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Lecture — 01
Preliminaries and Data Types

Hello and welcome to this first lecture. In this particular lecture, we are going to look at some
preliminaries and some data types that we will be using in this particular course. And these
data types are quite useful, even if you are doing something unrelated to things that we will
discuss in this course. But just a first word of caution, this is not a course on explaining the
different physical processes or the different mathematics behind the various phenomena that

we are going to discuss.

However, we are going to try to keep it as self-contained as possible. We are going to look at
some background some theory and then, we will look at the particular code. But all said and

done, it will give you the confidence to tackle various problems on your own.
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And that is what so first thing is. First, you are going to have to install GNU Octave. So, just
go to the website gnu dot org slash software slash octave slash index and you are going to end

up on this page. You can simply google, GNU-Octave; you can download this.
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Once you click on download, you get an option of what operating system you are working

with; GNU Linux, macOS or Windows.

(Refer Slide Time: 01:50)

€40 . L L1

SuppoitMelp

3 NUILinux sysiems are provided by Bhe indeidua b sl pckaes are chaabed by
oluriers. The deliry Datwaen an OClive 30urce rekease Bng M avalabity of 3 packags or & panicular GNUILINGS disribution vanes

Aliernatively, ther ane some dstribubon imdependent instaltation mathods for more recent versions of GNU Octave described in the Octave wik

macOS

» Wikl has insiructicns for instaling Octave on macOS sysiems. Octave is also avalable in third-party package managers such a3 He

BSD

Execulablé veisions of Octave for BED systems are provided by the indhidual distributions. Both Free
are created by volunieers and the Octave project has no conirol over ihat process

Microsoft Windows




(Refer Slide Time: 01:54)

About  Bugs Donale  Download  Gellmobed  News  SuppoiMelp  Docs

» Windows-32 ok comeuters)

0_1-w32nstaller ex (- 275 MB) [signature)

+ Windows-§4 (64-bit Inear aigebra for large data)

Wik ot st hrh o s =300 o iy My e 1 s B kgl (bl with vy ESrainan) e Tharh =2 il akisanst, 1 v wil Gled

recommanded Wdows-54 verson abave.

464 7 (= 410 M) |

All Windows binaries with source code canbe from hitps /#pmiror g ong/octave

Octarve is frew software under the GNU General Public Lisense

1200 Jobn W, s, This work i I under o Creaihe HcOernaine 4 oral o, Giat B page

Now, in this particular case, I am working on windows. So, you can go all the way to
windows and you can choose a 64-bit installer or 32, if you are using an older computer and
if you intend to use GNU Octave for handling very large matrices, you can install this
particular package. But be careful, you need to have a sufficient amount of RAM in order for

that particular version to work.
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The other thing that you can install, I mean you can install Python 3. Yes, that is fine; but you
can also install Anaconda. You can install anaconda and it will install everything in one go.
So, you go to you Google anaconda; anaconda dot com, you go to products individual

edition.
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And then, you do a download. It will install everything; just follow all the instructions; so, if

you are using windows, just install, just download the 64 bit graphical installer and make sure

you follow all the instructions.

In particular, there is an instruction, you have to deselect the addition of the path to the
environment variable. So, once you install this, you will have installed all the different

packages that we are going to use in this particular course and in particular, you will have a

full access to all the libraries through a very easy installation framework.
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Lastly, you can install PETSc. For that, you need to first have a working GCC compiler. GCC
is a set of compilers released by the GNU group.
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So, you go to installation. So, once you download it, you can install it using dot slash
configure and then, make all ok. It is not a very complicated installation; but yes, it does take

a bit of time.
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And it is much easier to install on Linux than on Windows. But regardless, whatever we are
going to study is independent of the platform. Whatever I am going to show Octave, Python
all that is available on all operating systems. Whatever you develop on Windows will run the

same on Linux as well.
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So, once you install anaconda, once you launch anaconda, you will be greeted by a screen
which looks something like this. So, you have CMD command prompt, JupyterLab, Jupyter,
Powershell, Qt, Spyder. So, Spyder is something which is quite useful.

So, it is a IDE; meaning, it is a integrated development environment in which we can write
down scripts, much in the way you would write down scripts in MATLAB. There are some
other packages as well. Once you click on Jupyter lab, it will pop up a window which would

look something like this.
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So, Jupyter lab is an environment in which you make notebooks. So, notebooks are file in
which we can input text. So, let me just click on this. So, the beautiful thing about Jupyter lab

is that you can make python programs as well as you can develop octave programs.

So, basically it is a front end of these kinds of kernels ok. These things are called as kernels
and you can run whatever you want. So, I have added into my Jupyter lab these two kernels;
Python 3 and Octave. By default, you will have Python 3 added; but if you want you can add,
octave as a kernel to this as well. Make sure you have installed octave prior to installation of

anaconda.
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Let me click on this. So, it would open a notebook style of file. So, a notebook is something
in which you input text, you input mathematical equations, you input scripts of code, you can
embed figures. So, it is a all-encompassing document which would contain all the things that

one would need in order to encapsulate the entire idea.

You do not need to write down documentation separately and the program separately and the
figure separately. You can embed everything in one go; once you are done, you can export
the entire file as a PDF, as a word file, as a latex file whatever. So, these things are called as

cells. Inside a cell, you can either encode a code or markdown.

So, markdown is a kind of mark-up language which is used to quickly write down text with

headings, with equations, without really worrying about the formatting. In order to input



mark down into the cell, I will select markdown. Let me put a title. So, this is a very well-

defined syntax for creating titles, for creating bullet points in markdown. So, have a look at

the markdown tutorial. I am not going to discuss about that and let us jump straight in into the

programming part.
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So, let me create the title of this file. So, in order to execute a particular line, we would press

shift enter; upon pressing shift enter, you see that the title has been converted into a heading

ok. So, data types. So, we have already covered the preliminaries of how to install these



packages; have a look at them, take some time to read through the various installation

procedures. It is very simple to do ok. Let us jump straight into it.
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The various data types for the first and the most-simplest data type will be that of a scalar. So,
in python we can define a scalar directly. Let us define a=2. So, let me change the kernel to

python ok.
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So, a=2 fine. Let me press enter and keep on inputting. So, let me write b=- 1; c= 4 and d
=10. So, now I have defined 4 variables; but I have not yet run the program. In order to run

this particular cell, so things are encapsulated inside cells.

Note that this particular cell by default, a new cell is created as a code. Whatever you write
inside a cell will be interpreted as a code. If you want to interpret it differently, I can change
it to markdown. So, this will no longer be a code, this will be simply plain text; but I want it

to be a code.

So, now I will press shift enter and now, it has loaded all the variables in memory. In order to
check what variables, we have. We can put this kind of a magic command. So, Jupyter lab,
this kind of an environment has different kinds of magic commands. So, this is one magic
command. As we go in the course we will come across many other magic commands and you

can Google it and find out what are the different magic commands.

So, let me press shift enter, it will show me that I have 4 variables. The data type is integer
and the data is this. In fact, let me make d = 10.0; let me press shift enter to execute that cell

once again, now let me press.

So, automatically you will see that python has declared d as a variable and its type is float
and the value it is storing is 10.0 and this is somewhat different from declarations in a much
more imperative programming language like C, in which you have to declare a priori what

are the kind of variable will be.

So, in order to declare a as 2, you have to first write down ‘int a’ and then later on, you can
say a =2 or you can simply write int a= 2. So, the same declaration in C would have been
something like this; but this is not a course on C and we will continue on the style of python.
So, very simple way of expressing your thoughts. So, now, I let me just delete this variable

block.
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So, I can right click on this, I can say delete cells ok. Now, let us perform some arithmetic.
So, I can press the escape key to focus on that cell, try it out; I can press enter to again come
into that cell. So, I lose focus by pressing escape, I gain focus by pressing enter and the

selected cell is shown by this blue border ok.

So, I press escape, I press M to convert the cell from code to markdown. Now, I will write
over here. So, all you can do all of this with the help of all these the mouse things as well. But

I prefer to do it with the help of keyboard shortcuts.
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So, let me write down here, some elementary arithmetic shift enter. So, now, that is
interpreted as text; it is not a code, it is simply a text ok. So, let me write down e=a +b; f=a

-b;g=a*b*candh=a/d.

I can execute this, there is no error. If there was an error, it would has come right below this
particular cell. Now, suppose I want to print out all the variables; of course, I can do whos
again and it will show me all the variables that we have. So,e=a+b, 2 -1=1,f=a-b. So, 2

--1 is 3; we can verify all these simple things.

(Refer Slide Time: 12:50)

. T X | ) o d0hne yonry X | B Pt | O At baliton % | -0 %
C O loabst ax gal:

: File Edit View Run Kernel Tabs Settings Help

™ + B t C ™ Untitledipynb [} Show Contextual Help X

™/ nptel/ lect /

o Name

W old

B [ Unitledipynb

B+ XDOD0O » nC» Cde v

PrINT("The Value of € 1s™,e, "Where a = ~, a, ~ anaib= ", bJ;

The value of e is 1wherea= 2 and b= -1

import numpy as np

Python3 O

a = np.ndarray(5, dtypesfloat) # Initializing array

]

print(a) I

D [1.7159787e-311 1.07055998¢-311 1.78019082¢-306 6.23058028¢-307
1.37960283¢-306)

* I [15]: %whos
Varisble Type Data/Info
a ndarray  5: 5 elems, type “float64", 40 bytes
b int 1
c int 4
d float 10.0
e int 1
£ int 3
g int E
h float 8.2
np module <module "numpy’ from 'F:\<...>ges\\numpy\\_ini
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But another way of simply printing out a given variable is writing this print within double
quotes. So, we can write down the value of e = a +b or e is and we can write over here e,
where a = a and b =b. Let me execute this. Upon execution, you will see, I did as printed out
this particular string and wherever we have put down the variable, it will output the value of

the particular variable.

So, for example, the value of e is, so this is printed verbatim. So, this is printed verbatim,
while this is the value of this particular variable. This particular thing is printed verbatim,

then we print the value of a, then this is verbatim and then, we print the value of b.

So, this is how you can put down meaningful print statements, in order to make more sense of
your code and this is especially important when you are debugging certain codes, so

debugging the old school style ok. So, this is a very simple arithmetic operation on scalars



and we have also shown how we can print out the variables. Let us now move into how we
can declare arrays. So, there is a very special module in python, it is called as numpy. So, we

have to first import that particular module.

So, we will write import numpy as np. So, the particular phrase as np implies that np is an
alias for the packages inside the module numpy. Python has a lot of modules one of which is
numpy, there are several other modules called as scipy or opencv. So, opencv is a module for
image processing; scipy is a package for scientific computations; numpy is a package for

numerical methods and data structures.

So, there are various modules; but we will be primarily using numpy and scipy. So, we
import numpy as np. So, let me press shift enter ok. So, now, we are in a position to declare
arrays using numpy. So, numpy arrays, we can declare as a =np.ndarray; so, n-dimensional
array and then, we have to give certain inputs to this particular function. So, ndarray is a

function inside np.
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Launch Classic Notebook
Show Contextual Help

Jupyter Reference
Jupyterlab FAQ
JupyterLab Reference
Markdown Reference

About the Python 3 Kernel

Python Reference
IPython Reference
NumPy Reference
SciPy Reference
Matplotlib Reference
SymPy Reference

pandas Reference
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o Name - String form: <module 'numpy' from 'F:\\anaconda\\lib\\site-packages\\numpy\\_init__.py">
» File: f:\anaconda\lib\site-packages\numpy\ _init__.py
ke Docstring:
B Untitledipynb NunPy
Provides
% 1. An array object of arbitrary honogeneous itens
2. Fast mathematical operations over arrays
3. Linear Algebra, Fourier Transforms, Random Number Generation
How to use the documentation
* Documentation is available in two forms: docstrings provided

with the code, and a loose standing reference guide, available from
“the NunPy homepage <https://w. scipy.onglgt; .

We reconnend exploring the docstrings using
“IPython <https://ipython.orglgt;’ , an advanced Python shell with
TAB-completion and introspection capabilities. See below for further
instructions.

The docstring examples assume that “numpy’ has been imported as "np'::

»»> import numpy as np
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instructions.
o Name 2
»od The docstring examples assume that “numpy’ has been imported as ‘np'::

> import numpy as np

Code snippets are indicated by three greater-than signs::

% »rx =42

M x=x+1l

i

D Use the built-in ““help’" function to view a function's docstring::

> help(np.sort)
» ... # doctest: +SKIP

For some objects, **np.info(obj) " may provide additional help. This is
particularly true if you see the line "Help on ufunc object:" at the top
of the help() page. Ufuncs are implemented in C, not Python, for speed.
The native Python help() does not know how to view their help, but our
np.info() function does.

To search for documents containing a keyword, do::

»>> np. lookfor('keyword')
... # doctest: +SKIP
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™ aid Fortran to Python Interface Generator.
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Kernel Tabs Settings Help
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> np. lookfor('keyword")
& ... # doctest: +SKIP

General-purpose documents like a glossary and help on the basic concepts
of numpy are available under the “doc’* sub-module::

5»> from numpy inport doc
»»> help(doc)
... # doctest: +SKIP

Available subpackages

Topical documentation on broadcasting, indexing, etc.
lib
Basic functions used by several sub-packages.
random
Core Random Tools
linalg
Core Linear Algebra Tools
fft
Core FFT routines
polynomial
Polynomial tools
testing
NumPy testing tools
f2py
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Show Contextual Help

Enhancements to distutils with support for
Fortran conpilers support and more

Utilities
test

Run numpy unittests
show_config

Show numpy build configuration
dual N
Overwrite certain functions with high-performance Scipy tools
matlib

Make everything matrices.
__version__

NumPy version string

Viewing documentation using IPython
Start IPython with the NumPy profile (" ipython -p numpy "), which will
inport “numpy’ under the alias ‘np’. Then, use the ""cpaste’" command to
paste examples into the shell. To see which functions are available in
“numpy’, type “np.<TABY"" (where “'<TAB>'* refers to the TAB key), or use
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Make everything matrices.
__version__
% NumPy version string

Viewing documentation using IPython

o Start IPython with the NunPy profile (" ipython -p numpy™*), which will
inport “numpy” under the alias ‘np. Then, use the ~cpaste’ command to
paste examples into the shell. To see which functions are available in

* “numpy”, type ~np.<TAB>'" (uhere ~<TAB> " refers to the TAB key), or use
“'np.*cos*HENTERy " (where *<ENTERY " refers to the ENTER key) to narrow
down the list. To view the docstring for a function, use
**np.cosXENTERY " (to view the docstring) and " np.cos??<ENTERY" (to view
the source code)

Copies vs. in-place operation

Most of the functions in “numpy’ return a copy of the array argument
(e.g., 'np.sort’). In-place versions of these functions are often
available as array methods, i.e. 'x = np.array([1,2,3]); x.sort()".
Exceptions to this rule are documented

oMs @ Saving completed
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So, in case you want to know the reference for numpy, we can go to help, we can click on
show contextual help, it will pop up this particular screen, we can double click on np and it
will show the various functions that we have. So, we have random, we have linalg, we have
fft, we have polynomial ok. So, we have a bunch of it will show a bunch of tools that exist
and of course, numpy has a very good documentation online and you can always refer to the

online documentation, if ever in doubt.

So, ndarray is a particular function that exists inside the module np. So, when we double click
on ndarray, we will get the contextual help. So, ndarray shape, the data type ok, this is what

we need to give. So, ndarray shape. So, let us give. So, let us make an array of size 5.

So, 5 dtype equal to float. So, let us print what a is. It is a random array. I mean it is
something which is 0 and it is of size 5. So, 5 rows it has initialized. So, this is essentially a
way of initializing arrays and data type float means whatever a will contain will be of type

float ok.

So, in fact, let me write down the let me show the variable space. So, a is an ndarray, whose
type is float 64. So, its 64 bit and it contains 5 elements. Now, how can I access the different
elements ok. So, let me delete this cell. In order to delete the cell, we have to be out of focus
from the cell and press d twice, it will delete the cell. Alternately, you can of course click on

this particular cell, you can right click on it, you can delete cell ok.
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o Name |
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oS Raw ~
B 8 Untiledipynb inport numpy as np
a = np.ndarray(5, dtype=float) # Initializing array
a[0] = 5; # Indexing of an array starts from zero
af1] = 19;
0O al2] = 11;
a[3] = -2
a[4] = 6
I [171: | [ale]. a[1], a[2], a[3], a[4], 2[5]]
IndexError Traceback (most recent call last)
<ipython-input-17-2d695decf6fe> in
--=-> 1 [a[0], a[1], a[2], a[3], a[4], 2[5]]
IndexError: index 5 is out of bounds for axis @ with size 5
L . = - . )
' I listhtml
hyiitkgp.ac.inf~adityab/lecture_listhtmlas a.quick
P Typeteretosearen ox ma 2 9 n

So, we can declare various elements of a. So, a[0], let me write it as 5; a[1], we can write it as
10; a[2], we can write it as 11; a[3], we can put it as -2 and a[4], we can write as 6. So, the

indexing for an array starts from 0 and in case you have noticed this whatever text, I write

after this hashtag is interpreted as a comment.

So, comment is something which is not executed along with the code ok. So, once I execute
this, it would have assigned all the various indices of the array. So, an array; so, let me
convert this cell into markdown. So, an array is something like this a[0], a[1], a[2], a[3], a[4],

a[5] ok. This is how that; sorry, I have to convert into markdown ok.
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So, this is how that array looks.
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The value of e is 1wherea= 2 and b= -1

import numpy as np

a = np.ndarray(5, dtype=float) # Initializing array
[16]: |a[@] = 5; # Indexing of an array starts from zero

a[1] = 1o;

af2] = 11;

a[3] = -2;

a[4] = 6;

[a(0), a[1], a[2]. a[3], af4}, a[3]]

print(a)

[5.10.10 -2 6],
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So, now, let us since we have declared the different elements

of that array, let us see how that array looks. So, print a; oh, sorry. Yeah. So, now we have

initialized the array over here. In this particular cell, we have declared the different elements

of that array and then, we have printed out the elements of that array. Let me insert a cell

above this. So, the way to insert a cell is to press a.
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import numpy as np
a = np.ndarray(5, dtypesfloat) # Initializing array

Initialization of an array with some user defined numbers

a[0] = 5; # Indexing of an array starts from zero
a[1] = 16;
af2] = 13;

(3] = -2;
[4] = 6
[a(0), a(1], a(2], a[3), a(4], a[5))
print(a)

[5.16. 11 -2. 6.]
np. shape(a)

(5,)
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So, let me convert this cell into markdown. So, we can write initialize of an array with some

user defined numbers. So, this is how we declare an array. We can query the shape of the



array. So, suppose you are given an array, I can query. So, np.shape(a.) If I print this, it will
show (5,). So, its 5 rows rather it contains 5 elements. So, python does not differentiate much

if you are declaring an array between rows and columns ok, that is good.
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B [® bifurcation_map.ipynb

« [ bubblesortipynb 8, 8.0,88:]
A conditionalsipynb Define a linear space between two numbers
L W] fixed._pt_iterationsijp.
[ ising_metropolisipynb ¢ = np.linspace(1, 2, 5); # Extremely important
O g Untitledipynb print(c)
* 1. 12515 1752, ]

I [24]: |d = np.logspace(, 4, 4);

print(d)

[ 10. 100. 1000. 10000.]
&

In the above expression; we basically have; 10°1, 10°2, 10°3, 10%

0 M8 @ Python3|ldle Saving completed Mode:Edit ® Ln1,Col24 Untitledipynb
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Now, let us come to some different kinds of arrays. So, we have initialized an array, but there
are various kinds of initializations as well. So, let us initialize b as np.zeros(). Now, suppose

you want to know the function reference for zeros.
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[ conditionals.ipynb shape : int or tuple of ints
Shape of the new array, e.g., ~"(2, 3)"" or "2
dtype : data-type, optional
[A] ising_metropolis.ipynb The desired data-type for the array, e.g., “numpy.int8’. Default is
“numpy . float64” .
order : {'C', 'F'}, optional, default: 'C’'
Whether to store multi-dimensional data in row-najor
* (C-style) or column-major (Fortran-style) order in
memory .

W] fixed_pt_iterationsijp.

[ untitled.ipynb

Returns
out : ndarray
Array of zeros with the given shape, dtype, and order.

See Also

zeros_like : Return an array of zeros with shape and type of input.
enpty : Return a new uninitialized array.

ones : Return a new array setting values to one.
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So, we just look. So, zeros shape and data type fine. So, zeros. So, let me define it as size 4 or
let me make it 5 and dtype= float. So, now, let us print b; it is all zeros. Let me define ¢ as a
linear space. So, let me make this as a markdown. So, a linear space is defined as a as an

array which is having elements which are linearly spaced. So, let us look at the syntax.

So, ¢ = np.linspace(). So, linspace has the has a it takes input a, b and the number of points;
where a is the first point, so let us say 1; b is the second point and how many points you want
between 1 and 2? So, let me take 5 points. Let me print c. So, ¢ is an array which goes from 1
to 2, if you look at this over here, it goes from one all the way to 2 and 5 is the number of

elements in c.

So, it has 12 3 4 5. So, this is how we can declare a linspace. It is a very useful command. It
will be extremely useful to define meshes to define grids on which we will solve various

kinds of equations. So, this is extremely important.

Another important function that is quite important which is quite relevant for this
computational course is logspace. So, let us define d =np.logspace(1, 4,4) and let me take 4
elements ok. So, let us see what d is. So, now, logspace, it defines a linspace going from 1 to

4 and it makes 4 step. So, 1, 2, 3, 4; these are the 4 elements that you will create.

But now because it is a logspace, it will make 10 to the power first element, 10 to the power
second element, 10 to the power third element. So, in the above expression, we basically have
10 to the power 1, 10 to the power 2, 10 to the power 3, 10 to the power 4 because these

exponents are what we have declared over here inside the function.

So, this is a very easy way of generating a geometric progression of values ok. It is
essentially a way to generate geometric progressions. Linspace is a way of generating

arithmetic progression or logspace is for geometric progression.
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print(e)

4 [-0.11453729 0.89653579 0.60775465 0.36052608 0.88460701]
print(a);
print(e);

0O

[5 10 11 -2. 6]
[-0.11453729 0.89653579 8.60775465 ©.36052688 ©.88460701]

* b= ale, print(b); # Element-wise addition
[ 4.88546271 10.09653579 11.60775465 -1.63947332 6.88460701]
c=ae
d = np.multiply(a,e);
print(c);
print(d);

[ 5.11453729 9.90346421 10.39224535 -2.36052608 5.11539299]
[-0.57268647 ©.96535786 6.68530111 -0.72105215 5.30764206]

0 M8 @ Python3|idle Saving completed
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Now, let us add 2 arrays ok. So, this is a very useful thing to do. So, e=np. Random.normal
(0,1,5) print e. So, do not worry about what I have written. It is essentially I am using the np
module to use the random module to generate a normally distributed variable with average 0

and variance 1 and the number of elements is 5.

So, in case you are confused on the syntax, you can click on this and it shows ok. So,
location, scale and size. So, we have generated e. So, let me just quickly print out two things;
but first let us save this file, I think it got saved. Yeah, its saved over here. Let me rename

this; so, lec 01.

So, let me print out some of the arrays that we can use to demonstrate ok. So, we have these
two arrays; the first array is a, the second array is e. So, let us define b=a + e and let us print
b as well. So, we have added this. So, it is an element wise addition ok. So, this is an

addition.

So, it takes each element of a and e and so, a [0] is added with e[0], a[1] is added with e[1]
and so on and it is assigned to elements of b. So, this is a very simple way of doing element
wise addition. Similarly, we can easily do element wise subtraction, element wise

multiplication.

But this is not recommended. It is not recommended to do element wise multiplication like

this, it is better to do np.multiply(a,e). So, let us print out c. Let us print out d as well ok. So,



this is how you obtain element wise subtraction. So, you can easily verify using these arrays

and element wise multiplication as well.
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b = ase; print(b); # Elenent-wise addition
W old
- [ 4.88546271 10.09653579 11.66775465 -1.63947392 6.88460701]
B A lec 01ipynb
[32]: [c = b-e;
d = np.nultiply(a,e);
°¢ f = np.divide(a, e);
print(c);
print(d);
rint(f);
o print(f)

[ 5.11453729 9.90346421 10.39224535 -2.36052608 5.11539299]
[-0.57268647 ©.96535786 6.68530111 -0.72105215 5.30764206)
* [-43.65390404 103.5885286 18.09946913 -5.54744895  6.78267291]

Simple scalar operations
¢ = 2%;

print(a);

print(c);

[5 1011 -2. 6.]
(10. 20. 22. -4. 12.]

0 @8 @& Python3|ide Saving completed Mode:Edit @ Ln2,Col1 lec0Lipynb
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Similarly, we can do an element wise divide as well. So, the beauty about using cells is you
can modify it and rerun the cell. Whatever is there in the previously run cells, it stays and that
new cell that you are executing, all the variables inside that get updated ok. So, yeah. So, this

is how you do element wise scalar operations.

You can obviously, add a single scalar to all this as well and it is much easier. You can
simply do. So, let us make this simple scalar operations. So, I can make c= 2* a; let me print

out what c is. In fact, let me print out what a was as well for reference.

So, with the help of this, we have multiplied all the elements of a with the scalar 2. So, scalar
multiplication is quite straightforward. Just remember when you are doing element wise
operation between two arrays in particularly multiplication and division, it is better to use np

dot multiply and np dot divide.

In fact, we can use np.subtract and np.add also in order to avoid certain mishaps that can
happen when you add elements ok. So, this is how we can perform simple operations using

arrays. A very important aspect of arrays is to pick out various elements of an array.
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print(a);
print(c);

%

[5.10. 11 2. 6.]
[10. 20. 22. -4. 12.]

O print(f);
[-43.65390404 103.5885286  18.09940913 -5.54744895  6.78267291]
f[2:5] # THis is array splicing; it will splice till the n-1th index

array([18.09940913, -5.54744895, 6.78267291])

h = np.randon.nornal(9,1,10);
print(h);

[ 0.44417449 ©.36378812 -1.11069889 ©.82621292 0.22379578 -0.00736229
-1.11039666 -1.47461813 -1.08241119 -1.7406958 |

0o M8 @ Python3|idle

P Type hereto search
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So, let us see, we have the array f. So, let me print f. Suppose, I want to pick out element
number 2 to 4 of f. So, I will simply do f[2: 5]. So, this is called as array splicing. So, when I

input 2, 5, it goes from; so, ok.

So, this is the; this is element number 0, element number 1, element number 2. So, this has
chosen element number 2. So, 18 is what I have chosen from this. So, this is 0, 1, 2, 3, 4. So,
the thing about array splicing is whatever index you put over here, it will return the n - 1th

index.

So, if you put 5, it will return till element number 4. So, this is 0, 1, 2, 3, 4. So, this gives us
elements 2, 3, 4. So, this is 2, 3 and 4 ok. Let me define a slightly longer array. Let me make
h =np.random.normal(0, 1, 10) and let me print what the value of h is. So, now, suppose I
want to choose the third element all the way to the nineth element; so, or rather to the eighth

element.
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K= N[z

print(k);

[-1.11069889 ©.82621292 ©.22379578 -0.88736229 -1.11839666 -1.47461813]

print(k[2])
-1.1106988934985274
print(k);

[-1.11069889 ©.82621292 0.22379578 -0.00736229 -1.11039666 -1.47461813]
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Python3 O

m = k»; print(m);
[False True True False False False]
n = k[k>@]; print(n);

[0.82621292 9.22379578]
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Qroa¥dn s S

So, I will do; so, I can splice it using h. So, the third element in this particular case is 2
because the numbering has an offset from 0. So, this is 0, 1, 2 ok. So, and I will go all the
way to; so, this is 9, this is 8, this is 7. So, this is the index number 9. This is index number 0.

This is the tenth element, but the index number is going to be 9.

So, I want it till the eighth element. So, I will simply put equal to 8 and let me assign this
spliced array to something; let me assign it to k, then I can print out what k is. Excellent. So,
we have chosen from the second index ok. So, this is 0, 1, 2 and we are going all the way till

the seventh index.

So, 0,1, 2, 3,4, 5, 6, 7 ok. So, this is the last index. Another way of looking into it is the
choice of the index number to the element number; but anyway, once you start using it, you
will be comfortable in what it really means. You can have a look at the video as many times
you want; but it should be comfortable to you, once you start using it. So, this is how you can

splice an array and assign it to k.

Now, I can query the third element of k. So, the third element of k will be 2. So, I can print
that particular element out as well. So, the third element is this. So, 0. So, this is 1, 2, 3; but

the index number is 0, 1, 2 ok. Let me print out the first element of k that is index number 0.



So, it is this this particular value ok. So, the important thing to remember is arrays and
matrices in fact have an offset from 0. This is very much similar to what happens in

MATLAB as well. Rather, in C as well; in MATLAB in fact the offset is from 1.

A similar set of a similar notebook will be made available in Octave as well. Whatever we are
doing in Python, it will be made available in Octave; I will put up the download link to these

notebooks. So, you can download them and run them on your own computer.

But in view of time, we are going to discuss some of the specifics and whatever you are able
to do in Python, you should be able to do equivalently in Octave as well. So, with the help of
the notebook files that you can download, you should be able to see how to do it. So,
proceeding, let me show you a simple Booleans that you can do on various arrays. So, let me

print again k for reference.

So, now, suppose I want to find out in the array k, whether there are elements which are
greater than 0. So, let me just write m=k>0. Let me print m as well. So, m is an array which

contains various Booleans or logicals. So, it says false.

So, k is not equal to 0, this particular element, so it says false, true, true, false, false, false. In
fact, I can do this also. So, n = k[ k >0]. So, it will let us see what it prints. So, let me print n.

So, n only contains those elements of k which are greater than 0.
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n = k68; print(m);

[False True True False False False]

n = k[k»@]; print(n); # Find the indices of k>@ and assign them to n

[©.82621292 ©.22379578]

I [ 1:|a = np.ndarray()
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So, the meaning of this statement is finding out the indices of k which is greater than 0 and

assign them to n or equivalently, I can write p equal to; so, yeah, I mean this is how you can

obtain various conditionals without having to do a loop. So, traditionally, you would have to

loop over each element of k and do a conditional whether k[i], if 1 is the iteration variable is

greater than 0, it is less than 0; but now, you can do a scalar operation, you can broadcast,

you can broadcast.

So, this particular check, you can apply on all the elements of k without having to worry

about doing a loop over all the elements ok. So, we can declare array matrices as well. So, in

the same way, we have declared the arrays, we can declare matrices as well. So, let me

declare a =np.ndarray().
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Tnit signature: np.ndarray(self, /, *args, **kuargs)

Docstring:

ndarray(shape, dtype=float, bufferslione, offsetsd,
stridessNone, orderslione)

An array object represents a multidimensional, homogeneous array

of fixed-size items. An associated data-type object describes the
format of each element in the array (its byte-order, how many bytes it
occupies in memory, whether it is an integer, a floating point number,
or something else, etc.)

Arrays should be constructed using “array’, “zeros' or “empty’ (refer
to the See Also section below). The parameters given here refer to
a lou-level method ("ndarray(...)") for instantiating an array.

For more information, refer to the “numpy’ module and examine the
methods and attributes of an array.

Parameters

(for the _ne_ method; see Notes below)

shape @ tuple of ints
Shape of created array.
dtype : data-type, optional
Any object that can be interpreted as a numpy data type.
buffer : object exposing buffer interface, optional
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Strides of data in menory.
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Rou-najor (C-style) or column-najor (Fortran-style) order.

+ [ bifurcation_map.pynb
g B bitwcatonmapipmd | e

+ [ bubblesortipynb
T : ndarray
Transpose of the array.
7] fixed_pt iterationsip... || data : buffer
The array's elements, in memory.

[A] conditionalsipynb

]

R ising_metropolis.ipynb

o dtype : dtype object
[ Untitledipynb Describes the format of the elements in the array.
flags : dict
* Dictionary containing information related to memory use, e.g.,
'C_CONTIGUOUS', 'OWNDATA', 'WRITEABLE', etc.

flat : numpy.flatiter object
Flattened version of the array as an iterator. The iterator
allows assignments, e.g., "x.flat = 3'° (See “ndarray.flat’ for
assignment examples; TODO).

inag : ndarray
Inaginary part of the array.

real : ndarray
Real part of the array.

size : int
Nunber of elements in the array.

itemsize : int
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Number of elements in the array.
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ALl bubblesortipynb The m?mry use of each array element in bytes.
i nbytes : int
8 conditionalsipynb The total number of bytes required to store the array data,

, itemsize * size’".
ndim : int
8] ising_metropolisipynb The array's number of dimensions.
[ Untitledipynb shape : tuple of ints
Shape of the arrayl;
strides : tuple of ints
» The step-size required to move from one element to the next in
memory. For example, a contiguous (3, 4)"" array of type
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to move from element to element in memory requires jumps of 2 bytes.
To move from rou-to-row, one needs to jump 8 bytes at a time
2t
ctypes : ctypes object
Class containing properties of the array needed for interaction
with ctypes.
base : ndarray
If the array is a view into another array, that array is its “base”
(unless that array is also a view). The “base’ array is where the
array data is actually stored.
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So, let us go to the documentation of ndarray quickly. So, it says shape and data type ok. So,

we have to supply the shape

x| e x| & wme x| 0 x| +

Kernel Tabs Settings Help
[ lec_01ipynb L] Show Contextual Help X

ctypes : ctypes object
Class containing properties of the array needed for interaction
with ctypes.

base : ndarray
If the array is a view into another array, that array is its “base’
(unless that array is also a view). The “base’ array is where the
array data is actually stored.

See Also

Construct an array.

zeros : Create an array, each element of which is zero.

empty : Create an array, but leave its allocated memory unchanged (i.e.,
it contains "ga'}bage").

dtype : Create a data-type.

There are tuo modes of creating an array using **_neu_
1. If buffer’ is None, then only “shape’, dtype’, and order’
are used.

2. If “buffer’ is an object exposing the buffer interface, then
all keywords are interpreted
No ' _init_"" method is needed because the array is fully initialized

after the " _new_"" method.

Saving completed

Kernel Tabs Settings Help
[ lec_01ipynb L] Show Contextual Help X

2. If "buffer” is an object exposing the buffer interface, then
all keywords are interpreted.

[ basicsipynb No **_init_'" method is needed because the array is fully initialized

after the ' _new_"" method.
Examples

These examples illustrate the low-level "ndarray’ constructor. Refer
to the "See Also’ section above for easier ways of constructing an
ndarray.

First mode, "buffer lswam:

33> np.ndarray(shape=(2,2), dtype=float, order='F

array([[0.0+000, 8.0e+600], # randon
[ nan, 2.5e-323]])

Second mode

»> np.ndarray((2,), buffer=np.array([1,2,3]),

s offset=np. int_(). itemsize,

dtype=int) # offset = 1*itemsize, i.e. skip first element
array([2, 3])

File: £:\anaconda\lib\site-packages\numpy\_init_.py

Type: type

Subclasses: chararray, recarray, memmap, matrix, MaskedArray
Saving completed
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It will be say 2 cross 2 and the data type will be float; let me print a. So, it has initialized this
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n = k[k0]; print(n); # Find the indices of k>0 and assign them to n
[0.82621292 0.22379578)

a = np.ndarray(shape=(2,2), dtype=float); print(a);

0. 100.)
[ 1000. 10000.]]

[47): |a = np.zeros(shape=(4,4), dt); print(a);

)
TypeError

<ipython-input-47-80de@8dab7ba> in
--=5> 1 a = np.zeros(2,2); print(a);

Traceback (most recent call last)

TypeError: data type not understood
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array to me, I mean whether a was declared as something like that.
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a = np.zeros(shape=(4,4)); print(a);
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[49]: |b = np.random.nornal(8, 1, shape=(4,4));

TypeError Traceback (most recent call last)
cipython-input-49-2eddaflaeeS> in crodule)

--=-> 1 b = np.randon.normal(0, 1, shape=(4,4));
mtrand.pyx in numpy. randon. ntrand. RandonState.normal()

TypeError: normal() got an unexpected keyword argument 'shape’
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well. So, let me write np.random.normal(0,1,shape=[4,4]) ok.
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a = np.zeros(shape=(4,4)); print(a);
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[51]: |b = np.random.normal(®,1,(4,4)); print(b);

[[ .6313141 -1.36873167 ©.33851488 -0.7997247 ]
[-1.66009131 ©.44388938 0.33607308 -1.40058513)
[-1.7231658  1.32112994 -0.8254974  ©.42836488)
[ 1.08649471 -0.01680321 1.45307179 -0.4079197 ]]
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Docstring:
normal(loc=0.0, scale=1.9, size=None)

Draw randon samples from a normal (Gaussian) distribution.

The probability density function of the normal distribution, first
derived by De Moivre and 20 years later by both Gauss and Laplace
independently [2]_, is often called the bell curve because of

its characteristic shape (see the example below).

The normal distributions occurs often in nature. For example, it
describes the comonly occurring distribution of samples influenced
by a large number of tiny, random disturbances, each with its own
unique distribution [2]_.

. note::
New code should use the “"normal®" method of a **default_rng()"

instance instead; see *random-quick-start’.

Parameters

loc : float or array_like of floats
Mean ("centre”) of the distribution.

scale : float or array_like of floats
Standard deviation (spread or "width") of the distribution. Must be
non-negative.

size : int or tuple of ints, optional
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[ conditionals.ipynb loc : float or array_like of floats
% Mean ("centre") of the distributiofy
= scale : float or array_like of floats
A ising_metropolisipynb Standard deviation (spread or "width") of the distribution. Must be
B Unitedipynb o IOIONREIVEE, .
size : int or tuple of ints, optional
Output shape. If the given shape is, e.g., "*(m, n, k)'", then
» T'm*n* k" samples are drawn. If size is ““None' (default),
a single value is returned if ""loc’" and "'scale’" are both scalars.
Otherwise, *“np.broadcast(loc, scale).size’” samples are drawn.

7 fixed_pt iterations.ip...

Returns

out : ndarray or scalar
Drawn samples from the parameterized normal distribution.

See Also

scipy.stats.norm : probability density function, distribution or
cunulative density function, etc.

(N ERC] Saving completed
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So, this is how we supplied the size of the array over here. So, if you look into the contextual
help for normal, you will see that you have to supply the size as well ok. So, the size is to be

given as a tuple. So, this is called as a tuple.
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Basically, it is a ordered number 4 cross 4; in fact, if I can make it 4 cross 3, it will make 4
rows and 3 columns ok. So, this is how you can create array, create matrices. So, we can
apply the same operations. Let me make it 4 cross 4 and a, let me declare another array as e

equal to np dot ones.
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[[ 0.08570397 -2.32390527 -0.77638265
[ ©.44789346 0.99612429 1.71386573
[ ©.75180207 -0.31972243 -1.20121435
[ 0.55334049 -1.34650132 0.73054873

e = np.ones(shape=(4,4)); print(e);

[its 3ed i)
1. 2. 4.15)
k1104
[0 253 1300
£ = np.nultiply(b, e); print(f);
[[ 0.08570397 -2.32338527 -8.77638265
[ 0.44789346 0.99612429 1.71386573
[ 0.75180207 -0.31972243 -1.20121435
[ 0.55334049 -1.34650132 ©.73054873
g = 2*f; print(g);

I
[[ 0.17140794 -4.64781054 -1.55276531
[ 0.89578692 1.99224858 3.42773146
[ 1.50360414 -0.63944487 -2.4024287
[ 1.10668098 -2.69300264 1.46109747
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So, let us look into the documentation of ones; shape data type. So, the shape will be equal to

4 cross 4 and that is it. I mean we do not need anything else; we can print e. So, it creates an

array in which all the elements are 1. So, now, we can do a matrix multiplication.

So, we can do np.multiply(b,e) ok. So, let us see what f is. So, quite naturally, all the element

wise operations. So, b=f ok. So, similarly let me in fact, declare g=2*f. Let us print what g is

ok. So, I have multiplied all the elements of the matrix f by 2.

So, now we can multiply two matrices in the sense of a true matrix multiplication. So, true

matrix multiplication is not an element wise multiplication. So, if I were to multiply this

matrix, so this entire matrix and this entire matrix, the first element of that matrix would be

this row multiplied by this column; the second element would be this row multiplied by this

column.
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So, that is a true matrix multiplication and the way to do it. So, h = np.dot(f,g). In fact, let me
print out what h is. In fact, one should always use these kind of functions to avoid any

ambiguity; you may imagine writing f times g, you can simply write n=f*g.

But what is this multiplication? Is it an element wise multiplication between 2 numbers or is
it an actual matrix multiplication in the sense that we know from class 11, 12? A matrix
multiplication is not a element wise multiplication, it involves rows multiplying various

columns ok. So, it is not the same; it is not the same ok.

So, let us do the Boolean. So, let us do the Boolean of; so, let us choose this array g, this
matrix g ok. So, first of all we can choose various indices. So, we can choose the first
element, let me print this out; print g and it is this first element. In fact, I can print out the first
row, second column; it comes out to be this. So, this is how you can pick out the different
elements of a matrix. Alternately, you can do the Boolean as well. So, let me print g <0 0; so,

it says false, true.

So, this is less than 0; hence, this is true and so on. So, you can do all those things as well.
Let me show you something useful as well. So, let us declare p =np.where(g>1); so, where is
a kind of logical broadcasting. So, let us say where g greater than 1 suppose ok. So, let me

print out p as well.
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So, when I do p =np.where(g>1), this particular function call will give me all the indices of
the matrix g, where this particular conditional is being satisfied. So, where is g greater than 1

being satisfied? At row number 0, column number 3.

So, row number 0 is this and column number 3 is this. Remember this is column 0, column 1,
column 2, column 3. Similarly, its being satisfied at row equal to 1, column equal to 1; this is
row equal to 1 and this particular thing is column equal to 1 ok; similarly row equal to 1,

column equal to 2; row 1, column 2.

So, as you can see np. where() is a very versatile function, where it will broadcast that
conditional all over the array g or over the matrix g. It also works for arrays as well and it
will tell you all the indices, where that particular conditional is true. So, in this particular
case, it is true for all those pairs of i and j’s if you mean. So, then how can I get all the values
where this conditional is satisfied? I want to. So, I have obtained all the indices. So, I can

simply say let me print out g[p[0],p[1]).

So, when I do g [p[0], p[1]] this essentially means g of all those row values comma column
values. So, g[p[0], p[1]] means g[0,3]. So, let me print g[0, 3]. So, it comes out to be this first

value, then what is it g[1][1]? So, we get the second value.

So, instead of manually writing down each value, we can simply supply whatever indices we

have find found out. So, these are the row indices and these are the column indices which



satisfy that particular conditional. We will supply those row and column indices into the g to

get back the values, where this particular conditional has been satisfied.
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An alternate way of doing it, let me delete this which is simply g[g>1]. It gives us the same
value. So, there are multiple ways of getting things done in Python. I have shown you how to
declare scalars, how to declare arrays, how to declare matrices, how to do some simple
operations on them. As the course progresses, we will look into the various functions that will
find useful and we can have a small discussion about that particular function at that point of

time.

I do not want to overwhelm you with so many functions. Many of you might be knowing
Python, many of you might be new to Python or in fact, programming this is a very good way

of starting off programming. Have a look at this. Try to implement these on your own.

You may run into some issues; you can e-mail me. You can Google, Google is a very good
resource for learning Python as well. So, with this, we end this particular lecture. In the next
class, we look at some basic programming constructs and a very simple program which

makes use of those constructs.

Its bye from me. Until then, have a good day. Bye.



