãîðèóäòàé àäèë îëîí òîîíû
äóíäàæ óòãûã òîîöîîëíî.

Using by: Do anything you do in rows on columns for each different value in group separately

dt[rows, columns, by = group]

Ýíý òàëààð äàõèí áîäîæ ³çüå. Áèä îäîî data.table äîòîðõ °ã°ãä°ëä õàíäàõ °°ð àðãûã ñóð÷ áàéíà.
Ì°ð ñîíãîõ, áàãàíà ñîíãîõ, òîîöîîëîõûã äàìæóóëäàã êîä áè÷èõ áîëîìæòîéã áèä àëü õýäèéí ³çñýí
á°ã°°ä îäîî ãóðàâäàõü õóâèëáàðûí õóâüä áèä íýã áà ò³³íýýñ äýýø áàãàíûí íýðèéã á³ëýãò °ã°õ çàìààð
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á³ëýã³³äèéã þó á³ðä³³ëäýã áîëîõûã òîäîðõîéëæ äàðàà íü á³ëýã ýñâýë êàòåãîðè òóñ á³ðèéí áàãàíàä
òóñàä íü çààæ °ãñ°í ÿìàð ÷ òîîöîîëëûã ã³éöýòãýõ áîëîìæòîé þì.

Calculating e.g. the mean of column weight:
dt[, mean(weight)]

## [1] 307.8838

. . . not very meaningful, since these are different mammals. How to calculate for each mammal type?:
dt[, mean(weight), by = mammal]

## mammal V1
## 1: horse 395.00913
## 2: sheep 81.19747
## 3: cow 723.25598
## 4: goat 32.07251

Òýãýõýýð ýíý æèøýýíä õàðàãäàæ áàéãàà÷ëàí by-èéã àøèãëàõ ³åä data.table íü ïàðàìåòð by-ä °ãñ°í
áàãàíà äàõü èæèë óòãàòàé äóíäàæ óòãà òóñ á³ðò ì°ð³³äèéã àâòîìàòààð àøèãëàäàã. Èéíõ³³ áèä á³ëýã
òóñ á³ðèéí äóíäàæ òîîöîîëëûí ÷óõàë à÷ õîëáîãäîëòîé ³ð ä³íã îëæ àâíà. �°ð°°ð õýëáýë á³õ àäóó,
ÿìàà, ³õýð, õîíèíû äóíäàæ æèíã.

Calculating e.g. the mean of column weight, grouping by two variables:
dt[, mean(weight), by = c("mammal", "age")]

## mammal age V1
## 1: horse 1 395.00913
## 2: sheep 2 89.94874
## 3: sheep 3 63.69492
## 4: cow 1 1047.43971
## 5: cow 3 561.16411
## 6: goat 3 41.96568
## 7: goat 1 27.12593

�íýí õýðýãòýý data.table íü á³ëýãëýõýä ÿìàð õóâüñàã÷ àøèãëàõ âý ãýäãèéã ³íýõýýð ÷óõàë÷èëæ ³çäýã-
ã³é. Áèä °ã°ãäë°° á³ëýãëýõèéí òóëä äóðûí òîî ýñâýë áàãàíûã àøèãëàæ áîëíî. Áèä ³³íèéã áàãàíûí
íýð³³äèéí òýìäýãò âåêòîðîîð õàíãàõ çàìààð àðàé °°ð°°ð áè÷èõ ë øààðäëàãàòàé.

3 Data Visualization: Plotting
3.0.1 Plotting in R

Scatterplot: Plot values from one or two columns
plot(dt$weight)
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íýã ýñâýë õî¼ð âåêòîðîîð õàíãàõ áîëîìæòîé. Õýðýâ òà óòãóóäûí äàí ãàíö íýã âåêòîðèéã °ãâ°ë ýäãýýð
óòãûã ó òýíõëýãò ä³ðñýëæ, x á³ðýëäýõ³³í õýñýã íü èíäåêñèéí äóãààð ýñâýë äàðààëëûí òîîã ãàðãàõ áîë-
íî. �°ð°°ð õýëáýë âåêòîðûí ýõíèé öýã íü 1-òýé òýíö³³ x á³ðýëäýõ³³í õýñýãòýé áàéõ áà õî¼ð äàõü óòãà
íü 2-òîé òýíö³³ x á³ðýëäýõ³³í õýñýãòýé áàéõ áîëíî ãýõ ìýò.

Scatterplot: Plot values from one or two columns
plot(y = dt$weight, x = dt$age)
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Õýðýâ áèä óòãûí õî¼ð âåêòîðûã °ãâ°ë x á³ðýëäýõ³³í õýñãèéí èíäåêñæ³³ëýëòèéã àëãàñàõ áîëíî. Èë³³
òîäîðõîé êîä áè÷èõèéí òóëä ÿìàð õóâüñàã÷èéã õýðõýí çóðàãëàõûã õ³ñ÷ áàéãààãàà òîäîðõîéëîõûí òóëä
x, y ïàðàìåòðèéí íýð³³äèéã áàéíãà àøèãëàõûã ç°âë°å.

3.0.2 Different plot types

Line plot: Like scatterplot where points are connected by lines
plot(dt$weight, type = "l")
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Òàðõàëòûí ãðàôèêòàé èæèë ò°ñòýé ýíãèéí áîëîâ÷ °°ð õóâèëáàð áîë øóãàìàí ãðàôèê àøèãëàõ ÿâäàë
þì. Øóãàìàí ãðàôèê íü °ã°ãäëèéí öýã³³äèéã øóãàìààð õîëáîäîã. Ýíý íü äàðààëñàí öýã³³äèéí õîî-
ðîíäîõ õàðüöàíãóé °°ð÷ë°ëòèéã ñîíèðõîæ áàéãàà ³åä õýðýãòýé áàéäàã. Ýíý íü øóãàìàí ñåãìåíò íü
ýåðýã ýñâýë ñ°ð°ã íàëóóòàé ýñýõèéã õàðàõàä õÿëáàð á°ã°°ä òèéìýýñ óòãóóä íýãýýñ í°ã°°ä áóóðàõ ýñâýë
íýìýãäýõ ýñýõ òàëààðõ á³ð æèæèã °°ð÷ë°ëò³³äèéã ÷ ãýñýí õàðàõàä õÿëáàð áàéäàã.

Histogram
hist(dt$weight)

Histogram of dt$weight
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Ãèñòîãðàì çóðàõ íü òàðõàëòûí ãðàôèêòàé àäèë õÿëáàð áàéäàã. Áèä hist() êîìàíäûã àøèãëàæ, óò-
ãóóäûí äàí ãàíö âåêòîðûã áýëäýæ °ãí°. Èíòåðâàëûí õýìæýýã àâòîìàòààð ñîíãîõ áîëîâ÷ ïàðàìåòð
breaks-èéã °ã°õ çàìààð ³³íèéã áàñ òîõèðóóëæ áîëíî.

Histogram
hist(dt$weight, breaks = 8)
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Histogram of dt$weight
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Õýðýâ áèä ïàðàìåòð breaks-èéã çààæ °ãâ°ë ýíý æèøýýí äýýðõ øèã èíòåðâàëûí òîîã òîõèðóóëàõûí
òóëä àëü íýãèéã íü ñîíãîæ áîëíî. Èíòåðâàë á³ð äýýð èë³³ èõ õÿíàëò òàâèõûí òóëä áèä èíòåðâàë òóñ
á³ðèéã áîëîí áàéðøëûã íü òóñàä íü çààæ °ãñ°í breakpoints/òàñëàõ öýã ãýæ íýðëýãäýõ âåêòîðûã °ã÷
áîëîõ áàéñàí. Õýðýâ òà ýíý ôóíêöèéã õýðõýí àøèãëàõ òàëààð èë³³ èõèéã ìýäýõèéã õ³ñ÷ áàéâàë R-èéí
êîíñîë äîòîð ? hist -èéã äóóäàõ çàìààð R-èéí áàðèìò áè÷ãèéã ³çýõèéã ç°âë°æ áàéíà.

Box-wishker plot
boxplot(dt$weight)
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Ýíý óäààãèéí õè÷ýýëýýð òà á³õýíä õàðóóëàõûã õ³ññýí õàìãèéí ñ³³ëèéí ãðàôèêèéí ò°ð°ë áîë box-
whiskers ãýæ íýðëýãääýã ãðàôèê þì. Ýíý íü áèäíèé ýíý ñóðãàëòààð ³çñýí èõýíõ õóðààíãóé ñòàòèñòèêèéã
ãðàôèêààð õàðóóëäàã. box-whiskers ãðàôèêèéã boxplot() ôóíêöèéã äóóäàæ íýã áà ò³³íýýñ äýýø óòãûí
âåêòîðîîð õàíãàõ çàìààð çóðæ áîëíî. boxplot ôóíêö íü 1-ðò ìåäèàí áóþó ãîë÷ûã, 1, 3-ð êâàðòèëèéã,
õàìãèéí áàãà áà õàìãèéí èõ óòãûã òîîöîîëæ, õî¼ðäóãààðò, ýäãýýð óòãûã èëýðõèéëýõ õàéðöãèéã çóðíà.
Õàìãèéí áàãà áîëîí èõ óòãà íü whiskers õýìýýã÷ýýð èëýðõèéëýãääýã. Ýíý íü áàãö óòãûã ãðàôèêààð
íýãòãýõ, áàéðøèë, òàðõàëòûã õî¼óëàíã íü õàðóóëàõ ³ð ä³íòýé àðãà þì.
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3.1 Styling a plot
3.1.1 Titles and lables

Scatterplot: Changing axis labels

plot(y = dt$weight, x = dt$age,
xlab = "age [years]", ylab = "weight [kg]")
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Ñàÿ ³çñýí÷ëýí ãðàôèê çóðàõ íü °ã°ãäëèéí áàãöûã ñóäëàõ, øèíæëýõýä ñàéí àðãà áîëîâ÷ õýâëýëòýíä
àøèãëàõ íü áàñ ÷óõàë þì. Áèäíèé box ãðàôèêóóäààñ ãàäíà èõ áàãà õýìæýýãýýð çóðñàí ãðàôèêóóä
íü õýâëýëòýíä õàðààõàí áýëýí áîëîîã³é áàéíà. Ýíý õýñýãò áè ýäãýýð ãðàôèêèéã õýðõýí èë³³ ìýäýýëýë
ñàéòàé, ñýòãýë òàòàì áîëãîõûã õàðóóëüÿ. Àíõäàã÷ààð plot() ôóíêö íü R õóâüñàã÷èéí íýðñèéí íýð äýýð
³íäýñëýí y áà x òýíõëýãèéí label-èéã òîõèðóóëíà. Ýäãýýð íýðñ íü èõýâ÷ëýí áîãèíî, íóóöëàã áàéäàã
òóë áîäèòîîð çóðàãëàñàí ç³éëèéí òàëààð èë³³ óíøóóøòàé, òîäîðõîé òàéëáàð °ã°õ íü äýýð þì. X áà y
òýíõëýãèéí label-èéã òîõèðóóëàõûí òóëä æèøýýí äýýð áàéãàà÷ëàí xlab áà ylab ãýñýí õî¼ð ïàðàìåòðèéã
áýëòãýæ °ã°õ áîëîìæòîé þì.

Scatterplot: adding a title

plot(y = dt$weight, x = dt$age,
xlab = "age [years]", ylab = "weight [kg]",
main = "mammals")
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Íýìæ õýëýõýä áèä main ïàðàìåòðèéã çààæ °ãñí°°ð òàíû ãðàôèêò ãàð÷èã °ã°õ áîëîìæòîé þì.

3.1.2 Adjusting the axis

Scatterplot: Changing axis limits

plot(y = dt$weight, x = dt$age,
xlim = c(0, 5))
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R-èéí çóðàãëàëûí ôóíêöóóä íü èõýâ÷ëýí °ã°ãä°ëèéí äýëãýöèéí öàð õ³ðýýã °°ðñä°° ñîíãîäîã. Õýðýâ
òà àíõäàã÷ òîõèðãîîíä ñýòãýë õàíãàëóóí áóñ áàéâàë xlim áà ylim ïàðàìåòð³³äèéí àëü íýãèéã ýñâýë
õî¼óëàíã íü çààæ °ãñí°°ð äýëãýöèéí õÿçãààðûã °°ð÷ë°õ áîëîìæòîé. Ýäãýýðèéí õóâüä òà òóñ á³ðäýý
äîîä áà äýýä õÿçãààð ãýñýí õî¼ð óòãûã àãóóëñàí òîîí âåêòîðûã áýëòãýæ °ã°õ ¼ñòîé.

Scatterplot: Changing axis limits

plot(y = dt$weight, x = dt$age,
xlim = c(0, 5), ylim = c(0, 1100))
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Ýíý æèøýýíä õ áà ó òýíõëýãèéí àëü àëèíä íü õÿçãààðóóäûã õýðõýí àøèãëàõûã õàðóóëàâ.

3.1.3 Color, shape and size

Scatterplot: Changing color, shape and size

plot(y = dt$weight, x = dt$age,
col = "red", pch = 17, cex = 2)
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Áèä ³íýíäýý ýíý ò°ðëèéí ãðàôèêèéí áàðàã á³õ øèíæ ÷àíàðûã °°ð÷èëæ ÷àäíà. Ãýñýí õýäèé ÷ çóðàã-
ëàëûã õýðõýí °°ð÷ë°õ òàëààðõè á³õ áîëîìæ íýã á³ðèéã õàìðàõ áîëîìæã³é á°ã°°ä áèäíèé àíõààð÷
³çýõ ãðàôèêèéí °°ð íýã ³íäñýí òàë áîë °íã° þì. Ò³³í÷ëýí öýãýí òýìäãèéí ò°ð°ë, õýìæýýã °°ð÷-
ë°õ áîëîìæòîé. Æèøýýëáýë, õýðýâ áèä ÿíç á³ðèéí á³ëýã öýã³³äèéã âèçóàë÷ëàõûã õ³ñ÷ áàéâàë ýíý
íü õýðýãòýé áàéäàã. Á³ëýã á³ðèéí õóâüä áèä °°ð °íã° ñîíãîõ áîëîìæòîé. �°ð íýã áîëîìæòîé ç³éë
áîë ò³³õèé áóþó àæèëëààã³é °ã°ãäëèéí öýãèéã ñòàíäàðò °íã°, õýëáýð, õýìæýýãýýð çóðàãëàõ, äàðàà íü
áàéðøëûí õóðààíãóé ñòàòèñòèêèéã íýìýõ, æèøýý íü °°ð °íã°, õýëáýð, õýìæýý á³õèé äóíäàæ óòãûã
íýìýõ ÿâäàë þì. �³íèéã ýõë³³ëýõèéí òóëä ýíý æèøýýí äýõ plot() êîìàíäûã õàðíà óó. Öýã³³äèéí °íã°
íü óëààí á°ã°°ä ³³íèéã col ïàðàìåòðèéã àøèãëàí òîõèðóóëñàí áîëíî. Íýìæ äóðäàõàä òîéðãèéã öýãýí
õýëáýð áîëãîí àøèãëàõûí îðîíä áèä ãóðâàëæèíã àøèãëàñàí. �Point character�/ "Öýãýí òýìäýãò" ãýñýí
³ãíèé òîâ÷ëîë áîëîõ pch ïàðàìåòðèéã òîõèðóóëñíààð ³³íèéã ã³éöýòãýæ áîëíî. Ò³³í÷ëýí, �character
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expansion� ãýñýí ³ãíèé òîâ÷ëîë áîëîõ cex ïàðàìåòðèéã íýãýýñ èõ óòãàä òîõèðóóëñàí òóë ãóðâàëæèí íü
åðäèéíõ°°ñ àðàé òîì áàéíà.

Scatterplot: Adding points
plot(y = dt$weight, x = dt$age)
points(y = mean(dt$weight), x = mean(dt$age),

col = "blue", pch = 9, cex = 3)
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Èæèëõýí ãðàôèê äýýð ÿíç á³ðèéí °íã°, õýëáýð, õýìæýýòýé öýã³³äèéã âèçóàë÷ëàõûí òóëä ä°íã°æ ñàÿ
õàðóóëñàí plot ()-èéã àøèãëàí ýõíèé öýãèéí áàãöûã ýõëýýä çóðàõ õýðýãòýé. Ýõíèé ãðàôèêèéã çóðñíû
äàðàà points() ôóíêöèéã äóóäàæ õî¼ð äàõü öýãèéí áàãöûã íýìæ áîëíî. �ã°ãäñ°í æèøýýíä áèä äóíäàæ
æèí õýìýýí y á³ðýëäýõ³³í õýñýã á³õèé öýãèéã, äóíäàæ íàñ õýìýýí x á³ðýëäýõ³³í õýñýã á³õèé äàí ãàíö
íýã öýãèéã íýìæ îðóóëàâ. Öýãèéí °íãèéã öýíõýð ãýæ òîõèðóóëæ, õýëáýðèéã íü 9-ð äóãààðûí õýëáýðýýð
°ãñ°í á°ã°°ä ýíý íü õ°íäë°í îãòëîëöñîí çóðààñ á³õèé õ°íäë°í òýãø °íö°ãò á°ã°°ä àíõäàã÷ õýìæýýíýýñ
3 äàõèí òîì õýìæýýòýé áàéíà.
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Õýëáýðèéí ïàðàìåòðèéã èéì áàéäëààð ñîíãîõ íü æààõàí íóóöëàã òóë òàíû ñîíãîõ áîëîìæòîé á³õ
öýãèéí ä³ðñèéã ýíä çóðæ õàðóóëëàà.

4 Summary
4.0.1 What functions did we learn?

• mean(), median(), var(): aggregation functions
• rep(): repeat input
• factor(): create variable of categories
• plot(): scatterplot
• plot(..., type = ’l’): line plot
• points(): add points to plot
• hist(): histogram
• boxplot(): draw a box-wishkers plot

�í°°ä°ð áèä íýãòãýõ áîëîí ãðàôèê ³³ñãýõýä õî¼óëàíä íü õýðýãòýé îëîí ôóíêöèéí òàëààð ñóð÷ ìýä-
ëýý. Òîäîðõîé õóðààíãóé ñòàòèñòèêèéã òîîöîîëîõûí òóëä òà äóíäàæ, ìåäèàí/ãîë÷ ýñâýë äèñïåðñèéã
òîîöîîëîõ ôóíêöèéã àøèãëàæ áîëíî. Õóðààíãóé ñòàòèñòèêèéã òîîöîîëîõûã çàðèìäàà áàñ íýãòãýõ ãýæ
íýðëýäýã. rep ôóíêöèéã àøèãëàí ³íäñýí óòãóóäûí äàâòàëò áîëîõ òîì õýìæýýíèé óòãûí âåêòîðóó-
äûã õýðõýí õÿëáàðõàí ³³ñãýæ áîëîõûã áèä õàðëàà. Áèä ÿëãààòàé °°ð °°ð êàòåãîðèóä áîëîõ levels-èéã
àãóóëñàí ôàêòîð õýìýýí íýðëýãääýã êàòåãîðèóäûã R-ä õýðõýí ìýäýãäýõ òàëààð ñóðëàà. Áèä òàðõàëòûí
áîëîí øóãàìàí ãðàôèêèéã ³³ñãýõýä plot ôóíêöèéã õýðõýí àøèãëàæ áîëîõûã ³çëýý. Îäîî áàéãàà ãðà-
ôèê äýýð °°ð °íã°, õýëáýð, õýìæýýòýé èë³³ îëîí öýã íýìæ îðóóëàõûí òóëä points ôóíêöèéã àøèãëàæ
áîëíî. Ãèñòîãðàì ýñâýë box-whiskers ãðàôèê ãýõ ìýò áóñàä ò°ðëèéí ãðàôèêóóäûã ³³ñãýõèéí òóëä áèä
R áýëòãýæ °ãñ°í hist() áîëîí boxplot() ôóíêöóóäûã àøèãëàæ áîëíî.
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5 Exercises
Use of the plot function using terrestial ecology data:

1. In Chapter 16 of Zuur et al. (2009), a study is presented analysing numbers of amphibians killed along a
road in Portugal using generalised additive mixed modelling techniques. In this exercise, we use the plot
command to visualise a segment of the data. Open the file Amphibian\_road\_Kills.xls, prepare a
spreadsheet, and import the data into R. Download: http://highstat.com/Books/Book3/MoreData.zip

2. The variable, TOT\_N, is the number of dead animals at a sampling site, OLIVE is the number of olive
groves at a sampling site, and D Park is the distance from each sampling point to the nearby natural
park. Create a plot of TOT\_N versus D\_park. Use appropriate labels.

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