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Welcome to dealing with materials data, in this course we are going to look at how to collect
analysis and interpret materials data, and this is the first module, this is the module for
introduction to the R programming language, and we have been working with R in the past few
sessions and we have been looking at how to inter data into R and then work with it,

manipulated, plotted and so on and on so forth.
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Module: Introduction to R

Data Input into R
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So, in this session we are going to learn how to import data into R, so data input can be done

into R like we learnt earlier the by typing it in, in the R console, but sometimes that is not the
best way to inter data into R.
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Importing data

o We input data into R: typing it in
o Import from other sources; sometimes the data, for example, is already in digital form
0 csv: comma-seperated-value - one of the most reliable and easy methods

o csv files: can be generated from other formats such as excel using both LibreOffice and
other commercial software

o We will use csv file import extensively (though fread might be more computatioally
efficient)

o QOur tutorials: code optimization and efficiency is not discussed / indicated
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And in those cases we can import from other sources, this becomes important because
sometimes the data for example might be already in digital form. You might have done an
experiment and the data comes and it is stored in the computer in digital form and so you want
to take that data and work with that and you do not want to be manually entering all the data
and sometimes that data could be very big, so manual entry is time consuming, also it is prone

to errors.

So, the most reliable and easy method to enter data from such sources is the csv file format,
csv stands for comma-separated-value, and you can take the data which is generated and stored
in other formats into csv using either excel or using LibreOffice or any other commercial

software for example.

And we will use csv file import extensively, again there is an optimization point which is that
reading and writing csv files might be costlier, it might be easier and much more faster to use
F read and F write, this again is an optimization point regarding the R programming which we
are going to not discuss in this course, but it is better to aware and if you do anything at much
larger scale, and you find that the speed of execution becomes a bottleneck for you, I think
these are some of the places where you should look and improve your code. So, in these
tutorials we are not going to discuss code optimization and efficiency, if possible I will indicate,

but we will not do too much of it.
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Saving plots

o Consider the example of elements data
o Look at Elements.csv file
o Import and plot using ggplot2

o Can we save the plot as pdf file?
'
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So, we are going to now consider the elements data and I have saved it as a csv file and we are

going to import and plot using ggplot2, up to this we have done. But what has not been done is

that can be save the plot as the pdf files? So, that is also something that we are going to learn

in this session. So, we are going to look at csv file data and we are going to import it into R

and we are going to use ggplot2 to plot it and then we are going to save the data, the plot that

we made using ggplot as a pdf files, so that is the exercise.
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Saving plot as a pdf file

pdf ("Figures/DensityVsMeltingPointA.pdf")
(... plot commands ...)
dev.off ()
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And saving plot as a pdf file is rather straight forward so you have to say that okay, you want

to save as a pdf file and you have to tell, where and what is the name of the pdf and then you

can give all your plot commands, and then after that is complete you switch off this device that



pdf you close, so that you can get back your regular console to look at the plot, so that is what
we are going to do in this session. So, | am going to start by showing you the element strategies

in csv.
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Type 'contributors()' for more information and

'citation()' on how to cite R or R packages in publications

15 obs. of 4 variables
Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help
Type 'q()' to quit R.

> getwd() LT e————
[1] "/home/quru/Desktop/DealingiithMaterialsData" S S
> X <- read.csv("Data/Elements.csv") ooz pctage Aoocmertaton
> str(X) ggplot2: Create Elegant Data Visualisations Using the Grammar of
'data.frame': 15 obs. of 4 variables: Graphics
$ Element : Factor w/ 15 levels "Aluminiun","Berylli = Descrvti

A 1 s, bsed an “The G o Graghis

un",..:11061157491413 .,

$ Crystal.Structure: Factor w/ 3 levels "BCC","FCC","HCP": 2
22224831,

$ Density : int 2700 8900 19320 10490 8960 7870 719 ”T:WWHMM
0 10220 6100 19300 ...

$ Melting.Point  : int 660 1453 1063 961 1083 1535 1875 26
10 1960 3410 ...

o vrabies o desthetcs, what graghical

Malntainer Haey adlerstudacom

ggplot2

So, like 1 said it is csv files can be opened in LibreOffice, so | do not know the data is very
clear, so, let us format text, I do not know how increase the size, okay, it might be here. So,



this is how the data looks like, so it is the same data element crystal structure density melting
point, and the elements are listed five FCC, five BCC and five HCP, so this is the data and it is

stored as elements dot csv.

So, what we are going to do, Is to first import data into R and for doing that, so | need to know
which directory are there, so | need to see, so, now | am dealing with materials data, so | need
to import the data, the way we import is as follows. So, | am going to say read into this variable
x or elements and read dot csv, so that is the command, from where? From the data directory
and which file? Element.csv . So, it has read, as we can see X is 15 observations of 4 variables.
So, we now know that we got the right data. So, it is the same element crystal structure density
melting point, okay.
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— 1 Importing data

In the past several sessions, we have been dealing with inputing data in R and manipulating it and / or
plotting it. Sometimes, it is worth putting that effort in generating a separate data file and importing it
into R. It is also possible that sometimes the data is already available in digital format; so, we do not have
to re-enter it.

The most reliable and easy way to import data into R is by using csv format files. The file format csv
stands for Comma Seperated Value. It is possible to store the data in csv format using LibreOffice or any
other software that deals with other formats (such as excel). In almost all of this course, we will try to use
csv formatted data files for importing data into R. For very large data sets, it might be more useful to read
and write data from and into csv files using fread and fwrite commands; however, in this course, we will
not learn about these optimization aspects.

Let us import the data file Elements. csv into R and plot it. The following script does just that.
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> getwd() of| @ const o

[1] "/home/guru/Desktop/DealingWithMaterialsData" Data

> X <- read.csv("Data/Elements.csv") X 15 obs. of 4 variables
> str(X)

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

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

um",,.: 11061157491413 .,
$ Crystal.Structure: Factor w/ 3 levels "BCC","FCC","HCP": 2
222211111 ...
$ Density + int 2760 8900 19320 10490 8960 7870 719 Docunes
0 10220 6100 19300 ... qggplot2: Create Elegant Data Visualisations Using the Grammar of
$ Melting.Point : int 660 1453 1063 961 1083 1535 1875 26 = Graphics
10 1900 3410 ... Des
"ggplot2t)

y = Melting.Point,colo

.

ggplot2

geom_point() +

geom_label(data=X,aes(label=XSElement),hjust=-0.2, vjus
=-0.1)|
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[1] "/home/guru/Desktop/DealinghithMaterialsData" o SOt
> X <- read.csv("Data/Elements.csv")
> str(X) X 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

222211011 e e P

$ Density : int 2700 8900 19320 10490 8960 7870 719 =
0 10220 6100 19300 ...

$ Melting.Point : int 660 1453 1063 961 1083 1535 1875 26
10 1900 3410 ...

> library("ggplot2")

> ggplot(X, aes(x = Density, y = Melting.Point,color = as.fact
or(Crystal.Structure))) +

+  xlin(e,23000) +

+ ylin(6,3600) +

+ geon_point() +

+ geom_label(data=X,aes(label=X$Element),hjust=-0.2, vjust

CEoRBRRNO~E

Now, let us do the plotting. So we can go, so we invoke the library ggplot2 and we say okay,
x is the data and the aesthetics is x is density, y is melting point, color should be according to
crystal structure and we changed the x limit and y limit and the geometry is point. So, you can
see several layers | am building, so this is the first one, then the next layer is the for the x range,
next layer is for y range, next layer is for the plots points, the geometry of the plotting and then
the next layer is for the label and label is again from x data using the element information, and

this is how the label is put, so, this be now or comfortable with.

So, we have it, the density verses melting point and you can see all the BCC, FCC, HCP etc.
are colored differently and the points and the writing everything is in the corresponding color,

S0 you can get the plot.
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> ggplot(X, aes(x = Density, y = Melting.Point,color = as.fact * @wstween
or(Crystal.Structure))) + Data
+ xlim(0,23000) + X 15 obs. of 4 variables
+  ylin(e,3600) +
+ geom_point() +
+ geom_label(data=X,aes(label=X$Element),hjust=-0.2, vjust
=-0.1)
>devioff e e e o Vo
function (which = dev.cur()) e | Wteee 94
{

if (which == 1)

stop("cannot shut down device 1 (the null device)")

.External(C_devoff, as.integer(which))

dev.cur()
}
<bytecode: 0x56318eaddofo>
<environment: namespace:grDevices>
> dev.off()
RStudioGD

2

CEoRRRPO~E

Now, we want to save this file, so for saving it what do we do? We are going to, so | need to
know there is a directory called figures here. So, let me see, okay there is no directory called
figures, so it is better to make a directory called figures here, okay. So, now | am going to save,
so | am going to save pdf, equal to, okay so figures is the directory where | want to save this
figure, so it is elements data, so let us say Elementsdataplot.pdf, let say that is the pdf file, so

that is the pdf, so we are going to say this is the pdf file we want to generate, okay.
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<bytecode: 0x56318eaddofe>
<environment: namespace:grDevices>
> dev.off()

RStudioGD

Just

.External(C_devoff, as.integer(which))
dev.cur()

}
<bytecode: 0x56318eaddofe>
<environment: namespace:grDevices>

> dev.off()
RStudioGD
2
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Now, we are going to put this command like we did earlier. So we are going to say, okay, so
this is the, and then we are going to say device start off, okay so | have to give, okay. So, now
let us go check if we have made this figure, yes, there is this pdf file that is available now, and
you can open it and you can see that the figure is stored. So, we can, so you can see density
verses melting and all the data points and differently colored, so everything is nicely, now
stored as a pdf file, so which you can then use for other purposes, okay. So, this is how the
saving is done and so this is to import data and to plot data. We will have some more exercises

in importing and plotting data in the next session. Thank You.



