Relational Data with dpylr

pairs of tables

®m mutating joins
= filtering joins

m set operations

nycflights datasets

flights weather
year [|€— ~——q4 year
_ month |<€— ——q month
airports
day |[e—] ¢+— day
— faa
hour |e— ——  hour
flight “~—— origin
origin [e—~
\ » dest
tailnum
planes : o
y carrier airlines
tailnum L .
carrier

names

m primary key and foreign key

m troublesome reality

planes %>%
count(tailnum) %>%
filter(n > 1)

inner joins

> X
# A tibble: 3 x 2
key val_x
<dbl> <chr>



333333333
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o4 £

o
111111111
H -

11111111

A~ 1EA

X"TeA

1[(x1]|yl
2 (x2|y2

Ko

2
4
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X3
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inner_join(x, y)

> X %>%
inner_join(y, by = "key")

outerjoins

join many-to-many

57
1|x1]|yl
2| x2|y2
3| x3|NA

left_join(x, vy)



val_y

K IK I
WIN| =

@ full_join(x, vy)




duplicate keys

one table has duplicate key
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> X
# A tibble: 4 x 2
key val_x
<dbl> <chr>
1 1 x1
2 2 X2
3 2 x3
4 1 x4
>y
# A tibble: 2 x 2
key val_y
<dbl> <chr>
1 yl
2 y2
left_join(x, y, by="key")
A tibble: 4 x 3
key val_x val_y
<dbl> <chr> <chr>

H v NBR

1 1 x1 yl
2 2 X2 y2
3 2 X3 y2
4 1 x4 yl

val_x

x1

X2

X3

x4

HNNery

> right_join(x, y, by="key")
# A tibble: 4 x 3
key val_x val_y
<dbl> <chr> <chr>
1 x1 yl
1 x4 yl
2 X2 y2
2 X3 y2

A WNR
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both tables have duplicate keys

> X
# A tibble: 4 x 2
key val_x
<dbl> <chr>
1 x1
2 x2
2 x3
3 x4

v A WNER

y
A tibble: 4 x 2

key val_y
<dbl> <chr>

1 1 yl
2 2 y2
3 2 y3
4 3
>

**

va4
left_join(x, y, by = "key")
# A tibble: 6 x 3
key val_x val_y
<dbl> <chr> <chr>

1 1 x1 yl
2 2 X2 y2
3 2 X2 y3
4 2 X3 y2
5 2 x3 y3
6 3 x4 y4

wln v - k(gy

natural joins

> flights2 <- flights %>%
+ select(year:day, hour, origin, dest, tailnum, carrier)
> flights2
# A tibble: 336,776 x 8
year month day hour origin dest tailnum carrier
<int> <int> <int> <dbl> <chr> <chr> <chr> <chr>




2013
2013
2013
2013
2013
2013
2013
2013
2013
2013 1

WONGOUDWNER
RRRRRRRRR

=
®

# ... with 336,766 more rows

RRRREBRRRRRER

1

AUVl 11 vl

6

EWR IAH N14228
LGA IAH N24211
JFK  MIA N619AA
JFK BQN N8043]B
LGA ATL N668DN
EWR ORD N39463
EWR FLL N5163JB
LGA IAD N829AS
JFK  MCO N5933B
LGA ORD N3ALAA

UA
UA
AA
B6
DL
UA
B6
EV
B6
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filtering joins

semi_join()

subset of x containing only those rows of x for which the specified key has a matchiny

X <- tribble(
~key, ~val_x,

1, "x1i",

2, "x2",

3, "x3"

<

<- tribble(

~key, ~val_y,
1, "y1",
2, "y2",
4, "y3"

> semi_join(x, y)
Joining, by = "key"
# A tibble: 2 x 2

key val_x
<dbl> <chr>

1 1 x1
2 2 X2

&

%
&

val X

N | = | key
X | X
N
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anti_join()

subset of x containing only those rows of x for which the specified key has NO match iny

set

<
GRS

&

operations

&

val X

w | key

>
w

Vv o+ ++ 4+ Vo + o+

H v R

H v WN R

=

dfl <- tribble(
~Xy ~Ys

df2 <- tribble(
~Xy Y,

intersect(df1, df2)
A tibble: 1 x 2
X y
<dbl> <dbl>
1 1
union(dfi, df2)
A tibble: 3 x 2
X y
<dbl> <dbl>
1 2
2 1
1 1
setdiff(df1, df2)
A tibble: 1 x 2
X y
<dbl> <dbl>
2 1




Canada NAFTA Imports and Exports
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E‘ (ﬁ s CansimCanadaTrade-Worldxls [Compatibility Mode] - Excel
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW
A
O é;f ) (Calibri A == ®- EewepTed General . D
Pavste « B I U~ - DA E=EE= E3E EMerge&Center - $ - % 0 G 8 é‘:::
Clipboard Font 7] Alignment P Number 1
A18 - Jr | Mexico
A B C D E F G I
1 |https://www.statcan.gc.ca/cgi-bin/sum-som/fl/saveas-eng.cgi
2 |Imports, exports and trade balance of goods on a balance-of-payments basis, by country or country grouping
3
4
5 2011 2012 2013 2014 2015 2016
6 Smillions
7 Exports 456,612.50 461,511.20 479,224.70 528,400.60 524,940.30 521,321.90
8 |United Stz 329,266.40 336,598.10 357,359.80 399,695.10 397,218.90 392,274.20
9 |European 42,632.70 41,402.80 36,022.10 40,639.30 39,217.70 41,880.30
10 |United Kir 19,380.40 19,879.80 14,838.80  15,920.60  16,510.60 17,957.80
11 |Germany 4,534.80 3,888.10 4,075.40 3,428.60 3,886.30 4,422.70
12 |Netherlan 5,035.50 4,743.80 3,722.80 4,015.10 3,691.30 2,940.00
13 |France 3,386.20 3,577.10 3,518.40 3,474.90 3,243.00 3,512.80
14 |Italy 2,013.40 1,729.10 2,172.30 4,298.10 2,362.90 2,485.10
15 |Belgium 2,602.00 2,505.20 2,614.70 3,658.00 3,174.70 3,298.20
16 |Spain 1,053.40 1,089.10 1,108.10 1,146.10 1,114.40 1,890.00
17 [China 18,133.10 20,368.00 22,030.90 20,569.90 21,501.70 22,359.10
18 |Mexico | 7,268.50 6,919.20. 6,636.60  6,725.10,  7,783.30 8,878.70
19 |Japan 11,285.60 10,799.30  10,908.50 11,080.00 10,119.60 11,004.90
20 |South Kor 5,457.30 3,963.40 3,664.20 4,368.10 4,209.80 4,623.40

| 9
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1.0-

country
Mexico

& United States

o
w0
'

exportsfimports

0.6-

04-

2011 2012 2013 2014 2015 2016
year

> #Source: CanadaUSMexicoTrade.R

> #

> library(tidyverse)

> setwd("D:/Dropbox/R/2017/9864/data")

> system("cat imports.csv")

year,2011,2012,2013,2014,2015,2016

United States,"281,337.00","296,028.40","313,321.10","351,006.30","363,262.80","359,903.30"
Mexico,"15,263.80","15,911.50","16,380.80","17,138.00","18,371.50","18,902.90"

> system("cat exports.csv")

year,2011,2012,2013,2014,2015,2016

United States,"329,266.40","336,598.10","357,359.80","399,695.10","397,218.90","392,274.20"
Mexico,"7,268.50","6,919.20","6,636.60","6,725.10","7,783.30","8,878.70"

> #

> (im <- read_csv("imports.csv"))
Parsed with column specification:
cols(

year = col_character(),

“2011° = col_number(),

©2012° = col_number(),

“2013° = col_number(),

©2014° = col_number(),

©2015° = col_number(),

“2016° = col_number()

~

# A tibble: 2 x 7
year T2011° T2012° T 20137 T 20147 T 2015° T 2016°
<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 United States 281337.0 296028.4 313321.1 351006.3 363262.8 359903.3
Mexico 15263.8 15911.5 16380.8 17138.0 18371.5 18902.9
> names(im)[1] <- "country"



> im
# A tibble: 2 x 7

C

ountry
<chr>

T2011°
<dbl>

t2012°
<dbl>

T2013°
<dbl>

t2014°
<dbl>

©2015°
<dbl>

T 20167
<dbl>

1 United States 281337.0 296028.4 313321.1 351006.3 363262.8 359903.3
Mexico 15263.8 15911.5 16380.8 17138.0 18371.5 18902.9
> (imports <- im %>%
gather(key=year, value=imports, -country))
# A tibble: 12 x 3

2

+

=
[

=
=

[
N

VWoNGOULA,WNLER

United

United

United

United

United

United

> #

> (ex <- read_csv("exports.csv"))
Parsed with column specification:

country
<chr>
States
Mexico
States
Mexico
States
Mexico
States
Mexico
States
Mexico
States
Mexico

year
<chr>
2011
2011
2012
2012
2013
2013
2014
2014
2015
2015
2016
2016

imports
<dbl>

281337.
15263.
296028.
15911.
313321.
16380.
351006.
17138.
363262.
18371.
359903.
18902.

(*]

W WUILO® WOoERUVU A~O®

T2013°
<dbl>
357359.8
6636.6

t2013°
<dbl>

t2014°
<dbl>
399695.1
6725.1

t2014°
<dbl>

T2015°
<dbl>
397218.9
7783.3

©2015°
<dbl>

T 2016°
<dbl>
392274.2
8878.7

T 20167
<dbl>

United States 329266.4 336598.1 357359.8 399695.1 397218.9 392274.2

6636.6

6725.1

cols(
year = col_character(),
“2011° = col_number(),
“2012° = col_number(),
“2013° = col_number(),
©2014° = col_number(),
“2015° = col_number(),
©2016° = col_number()
)
# A tibble: 2 x 7
year 2011 t2012°
<chr> <dbl> <dbl>
1 United States 329266.4 336598.1
2 Mexico 7268.5 6919.2
> names(ex)[1] <- "country"
> ex
# A tibble: 2 x 7
country 20117 T2012°
<chr> <dbl> <dbl>
1
2 Mexico 7268.5 6919.2
> (exports <- ex %>%
+ gather(key=year, value=exports, -country))
# A tibble: 12 x 3
country year exports
<chr> <chr> <dbl>
1 United States 2011 329266.4
2 Mexico 2011 7268.5
3 United States 2012 336598.1
4 Mexico 2012 6919.2
5 United States 2013 357359.8
6 Mexico 2013 6636.6
7 United States 2014 399695.1

7783.3

8878.7

04-RelationalData-Oct30.nb
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8 Mexico
9 United States
10 Mexico
11 United States
12 Mexico

2014

6725.

1

2015 397218.9

2015

7783.

3

2016 392274.2

2016

8878.

7

> #Note: only names! year is chr at this point!!
> (CanadaTrade <- left_join(imports, exports))
Joining, by = c("country", "year")

# A tibble: 12 x
country

<chr>

United States
Mexico

United States
Mexico

United States
Mexico

United States
Mexico

United States
Mexico

United States
Mexico

WoONGOUDA,WNER

B R R
N RO

4
year
<chr>
2011
2011
2012
2012
2013
2013
2014
2014
2015
2015
2016
2016

import
<dbl
281337.
15263.
296028.
15911.
313321.
16380.
351006
17138.
363262.
18371.
359903.
18902.

8
4
5
1
8
.3
(]
8
5
3
9

s
>
0

exports
<dbl>
329266.
7268.
336598.
6919.
357359.
6636.
399695.
6725.
397218.
7783.
392274.
8878.

NDNWORROMONONERUVA

> #now we can make year numeric. parse_guess: provides int
> CanadaTrade$year <- parse_guess(CanadaTrade$year)

> CanadaTrade
# A tibble: 12 x
country
<chr>
United States
Mexico
United States
Mexico
United States
Mexico
United States
Mexico
United States
Mexico
United States
Mexico

VWoOoNGOUVA,WNLER

B R
N RO

#
CanadaTrade %>%

+ 4+ + v Vv

geom_line()

CanadaTrade2
A tibble: 24 x
country
<chr>
1 United States
2 Mexico
3 United States

¥ v + v v

a4
year
<int>
2011
2011
2012
2012
2013
2013
2014
2014
2015
2015
2016
2016

4
year
<int>
2011
2011
2012

import
<dbl
281337.
15263.
296028.
15911.
313321.
16380
351006.
17138.
363262.
18371.
359903.
18902.

account

<chr>
imports
imports
imports

0
8
4
5
1
.8
3
0
8
5
3
9

S
>

ggplot(mapping = aes(x=year,
geom_point(size=4) +

exports
<dbl>
329266.
7268.
336598.
6919.
357359.
6636.
399695.
6725.
397218.
7783.
392274.
8878.

NNWORROMONONIERUVMN

y=exports/imports, color=country)) +

t#tgather and spread are inverse operations
CanadaTrade2 <- CanadaTrade %>%
gather(key=account, value=amount, -country, -year )

amount
<dbl>
281337.0
15263.8
296028.4



4
5
6
7
8
9
10

= + v v ®

AUV h WNPRER *

7
8
9
10
11
12

Mexico
United States
Mexico
United States
Mexico
United States
Mexico

. with 14 more rows

#

CanadaTrade2 %>%
spread(key=acco
A tibble: 12 x 4

country
<chr> <

Mexico

Mexico

Mexico

Mexico

Mexico

Mexico

United States

United States

United States

United States

United States

United States

2012
2013
2013
2014
2014
2015
2015

unt,

year
int>
2011
2012
2013
2014
2015
2016
2011
2012
2013
2014
2015
2016

imports
imports
imports
imports
imports
imports
imports

15911.
313321.
16380.
351006.
17138.
363262.
18371.

value=amount)

export
<dbl
7268.
6919.
6636.
6725.
7783.
8878.
329266.
336598.
357359.
399695.
397218.
392274.

S
>

NOURORMAMNWERERONUV

Ul oo O® WOo R u

imports
<dbl>
15263.
15911.
16380.
17138.
18371.
18902.
281337.
296028.
313321.
351006.
363262.
359903.

WooWwWRbMAOOUO® MU O

04-RelationalData-Oct30.nb

| 13

For the record here is the complete script.

#S
#
1i

ource: CanadaUSMexicoTrade.R

brary(tidyverse)

setwd("D:/Dropbox/R/2017/9864/data")
system("cat imports.csv")
system("cat exports.csv")

#

(im <- read_csv("imports.csv"))
names(im)[1] <- "country"

im

(i

gather(key=year, value=imports, -country))

#

mports <- im %>%

(ex <- read_csv("exports.csv"))
names(ex)[1] <- "country"

ex

(e

gather(key=year, value=exports, -country))

#joint. Note: only names! year is chr at this point!!
(CanadaTrade <- left_join(imports, exports))

#now we can make year numeric. parse_guess: provides int
CanadaTrade$year <- parse_guess(CanadaTrade$year)

Ca
#
Ca

ggplot(mapping = aes(x=year, y=exports/imports, color=country)) +

xports <- ex %>%

nadaTrade

nadaTrade %>%

geom_point(size=4) +

g

#tgather and spread are inverse operations

eom_line()

CanadaTrade2 <- CanadaTrade %>%
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gather(key=account, value=amount, -country, -year )
CanadaTrade2 %>%
spread(key=account, value=amount)




