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R libraries for plotting

Welcome to dealing with the materials data. In this course we are going to look at the collection,
analysis and interpretation of materials data. We are in module one which is an introduction to
R and we are learning how to get data into R and manipulate it specifically plotted. And in this

process | want to now talk about specific plotting libraries that are available.

(Refer Slide Time: 0:45)

Eema
Module: Introduction to R

Plotting libraries
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And so, there are R can do a plotting on its own as we have seen we can use the plot command
and do plotting. But sometimes it is useful to use some of the other libraries that are available
in R, they are very powerful and they also give you lots of handle on how to go about plotting.

Specifically we are going to use the ggplot2 library. So, in this session we are going to learn a
little bit about ggplot2.
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Libraries

o Libraries for plotting: grid, lattice, and so on
o ggplot2: based on grammaer of graphics
o Grammar of graphics: identify the components and rules to put them together

o Components - subject, verb and object; a grammatical rule to combine them to make
sentences

e
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So, there are many libraries for plotting, great lattice and so on and some of the R textbooks do
describe these libraries, but ggplot2, the gg stands for grammar of graphics, okay. Grammar of
a graphics is to identify the components and rules to put these components together. So, it is
exactly like grammar for spoken language. How do we get the grammar, we say that, okay,

these are the components like subject, verb, object, for example.

And how do you put them together to make a meaningful sentence, so there is a grammatical
rule to combine them. And once you learn then all sentences or many many sentences can be
built in this fashion. So, the grammar of graphics is to identify the different components for
making plots and find the way of putting them together. So, that you know all graphs that you
see or all plots that you see can be constructed using these two namely the individual
components and rules for putting them together. So, that is what this ggplot2 library is based

on. It is based on the philosophy of grammar of graphics.
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Components

o Data: example - elements
o Geometry: example - scatter-plot
o Aesthetics: The axes, labeling, colour, and so on

o Philosophy: build the plots layer by layer; each layer is added using a + symbol

P
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And the components for plot for example, is a data we have been working with elements which
is the data frame, so that is the data. The geometry of the plot is the scatter plot. So, we had
density versus melting point and wherever you have a specific density against that melting
point, we were putting a point so it is a scatter plot. So that is the geometry, it is a point plot.
So, that is the geometry of the plot. And then there is aesthetics that is the axes, the labeling,

the color, naming the plot and so on. So, there are many many things that can be done.

And the philosophy in ggplot2 is that we build the plots layer by layer. So, we take the data,
we put the geometry, we put one component in, let us say the plot is in, then we name the axes,
then we label the points and then we give colors to them and so on and so forth. And each layer
that you add is added using a plus symbol. So, that is how ggplot2 works.
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Help with ggplot2

o Irizzary: a nice chapter

o Cheat-sheet available online

&
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And, of course, there is lots of help available for using ggplot2. There is also a book called
grammar of graphics, which some of you might be interested. For using ggplot2 | have referred
to the book by Irizarry which is freely available and it has a nice chapter on ggplot2. So |
strongly recommend that you take a look at it. There is also a cheat sheet that is available

online. So | want to show you that cheat sheet. And it is here.
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So it is called data visualization with ggplot2. So, as you can see, what is the basic? So, you
have data and you have the geometry like what is x, what is y and you have a coordinate system
and the plot is putting them together. And so, there are many many different things that you

can do and this basically, this cheat sheet gives all those commands.
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Of course, there is one more way. So, you can take the data, you can do some statistical analysis
and then take the geometry coordinate system and plot. This is done for example, if you want
to do a histogram plot or cumulative distribution, etc. So in which cases we have to not just
take data and plot it, but we have to do some analysis and do it. So the ggplot can do that also.

So it is very useful to have this cheat sheet downloaded and stored.
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o Cheat-sheet available online

D o Irizzary: a nice chapter

2
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And this chapter by Irizarry also gives a link to this cheat sheet online. So this is what is helpful

if you want to get some help with ggplot2, okay.
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An example

library(ggplot2) # Load the librar

ggplot(elements, aes(x = elements[,3], y = elements[,4],
color = as.factor(elements[,2]))) +

geom_point ()

We can add more layers: labels for points, axes range etc.

(i
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So, this is an example of how ggplot works, of course we have to load the library ggplot2, so
we say that okay, let us do a plot. And this is the data, elements is the data. And this is the
aesthetics that is which is the x axis and which is the y axis. So, elements, the third column is
X axis, 4th column is the y axis, and the color should be done according to the second column.

That is what we have said.



And we had added a layer, what is the layer? The layer says that at every x,y, you have to put
a point, the geometry is basically a scatterplot, it is a point plots. So, so like this in you, and
you can go on adding more layers for range and for labeling the points and labeling the x-y
axis, and so on and so forth. So, we are going to learn about all that using our example. So, let
us do that.

(Refer Slide Time: 6:19)

1 Plotting using ggplot2

In this session, we want to learn about the plotting library ggplot2 and the philosophy behind the library.
In order to use ggplot2, we will use the elements data frame. So, let us begin by inputting the data as a
data frame.

elements <- data.frame("Element"
c("Aluminiun”, "Nickel","Gold","Silver","Copper" |
"Iron","Chromium", "Molybdenun", "Vanadium", "Tungsten",
"Magnesiun", "Beryllium", "Zinc","Cadniun", "Titaniun"),
"Crystal Structure"=c("FCC","FCC","FCC","FCC","FCC",
"Bec", *Bec, BCC" , "BOC"  "BCC™
"HCP","HCP", "HCP", *HCP", "HCP*),
'Density"=c (2700,8900, 19320, 10490, 8960, 7870, 7190, 10220 |

In this session, we will use ggplot2 to plot the figures. There are several R packages for plotting, such
as grid, and lattice, and ggplot2 is one amonng them. ggplot2 is very powerful because it uses the
grammar of graphics; that is, it breaks the plots into its basic components and gives the syntax to put them
together (exactly like the grammar lessons teach us to string a sentence, say, by combining a subject, verb
and an object in a given manner, which then allows us to generate a large number of sentences with similar
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Conote Tl jobs

+ c("Aluminium","Nickel","Gold","S1 *
lver", "Copper”,

" “Iron","Chromiun", "Molybdenu elenents 15 obs. of 4 variables
n","Vanadium", "Tungsten",

+ "Magnesiun”,"Berylliun","Zin

¢","Cadmiun", "Titaniun"),

+ "Crystal Structure"=c("FCC","FCC","FC

€",*Fec’; "Fee”,

" "BCC”,"BCC", "BC
C",BCC; "Bec”,

" "HCP" ,"HCP" ,"HC
P","HCP", "HCP") ,

+ "Density"=c(2700,8900,19320,10490,896
0,7870,7190,10226,

' 6100,19300, 1740, 1850, 713

0,8650,4510),

+ "Melting Point"=c(660,1453,1063,961,1
083,1535, 1875,

+ 2610,1900,3410, 650,
1277,420,321,1668) )
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"BCC”,"BCC", “BC | ottt
o il 8 Data
"HCP","HCP","HC | oelements 15 obs. of 4 variables

+
C

+

P* JHCP" *HERM),
¥ "Density"=c(2700,8900,19320,10490,896
0

,1876,7190,10220,

+ £100,19300,1740,1850, 713

0,8650,4510), T T
+ "Helting Point"=c(660,1453,1063,961,1 Bive:
083,1535, 1875,

+ 2610,1900,3410, 650,

1277,420,321,1668))

> str(elements)

'data.framd': 15 obs. of 4 variables

$ Element : Factor w/ 15 levels "Aluminium","Berylli
un",..: 11061157491413 ..,

$ Crystal.Structure: Factor w/ 3 levels "BCC","FCC","HCP": 2
222211008

$ Density 1 num 2760 8900 19320 16496 8960 ...

$ Melting.Point i num 660 1453 1063 961 1083 ..

>

AERoRRRPORE

So, as we did earlier, let is open R, and let us first get the data in place. So, we copy the data.
And okay, so as we did earlier, so it is a data frame. So, we just have 4 columns, and we have
named the column and we have given the data for those columns. And so the data is loaded,
you can see there are 15 observations and 4 variables. So always a good idea to check that
everything is in place. So, it is a data frame, 15 observations, 4 variables, etcetera, okay.

(Refer Slide Time: 7:05)
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P","HCP", "HCP"),
" "Density"=c(2700,8960,19320,10499,896 | Data

0,7870,7199,10220, elements 15 obs. of 4 variables
+ 6100,19300,1740,1850,713

0,8650,4510),

+ "Melting Point"=c(660,1453,1063,961,1

083,1535,1875,

+ 2610,1900,3410,650, | e suir tow o

1277,420,321,1668) ) Bewes:

> str(elements)

'data.frame': 15 obs. of 4 variables

$ Element : Factor w/ 15 levels "Aluminiun","Berylli

um",..: 11061157491413 ...

$ Crystal.Structure: Factor w/ 3 levels "BCC","FCC","HCP": 2

222211 1180

$ Density 1 onum 2760 8900 19320 10496 8960 ...

$ Melting.Point inum 660 1453 1063 961 1083 ..

> library(ggplot2)

ggplot(elements, aes(x = elements[,3], y = elements[,4]
color = as.factor(elements[,2]))) +
geom_point()

AERoRBRRPO~RE




column 2; the command geom_point indicates the geometry of the plot, namely, that it is a scatter plot of
points.

3000
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P","HCP", "HCP"), g Ll
+ "Density"=c(2700,8960,19320,10490,896 | Data
0,7870,7190,10220, elements 15 obs. of 4 variables
+ 6100,19300,1740,1850,713
0,8650,4510),
+ "Melting Point"=c(660,1453,1063,961,1
083,1535,1875,
" 2610,1900,3410,650,  me mes pucsunns sow viwnr
1277,420,321,1668)) ot
> str(elements)
'data.frame': 15 obs. of 4 variables:

$ Element : Factor w/ 15 levels "Aluminiun","Berylli
um',..: 11061157491413 ...

$ Crystal.Structure: Factor w/ 3 levels "BCC","FCC","HCP": 2

222211 118w

$ Density 1 onum 2760 8900 19320 16496 8960 ...

$ Melting.Point inum 660 1453 1063 961 1083 ...
> library(ggplot2)

ggplot(elements, aes(x = elements[,3], y = elements[,4],

color = as.factor(elements[,2]))) +
genr;pn'.nt(,‘|l
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So now, let us do the plotting, to that we are going to use ggplot and this is the first command,
this is what we saw. So, we load the library ggplot2, and then we say take the data elements
that that is a data frame and the aesthetics is x is the third column, so, that is the density and y
is the fourth column that is a melting point. And these data points have to be colored and the
color is according to the factor. There are three levels right bce, fcc, hep, so that is what the
color should be. And the geometry is that it should be a scatter plot, okay.
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st Wateey Comactons

+ "Density"=c(2760,8900, 19320, 16490, 896 | Aumvemest.
0,7876,7190,10220, Data

+ 6100,19300,1740,1850,713  elements 15 obs. of 4 variables
0,8650,4510),

+ "Melting Point"=c(660,1453,1063,961,1

083,1535,1875,

N 2610,1900,3410, 650,

1277,420,321,1668) ) e P ckagns o Vo
> str(elements) A g 127
'data.frame': 15 obs. of 4 variables

$ Element : Factor w/ 15 levels "Aluminium","Berylli

un",..: 1061157491413 ..,
$ Crystal.Structure: Factor w/ 3 levels "BCC","FCC","HCP": 2
22211 1 g
$ Density Lnum 2760 8900 19320 10496 8960 ... i
$ Melting.Point  : num 660 1453 1063 961 1083 ... 1

> library(ggplot2)

> ggplot(elements, aes(x = elements[,3], y = elements[,4],

+ color = as.factor(elements[,2]))) +

¥ geom_point()

>

ancn(oements, 2)

1

wemarny, 3|
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So, you can see that it is the density versus the melting point. And these are colored and you
can already see that unlike the earlier case, the color scheme or the labeling is done
automatically. So, it says that okay what is red is bcc and what is | think green is fcc and blue

is hcp and so on. So, so it also gives you this labeling so you can easily identify what they are.
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geon_point() +

Jgeon_label (data=elements,
aes (1abel=elements§Element) ,
hjust=-0.2, vjust=-0.1,
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> str(elements) elements 15 obs. of 4 variables

'data.frame': 15 obs. of 4 variables

$ Element : Factor w/ 15 levels "Aluminiun","Berylli

um',..:11061157491413 .,
$ Crystal.Structure: Factor w/ 3 levels "BCC","FCC","HCP": 2
222204 8% T P o Voo -
$ Density :nun 2760 8900 19320 16490 8960 ... Atin Wtz 2. sl
$ Melting.Point  : num 660 1453 1063 961 1083 ...
> library(ggplot2)
> ggplot(elements, aes(x = elements[,3], y = elements[,4],
+ color = as.factor(elements[,2]))) +
¥ geom_point()
> library(ggplot2)
> ggplot(elements, aes(x = elements[,3], y = elements[,4],
+ color = as.factor(elements[,2]))) +
+ geon_point() +
+ geom_label(data=elements
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aes(label=elements$Element),
hjust=-0.2, viust=-0.1)|

demann, 3|
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1277,420,321,1668) )
> str(elements)
'data.frame': 15 obs. of 4 variables: elements 15 obs. of 4 variables

$ Element : Factor w/ 15 levels "Aluminium","Berylli

um',..:11061157491413 .,

$ Crystal.Structure: Factor w/ 3 levels "BCC","FCC","HCP": 2

222211141 ..,

$ Density tnum 2760 8900 19320 10490 8960 ... - -0
§ Melting.Point  : num 660 1453 1063 961 1083 ... s =

> library(ggplot2)

> ggplot(elements, aes(x = elements[,3], y = elements[,4],
+ color = as.factor(elements[,2]))) +
+ geom_point()
> library(ggplot2)
> ggplot(elements, aes(x = elements[,3], y = elements[,4],
+ color = as.factor(elements[,2]))) +

geom_point() +
geom_label(data=elements,
aes(label=elements$Element),
hjust=-0.2, vjust=-0.1)
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In order to make sure that all the labels are visible, we can change the x-range of the plot.

=elements,
bel=elements$Element) ,




Okay, so that is what is shown here. The colors are much clearer here, this is a red, green and
the blue. And so let us do the next one. And in this case, we want to add one more element, |
want to name the so | am going to do this, I am going to add one more layer, and the layer is
this. So, we are going to put a label and the label is from the data elements and we are going to
take the element name from that data and use that as the label and this hjust and vjust are the

horizontal and vertical justification that is where you should put these labels, okay.

So, you can see, so some magnesium and | did not know what was here? Maybe aluminum or
something. So zinc, cadmium, beryllium, so, you can see. And unlike the earlier case, you can
see that | did not explicitly I have to say that the labels are also should be color coded according
to the points that is done here automatically. Check, takes the data and because that is there
already, because we have already built in this layer where we said the color should be according
to this.

So, it is going to use that information and do it consistently. So, it is nice that way, and very
intuitive and very clear. Okay, now we can do one more thing. So you can see that these labels
are cut out. So let us say that | want to change the range. So | can add one more layer, x limit

is thousand to twenty two thousand.

(Refer Slide Time: 10:20)

Conate Toial o Innent Watery Conpactions

3 geom_point() + BIE TS T—

+ geom_label(data=elements, Data
+ aes(label=elements$Element), elements 15 obs. of 4 variables
+ hjust=-0.2, vjust=-0.1)

> library(ggplot2)

> ggplot(elements, aes(x = elements[,3], y = elements[,4],
+ color = as.factor(elements[,2]))) +
+ geon_point() + T s g o Vo
+ geon_label(data=elements, Fremigren:2 ¢
+ aes(label=elementsSElement),

+ hjust=-0.2, vjust=-0.1)

> + x1in(1000,22000)

Error: Cannot use "+.99()" with a single argument. Did you acc

identally put + on a new line? Y onlacerlements, 2
> geom_label(data=elements, i

+ aes(label=elementsSElement), !

+ hjust=-0.2, vjust=-0.1) +

+ xlim(1000,22000)

Error: Cannot add ggproto objects together. Did you forget to
add this object to a ggplot object?
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elements], 3]

In order to make sure that all the labels are visible, we can change the x-range of the plot.

library(ggplot2)

hjust=-0,1, vjust=-0.2)"
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+ color = as.factor(elements[,2]))) + 1l @ o

+ geom_point() + Data

+ geon_label(data=elements, elements 15 obs. of 4 variables
+ aes(label=elements$Element),

+ hjust=-0.2, vjust=-0.1)

> + x1in(1000,22000)
Error: Cannot use "+.99()" with a single argument. Did you acc
identally put + on a new line? [ —
> geom_label(data=elements, £meliees
+ aes(label=elementsSElement),
+ hjust=-6.2, vjust=-0.1) +
+ x1in(1600,22000)
Error: Cannot add ggproto objects together. Did you forget to
add this object to a ggplot object? Y ala(oennt,2)
> ggplot(elements, aes(x = elements[,3], y = elements[,4], i -l s
color = as.factor(elements[,2]))) +
x1im(1000,22000) +
geom_point() +
geom_label(data=elements,
aes(label=elements$Element),
hjust=-0.1, vjust=-0.2)

1 wemerts, 3|
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So, I do this and then I do that and then | do that okay | have to do that, so okay so problem
okay, let us do this again. So, | am going to put it here. This three is not the data, okay. So, this
is ggplot. So, we are going to say that this is 3 versus 4 and color according to factor and we
have given an x limit. So, it will go from thousand to twenty two thousand, so, that we will see

this names very clearly and then it is a point geometry and the labeling will be done.
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+ geom_point() + || @ cwar z

+ geom_label(data=elements, Data

+ aes(label=elements$Element), elenents 15 obs. of 4 variables

+ hjust=-0.2, vjust=-0.1)

> + x1lin(1000,22000)

Error: Cannot use "+.99()" with a single argument. Did you acc

identally put + on a new line?

> geon_label (data=elements, T Pt g o Vot -0
+ aes(label=elements$Element), e | Bees: 0 ¢ -

+ hjust=-0.2, vjust=-0.1) +

+ xlim(1000,22000)

Error: Cannot add ggproto objects together. Did you forget to
add this object to a ggplot object?

> ggplot(elements, aes(x = elements[,3], y = elements[,4],

+ color = as.factor(elements[,2]))) +

+  xlin(1000,22600) + 1

+ geom_point() +

+ geon_label(data=elements,

+ aes(label=elementsSElement),

+ hjust=-0.1, vjust=-0.2)
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+ geon_label(data=elements,

+ aes(label=elements$Element),
+ hjust=-0.2, vjust=-0.1) elements 15 obs. of 4 variables

> + xlin(1000,22000)

Error: Cannot use "+.99()" with a single argument. Did you acc

identally put + on a new line?

> geom_label(data=elements,

+ aes(label=elements$Element), LR e——— -0
+ hjust=-0.2, vjust=-0.1) + .,mf,‘,,‘,,m_w‘_,,Mﬂ,,.w,,,,_, 7

+ xLin(1609,22000) ggplot2: Create Elegant Data Visualisations Using the Grammar of
Error: Cannot add ggproto objects together. Did you forget to | Graphics

add this object to a ggplot object? Description

> ggplot(elements, aes(x = elements[,3], y = elements[,4], e e A D s 1 e st e

+ color = as.factor(elenents[,2]))) + :u':m":” I

+ x1im(1000,22000) + Molnein Hidey sicthon btlrbriuiocan

+ geon_point() + o

+  geon_label(data=elenents, :"‘t'v" ggplotz
+ aes(label=elementsSElement), + Thamisti redessen

+ hjust=-0.1, vjust=-0.2) :::;;:“"

> help("ggplot2")

+ Ko oo




So, you can see now the ranges change so, you can see the golden tungsten clearly they are
readable. So, so, what we are doing is that it is the same. So, we just say what is the data and
what is the aesthetics, what is the x-y and what color. Then we are adding layer by layer we
are first saying okay change the x range, then we are saying okay put the data points and then
we are saying okay label the data points so, you can do this layer by layer and that is the
advantage of ggplot. Of course you can use labels so, we have not done x label and y label and

somewhere during this one of these sessions we will do that also.

So, that is just one more layer so you add another plus and say labs I think that is for labels. x
is this and y is this and title is this and so on and so forth. So, you can take a look at the gg plot
help itself, okay or the cheat sheet, or the Irizarry’s book, so the help itself gives you some of
these links for you to learn about ggplot2. And we are going to use ggplot2 also extensively in
this course. So, | recommend that you install this package and we will learn how to use it for
more plots. Thank you.



