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Preface

Learning is a beautiful journey and it is made by making lots of mistakes. Those
who are afraid of making mistakes learn little. The best learners are children. They
are not afraid. They explore and experiment. This is my journey to this book and |
dedicate it to my children. All children of the world are like my children -
beautiful, curious to learn and asking big questions like ‘How’ and ‘Why’. This
book is for all the children to spark their curiosity.

| was introduced to computers and programming in Grade 6. This was the 1980s.
St. Patrick’s High School in Karachi under the able leadership of Bishop Lobo was a
far thinking institution. The Cold War was coming to an end and though the
Afghan War with USSR raged next door, | felt safe at school in Pakistan. | had just
gained admission to the ‘Cambridge’ section of the school. There were several
educational systems in Pakistan (and still are) and the most modern curriculum
with the best teachers were found in the ‘Cambridge’ system. The Section was led
by Mrs. Yolande Henderson — one of the most influential people of my life. Mrs.
Henderson was a just leader, a highly competent Teacher, and influenced
everyone with her moral courage and steadfast character. Bishop Lobo and Mrs.
Henderson introduced Computer studies into our curriculum at a time when
computers were rare and expensive. They required special air conditioned rooms
away from the sun and computer teachers were even rarer.

Mr. Patrick was our Computer Teacher. We addressed male teachers as, ‘Sir’. So
‘Sir Patrick’ was the one who led me into this beautiful journey of computer
programming. He was tall, slim young man who knew how to command young
boys. One day as seventh graders our class rushed in to the computer room and
everyone tried to grab a computer for themselves (there were maybe 8 to 10
computer stations). The noise level was high and Mr. Patrick stood by the white
board with a marker. He ordered the class to be quiet. Then asked, ‘How many
want to work on the computer and how many want to learn on the board?’ Who
would have chosen the board! We all said we want the computers. His next
guestion was a bit stunning, ‘What will you do on the computers?’ Of course, we
had no idea. So he wrote on the white board four large letters, ‘GIGO’. He said,
‘Garbage In, Garbage Out’. All the boys quietly positioned themselves towards the
board and after he had taught the concepts he wished to, he allowed us to



practice them on the computers. The class left disciplined, dignified and nothing
like the unruliness with which they had entered. GIGO is a lesson that has had a
lasting impact on my life.

Computers were so fascinating, | was usually found in the Computer lab after
school with just a handful of boys. For about an hour of extra time after school |
would get the dedicated teaching of Sir Patrick and unrestricted access to the
computers. We started learning ‘Logo’ as 6" graders and by 8" grade |
represented my school in a National competition in programming. Three of us
made a ‘clock’, with its minute, hour and seconds’ hands, ticking like a real clock
and one could set any time one wanted. We made it in Logo (1-5). Of course
much of the work was done after school and | had already met that selection
criterion.

The 9% graders were put on a different project. One day, | saw them place a
tracing paper with the map of Pakistan on the screen. Then they started using the
arrow keys to draw the map on the screen. It fascinated me. They were not using
Logo and it was interesting how they could program the computer to draw. My
curiosity drove me to find out a bit more. All | could, was that they used a
language called BASIC. It was a while later that | dived into GW-BASIC and even
merged my suite of Logo programs with BASIC. | finally was able to make a
matching program, which | called the ‘Artliner’. It allowed me to draw on the
screen, as well as save my images and use those in my game called , ‘Skiing’ —
similar to an Atari game in which the skier moved at the bottom of the screen and
trees moved in random order towards him. If he avoided a tree the score went
up. If he bumped into the tree a life was lost (max 3 lives allowed). By grade 11, |
programmed, Artliner, to write GW-BASIC code for whatever | drew on the
screen. This way | taught the computer to program itself.

My romance with GW-BASIC continued well into my PostDoc at Northwestern
University, Chicago. | wouldn’t have been able to do what | did in my PostDoc, had
| not known GW-BASIC. | had to pipette DNA from four 96-well plates into a 384-
well plate using a multi-pipetter with 8 channels. They would fit into alternate
wells in the 384-well plate. A multi-pipette with adjustable channels would cost
the lab $8000. In order to save that money, | would use the existing multi-pipette
to pipette into alternate wells in columns (vertically). The second problem arose
with the scanning of the 384-well plate that was done by the ABI-7900 machine in
rows (horizontally). My database was built in the order of the 96-well plates. So



the task was to build a program that would convert the horizontally read data
points (genotypes) into the format of the 96-well plates. | achieved it with a
modest sized code in GW-BASIC, saved $S8000 for the lab and got my results for ~
2000 DNA samples in a single day along with its statistical analysis. As soon as |
would get the genotypes in the database order, my analysis suites were all ready
to crunch the data and spit out the genetic association results.

" PC-BASIC 3.23 - o IEN

PC-BASIC 3.23

(C) Copyright 2013-14 PC-BASIC authors. Type RUN "@:INFO" for more.
60300 Bytes free

0k

PRINT “Hello Worldt!"

Hello World?

Ok

IL1ST JFARUN < JRIL0AD " IRISAVE " JISCONT< JId, "LP T1 QG TRON < JHTROFF < JEIKEY USCREEN)

BASIC, however, started to be severely limited with Window upgrades (6). It was
nearly impossible to run the small 64kb file that had run so well on an 8088
processor all the way through 286, 386, 486, Pentium and finally on Duo-Core, on
iCore5 and beyond. Special setup had to be made, such as setting up a Windows
XP virtual machine. It ran, but things were not the same. | had to graduate out of
GW-BASIC which was my creative machine for over 2 decades. It was painful, | tell
you. Such a loss. | carried my little programs on to the latest machines as well, but
running them effectively was nearly impossible. | needed a new language that
would allow me to take my Genetics’ research into a fresh realm.

| kept searching for a new version of BASIC; something that would allow me to
keep the coding formats, essentially the language, but be accessible to me on
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current laptops. | got lucky in Dec 2014 and came across ‘PC-BASIC'. It fulfilled all
my requirements. Interestingly, it was made in a language called, ‘Python’. This
fascinated me even more and | looked deeper into Python. By that time Python
was ranked as number 1 language in Data Science. | found its formats not very
different from BASIC / QBASIC (QuickBASIC an interim version to Visual BASIC).
Python is a freely available language with lot of online coding support. Its
documentation in the HELP section is very supportive indeed.

& Python 2.7.9 documentation = &=
> W & & B
Hde  Locate Foward Home  Fom  Frint Options
Qm‘mg} Index  Search }pawmgg} e Python » Python 2.7.9 documentation » modules | index PN
Type inthe word(s) to search for .
e 1,/|| Python 2.7.9 documentation

List Topics Display

Selecttopic: __Found: 29

Welcomel This is the documentation for Python 2.7.9, last updated Dec 10, 2014.

a Parts of the documentation:
.2
3 .
Python . 4 What's new in Python 2.77
24 Graphical Us... Python.. 5 I "What's new” document
F\ghon Documen m:w : 5 or all "What's new" documents since 2.0 Exlending and Embedding
jex on .. 7
Index Pythor g . tutorial for C/C++ programmers
indo Pron 9 Tutorial
Index Fythen .. 10 fart hi
Wihat's Newin P Fython .. 11 startfiere Python/C API
Index Python .. 12
}r\dex Python .. 13 Libra ry Reference reference for G/C++ programmers
index Python .. 14
Ind h 15 keep this under your pillow .
inde e ’ yourp Installing Python Modules
Index Fythen .. 17 g
}n:n m“'” : E Language Reference Information for installers & sys-admins
jex on
Indext Python .. 20 describes syntax and language elements Distributi
istributing Python Modules

The Python Stan... Python ... 21
Python Module In... Python .. 22 hari dules with oth
ind Fytnon . 23 Python Setup and Usage SAArnG moauies with oimers
H?mmev o x:z: : i; now to use Python on different piatforms FAQs
Index Python ... 26
Index Python 27 Pyth HOWTO frequently asked questions (with answers!)
Indexx Python .. 28 ython S
Indexx Fythen ... 28 in-depth documents on specific fopics

Indlices and tables:

Global Module Index

| benefitted greatly from a COURSERA course from RICE University taught by
Professors Joe Warren and Scott Rixner. They used ‘Codeskulptor’ as their
teaching tool for Python. Another great help was Professor Charles Severance’s
free online resources especially his book, ‘Python for Everybody’ (8). Then, | found
the ‘Turtle’ module embedded in Python 2.7.9 which brought me full circle back
to Logo (9): “Turtle graphics is a popular way for introducing programming to kids.
It was part of the original Logo programming language developed by Wally
Feurzig, Cynthia Solomon and Seymour Papert in 1966” (1-5).

Here, | present Python to children in the fun-way | learnt with Sir Patrick in school,
using the Turtle module of Python. | use the Python 2 version, which | find closer
to GW-BASIC format and once learnt can easily be upgraded to Python 3. | have
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used Dr. Chuck’s PY4E book and his ‘Python for Informatics’ (2009) (10), as a guide
to teach the coding concepts and mimic the color coding format of the GW-BASIC
manual (11) that | found easy to read and apply. | use the Logo approach (way)
with Python’s ‘Turtle’ module to make programming visually understandable
especially for children. This is how coding became fun and a highly creative
activity for me and | hope it will be the same for the readers of this book.

| feel that just like the English language became the entry point for higher
education, machine language will be in the very-near future. | pointed this out on
a Facebook post in 2015, soon after learning Python and encouraged its teaching
in medical colleges and schools. Now, that vision is coming to fruition with several
schools and a few medical colleges in Pakistan, starting to teach Python.

== ImmunoCure
=

Machine language is the English of the near Future.

| encourage the teaching of a simple programming fanguage such as Python in schools and Medical Colleges
http:/fpythonleam.com/

Freely available video lectures and book on Python programming by Prof Charles Severance

To be able to communicate with machines is the skill that soon will determine career success in every profession including Medicing - due fo the advancement of Genomics and the near advent of personalised
medicine. Python is a freely available, simple to use yet powerful programming language. Tomorrow’s labs will be more in silico (dry) than wet bench and we'll be working with Big Data.

PYTHONLEARN.COM
PythonLearn - Exploring Data
The goal of this site is to provide a set of materials in support of my Python for Informatics: Exploring Information book to allow you to leam Python on your own. This page serves as an outline of the materials to support the textbook

In the past 3-years, | had introduced Python to my children and they have enjoyed
learning it. Now is the time to bring Python at the finger-tips of every child so that
they can express themselves creatively in the programming domain and enjoy it
thoroughly as well.

Best wishes for a creative journey

Dr. Mohammad Saeed

December 2020, Karachi, Pakistan
Website: www.immunocure.pk
Twitter: @DrMSaeed_pk

Email: msaeed@immunocure.pk

12


http://www.immunocure.pk/
mailto:msaeed@immunocure.pk

\_@ gﬁ/’ erces:

8.

9.

https://compform.net/turtles/

https://www.media.mit.edu/posts/the-seeds-that-seymour-sowed/

. https://mindstorms.media.mit.edu/
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Challenge to scientists: does your ten-year-old code still run? Nature.
TECHNOLOGY FEATURE. 24 AUGUST 2020.
https://www.nature.com/articles/d41586-020-02462-7

https://www.dr-chuck.com/

https://www.py4e.com/html3/01-intro

https://docs.python.org/2/library/turtle.html
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1. Starting Python

Welcome to Python. | assume you are running PC / Laptop with a Windows
environment and have internet access. | encourage you to use Google Chrome as
your internet Browser.

Go to www.python.org, click Downloads and select Windows from the dropdown
menu. Although, Python 3 is the newer version | encourage you to use Python 2
as it has more online help available and | find the format easier to learn.

Python

e python’ .

About Downloads Documentation Community Success Stories News Events

All releases
Download for Windows

Source code pression syntax is
0.5 Python 3.9.0

Windows

ork as

Note that Python 3.9+ cannot be used on Windows 7 or puping. More
Mac OS X earlier.

Not the OS you are looking for? Python can be used on

8

5.6666666666666 Other Platf
N IFET many operating systems and environments.

c L View the full list of downloads.
2 icense

Alternative Implementations

Python is a programming language that lets you work quickly
and integrate systems more effectively. »» Learn More

| use the Python 2.7.9 version (2014), however you may want to use the latest
version of Python 2. For download | suggest you choose, Windows x86 MSI
installer as many modules are not available in the other version such as the ‘64
MSl installer’.

le Python 2.7.9 Shell - a
File Edit Shell Debug Options Windows Help
Python 2.7.9 (default, Dec 10 2014, 12:24:55) [MSC v.1500 32 bit (Intel)] on win32 |

Type "copyright”, "credits” or "license()" for more information.
o> |

When Python has downloaded, follow the instructions to install it on your
computer and open Python IDLE (Integrated DeveLopment Environment) (1-3).
You will see the screen above. Congratulations you are ready to program.
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2. Squares and Circles

Your first program

It is easy. The triple arrows (>>>) indicate that Python is waiting for your
command. Since we will learn Python, The Logo Way, we’ll ask Python to make us

enter into the Logo environment. This happens with the magic command that
opens the door in to the Logo world:

Import turtle as tk

(You can simply write: import turtle but then each command you give to turtle will have to be
preceded by the entire word, turtle. The above command allows us to shorten our code by
using an arbitrary set of letters, tk).

= Python 2.7.9 Shell - oIl - Python Turtle Graphics -
File Edit Shell Debug Options Windows Help

Python 2.7.9 (default, Dec 10 2014, 12:24:55) [MSC v.1500 32 bit (Intel)] on W.i.’lJ
32

Type "copyright®, "credits® or "license(}" for more information.

>>> import turtle as tk

533 thk. £4(100)

>>> tk.rt(80)

>33 ok, £d(100)

5> ti.rt(90)

>>> tk.£d(100)

>33 tk.ro(20)

5> tik.£d(50)

s> |

Now, we are ready. The Turtle module allows us to draw on the screen.

The first command to learn is to tell Turtle to move forward. The command is also
called forward or fd for short. The format is as follows:

tk.forward(100)
or

tk.fd(100)

100 is the distance you want the turtle to move and is always written within
brackets

This will make Turtle move 100 points forward
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Similar to forward there are commands called right (rt), left (It) and backward
(bk). The right and left commands turn the angle of the turtle, whereas backward
is the opposite of forward.

Note:

Turtle points to the East in the standard Python mode. However, in the Logo mode the turtle
always points North. But we won’t bother about this right now.

We are trying to make a Square. So we’ll command the turtle to turn right 90’,
then move forward 100 more points. If we do this four times we will complete our
Square.

Try the complete program below:

>>> import turtle as tk
>>> tk.fd(100)

>>> tk.rt(90)

>>> tk.fd(100)

>>> tk.rt(90)

>>> tk.fd(100)

>>> tk.rt(90)

>>> tk.fd(100)

>>> tk.rt(90)

>>>

Congratulations! You have completed your first program.

Grercise 7. Try making a Square using the commands 1t(90) and bk(100)
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Saving your program

So far the program you have made is in the environment called Python Shell. This
is a temporary area for your programs, mostly used to test a few commands. Real
programming is done by creating a ‘New File’ as shown below:

- Python 2.7.9 Shell
File | Edit Shell Debug Options Windows Help
c 10 2014, 12:24:55) [MSC v.1500 32 bit (Intel)] on win32

s" or "license()" for more information.
Open... Cirl+0
Recent Files B
Open Module... Alt+M
Class Browser  Alt+C
Path Browser

Save Ctrl+S
Save As... Ctrl+Shift+S
Save Copy As.. Alt+Shift+S

Print Window  Ctrl+P

Close Alt+F4

Exit Ctrl+Q
Here we are going to make a T —
Python 2.7.3 (default, Dec 10 2014, 12:24:55) [MSC v.1500 32 bit (Intel)] on win32
program WhiCh Wi“ command :ge "copyright", "credits"™ or "license()" for more information.
Turtle to draw a circle with radius 5 e — ]
100 pomts, You Would have File Ed\tc-:r:;: Rur\LkOptlnns Windows  Help .

tk.circle (100}

noticed when drawing the square
that the Turtle window would
stall and you would have had to
close it forcefully. The reason is
that you need to use a Turtle
command exitonclick to prevent
Turtle from stalling.

tk.exitonclick()

Ln: 5|Col: 16/

Your Circle program will have the following code (notice there are no arrows >>>):

. le
import turtle as tk o] T T o
. Python Shell
tk'CIrCIe (100) Check Medule  Alt+X
Run Module F5
tk.exitonclick()

| turtle tk
tk.circle (100)

tk.exitoncliek ()

You will need to save your program before you can
run it as shown here (=). In fact as you try to Run
your program, Python will ask you to save it automatically.
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Turtle commands

It’s time to learn a few more ways to command your Turtle. The easiest way to do

so is to open IDLE, click on HELP and select Python Docs or Press F1 directly in
IDLE.

e Python 2.7.9 Shell
File Edit Shell Debug Optiens Windows

Python 2.7.9 (default,/,- -~~~ -~ — 24:55) [MSC w.1500 32 kit (Intel)] on win32
Type "copyright”, "cr About IDLE ()" for more information.
33 |

IDLE Help

Python Docs Fl

Type Turtle in the Search box and click List Topics or press Enter.

B Python 2.7.9 documentation - ol
&

Hde  Loowe

Corterts | lpdex  Soarch | Favorpes | >yinon » Python 2.7.9 documentation »
Type nthe wordie]to sesch for

m——=,/|| Python 2.7.9 documentation

St a0 Welcome! This is the documentation for Python 2.7.9, last updated Dec 10, 2014,

Parts of the documentation:

What's new in Python 2.77

or all "What's new* documents since 2.0

Extending and Embedding

] Python 2.7.9 documentation - =
oW e

Hie  locge  Back

Coreerts | Index  Searsh | Favormes | >yihol e ndard Library » 24. Graphical User Intes previous | next | modules | index

Tyos i the word}to seach or

il 24.5. - graphics for Tk

Lt Toprcs Depisy

Steape  Found 2 24.5.1. Introduction

Tale Rank

245 tule —Tusl_Fython T

Index P .. 2 [T graphics is a popular way for introducing programming 1o kids. Il was part of the onginal Logo programming language: developed by Wally Feurzig
e o and Seymour Papert in 1966

74 Gaghical s Pyran . §

Phon ot Imagine a robotic [T starting at (0, 0) inthe x-y plane. Afler an impere [ETEES, give it the command [T, £ozwazd (15), and it moves (on-screent)
ndux [ 16 pixels in the direction itis facing, drawing & ne as it moves. Give it the command [, xight (25) , and it rolales in-place 25 degrees clackwise:
Index. Pytwnr.. 9

To remove the highlights, click Back button and then Forward button on the top
of the screen. Scroll down to see the commands.

i) Python 279 documentation |
a 8 ¢
Hde Back

Loowe

Corterts | lpdex Soarch | Fevortes |

Type nthe wordi) o smsch or 3
@ =»|| 24.5. turtle — Turtle graphics for Tk
24.5.1. Introduction
ndex 2 Turtle graphics is a popular way for introducing programming to kids. It was part of the original Logo programming language developed by Wally Feurzig
o =1 and Seymour Papert in 1966
24 Graphical Us . Python 5
:g:“ o :ﬁ;: $ Imagine a robotic turtle starting at (0, 0) in the x-y plane. After an import turtle, give it the command surtle.forward(15), and it moves (on-screen!)
index Fybon 15 pixels in the direction it is facing, drawing a ine as it moves. Give it the command uzt1e. zight (25), and it rotates in-place 25 degrees clockwise.
Index Python 3
0
Vomsowin?.. R 1 By combining together these and similar commands, intricate shapes and pictures can easily be drawn
Index: Python 12
picse] il The turt1e module is an extended reimplementation of the same-named module from the Python standard distribution up to version Python 2.5
index Bron 15
iy - It tries to keep the mexits of the old turtle module and to be (nearly) 100% compatible with it. This means in the first place to enable the leaming programmer
index Bven 18 to use all the commands, classes and methods interactively when using the module from within IDLE run with the -n switch
Index Python 15
Py 2
Too b San_ Foben 21 The turtie module provides turtie graphics primitives, in both object-onented and procedure-oriented ways. Because it uses Tkinter for the underlying
Pyt e b Pyhon 22
oy -z graphics, it needs a version of Python installed with Tk support
ndex Bbon 24
241 Tionter =P Python bl The object-oriented interface uses essentially two+two classes:
Index: Python %
Index Python z
e Pton 2 1. The Turtlescreen class defines graphics windows as a playground for the drawing turties. fts constructor needs a Tkinter.Canvas OF @
how L Scrolledcanvas as argument & should be used when turt1e is used as part of some application
e, The function Screen () retums a singleton object of @ Turtlescreen Subclass. This function should be used when turt1e is used as a standalone
17 M e ok 100l for doing graphics. As a singleton object, inheriting from its class is not passible. v
Wties only
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Playing with Colors

Let’s change the color of our circle to Red. Simply command Turtle to choose the
color red: tk.color(‘red’) as shown below. You may choose a different color such
as ‘green’ or ‘blue’ but the format requires that you place the name of color in
simple quotation marks. To paint the circle inside, bracket the circle command
between begin_fill() and end_fill() commands as shown below. Don’t forget to
end your program with tk.exitonclick(). Hide the Turtle with the command tk.ht().

You will not need to write tk before every Turtle command if you import the
Turtle library this way:

from turtle import *

However, | prefer to keep the tk. format as when several libraries are loaded
Turtle commands can be separately identified.

import turtle as tk

tk.ht()
tk.color('red’)

tk.begin_fill()
tk.circle (100)
tk.end_fill()

tk.exitonclick()

Now you’ve made the Flag of Japan. Well done!
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Grercise 2. Try making Circles of different sizes and different colors.

Grercise 3. Now paint these circles with various colors.

import turtle as tk
tk.color('green’)
tk.ht() tk.begin_fill()

o tk.circle (20)
tk.color('red’) tk.end_fill()
tk.begin_fill() -

tk.circle '(100) tk.color("purple’)
tk.end_fill() tk.begin_fill()

. . tk.circle (10)
tk.color('blue’) tk.end_fill()
tk.begin_fill() -
tk.circle (50)

tk.exitonclick()
tk.end_fill()

From now on, always remember to import turtle module: import turtle as tk

Grercise #. Let’s make the Flag of Pakistan now.

1% Python Turtle Graphics = = “ {

X

Pakistan Zindabad!

import turtle as tk

tk.reset()
tk_hideturtle()

tk.pu()

tk.setpos(-350, 0)
tk.pd()

tk.bgcolor("dark green")
tk.color("white")

tk begin_fill()
tk.seth(90)
tkfd(300)
tk.rt(90)

tk fd(150)
tk.rt(90)

tk fd(600)
tk.rt(90)
tkfd(150)
tk.rt(50)
tkfd(300)
tk.end_fill()

tk.pu()
tk.home()
tkfd(75)
tk.rt(90)
tk fd(50)
tk.It(90)

tk It(30)

thpd()

tk color("white")
tk begin_fill()
tk.circle{100)
tk.end_fill()

tkpu()
tk.fd(30)

tk.pd()

tk.color("dark green”)
tk-begin_fill()
tk.circle(100)
tk.end_fill()

tk.pu()
tk.home()
tk.color('white’)
tk.setpos(30, 30)
tk.It(60)

tkpd()

tk.begin_fill()
tkfd(75)
tk.rt(120)
tkfd(75)
tk.rt(150)
tkfd(90)
tk.rt(150)
tkfd(80)
tk.rt(150)
tkfd(S0)
tk.end_fill()

tkpu()

tk setpos(30, -200)

tk.write("Pakistan Zindabad!", False,
align=("center"), font=('Arial’, 18, ‘italic’))

tk.exitonclick()

Python Program by:
Dr. Mohammad Saeed and kids
14™ August 2018
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Bygram: Pakistan Flag

This program will make the Pakistan flag using the turtle module of Python 2

Column 1

import turtle as tk

tk.reset()
tk.hideturtle()

tk.pu()

tk.setpos(-350, 0)
tk.pd()

tk.bgcolor("dark green")
tk.color("white")

tk.begin_fill()
tk.seth(90)
tk.fd(300)
tk.rt(90)
tk.fd(150)
tk.rt(90)
tk.fd(600)
tk.rt(90)
tk.fd(150)
tk.rt(90)
tk.fd(300)
tk.end_fill()

tk.pu()
tk.home()
tk.fd(75)
tk.rt(90)
tk.fd(50)
tk.I1t(90)

tk.I1t(30)

tk.pd()
tk.color("white")
tk.begin_fill()
tk.circle(100)
tk.end_fill()

Column 2

tk.pu()
tk.fd(30)

tk.pd()

tk.color("dark green")
tk.begin_fill()
tk.circle(100)
tk.end_fill()

tk.pu()
tk.home()
tk.color('white')
tk.setpos(30, 30)
tk.It(60)

tk.pd()

tk.begin_fill()
tk.fd(75)
tk.rt(120)
tk.fd(75)
tk.rt(150)
tk.fd(90)
tk.rt(150)
tk.fd(80)
tk.rt(150)
tk.fd(90)
tk.end_fill()

tk.pu()
tk.setpos(30, -200)

tk.write("Pakistan Zindabad!", False,
align=("center"), font=('Arial’, 18, 'italic'))

tk.exitonclick()
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3.Q&A

Let’s talk to our Python programs. Our programs will ask us questions and act on
our answers. One of the ways Python programs interact with the users is by the
raw_input command that allows users to enter string values to questions asked
by the program.

Python processes all user input coming in through the raw_input command as
text (or string values), even if the values entered by the user are numbers.
Therefore, the number values have to undergo special processing prior to being
used as numbers in the program.

Numbers are processed in two major ways:

a. Integers (int)
b. Decimals (float)

We store values (numbers or strings) in variables by assigning them to Python
commands.

So if in Python Shell:
a=10
b = ‘flower’

We have stored the number 10 in the variable a, and the word ‘flower’ in variable
b. Note that if the word flower is assigned to b without quotations Python will
assume it to be the name of another variable and generate an error. Therefore
you can name your variables anything you want except as designated Python
commands. E.g. you can name your variable a or flower or al_sig but you cannot
name a variable raw_input, as this is a Python command.

In the following program, we’ll draw a circle, however, its size and color will be
determined by the user. Note that size (radius) is a number (integer) whereas,
color is text (string). So, we will ask the user to enter their choices and store them
in variables. Then use the values stored in the variables to give commands to
Turtle.
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The format for raw_input is that you can place your question in quotation marks
'radius’ or "What is the radius of your Circle: " within the brackets as below:

raw_input ('radius please ? ')
or
raw_input ("What is the radius of your Circle: ")

However, since the answer by the user is not assigned to a variable, your program
will ask the question but not be able to use the answer.

Therefore we will assign the raw_input statement to a variable naming it radius:
(remember variables can be given any name except Python command names)

radius = raw_input ('Please enter radius of Circle: ')

The user will enter the radius of the circle that Turtle should draw, but this is a
number. Your program will recognize the value stored in radius as a number only
if you tell your program that it is an integer. Otherwise Python will consider the
number entered by the user as a text and generate an error when processing it.

We make sure our program recognizes the user value for the size of the circle as a
number by assigning our variable radius as an integer using the int() command
and assigning it to another variable rad:

rad = int(radius)

We will use the variable rad instead of the variable radius in the Turtle command
for circle:

tk.circle(rad)

Note: Try using the variable radius instead, to see how Python generates an error:

tk.circle(radius)

Since, color is a string (text) and not a number, it can be processed directly by
Python after being assigned to a variable called col line: tk.color(col_line)
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Writing

If we want our program to reply to the user in words, we will ask it to print a
response. The print command is one of the most commonly, versatile and easily
used commands of Python.

In Python 2 you can write your statement to print within brackets or without but
the statement has to be within quotation marks.

To print to the Turtle screen (canvas) instead, you will need to use the command:

tk.write ("Circle Drawn")

Our first conversation with Python as a user:

radius = raw_input ('Please enter radius of Circle: ')
col_line = raw_input ('Please enter color for Circle outline: ')

/// h
rad = int(radius) / \
|
. - l"‘ //
tk.color(col_line) = “Pthon 279 el - -l /
tk.circle(rad) :Az 7.9 (default, Dec 10 2014, 12:24:55) [MSC v.1500 32 bit (Intel)] om win 4| — y/./

mcredirs”™ or "license()" for more Informaticn.
RESTART

print ('The Circle has been drawn. Please click to exit. Thank you')

tk.exitonclick()

Summary:
Assigning Variables, Input (raw_input command), Numbers as integers (int()

command), Processing number and string variables in Turtle commands, Output
i.e. Printing text to screen (print command).
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Function
What if we want to teach Python to perform a function, then use it subsequently

multiple times?

In this section we’ll teach Python to draw a circle and store the code as a Function
and use it to draw multiple circles. Just like we store values in variables, we store
code in functions.

We will define a function, using the command def, that we will call circ. It will
draw a circle with Turtle and use to input variables, r (radius) and c (color).

def circ (r, c):
tk.color(c)
tk.begin_fill()

tk.circle(r)
tk.end_fill()

We can now call this function multiple times in our program:
circ (100, 'red’)
circ (50, 'blue')

A function can accept variables such as in the case of circ function that we just
defined or it may not. If it is not required to accept variables then the format will
be as follows:

def sq():
tk.fd(100)

It is important to note the format and the indentations. When def is used it is
followed by a function name (can be any text) and ends with () and a : as above.
The code that defines the function is indented. The function ends with de-
indentation of the code.
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Lo *Python 2.7.9 Shell* = B

File Edit Shell Debug Options Windows Help
Pyctnon 2.7.9 (default, Dec 10 2014, 12:24:55) [MSC v.1500 32 bit (Intel)] on =)
win32

Type "copyright", "credits" or "license()" for more information.
o> RESTART

>

Please enter radius of Circle: 300

Please enter color for Circle outline: orange
Running the program circle now . . .

(300, 'orange')

import turtle as tk

tk.ht()

radius = raw_input ('Please enter radius of Circle: ')
col_line = raw_input ('Please enter color for Circle outline: ')

rad = int(radius)

def circ (r, c):
tk.color(c)
tk.begin_fill()
tk.circle(r)
tk.end_fill()

print ('Running the program circle now...')
circ (rad, col_line)

circ (100, 'red’)

circ (50, 'blue’)

circ (20, 'green’)

circ (10, 'purple’)

tk.exitonclick()

7h

Python Turtle Graphics
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Choice

Allowing the program to make a choice is an important programming component.
This is made possible using the if command.

Suppose we are making a traffic signal at a crossing that responds to a switch
controlled by a policeman (the user). If a car is approaching it needs to turn red
for the pedestrians and cyclists. If a cycle is approaching then it will turn green.
Any other input (e.g. ped) will make it orange. This is a user dependent choice
program.

Let’s make our signal with two lights. If off they are black. If on, they can be red,
orange or green. Hence, the color of the lights are variables.

We define our signal as a function of two circles fixed at certain positions in the
screen using the command setpos.

import turtle as tk ¢ ="black’
o ='orange'
tk.ht() signal(c, o)
def signal(c, o): cross = raw_input ("What's coming, car or
tk.pu() cycle? ")
tk.setpos(0, 0)
tk.pd() if cross == 'car':
o="red'
tk.color(c) ¢ = 'black’
tk.begin_fill()
tk.circle(25) elif cross == "cycle":
tk.end_fill() c ='green’
o ='black’
tk.pu()
tk.setpos(50, 0) else:
tk.pd() c = 'orange’
o = 'orange'
tk.color(o)
tk.begin_fill() signal(c, o)
tk.circle(25)
tk.end_fill() tk.exitonclick()
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Note the indentations. When the signal function ends the indentation ends — last
line of def signal (): being tk.end_fill().

However, the if command has similar indentation. It means that when the
condition defined by if is satisfied the code following the : that is indented needs
to be executed. In the code below, if the user answers car to the question:

"What's coming, car or cycle? "

if cross =="'car":
o ="red'
c = 'black’

Then (indicated by the : ) the color of the first circle will be chosen as black and
the second circle will be red.

Else (else) is used when there are more than two choices and is always kept as the
last statement. In between choices are made using the statement elif (a
combination of else and if).

else:
c = 'orange'
o ='orange'

Gercise 5. Run the program above several times to see how the signal changes.

Grercise 6. Let’s make a Calculator using the commands in this chapter.

Note: Division is Python 2 is deficient when it comes to decimals (float).
Therefore, you need to import it from Python 3 with the command:

from __future__ import division

(This must be the first line in your code)
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Bygram: Basic Calculator

This program performs addition, subtraction, multiplication and division on user

input data like a calculator
Column1

print "Calculator"

print "

print 'Add, Subtract, Multiply, Divide'
print "

def Add():
aa = raw_input ('Please enter first
number for addition: ')

bb = raw_input ('Please enter second
number for addition: ')

a =int(aa)
b = int(bb)
add = a+b

print aa, '+', bb, '=', add

def Subtract():
ss = raw_input('Please enter first
number for subtraction: ')

dd=raw_input('Please enter second
number to subtract: ')

s=int(ss)
d=int(dd)

sub = s-d
prints, ', d, '=', sub
def Multiply():

mm = raw_input ('Please enter first
number to multiply ')

Column 2

nn = raw_input ('Please enter second
number to multiply ')

m= int(mm)
n=int(nn)

mult = m*n
print m, 'x', n, '=', mult

def Divide():
yy = raw_input ('Please enter number to
divide ')

Xx = raw_input ('Please enter number to
divide by ')

y = float(yy)
x = float(xx)

div=y/x
printy,'/', x, '=', div

# Main calculate
g = raw_input(‘'a) Add b) Subtract c)
Multiply d) Divide: ')
print "
ifg=="a"

Add()
ifqg=="b":

Subtract()
ifg=="c":

Multiply()
ifg=="d":

Divide()
print "
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4. Cycling

Often we want our programs to perform repetitive tasks. In fact that is one of the
most useful aspects of programming. These cyclical processes are called loops.

To make a loop, the for statement is used. Instead of repeatedly running our
circle program (circ) or individually calling our circ function as below, we can run a
for loop.

circ (100, 'red’)
circ (50, 'blue')
circ (20, 'green’)

How many times should the loop be run? This is determined by a process called
iteration. Iterations can be done in a number of ways, however, one of the easiest
is to use the command, range.

In Python Shell, execute the command range as below:

>>> range (5)
[0,1,2,3,4]
>>>

This creates a list of numbers 0 to 4, shown within square brackets. This has led us
to a very important concept called a list. It is a list, contained with [ ], that is
iterable. We can iterate the list created by range using the for command:

foriin range (3):

The colon : represents then —i.e. run the following indented code 3 times. We
have called i the variable (can be any text) in which the value of the items in the
list are stored. The Python command in allows the for loop to access the list.

foriinrange (3):
circle(rad, col_line)
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We can understand the iteration of a list better with the following code executed
in Python Shell:

First, we create a list using the command range. This list called i contains 3 items.
If we print the list i it shows its contents.

>>> i = range(3)
>>> print i
[0,1,2]

Then we run the for loop to extract each item individually and print each item
(value).

>>> for value in i:
print value

N = O

>>>

For our circ program we want that the user enters three values of radius and
color. These values are then passed on to our circ function which then draws the
required circle. In the end, the program prints ‘Circles drawn’ in the Python Shell
area as well as writes it on the Turtle canvas.

& *Python 2.7.9 Shell* - o Python Turtle Graphics - o

File Edit Shell Debug Options Windows Help

Python 2.7.9 (default, Dec 10 2014, 12:24:55) [MSC ¥.1500 32 bit (Intel}] on win =/
a2

Type "copyright", "credits" or "license()}" for more information.

>>> RESTART
>>>

Please enter radius of Circle: 100

Flease enter color for Circle outline: yellow
(100, ‘yellow')

Please enter radius of Circle: 50

Please enter color for Circle outline: white
(50, 'white')

Plea
Please enter color for Circle outline: black
(10, 'black')

Circles drawn

enter radius of Circle: 10

Circles Drawn
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Here’s the entire code for our program above:

import turtle as tk

tk.ht()

def circ (r, c):
tk.color(c)
tk.begin_fill()

tk.circle(r)
tk.end_fill()

foriin range (3):
radius = raw_input ('Please enter radius of Circle: ')
col_line = raw_input ('Please enter color for Circle outline: ')
rad = int(radius)
circ (rad, col_line)
print (rad, col_line)

print ('Circles drawn ')

tk.pu()
tk.setpos(0, -100)

tk.write ("Circles Drawn", font=("Arial", "20"))

tk.exitonclick()
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Whiling away

Another way of running a loop is by using the while command:

In the example below we define a variable a and assign it a value 10. Then we
create a loop using while and subtract 1 from it until the value becomes 0. The
while loop will run as long as a > 0 (per our code).

>>>a=10

>>> while a>0:
print a, 'continue to run'
a=a-1

(Note: a =a—1 can also be written as a -=1)

10 continue to run
9 continue to run
8 continue to run
7 continue to run
6 continue to run
5 continue to run
4 continue to run
3 continue to run
2 continue to run
1 continue to run
>>>

Randomization

If we want our programs to make random choices we will need to import the
random module.

>>> import random as rnd

If we want to choose a random number for a list of numbers from 0 to 100, we
can do so with the following command:

>>> i = range (100)

>>> rnd.choice(i)

34



To iterate this function to select 10 numbers from this list of 100 randomly, we
can execute the following code in Python Shell:

>>> for no in range(10):
a = rnd.choice(i)
print a

95
37
60
41
24
22
17
70
58
32
>>>

Summary: After the Polygon programs below, you will be familiar with several
important Python commands including:

for, if, else, elif, range, in, while, random, return, global, from, import, def. You

have also learnt the important concepts of functions and list.

35



Bygram: Polygons

This program will make a square of randomly selected colors (from a list) and
rotate it to make a polygonal design

from __future__ import division

import turtle as tk
import random as rnd

sq_no = raw_input ('"How many squares do you want? ')
sqn = int(sq_no)

ang =360 / sqn
cl =['blue’, 'green’, 'red’, 'yellow', 'orange’, 'purple’]

tk.pensize(2)
tk.hideturtle()

def sq():
for side in range(4):
tk.fd(100)
tk.It(90)

foriin range(sqn):

co = rnd.choice(cl)
tk.color(co)

sq()
tk.left(ang)

tk.exitonclick()
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In the program, Polygons the random.choice() command iterates over the color
list cl and chooses a color randomly. However, it can still choose the same color in
the next iteration, resulting in two or more consecutive squares being of the same
color.

To prevent the program from using the same color consecutively we will use two
new commands global and return. They are not directly involved in allowing the
program to choose but they make unique loops possible.

We make a function to choose the color randomly, rnd_color(). First, we assign
global variables current pen color (pco) and chosen color (co). These variables are
listed in the main program and imported into the functions using the command
global. They are processed in the function and their new values are reported back
to the main program using the command return.

Explanation of code as # after the command:

pco =" # global variable current pen color
co=" # global variable chosen pen color

def rnd_color(): # define the function to choose a color randomly
global pco, co # import the global variables in to the function

co = rnd.choice(cl) # make a random color choice

if co I=pco: #if the color chosen is different from previous color then ...
pco =co # choose this color for the next square and store it as pco for the next round

else: # if the color chosen is the same as previous square then...
foriinrange (5): # create a loop of 5 iterations
¢ = rnd.choice(cl) #i.e. repeat the random choice 5 times

if c I= pco: #if a color is different from pco then ...
co=c # choose this color
pco =co # make this new chosen color as the new stored value for pco
return co, pco # update the color choices in the main program
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Bygram: Polygons - 2

from __future__ import division

import turtle as tk
import random as rnd

# always the first line in code

sq_no = raw_input ('"How many squares do you want? ')

sqn = int(sq_no)

ang =360/ sqn

cl =['blue’, 'green’, 'red’, 'yellow', 'orange’, 'purple’]

tk.pensize(2)
tk.hideturtle()

pco = "
co = n

def rnd_color():
global pco, co

co = rnd.choice(cl)

if co 1= pco:
pco = co
else:

print '=', pco, co
foriin range (5):

¢ = rnd.choice(cl)

if c I= pco:
co=c
pco = co

return co, pco

def sq():
for side in range(4):
tk.fd(100)
tk.It(90)

def polygon():
global co

foriin range(sqn):
rnd_color()
tk.color(co)

sq()
tk.left(ang)

polygon()

tk.exitonclick()

Further programming help is easily available online (1-3).
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\_@ téﬁ/’ ernces

1. Python Help (F1) docs

2. https://stackoverflow.com/questions

3. https://www.codegrepper.com/code-examples/python
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Il. Gaming

Bird's game

Shaheen : 10

Seagull: 6
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5. Game Board

Making a game in Python is fun and a great way to practice your programming
skills. In this chapter, we will go over the basics of making a game: how we can
transform Turtle from drawing mode to moving objects across the screen.

Principle 1. Objects moving on the screen are all Turtles

We will first make three turtles on the screen. This is done using the
command: tk.Turtle()

Note: Turtle here is spelled with capital T whereas when the turtle module is imported it is
spelled with simple t.

Position the 1% turtle on the right, the 2" on the left and leave the 3™ in the
center.

tkl = tk.Turtle() # 1° turtle
tkl.pu()
tk1.fd(450)

tk2 = tk.Turtle() # 2" turtle
tk2.pu()
tk2.fd(-450)

tk3 = tk.Turtle() # 3" turtle

Now, we’ll set up the game board called the Screen() and assign it to a variable
win (for window). This is done prior to setting up the Turtles().

win = tk.Screen()
win.setup(width=500, height=300) # The game window will be 500 x 300 pixels
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Shaping up your Turtle

You can change the shape of your turtles using the command: tk.shape().
Following shapes are already available as part of turtle module: “arrow”,

n u n u n «u n u

“turtle”, “circle”, “square”, “triangle”, “classic”.
Hence, if you want to change the shape of your turtle to a circle, you'll type:

tk.shape(‘circle’)

In the current program where we have just made three turtles (tk1, tk2 and
tk3), we’ll change the shape of tk1 and tk2 to square and tk3, in the center, to
a circle.

tkl.shape('square’)
tk2.shape('square’)
tk3.shape('circle')

Now, we’ll convert tkl and tk2 into Ping-Pong bats by stretching the squares
into rectangles, using the shapesize() command:

tkl.shapesize(4, 1, 1) # it takes 3 values: height, width and outline

Here’s the complete code of the classic ‘Pong’ game board:

import turtle as tk tk2 = tk.Turtle()
tk2.pu()

win = tk.Screen() tk2.fd(-450)

win.setup(width=500, height=300) tk2.shape('square')

tk2.shapesize(4, 1, 1)
tk1 = tk.Turtle()

tk1.pu() tk3 = tk.Turtle()
tk1.fd(450) tk3.shape('circle')
tk1.shape('square')

tkl.shapesize(4, 1, 1) tk.exitonclick()
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Bygram: Ping-Pong

Th

Ping-Pong

import turtle as tk

# Setting the play screen
win = tk.Screen()
win.title('Ping-Pong')
win.setup(width=500,
height=300)

win.bgcolor('light yellow')

# Right Bat

tk1 = tk.Turtle()
tk1.color('red')
tk1.pu()

tk1.fd(450)
tkl.shape('square’)
tkl.shapesize(1, 4, 1)

# Right Border
tk1.pu()
tk1.goto(400, 0)
tkl.setheading(90)
tk1.fd(300)

foriin range(30):
tk1.pd()
tk1.bk(10)
tk1.pu()
tk1.bk(10)

tk1.pu()
tk1.goto(450, 0)

# Left Bat

tk2 = tk.Turtle()
tk2.color('blue’)
tk2.pu()

tk2.fd(-450)
tk2.shape('square’)
tk2.shapesize(1, 4, 1)

# Left Border
tk2.pu()
tk2.goto(-400, 0)
tk2.setheading(90)
tk2.fd(300)

foriin range(30):
tk2.pd()
tk2.bk(10)
tk2.pu()
tk2.bk(10)

tk2.pu()
tk2.goto(-450, 0)

# Ball

tk3 = tk.Turtle()
tk3.color('orange')
tk3.shape('circle’)

# Center line
tk3.pu()
tk3.rt(90)

tk3.fd(300)

foriin range(30):
tk3.pd()
tk3.bk(10)
tk3.pu()
tk3.bk(10)

tk3.pu()
tk3.home()

# Completing the Table
tk3.pu()
tk3.color('black')
tk3.goto(-500, 300)
tk3.pd()
tk3.fd(1000)
tk3.rt(90)
tk3.fd(600)
tk3.rt(90)
tk3.fd(1000)
tk3.rt(90)
tk3.fd(600)

tk3.pu()
tk3.color('orange')

tk3.home()

tk.exitonclick()
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6. Moving Objects

It’s fascinating to see an object move on screen. In the Ping-Pong game that we
are trying to create we’ll first try and move the bats when a key is pressed.

Key to Move
Coding keys to move objects e.g. Ping-Pong bats on the screen.
# Setting the position of right and left bats at 0

ry,ly=0,0

# Defining the move function for the right bat

def r_bat_up():
global Ry
ry = tk1.ycor()
ry += 20
tkl.sety(ry)
return ry

# Listen for key presses
win.listen()

win.onkey(r_bat_up, 'Up’)

Crercise 7. Write the code for moving the left bat up. Hint: Assign a separate set of

keys to the left bat e.g. 'e' and ‘X’ such as: win.onkey(l_bat_up, 'e')

Grercise 8. Write the code for moving the right and left bats down. Hint: If moving

the bat up requires addition of 20 units, moving it down will require subtraction
of 20 units from its current position: ry -= 20

Now that you have made both the Ping-Pong bats move up and down as you
press the respective keys, let’s make the ball move.
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Auto-Move

Coding objects to move on the screen automatically.

This is another level of challenge. It involves randomizing the position of moving
object and setting its direction and speed. Finally, moving objects on the screen
have to interact with each other to allow the game to be played. What happens
when the ball collides with a bat? And what happens when it doesn’t?

So, let’s build the narrative of the movement of the ball on the Game Board.

Ball starts at the center (position 0, 0)

It moves in a direction with a set speed

Ball collides with the top / bottom border of the Board as is reflected
Bat misses ball, the ball goes off the Board and restarts at center

Ball collides with bat and is returned to the opposite direction

Bk wN PR

# Setting the position of ball at 0, 0

bx, by=0,0

# Setting the initial direction and speed of ball

dx, dy =-5, 5 # moves 5 points up and to the left

# Defining the function for the movement of the ball

def ball_move():
global bx, by, dx, dy
bx = bx + dx # key code to calculate the movement of the ball horizontally
by = by + dy # key code to calculate the next ball position vertically

tk3.goto(bx, by) # actually moves the ball in the calculated direction

win.ontimer(ball_move, 5) # updates the position of the ball every 5ms
return bx, by # updates the calculations of the ball position

# Note the key statements above. The main code that runs the game is win.ontimer [win =
turtle.Screen()]. The function that has to be continuously updated has to be called by the
win.ontimer. Frequency of update is the second variable in milliseconds. However, it must be
noted that when a function is called within the ontimer the () are not included.
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So far the code has solved the first two points of the ball movement narrative.
Let’s add code to allow the ball to reflect (travel in opposite direction with same
speed) when it hits the top or bottom borders of the Game Board.

The height of our Game Board is 300 (and its depth from center is -300). Given the
ball has a radius of 10 points it should reflect when its center reaches position
+290 or -290. Adding the following code to our function ball_move() should do the
trick.

if by >= 290:
dy *=-1

elif by <= -290:
dy *=-1

Essentially, the ‘speed’ in the y-direction is multiplied by -1 to reflect the ball
vertically. What should be done to reflect the ball off the bat in the horizontal
direction?

The obvious answer is:

dx *=-1

However, it is easier to code for the ball being missed by the bat and going off the
Game Board than to code a hit. So, we will write the code for this move first.

If the ball goes beyond the thickness of the bat then it should restart.

if bx >= 460 or bx <= -460:
win.tracer(0) # makes the turtle (ball) disappear

bx, by = 0, 0 # resets turtle (ball) position to center

tk3.goto(bx, by) # send the turtle (ball) to center
win.tracer(True) # makes the turtle (ball) re-appear

46



The bat hitting the ball is a bit more complicated. Dimensions of the bat are
distinctly different from the Game Board borders. It has a thickness and has a
length and is a distance away from the border. Moreover, its position changes in
the vertical direction.

The ball must strike the bat within its vertical borders to be considered ‘hit’ and
therefore reflected. The y-position of the center of the ball (by) has to be between
the top and bottom borders of the bat. Since the bat is 4 times the size of the ball
a height / depth of 40 should work.

if by >=ry - 40 and by <=ry + 40:

dx *=-1
bx =430

elif by >=ly - 40 and by <= ly + 40:
dx *=-1
bx =-430

The horizontal reflection off the bat is the most challenging to handle. This code
requires a bit of experimentation due to the thickness (x-dimensions) of the bat
and its distance from the Board border. If not done properly the ball will bounce
repeatedly within the bat thickness or get repeatedly reflected behind the bat.
if (bx > 430 and bx <= 455) and (by >=ry - 40 and by <= ry + 40):

dx *=-1
bx =430

elif (bx <-430 and bx >= -455) and (by >=ly - 40 and by <= ly + 40):
dx *=-1
bx =-430

Hence, our final code for the movement of the ball should look like:

# Setting the position of ball at 0, 0
bx, by=0,0

# Setting the initial direction and speed of ball
dx, dy =-5,5 # moves 5 points up and to the left
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def ball_move():

global bx, by, dx, dy, ry, ly
bx = bx + dx
by = by + dy

# Ball hits bat

if (bx > 430 and bx <=455) and (by >=ry - 40 and by <=ry + 40):
dx *=-1
bx =430

elif (bx <-430 and bx >= -455) and (by >=ly - 40 and by <= ly + 40):
dx *=-1
bx =-430

# Ball is missed and goes off the Game Board

elif bx >= 460 or bx <= -460:
win.tracer(0)
bx,by=0,0
tk3.goto(bx, by)
win.tracer(True)

# Ball hits the top or bottom of the Game Board
if by >=290:
dy *=-1

elif by <= -290:

dy *=-1
# Keep the ball moving
tk3.goto(bx, by)

win.ontimer(ball_move, 5)

# Update position of the ball

return bx, by, ry, ly



Play time

It’s time to play Ping_Pong. Call the function you wrote, ball_move() to start the
game. Make sure you call the function exitonclick() to end the game.

# Play

ball_move()

# End Game

tk.exitonclick()

Score Board

What the fun without a score board! The opposite player gets a point when a bat
misses the ball.

# Setting up the Score board

# Initialize the score
left_score=0
right_score =0

Since the score is another changing element on the Game Board, it has to be a
Turtle. Writing on screen is done using the turtle.write() command.

# Displays the score

sketch = tk.Turtle()

sketch.speed(0)

sketch.color("orange") # We choose to write the score in orange color
sketch.penup()

sketch.hideturtle()

sketch.goto(0, 260) # Position the score board on the screen

# Now write the initial score on the screen

sketch.write("Left Player : 0 Right Player: 0", align="center", font=("Calibri", 14, "bold"))
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Scores are updated inside the ball_move() function under the section ‘Ball is missed
and goes off the Game Board’.

# Ball is missed and goes off the Game Board

elif bx >= 460 or bx <= -460:
win.tracer(0)

# Update scores

if bx >=460:
left_score +=1

elif bx <= -460:
right_score +=1

sketch.clear()
sketch.write("Left Player : {} Right Player : {}".format(left_score, right_score),
align="center", font=("Calibri", 14, "bold"))

bx, by=0,0
tk3.goto(bx, by)
win.tracer(True)

Winner

The score decides the winner of the game. This requires an if and an else
statement. If the score reaches, say 10, then end the game [tk.clickonexit()] else
continue updating the ball position.

# Keep the ball moving --- unless a player reaches the maximum allowed score

if left_score == 10 or right_score == 10:
sketch.color("black")
sketch.penup()
sketch.hideturtle()
sketch.goto(0, 0)
sketch.write("GAME OVER", align="center", font=("Calibri", 24, "bold"))
tk.exitonclick()

else:

tk3.goto(bx, by)
win.ontimer(ball_move, 5)
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7. Sights and Sounds

Graphics and sounds make any game more interesting. Once you have made the
game adding graphics and sounds is fun and easy.

Musica

The winsound module incorporated in Python can provide a loads of music to
your game.

import winsound as snd

We will add background music to the game so that while the game is being played
the music keeps the players entertained.

The Playsound() command allows a music file to be played in the background. The
music file has to be in the WAV format. You can record any music using the in-
built Windows Sound Recorder. However, this will generate a Windows Media
Audio file (.wma). Python needs .wav files. So, you will have to convert the .wma
file into .wauv file. This can easily be done online using the website:
https://convertio.co/

& Convertio

Ve've converted 1,055,166,617 files with a total size

When you have uploaded your recorded .wma file you’ll be given the option of
choosing the format to convert to. Choose WAV (highlighted blue above).

| recorded the Ertugrul theme music and play it in the game using the code:

snd.PlaySound('Ertugrul.wav', snd.SND_LOOP+snd.SND_ASYNC)
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SND.LOOP plays the sound file repeatedly. The SND_ASYNC flag must also be
added to avoid blocking. Please note the format of the command above. Add this
command in the # Play section above ball_move().

Background art is added using the bg.pic command. This adds .gif files only. If you
cannot find a .gif file use any picture .jpg or .png and convert it .gif using
https://convertio.co/

# Add background to the section
## Setting the play screen

win.bgpic('sky.gif')

Change the shape of the Turtles acting as ‘bats’ to birds. Download two bird gif
files and assign one to each bat function

win.register_shape('bird.gif') # remember win is not a command. win = turtle.Screen()

tk1.shape('bird.gif')

# turn off these two commands by commenting out
#tkl.shape('square’)

#tkl.shapesize(1, 4, 1)

Therefore the Right bat definition will be as follows:

# Right Bat

win.register_shape('bird.gif')

tk1 = tk.Turtle()

tkl.color('red') # you may comment out this line also
tk1.pu()

tk1.fd(450)

tk1.shape('bird.gif')

#tk1.shape('square’)

#tk1.shapesize(1, 4, 1)
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Grercise 9. Write the code for changing the Left bat into a bird such as an eagle.
Hint: Remember to download a .gif file, register the shape and then assign it to
tk2.

Grercise 70. Write the code to change the ball into balloons

Grercise 7. Comment out the correct lines in the Game Board to eliminate the
Ping-Pong Table. Hint: see code in Chapter 5.

Grercise 72. To make the score more meaningful, the bird that ‘pops’ the balloons

(Hint: the bat that hits the ball) should get a point. Change to the code to allow
this to happen. Hint: Move the scoring lines to where the bat hits the ball instead
of where the bat misses the ball. See also Object oriented programming (1).

Now, your Ping-Pong game will morph into a bird fight in the sky with background
music. Further help in making games is available online (2, 3).

w Ping-Pang -cER
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\@ gj[é"f ernces

1. OOP: https://www.youtube.com/watch?v=JeznW 7DIB0O

2. https://www.youtube.com/watch?v=XGf2GcyHPhc

3. https://www.youtube.com/watch?v=j06gQDNa2UY
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l1l. GUI

Graphic User Interface

Calculator - O

100
1 2 3
4 5 7] f
7 8 q (1]
Clear
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8. Tkinter

One of the most interesting developments in computing was the introduction of
Macintosh by Apple. It was a point and click operation for desktop computing,
revolutionizing its access to the common person. Prior to that, one had to learn a
lot of commands to do work on the computer (which I actually did and find it still
useful). Since 1990s Windows by Microsoft led the Graphics User Interface (GUI)

market starting with its blockbuster, Windows 3.0 (and this caused me to be left behind
in the skyrocketing programming world until | discovered Python. This however was not the only
reason. | guess the main reason was my medical college prep and entry — at that time Medicine

was quite aloof from computing; not so now). The module that allows GUI development
in Python is called Tkinter (often pronounced kinter, with T silent). In this section,
we will develop a GUI based Calculator using Tkinter and then see how we can
use Tkinter (1, 2) and Turtle together.

Just like the Turtle module had to be imported we have to import Tkinter. At this
point I'd caution you that there are certain critical differences in the module
between Python 2 and Python 3 versions. The Python 3 compatible versions are
more advanced and useful however we’ll stick to Python 2 for now.

from Tkinter import *

Then comes the two most important lines of code between which the entire GUI
program works.

root =Tk() #linel
.. .. Entire GUI program will be here

root.mainloop() # last line

Essentially, what these two lines of code do is define a GUI window called ‘root’
and then the mainloop() command keep the window running, waiting for any
buttons to be pressed, any text to be written etc.
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If only these two commands are given the result will be the following:

74 tk - oIEN

So let’s first given our program a title. Remember all lines of code will be written
between the first and the last lines.

root.title('Calculator')

So the code and the result will be as follows:
% Calculator - O from Tkinter import *
root = Tk()
root.title('Calculator')

root.mainloop()

Buttons

Now, let’s make our first button. The Button widget consists of at least 4
components: a) which window to place the button in, b) the text written on the
button, c) its dimensions and d) the command that dictates its operations. We will
create a button for the number 1 and call it N1 and define its command as

N1 _press. Next, we will place the button in its place on the Calculator using the
grid() system. Define the N1_press command first without any function.

def N1_press():
return
N1 = Button (root, text = '1', padx = 15, pady = 10, borderwidth = 3, command = N1_press)

The padding of the button determines its size. You can play with padx and pady to see how the
button changes in dimensions.
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Now, let’s place the button on the Calculator in row 2 and 1t column (note the
first column is called zero).

N1.grid (row = 2, column = 0)

Though the button was placed in row 2 by the grid system it appears in row 1. The reason is
that there is nothing in row 1 and the grid system is a relative system. It places things not on an
x- / y- coordinate system but in rows and columns relative to other items in the grid. This is
what makes it challenging to use. You will notice this in setting the dimensions of the buttons
and text boxes.

Display

To display text in the root window several ways can be used. We will go over
Labels, Entry and Text widgets. You'll see the differences between them.

# Label (*Note the Capital L)

labell = Label (root, text = 'Enter Number')

labell.grid (row = 0, column = 0)

We can code our button for number 1 to ‘print’ something in the Calculator
window using the widget, Label.

Tk Calculator = B
dEf Nl_pl"ess(): Enter Number

1 Button 1 pressed

Label (root, text = '‘Button 1 pressed').grid (row=2, column=1)

Return
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# Entry (*Note the Capital E)

Enl = Entry (root).grid (row = 1, column = 0)

So far the code and its results is as follows:

from Tkinter import *

rOOt = Tk() T Calculator — &
root.title('Calculator’) Entr Number
T
def N1_press():
Label (root, text = '‘Button 1 pressed').grid(row=2, column=1)
return
labell = Label (root, text = 'Enter Number') £ Cacator - = HEM

labell.grid (row = 0, column = 0)

1 Button 1 pressed

Enl = Entry (root).grid (row = 1, column = 0)

N1 = Button (root, text = '1', padx = 15, pady = 10, borderwidth =
3, command = N1_press)

N1.grid (row = 2, column = 0)

root.mainloop()

Anything can be typed directly from the keyboard into the Entry widget. It is free
text. To get the blue Entry screen modify the code as:

Enl = Entry (root, width = 35, bg = 'dark blue', fg = 'white', borderwidth = 5).grid (row = 1,
column =0)

Background color is bg, foreground color is fg. You may observe the 3D effects of the Entry
widget by increasing the borderwidth = 25.

59



# Text (*Note the Capital T)

Tx1 = Text (root, width=30, height = 2, bg = 'light yellow', fg = 'blue’, borderwidth =
5).grid(row = 1, column = 1, columnspan = 2)

e Catuttor -smEm  ‘columnspan’ allows the widget to extend over

multiple columns. Its effects will be truly

noticed when multiple widgets are present in
the root window.

The Text widget is similar to Entry in that, free text can be written. However, the
Text widget accepts multiple lines followed by an Enter whereas the Entry widget
accepts only a single line. Also the Text widget can be used for both input and
output whereas the Entry widget is only for input. Hence, we will use the Text
widget as our Calculator screen, call it totals (instead of Tx1) and columnspan =5
(there will be 5 buttons in each row i.e. 5 columns).

We will comment out the Label and Entry widget commands (for now and delete
them later).

So far the code and its results is as follows:

from Tkinter import *
root = Tk()
root.title('Calculator')

def N1_press():
return

##labell = Label (root, text = 'Enter Number').grid (row = 0, column = 0)
H#HEn1 = Entry (root, width = 35, bg = 'dark blue’, fg = 'white', borderwidth = 5).grid (row = 1,
column =0)

totals = Text (root, width=30, height = 2, bg = 'light yellow', fg = 'blue’, borderwidth =
5).grid(row =0, column = 0, columnspan = 5)

N1 = Button (root, text = '1', padx = 15, pady = 10, borderwidth = 3, command = N1_press)

N1.grid (row = 2, column = 0)
root.mainloop()
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Let’s press ahead with rapidly coding our calculator and making all the buttons:

from Tkinter import *

7 Calculator = B

root = Tk()

root.title('Calculator’)
1 2 3 . x

def N1_press():
return

def N2_press():
return

def N3_press():
return

def Nadd_press():
return

def Nmul_press():
return

totals = Text (root, width=30, height = 2, bg = 'light yellow', fg = 'blue’, borderwidth =
5).grid(row =0, column = 0, columnspan = 5)

N1 = Button (root, text = '1', padx = 15, pady = 10, borderwidth = 3, command = N1_press)
N1.grid (row = 2, column = 0)

N2 = Button(root, text = '2', padx = 15, pady = 10, borderwidth = 3, command = N2_press)
N2.grid(row = 2, column = 1)

N3 = Button(root, text = '3', padx = 15, pady = 10, borderwidth = 3, command = N3_press)
N3.grid(row = 2, column = 2)

Nadd = Button(root, text = '+', padx = 15, pady = 10, borderwidth = 3, command =
Nadd_press)
Nadd.grid(row = 2, column = 3)

Nmul = Button(root, text = 'x', padx = 15, pady = 10, borderwidth = 3, command =
Nmul_press)

Nmul.grid(row = 2, column = 4)

root.mainloop()
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Grercise 73. Write the code for the rest of the Calculator buttons (4t0 9, 0, -, /, =
and clear) as shown in the picture below:

Calculator - O
100
1 2 3 + X
4 5 3] - !
7 a 9 0 =
Clear

To make the Clear button increase padx and use columnspan argument:
Clr = Button (root, text = 'Clear’, padx = 106, pady = 5, borderwidth = 3)

Clr.grid(row = 5, column = 0, columnspan = 5)

Fonts

Configure the Text widget, totals using a tuple. A Tuple is used to store multiple
items in a single variable in an ordered manner that is unchangeable (unlike a List)
— see Chapter 4. Cycling for basic description of List.

font_tuple = ("Calibri", 12, "bold")

totals.configure (font = font_tuple)
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Functioning Buttons

The Calculator essentially takes two numbers and applies a function to them. E.g.
Add 9 and 3. Then the calculator displays the answer of this functioni.e. 12.

This requires us to store two input numbers in memory, apply a function and
display a result number. We also need to store the number of the button pressed,
e.g. if 7 is pressed, it should be displayed on the Text screen. We can achieve this
using global variables.

# Globals

num=0 # button pressed
func=" # function

fst num=0 # first number
scd_num=0 # second number
result=0

Now, let’s define the # Button functions. Display on the Text screen is achieved
using the command .insert and since we want the number to be added to the left
side we will code it to be added from the END of the Text screen. This will allow
more numbers to be added sequentially from the left e.g. 123.

Our Text widget is coded as totals. Code: totals.insert (END, num)

def N1_press():
global num, func
num=1
totals.insert(END, num)

return num, func
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Similarly, when the button 3 is pressed the function will be as follows:

def N3_press():
global num, func
num=3
totals.insert(END, num)

return num, func

Grercise 7. Write the code for the rest of the Calculator number buttons.

Define Calculator functions: Add, Subtract, Multiple, Divide, Clear and Equal-to

We read the series of buttons pressed and displayed on the Text screen using the
.get command and clear the Text screen using the .delete command. Note the
format of the commands below:

totals.get ('1.0', END) # Read from 1st row and character 0 to End

totals.delete ('1.0', END) # Clear the screen for entry of the second number

# Functions

Addition function

def Nadd_press():
global fst_num, func
fst_num = totals.get ('1.0', END) # Read from 1st row and character 0 to End
func ="'Add'
totals.delete('1.0', END)
return fst_num, func
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Multiplication function

def Nmul_press():
global fst_num, func
fst_num = totals.get('1.0', END)
func ="'Mul'
totals.delete('1.0', END)
return fst_num, func

Grercise 75. Define the subtraction and division functions of the Calculator.

Clear Function

This function deletes all calculations and restores initial global values. Another
GUI function called messagebox can be imported at the top of the program to
show a pop up as a warning, just to make things interesting and for you to learn
this new tool as well.

def Clr_press():
global num, fst_num, snd_num, func, result
num, fst_num, snd_num, func, result=0, ", ", ", "
messagebox.showwarning ('Clear’, 'All Calculations cleared’)
totals.delete('1.0', END)

return num, fst_num, snd_num, func, result

There are three major types of message boxes (3): information, warning and
guestion.

See Python docs Help for details:
https://docs.python.org/3/library/tkinter.messagebox.html
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We will import the message box immediately after importing Tkinter as below:
from Tkinter import *

import tkMessageBox as messagebox

Note the format is different for Python 2 and 3 versions. In Python 2 the module
is called tkMessageBox whereas in Python 3 it is called messagebox. Therefore to
harmonize the code we will import the module as messagebox (you already know
any name is possible and is user assigned).

Now our code will work:

def Clr_press():

messagebox.showwarning ('Clear’, 'All Calculations cleared')

We have only one major function left and that will allow all calculations i.e Equal
to. Let’s take a short break and introduce two fun GUI functions.

You would notice you can still drag the corners of the Calculator and change its
look:

Calculator = E' Calculator - E' This issue Can be fiXEd

| with a single command at

+_ | - :1:1 the end, just before the
Ii ] mainloop command

root.resizable (False, False)
root.mainloop()
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Changing Icon

There is an icon on the left hand corner of the GUI. It’s set at Tk for Tkinter. You
can customize it.

Té Calculator - = Calculator - =
1 2 3 + x 1 2 3 + x
4 5 6 / 4 5 ] /
7 8 9 0 = 7 8 9 ] =
Clear Clear

You can use any image and convert it to an .ico file then give its path to the
command .iconbitmap

# Convert to .ico file
# https://image.online-convert.com/
# Note: use / for sub-directory not \ as usual

root.iconbitmap('C:/Users/Desktop/l.ico')

Back to the Calculator function: Equal-to

It will pull out the first number from the memory, clear the Text screen to get the
second number and process these two numbers based on the function (+, -, X, /)
pressed by the user.

The first few lines of code are simple. Use global to get the first number, .delete
to clear the Text screen and .get to obtain the second number.
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To determine the function that the user pressed use a global variable (func) and
the if command. The ‘func’ variable was updated by button presses (+, -, X, /) (see
Button code above).

Now the calculation becomes simple. If ‘Add’ is pressed then add the first and
second numbers and store the result in a new variable that is displayed on the
Text screen. The process can be repeated for all calculation functions.

def Neql_press():
global fst_num, snd_num, func, result

scd_num = totals.get ('1.0', END)
totals.delete ('1.0', END)

if func == 'Add":
add_tot = float(fst_num)+float(scd_num)
result = str(add_tot)
totals.insert('1.1', result)
fst_num, snd_num, func = add_tot, 0, 0

if func == 'Sub":
sub_tot = float(fst_num)-float(scd_num)
result = str(sub_tot)
totals.insert('1.1', result)
fst_num, snd_num, func = sub_tot, 0, 0

if func == "Mul'":
mul_tot = float(fst_num)*float(scd_num)
result = str(mul_tot)
totals.insert('1.1', result)
fst_num, snd_num, func = mul_tot, 0,0

if func == 'Div":
div_tot = float(fst_num)/float(scd_num)
result = str(div_tot)
totals.insert('1.1', result)
fst_num, snd_num, func = div_tot, 0, 0

return fst_num, snd_num
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9. Art Toolkit

With a little out of the box thinking we can now convert our little calculator into
an Art toolkit. Instead of performing calculations our calculator can morph into a
console for drawing on a Turtle canvas. It’s simple. We need to write a few
drawing functions, assign them to buttons and change the button labels to
represent these functions.

Calculation to Drawing

Calalator - = = P Chric - ° The first lines of code would
| obviously be:

from Tkinter import *

@ import turtle as tk

We can leave all the number buttons and functions unchanged as we will need to
tell turtle how much to move forward or back, the radius of a circle, the angle to
change etc. What we do need to change are the calculator functions such as
addition, subtraction etc. Instead, we will have functions as forward, backward
right and left movements or circle and square. Let’s write the Up function

Moving turtle upwards

def Up_press():
global fst_num, func
fst_num = totals.get('1.0', END)
tk.seth(90)
tk.fd(float(fst_num))
totals.delete('1.0', END)
return fst_num, func

Note: the angle of turtle movement is set within the function (90’) and the distance to move is
set by the user using the calculator number buttons.
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Grercise 76, Define the Down, Right and Left functions of the Art toolkit.

Let’s define a few other art functions.
Change the direction (angle) of the turtle:

def Ang_press():
global fst_num, func
fst_num = totals.get('1.0', END)
tk.seth(float(fst_num))
totals.delete('1.0', END)
return fst_num, func

Draw a Circle:

def Circ_press():
global fst_num, func
fst_num = totals.get('1.0', END)
tk.circle(float(fst_num))
totals.delete('1.0', END)
return fst_num, func

Draw a Square:

def Sq_press():

global fst_num, func

fst_num = totals.get('1.0', END)

for side in range(4):
tk.fd(float(fst_num))
tk.rt(90)

totals.delete('1.0', END)

return fst_num, func
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Button labels

What’s now left is to re-label the buttons to indicate the functions they code.
Here, we can make of the ASCII codes that include certain symbols. The ASCII
code contains a list of 255 characters that can be called in using the command
chr() as below:

Circ = Button(root, text = chr(7), padx = 15, pady = 10, borderwidth = 3, command =
Circ_press)

Circ.grid(row = 5, column = 3)

Sq = Button(root, text = chr(8), padx = 15, pady = 10, borderwidth = 3, command = Sq_press)

Sq.grid(row =5, column = 4)

To view all 255 ASCII characters we can write a simple for loop in Python Shell
and select the character we like for the button label:

>>> for i in range(255):

print i, chr(i)

Of course, do not forget the last lines of code to run your GUI:
# Run
root.resizable(False, False)

root.mainloop()

Now, your Calculator is morphing in to an Art toolkit, made possible with the
fusion of Turtle and Tkinter modules. Transform it more! Happy coding.

71



\@ gj[é"f ernces

1. GUI 5-Hour Codemy Course:
https://www.youtube.com/watch?v=YXPyB4XeYLA.
https://github.com/flatplanet/Intro-To-TKinter-Youtube-Course

2. Codemy.com: https://codemy.com/ and Channel:
https://www.youtube.com/channel/UCFBOdxMudkws1g8w5NJEAmMw

3. https://docs.python.org/3/library/tkinter.messagebox.html
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10. Reading & Writing

Let’s Read

It is critical to store information as text to a disk and to be able to retrieve it using
our Python programs. This will include saving output of lengthy calculations, re-
formatted data etc. Size of the output data may vary. In the case of genetic data it
may reach terra-bytes. It will therefore be important to read such files in bite size
to understand their structure for further processing by our Python code.

The easiest way to learn is by practicing an example. So let’s say we want to know
the sequence of a gene. The genome of many organisms including humans (homo
sapiens) has been sequenced and available at the click of a button. In your
internet browser (e.g. Chrome) go to the website:
https://www.ncbi.nlm.nih.gov/gene/

Type in the name of a gene, e.g. SOD1. You will see the following information and
click on the SOD1 homo sapiens gene displayed on top (Gene ID 6647).

National Library of Medicine

National Center for Biotechnology Information

Gene SOD1

Create RSS Save search Advanced Help
Gene sources Tabular» 20 perpage = Sort by Relevance = Sendto: ~ Hide sidebar >>
Genomic Filters: Manage Filters
Mitochondria ’
Organelies

Results by taxon =

Categories

Top Organisms [Tree]
GENE Was this helpful> ol | '@ Homo sapiens (524)
Saccharomyces cerevisiae (267)

Alternatively spliced
Annoiated genes
Non-coding

Protein-coding SOD1 — superoxide dismutase 1 Mus musculus (185)
Pseud: . i p \ Drosophila melanogaster (65)
seudogene Homo sapiens (human) Rattus norvegicus (36)
Sequence content Also known as: ALS, ALS1, HEL-5-44, IPOA, SOD, STAHP, hSod1, homodimer All other taxa (620)
M
ccos Gene ID: 6647 e
;":;”D RefSeq transcripts (1)~ RefSeq proteins (1) RefSeqGene (1) PubMed (1,247)
efSeq
G Find related data =
RefSeaGene Orthologs Genome Data Viewer BLAST Download
Database.
Status clear
« Current
Clear al RefSeq Sequences +

As you scroll down the next page you will see FASTA link. Click it and it will show
you the entire sequence of the human SOD1 gene (Nucleotide FASTA report).

74


https://www.ncbi.nlm.nih.gov/gene/

Genome Browsers =

G omiciconte 2171 Genome Data Viewer
Location:  21g22.11 See SOD1 in Genome Data Viewer Variation Viewer (GRCh37.p13)
Exon count: 5 Variation Viewer (GRCh38)
Annotation release Status Assembly Chr Location 1000 Genomes Browser (GRCh37.p13)
110 current GRCh38.p14 (GCF_000001405.40) 21 NC_000021.9 (31659693..31668931) Ensembl
110 current T2T-CHM13v2 0 (GCF_003914755 1) 21 NC_060945 1 (30027677 30036314) ucsc
10520220307 previous assembly GRCh37 p13 (GCF_000001405.25) 2 NC_000021.8 (33032006..33041244)
Related information =
Chromosome 21 - NC_000021.9 Order cDNA clone
[T [a174s788 b
3D structures
Loci79s54se FERHLIPL - LOCIZ4T00458 HAGNLP2
sm;; HcEsmsi BioAssay by Target (List)
BioAssay by Target (Summary)
“ Genomic regions, transcripts, and products EYEd

BioAssay, by Gene target

Go to reference sequence details BioAssays, RNAi Target, Active

Genomic Sequence: [NC_000021.9 Chromoseme 21 Reference GRCh38.p14 Primary Assembly v | BioAssays, RNAI Target, Tested

Go to nucleotide:  Graphics FASTA GenBank

- BioProjects
23 NC_ 0000219~ | Find: yle e i @ i == I A Tools ~ | ¥ Tracks - ¥, Download Nucleotide FASTA report | o
|k [31.659 K |31,668 K |3LEBL K |31.862 K |3LEE3 K |31.864 K 31665 K |3LEEE K 31,667 K 3LEES K 3LEES K 3167 ccos

The DNA sequence of the SOD1 gene is shown. Remember from your basic
biology class that DNA is made of 4 letters, A, T, G and C. The genetic sequence
will be made up of these 4 alphabets throughout. You’ll notice it is quite long. In
fact the human SOD1 gene has precisely 9,238 alphabets! This is a modest size
gene only. You can save the entire sequence as a text file by clicking on “Send to”
drop down as shown, choosing File and saving in FASTA format. The file that will
be in your ‘Downloads’ folder will be sequence.fasta

National Library of Medicine

National Center for Biotechnology Information

Nucleotide [Nucleotide v || | Search |
Advanced Help
FASTA ~ Sendiov o an
TTTT Tt T shown =

® Complete Record
(O Coding Sequences
(O Gene Features

fnce
fon

Homo sapiens chromosome 21, GRCh38.p14 Primary Assembly

NCBI Reference Sequence: NC_000021.9 to: 31668931

GenBank  Graphice Choose Destination
>NC_200021.9:31659693-31668931 Homo sapiens chromosome 21, GRCh38.pld Primary Assembly @File O Ciipboard
GCGTCGTAGTCTCCTGCAGCATCTGEEGTTTCCGTTGCAGTCCTCGGAACCAGGACC TCEECETEECCTA OCollections O Analysis Tool
GCGAGTTATGECGACGAAGGCCGTGTGLOTOCTGAAGGGCGACGOCCCAGTGCAGGGCATCATCAATTTC o - ¥ W -
GAGCAGAAGGCAAGGGCTGEGACGGAGGCTTGTTTGCGAGGCCGCTCCCACCCGCTCGTCCCCCOGCGTA

CCTTTGCTAGGAGCGEAT CGCCCGCCAGGCCTCAGGECCGCCCTEATCCAGCGCCCAETCCCAECCCATE Download 1 item.
CCGCCCEETCEETACCTTCGCCCCCAGLGETGCGATGCCCAAGTGCTGAGTCACCGGGLEEGLLCGGGLG Format | R
CGEEECETEEGACCGAGGCCGCCECGEGGCTGGGCCTGCGCATGECEGGAGEGCAGGGAGEEATTECCGE fquence
GEELCEEEGABEEAECEGEGGECGEEECETELTECCCTCTGTGGTCCT TGEELCGCCGCCGCaaaTCTETCAT

GETECCTGEAGCGACTATGCTCGTCCCTTGCTTGGCCGTGTTCTCATTCCTGAGGGTCCCGLGGACACCG Show GI D
AGTGGCGCAGTGCCAGGCCCAGCCCGEGEATGGLGACTGCGCCTGGGCCCGLCTGGTGTCTTCGLATCCC -
TCTCCGCTTTCCGGCTTCAGCGCTCTAGGTCAGGGAGTCTTCGCTTTTGTACAGCTC TAAGGCTAGGAAT |ce Features
GGTTTTTATATTTTTAAAAGGCT TTGGAAAACAAAAATACGCAACAGAGACCGTTTGTGTGACACTTTGC -
AGGGAAGTTTECTGGCCTCTGTTCTAGGTCATGATTGGGC TGCAAGGGCAGAGAAGGTAGCCTTGAACAG

AGGTCCTTTTCCTCCTCCTAAGC TCCGGEAGCCAGAGGT TTAACTGACCCTTTTGGGGATTTTTGAGGGL

AGTGATCTTAACTTTGGGTGCACAGTTAGC TTATTTGAAGAT CTTACTAAAAATACACCAGAGLCCAACT Related information -
TCCGACCAATTACATCARAACCTGTCCTAGTGCAGGGTGAGTATTGCTGTTTTTTGARAGT TTCCAAMAG Assembly

TGATTTTGATGTGCACCTACGAT TGAGAACTGTCGTTTGAGGACAGTGGGTGGAGT TTCATATTTGGAAA

You can rename the file as gene.txt by going to the command prompt through the
File option at the top of your Downloads folder or typing cmd in the windows
search option. Typing the following command at the prompt in the command-
console will rename the sequence.fasta file: ren seq™.* gene.txt
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You can now write a short code to read only the first 4 lines of the gene.txt file.

db = open ('gene.txt’, 'r') # Main command that opens a file for reading

count=1

print (")

while count<5: ## Loop for Testing Header (25 line header) - change accordingly
line = db.readline() ## readline() is a function that reads a single line of the file
line = line.rstrip() ## rstrip() is a function that eliminates the ‘enters’ at the end
print (line) ## line is just a variable name (can be any name or letter)
count+=1

db.close()

Note: Your Python program (name it Reader.py) must be saved in the same
directory as the gene.txt file. It is not necessary to change the name of your file.
You can read the sequence.fasta file with just as much ease if you change the first
line of code to:

db = open ('sequence.fasta’, 'r')

Writing
We can now open a file for writing data and saving it to a disk.

fname = open (‘abc.txt', 'w') # Main command that opens a file for reading

We’'ll write a short code and save it to the Desktop. It will create a text (.txt) file
called abc.txt containing the text: testing writing in file

from __future__ import print_function # allows easier print functions
fname = open('abc.txt’, 'w')
print ('testing writing in file', file=fname) # file = fname writes the text to the file

fname.close()
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11. Tables

Think of at least ten flowers and their colors. Make a table in Excel as shown
below and save the file as .csv (Comma limited) by changing ‘Save as type’. Keep

the File name as Flowers:

Excel Workbook
Save s JEx:al Macro-Enabled Workbook
T

| Single File Web Page

Excel Binary Workbook
Excel 97-2003 Workbook
XML Data

Web Page
Excel Template

Excel Macro-Enabled Template
Excel 97-2003 Template

Text (Tab delimited)

Unicode Text

XML Spreadsheet 2003

Microsoft Excel 5.0/25 Werkbook
C5V (Comma delimited)
Formatted Text (Space delimited)
Text (Macintosh)

Text (MS-DOS)

€SV (Macintosh)

5V (M5-D0S)

DIF (Data Interchange Format)
SYLK (Symbolic Link)

Excel Add-In

Excel 97-2003 Add-In

PDF

%PS Document

Strict Open XML Spreadsheet

OpenDocument Spreadsheet

Tools = Save

Cancel

Serial Flower Color
1 Rose Red
Organize + N
2 Hibiscus Red B 3D Cbjects
3 Rose Pink 3 .
4 Tulip Orange :fAW‘”
5 Sunflower Yellow ;:::’f
6 Motia White L 05
- DATA (D)
7 Campa Yellow-white Fiename
8 SadaBahar Purple 5‘:"
9 Cambaily White
10 Campa Pink ~ Hide Folders

Now if you open the Flowers.csv file with Notepad you see the file as follows:

Mj Flowers - Motepad

File Edit
Eewial,FloweP,Color
1,Rose,Red
2,Hibiscus,Red
3,Rose,Pink
4,Tulip,Orange
5,5unflower,Yellow
6,Motia,White
7,Campa,Yellow-white
8,5adaBahar,Purple
9,Cambaily,White

1@, Campa,Pink

Format View Help

Lr 100% Windows (CRLF)

O

UTF-8

P

This is wh

on flower

alistv:

at a comma limited file looks like.

Let’s use Python to read each column
separately and make some use of this data

color.

We can read this tabulated file line by line.
However we also want to split the columns
(comma separated) so that we can read each
variable. The entire data in a row is stored as

['10', 'Campa’, 'Pink’]
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f = open ('flowers.csv', 'r')

foriinf:
i = i.rstrip()
v = i.split(',")## split the data in rows into separate columns and stores it in a list v
print v[0], v[1], v[2] ## v forms a list and each column can be separately processed
## variable number e.g. v[2] is flower color written in column 3
f.close() ## closes the file (important: ‘if you open something you must close it’)

The print function can be improved by using the code (1% line of your program):

from __future__ import print_function

When the print_function is imported the print statement changes to:

print (v[0], v[1], v[2])

Dictionary and List

These are two interesting data storing tools in Python. They have discrete
differences as we shall observe here.

from __future__ import print_function

flo_col =] # make a list of flower colors
flo_dict = {} # make a dictionary

f = open ('flowers.csv', 'r')
foriinf:

i = i.rstrip()

v = i.split(',")

print (v[0], v[1], v[2])

flo_col.append(v[2]) # use the append command to add flower color (v[2]) to list
flo_dict[v[1]] = v[2] # add key, value pairs to dictionary flower [v[1]] and color v[2]

f.close()
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The format for creating and accessing a list is different from that of a dictionary.
This must be carefully noted as in the above code. In a dictionary there is a key
and values. There may be multiple values assigned to a single key but a key
cannot appear in a dictionary more than once (no duplication of keys). The
command .append only works for lists and not dictionaries.

Notice an empty list has square brackets and dictionary has curvy brackets.
flo_col =] # make a list of flower colors
flo_dict = {} # make a dictionary

Also note the brackets at the time of assigning variables to a list as compared to a
dictionary (see code above).

When we look at a list in detail we realize it is an exact copy of the color column
of the table in the order that the column exists. Typing the name of the list in
Python Shell shows the list and its order.

>>>flo_col
['Color', 'Red’, 'Red', 'Pink’, 'Orange’, 'Yellow', 'White', 'Yellow-white', 'Purple’, 'White', 'Pink’]

The length (len) of the list is the same as the number of rows in the table.

>>>len(flo_col)
11

However, the dictionary is distinctly different from the list though it was created
simultaneously from the same table. It has key:value pairs but not in the order of
the table and duplicate names of flowers (keys) are replaced by later occurrences.

>>> flo_dict
{'Hibiscus': 'Red’, 'Flower": 'Color’, 'Cambaily': 'White', 'Sunflower': 'Yellow', 'Rose": 'Pink’, 'Tulip":
'Orange’, 'Motia': '"White', 'SadaBahar': 'Purple’, 'Campa’: 'Pink'}

>>> len(flo_dict)
9

Dictionary does not allow duplicate keys, reducing the length to 9 from 11.
To read the key:value pairs in the dictionary we can iterate it just as if it were a list
using the command .items().
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for k, vin flo_dict.items(): # k and v are just variable names signifying key and value
print (k, v)

Hibiscus Red
Flower Color
Cambaily White
Sunflower Yellow
Rose Pink

Tulip Orange
Motia White
SadaBahar Purple
Campa Pink

The dictionary is however, processed much faster than lists. The advantage in
speed allows rapid searching and hence processing of data.

If we were to find out the names of flowers (keys) which were white (values), the
search could be easily done using the following code:

for k, v in flo_dict.items():
if v=="Red":
print (k, v)

Hibiscus Red

NB: The ‘Rose, Red’ has been eliminated from the dictionary because of the later ‘Rose, Pink’.
Rose is a duplicate key and only the later key:value pair is retained.

If we wanted to iterate the dictionary only for the keys, we can use the .keys()
command:

for k in flo_dict.keys():
print (k)
If we only wanted to iterate the values then we can use the .values() command:

for vin flo_dict.values():
print (v)

80



Sometimes it is necessary to eliminate duplicates from the data and sometimes it
is detrimental. To prevent a dictionary from eliminating duplicates the keys will
have to be unique such as a serial number.

If we change our dictionary assighment code to:
flo_dict[v[0]] = v[1], v[2]

NB: v[0] being serial number, v[1] flower name and v[2] color, then the dictionary will be as
complete as the table itself. It contains all the row, column pairs as in the Excel table except
that the order will be different.

{'10": ('Campa’, 'Pink'), '1": ('Rose', 'Red'), '3": ('Rose’, 'Pink'), '2": ('Hibiscus', 'Red'), '5":
('Sunflower', 'Yellow'), '4": ('Tulip', 'Orange'), '7": (‘Campa’, 'Yellow-white'), '6": (‘Motia', 'White'),
'9": ('Cambaily’, 'White'), '8": (‘SadaBahar’, 'Purple'), 'Serial': (‘Flower’, 'Color')}

The length of the dictionary now will be the same as the list and all the rows in
the table. A list can only hold data from a column in a table but not the whole
table content as separate variables. This is possible in a dictionary as shown here.
Now if we search the dictionary for the second value being ‘Red’” we get the
complete answer of ‘Rose, Red” and ‘Hisbiscus, Red’.

for k, vin flo_dict.items():
if v[1] == 'Red":

print (k, v)

1 ('Rose’, 'Red')
2 ('Hibiscus', 'Red')

A dictionary command, sorted, orders the dictionary according to the keys.
for k, v in sorted(flo_dict.items()):

print (k, v[0], v[1])
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We can label the variables with names as well and develop the dictionary in a
more readable manner

Serial = v[0]
Flower = v[1]
Color = v[2]

#flo_dict[v[0]] = v[1], v[2] # instead of code we can use variable names that are more easily
understandable as below

flo_dict[Serial] = Flower, Color

Yet our dictionary is not ordered according to Serial number:

1 Rose Red

10 Campa Pink

2 Hibiscus Red

3 Rose Pink

4 Tulip Orange

5 Sunflower Yellow
6 Motia White

7 Campa Yellow-white
8 SadaBahar Purple
9 Cambaily White
Serial Flower Color

We will edit our input file flowers.csv and delete the header:

Serial Flower Color
Grercise 77, 1s there another way the header can be eliminated?

Answer: Yes. Insert the reading code (in the previous chapter) between opening
the file and reading it with the for loop.
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f = open ('flowers.csv', 'r') # open the tablulated data file

count=0

print (')

while count<1: ## Loop for eliminate Header (1 line header)
line = f.readline()
line = line.rstrip()

print (line)
count+=1
foriinf:

Now the serial only has numbers and can be converted to an integer as below:
Serial = int(v[0])
Now if we run our code our dictionary will be properly organized in serial order:

1 Rose Red

2 Hibiscus Red

3 Rose Pink

4 Tulip Orange

5 Sunflower Yellow

6 Motia White

7 Campa Yellow-white
8 SadaBahar Purple

9 Cambaily White

10 Campa Pink

Creating an HTML file

We can write our dictionary to an HTML file. Of course you will need to learn a bit
of HTML as well (which is quite easy). Here, we will go over some HTML code as
well that will make it easy to learn.

fhtml = open ('Phool.html’, 'w') # open the tabulated HTML file

Note: Flower is called ‘Phool’ in Urdu (Latinized spelling).

83



You can directly print the dictionary to your HTML file however it will be printed
as a single line.

for k, v in sorted(flo_dict.items()):
print (k, v[0], v[1], file=fhtml)

1 Rose Red 2 Hibiscus Red 3 Rose Pink 4 Tulip Orange 5 Sunflower Yellow 6 Motia White 7

Campa Yellow-white 8 SadaBahar Purple 9 Cambaily White 10 Campa Pink

Therefore, we first need to create a Table in our HTML file

print (‘<table><align="center">', file=fhtml) # this will tabulate your print data

Rose
Hibiscus
Rose

Tulip
Sunflower
Motia
Campa
SadaBahar
Cambaily

O 00 N O Ul b W N B

10 Campa

Let’s make our table neat

Red
Red
Pink
Orange
Yellow
White

Yellow-white

Purple
White
Pink

1 | Rose Red

2 |Hibiscus | Red

3 |Rose Pink

4 || Tulip Orange

3 || Sunflower | Yellow

6 | Motia White

7 || Campa Yellow-white
8 | SadaBahar | Purple

9 || Cambaily | White

10 | Campa Pink

print ('<TABLE BORDER="3" CELLSPACING="1"
CELLPADDING="5">', file=fhtml)
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Let’s add some color to our table and create a title.

print ('<tr bgcolor="#006400"><td align="center"
colspan="18"><B><H1><p
style="color:#FFFFFF";>Flowers</B></H1></td></tr>',
1 Roze Red f|Ie=fhtmI)

2 | Hibiscus Red

3 | Rose Pink

4 || Tulp Orange

LA

Sunflower || Yellow

Motia White Let’s add some more color to our table and create a
Campa Yellow-white header.

-1 O

[=a]

SadaBahar | Purple
9 | Cambaily | White Center align the data and in light green color write the

column titles, Serial, Flower and Color.

10 || Campa Pink

Note: Each value is contained between and open bracket signified by <td>and a
close bracket, </td>. Whatever the value e.g. Serial is in inverted commas and
preceded and followed by a + sign (indicating insert this value in the code).

print ('<tr align="center"
bgcolor="#9ACD32"><td>'+'Serial'+'</td><td>'+'Flower'+'</td><td>'+'Color'+'</td></tr>', file
= fhtml)

The code should look like this in Python:

print ('<tr align="center"
bgcolor="#9ACD32"><td>'+'Serial'+'</td><td>'+'Flower'+'</td><td>'+'Color'+'</td></tr>', file
= fhtml)

Now let’s print our sorted dictionary (flo_dict) to our html file as a table.
However, remember HTML does not know numbers. It only prints in strings. So

we have to convert our numbers to string using the function str.

E.g. str(k) and str(v[0])
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for k, vin sorted(flo_dict.items()):
print ('<tr bgcolor = "White"> <td>'+str(k)+'</td><td>'+str(v[0])+'</td>
<td>'+str(v[1])+'</td></tr>', file = fhtml)

If you want to center align the data in each row add align="center" after <tr

=

Serial | Flower Color
1 Rose Red
2 Hibiscus Red
3 Roze Pink
4 Tulip Orange
5 Sunflower Yellow
6 Motia White
7 Campa | Yellow-white
8 SadaBahar Purple
9 Cambaily White

10 Campa Pink

print ('<tr align="center"

bgcolor="White"><td>'+str(k)+'</td><td>"+str(v[0])+'</td><td>"+str(v[1])+'</td></tr>', file =

fhtml)

Now, your beautiful table in an HTML format is ready. You can open it in any
internet browser such as Google Chrome.
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If the HTML file (Phool.html) is opened in Notepad it will show the HTML code
that was written by our Python program:

<table><align="center">

<TABLE BORDER="3" CELLSPACING="1" CELLPADDING="5">

<tr bgcolor="#006400"><td align="center" colspan="18"><B><H1><p
style="color:#FFFFFF";>Flowers</B></H1></td></tr>

<tr align="center" bgcolor="#9ACD32"><td>Serial</td><td>Flower</td><td>Color</td></tr>
<tr align="center" bgcolor="White"><td>1</td><td>Rose</td><td>Red</td></tr>

<tr align="center" bgcolor="White"><td>2</td><td>Hibiscus</td><td>Red</td></tr>

<tr align="center" bgcolor="White"><td>3</td><td>Rose</td><td>Pink</td></tr>

<tr align="center" bgcolor="White"><td>4</td><td>Tulip</td><td>Orange</td></tr>

<tr align="center" bgcolor="White"><td>5</td><td>Sunflower</td><td>Yellow</td></tr>
<tr align="center" bgcolor="White"><td>6</td><td>Motia</td><td>White</td></tr>

<tr align="center" bgcolor="White"><td>7</td><td>Campa</td><td>Yellow-white</td></tr>
<tr align="center" bgcolor="White"><td>8</td><td>SadaBahar</td><td>Purple</td></tr>
<tr align="center" bgcolor="White"><td>9</td><td>Cambaily</td><td>White</td></tr>

<tr align="center" bgcolor="White"><td>10</td><td>Campa</td><td>Pink</td></tr>

Enjoy merging HTML with Python!

Let’s process our dictionary values further and make our HTML file a bit
interactive by creating hyperlinks.

First, we want variables in the dictionary to be ‘read and understood’. This is
easily done using the if command in the for loop. So if we want our code to
recognize the flower Motia (Jasmine) then we will check to see if flower (variable
v[0] in our code) is == ‘Motia’:

if v[0] == 'Motia":
If that is the case then we want to color the row as the same color as the flower.
In this case Motia is white so we will assign a light yellow color to all the other

rows so that when Motia is selected the row color (white) looks highlighted.

We therefore create a new variable and place it above and outside the for loop:

highlight = '#FFF8DC" # hexa code for light yellow
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Similarly, we want to select the pink rose. However, in our dictionary we have a
red rose as well. So we have to make our if statement recognize both the flower
(v[0]) and its color (v[1])

if v[0] == 'Rose’' and v[1] == 'Pink":

We want to see the picture of the flower when the hyperlink is clicked. There are
two ways to go about it. We can find the picture on the internet and save the link
to the page (e.g. https://pakistan.desertcart.com/products/77902556-seedlings-
india-motia-live-plant). We download photo of the flower and create link to the
saved photo file on our computer. The saved photo on our computer is accessible
through the file path such as: ‘C:\Python27\Rose Pink.jpg’. We will therefore
define a new variable called link to insert the relevant link in the HTML file.
Remember all variables have to be strings (not numeric) in HTML code.

highlight = '#FFF8DC’
link ="

for k, v in sorted(flo_dict.items()):
if v[0] == 'Rose’' and v[1] == 'Pink":

highlight = "Pink" # color the row pink instead of light yellow
link = 'C:\Python27\Rose_Pink.jpg' # path to the pink rose photo

elif v[0] == 'Motia': # we use elif here so that both pink rose and motia are highlighted
highlight = "White"
link = 'https://pakistan.desertcart.com/products/77902556-seedlings-india-motia-
live-plant'
else: # we need the else statement to return the row color and links to default values
highlight = '#FFF8DC'

link=""

print ('<tr align="center" bgcolor="+highlight+'><td>"+str(k)+'</td><td>'+'<a
href="+link+'>'+str(v[0])+'</a></td><td>"+str(v[1])+'</td></tr>', file = fhtml)
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Hyperlinks

They require the initiating code: <a href="+insert link to file here+'>’

What needs to be hyperlinked follows and the <a> loop is closed. Here we want to
hyperlink the name of the flower that is coded by the variable v[0]. Remember,
HTML only processes string variables. So we code the flower name as str(v[0]). If
we want we can assign it to a new variable, flower or flower_name, inside the for
loop.

Hence, our HTML code will look like this:
<td><a href="+link+'>"+str(v[0])+'</a></td>

Grercise 75. Can the hyperlink be a constant word such as photo instead of a
variable such as flower_name?

Answer: Yes. In this case we need to create another column with the word ‘photo’
in each row. So our HTML code will look like:

print ('<tr align="center"

bgcolor="+highlight+'><td>'+str(k)+'</td><td>'+str(v[0])+'</td><td>'+str(v[1])+'</td><td><a
href="+link+'>'+'photo'+'</a></td></tr>', file = fhtml)

|| Here, we moved the hyperlink to the photo to a separate
e column after the flower color.

Senial | Flower Color Picture

Rose Red photo

mes | R | oo | 1He header of the table has to be upgraded as well to
Boe | mak e | jpclude a 4™ column called ‘Picture’:

Tulip Orange photo

Sunflower Yellow photo

Motia White phota

Campa | Yellow-white | photo

SadaBahar Purple photo

Wl o | af o] w| | w|rs] =

Cambaily White photo

=

Campa Pink photo

print ('<tr align="center"
bgcolor="#9ACD32"><td>"+'Serial'+'</td><td>'+'Flower'+'</td><td>'+'Color'+'</td><td>"+'Pictur
e'+'</td></tr>', file = fhtml)
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12. Graphs

Making graphs is a fantastic way of visualizing data for analysis. Python has
excellent capabilities for making graphs. However, this requires setting up certain
packages in Python which is a bit challenging. So let’s get going with it
immediately. For everyone’s convenience | have detailed the process on
stackoverflow — a resource you will need to develop your Python skills further.

Matplotlib

This is the main library needed for making graphs in Python. however it will only
work after you install all the packages detailed below:

Download these libraries: numpy, matplotlib, six, dateutil, pyparsing, ptz

My solution to running Matplotlib is available at the following link (1):
http://stackoverflow.com/users/5179477/mohammad-saeed

Then click on the sub-link: Can't install Matplotlib for Python

numPy: (Download from the link below) (2)

http://sourceforge.net/projects/numpy/files/NumPy/1.9.0/numpy-1.9.0-win32-superpack-
python2.7.exe/download

NB: numpy is currently available for Windows only in 32-bit format

Checking your numpy download in Python Shell:
>>> import numpy as np
>>> a = np.arange(10)

>>>a
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Installing dateutil and six:

cmd (to reach windows command prompt type cmd in windows search box)
Type the following at the command prompt in C: drive

C:\> cd\

C:\> cd python27\scripts

C:\ python27\scripts> pip2.7 install python-dateutil

This should install six as well

Installing pyparsing and pytz:

C:\ python27\scripts> pip2.7 install pyparsing

C:\ python27\scripts>pip2.7 install pytz
matplotlib: (Download from the link below)

http://sourceforge.net/projects/matplotlib/files/matplotlib/matplotlib-
1.4.3/windows/matplotlib-1.4.3.win32-py2.7.exe/download?use_mirror=liquidtelecom

Checking your matplotlib:

>>> from matplotlib import pyplot
>>> pyplot.plot([1, 2, 3, 4], [1, 4, 9, 16])
>>> pyplot.show()

] Figure 1 - o N

This graph will be
shown.

EOCEEE E— oo
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If we change our table (by editing our file flowers.csv) to include the number of
particular flowers in the garden then our table will look like:

.

Serial | Flower Color Number
1 Rose Red 10
2 Hibiscus Red 15
3 Eose Pink 12
4 Tulip Orange 5
5 Sunflower Yellow 7
6 Motia White 65
i) Campa | Yellow-white 30
8 SadaBahar Purple 26
9 Cambaily White 35

10 Campa Pink 16

g;’e‘rcz;fe 79.

a) How can you code the dictionary flo_dict to
generate this table?

b) What changes will you make to the html code to
obtain the result shown in this table?

To check whether our matplotlib was working or not we typed the following in

Python Shell:

pyplot.plot([1, 2, 3, 4], [1, 4, 9, 16])

Notice that we are plotting two numeric lists. List x=[1, 2, 3, 4] and listy = [1, 4,

9, 16].

Pyplot takes these lists and plots the second (y) against the first (x).

Pyplot needs only numeric lists and cannot have string lists. So we cannot plot the
flower numbers (numeric on y-axis) against flower names or colors (string on x-
axis). In our table ‘Flowers’ we have only two numeric columns — serial and
numbers. So we will plot flower numbers (flw_num) against serial (ser).

70

50

50

plt.plot(ser, flw_num)

plt.show()

This graph will be shown (default
color is blue)
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Graph modifications

70

30

20

W~

We can make a dashed line graph in blue by simply adding 'b--' to the code.

plt.plot(ser, flw_num, 'b--')

plt.show()

10

We can make a red dot graph by changing it to ‘ro’ (r = red color, o = dot (simple

letter o, not 0).
plt.plot(ser, flw_num, 'ro')

plt.show()

70

30

20
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Now, let’s give our graph a title, each axis a label, set the axis according to our
data, visualize the grid, and draw a cut off line across.

plt.plot(ser, flw_num, 'r-') # single dash will produce a solid line graph
plt.title('Flowers in the Garden') # graph title

plt.xlabel('Flower Type') # label for x-axis

plt.ylabel('Flower Numbers') # label for y-axis

plt.axis([0, max(ser)+2, 0, max(flw_num)+10]) # select graph axis from 0 to the maximum serial
number, max(ser), and add 2 so as to completely include all data on x-axis. Similarly, find the
maximum number of flowers, max(flw_num), and add 10 to the y-axis.

plt.grid(True) # ensure we see the grid on the graph

plt.plot([0, 12], [20, 20], 'm--') # draw a cut off dashed line in magenta at y=20. This is a line
plot, so two lists are required. The initial coordinate for the line is 0, 20 and the final coordinate
is 12, 20.

plt.show()
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Labeling the data points
[if] Figure 1 - a

Flowers in the Garden

Flower Numbers

Rose Hibiscus Rose Tulip sunflower Motia Campa SadaBahar  Cambaily Campa
Flower Type

It requires a special modification to label the x-axis tick marks with the names of
the flowers (list flw). We have to create a subplot to access the ticks then change
the labels of the ticks to the list flw (flower names).

fig = plt.figure() # first we have to assign the figure to a variable (e.g. fig)

plt.plot(ser, flw_num, 'r-')

plt.title('Flowers in the Garden')
plt.xlabel('Flower Type')

plt.ylabel('Flower Numbers')

plt.axis([0, max(ser)+2, 0, max(flw_num)+10])
plt.grid(True)

plt.plot([0, 12], [20, 20], 'm--')

ax = fig.add_subplot(111) # Add a subplot to the figure. Remember ax is only a variable
name. The main command here is add_subplot.

111 represent the number and position of the graphs. Here there is 1 graph,
located at (x, y) = (1, 1).

Now suppose, we had to display two graphs together, one above the other, the
subplot would be coded as 211 for the first graph and 212 for the second.
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If we had to display two graphs side by side, it would mean that the display is
divided into 4 areas. In that case the code would be subplot (221) for graph 1 and
(222) for graph 2. Similarly, for 3 graphs one on top of another the subplot would
be coded as 311, 312 and 313. Understanding this system of displaying graphs
greatly helps our creativity and enhances our presentation (See reference 3).

ax.set_xticks(ser) # this will set the ticks on the x-axis, bringing balance to the graph. Try
commenting out this line (above) to see how the graph becomes unbalanced.

ax.set_xticklabels(flw) finally, this command will set the tick labels on the x-axis according
to the list (flw) i.e. flower names.

plt.show() # command to display the graph created above.

Bar Graph

Instead of a line graph as above we can create a bar graph simply by changing
plot to bar:

Replace: plt.plot(ser, flw_num, 'r-')

By: plt.bar(ser, flw_num, color = ‘pink’)

NB: Color of the bar graph is chosen by using the command color =, with the color of your
choice within inverted commas

Labeling a bar graph requires an additional step compared to labeling the data
points on a line graph. The reason is that on a line graph the tick is a single point,
whereas on a bar graph the bar has a width and is not a single point. Therefore,
the bars need to be centered on the tick for current display of labels.

The code that is need for the subplot is:

ax.bar(ser, flw_num, 0.5, align = "center") # the bars are centered and have size 0.5
width (1.0 will leave no space between bars and make the graph look like a Histogram).
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fig = plt.figure()

plt.bar(ser, flw_num, color="'pink’)

... code as above ...

plt.plot([0, 12], [20, 20], 'm--'

ax = fig.add_subplot(111)

ax.bar(ser, flw_num, 0.5, align = "center")
ax.set_xticks(ser)

ax.set_xticklabels(flw)

plt.show()

Pie Chart

Another important way data can be graphed is as a pie chart. The difference is
that in a line or bar graph we had two numeric lists. In a pie chart we have only
one numeric list and we can directly apply the labels using s string list.

plt.pie(flw_num, labels = flw) # instead of bar we use pie and labels are directly
inserted from the string list, flw (flower names).
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il Figure 1

Flowers in the Garden

Campa

SadaBahar

Sunflower

Tulip

Cambaily

plt.pie(flw_num, labels = flw)
plt.title('Flowers in the Garden')
plt.show()

To assign colors of our choice to the pie
chart, we can make a list and use the
colors command in pie:

cs=['red’, 'blue’, 'green’, 'pink’, 'yellow',
‘orange’, 'purple’, 'white’, 'magenta’, 'grey']

OO+~ &

plt.pie(flw_num, labels = flw, colors=cs)

Finally, if we want to display two graphs in a layered fashion, e.g. the line graph
and the bar chart together, we can put the two codes together subplots in a single

figure.
fig = plt.figure()

plt.subplot(211)

plt.plot(ser, flw_num, 'r-')
plt.title('Flowers in the Garden')
plt.xlabel('Flower Type')
plt.ylabel('Flower Numbers')
plt.axis([0, max(ser)+2, 0,
max(flw_num)+10])
plt.grid(True)

plt.plot([0, 12], [20, 20], 'm--')
ax = fig.add_subplot(211)
ax.set_xticks(ser)
ax.set_xticklabels(flw)

plt.subplot(212)

Figure 1

Numbers

Flowar

Flowers in the Garden

g &8 8 8 d
N

o /—\\_/

Gampa  SadaBahar  Gambaly  Gampa

Flower Type

Flowers in the Garden

8B 8 &8 8 8 3

v |

Tulip ‘Sunfiower

Motia Campa  SadzBahar  Cambaily Campa

10 - .
of
Rose Hibiscus Rose

cs=['red’, 'blue’, 'pink’, 'orange’, 'yellow', 'white', 'green’, 'magenta’, 'grey’, 'purple']

plt.title('Flowers in the Garden')
bx = fig.add_subplot(212)

bx.bar(ser, flw_num, 0.5, align = "center", color=cs)

bx.set_xticks(ser)
bx.set_xticklabels(flw)

plt.tight_layout()
plt.show()
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Grercise 20.

A) Display the line graph, the bar graph and the pie chart in a single figure.

B) Add a column titled ‘Plants’ to the .csv file containing the number of plants of
each flower type in the garden. E.g. 3 Red Rose plants, 5 Motia plants etc. Now,
rewrite the code to display a bar graph of the flower numbers and a line graph of
number of plants for each flower type below the bar graph.

Fractal Graph

Fractals are self-similar objects independent of scale possessing infinite detail.
Koch’s snowflake is an example of a mathematically exact fractals. However,
much of nature is full of fractals such as coastlines, trees, mountains and even
heart rhythms (4). What was so interesting to discover is that even the sequence
of our genes has fractal organization (5, 6). Using a novel graphing method we can
see the self-similar repeating patterns in our genes. This method displays the
sequence of a gene like a photograph and is therefore sensitive to pattern
recognition.

Let’s go back to the SOD1 sequence we saved as the file gene.txt and use it to
make the fractal graph. To simplify our code, delete the first line of the file:

>NC_000021.9:31659693-31668931 Homo sapiens chromosome 21, GRCh38.p14 Primary
Assembly

Next, put an X at the end of the file. This will serve as the end of file mark and
make our reading and processing the file much easier.

The first step is to open the file ‘gene.txt’, read it letter by letter (nucleotide, a

DNA letter) and store the letters in a list called ‘g’. We will use the while loop to
do this.

After saving the DNA letters (nucleotides) to list g (entire gene sequence is
converted to individual letters), we can draw the gene sequence using Turtle.
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db = open ('gene.txt’, 'r')
g=Il

while True:

nuc = db.read(1) # read one letter at a time
nuc = nuc.rstrip() # do not include ‘\n’ indicating enters for new lines

if nuc=="'G":
nuc='G'

elif nuc=="C": # if Cisread, save Cto list g
nuc ='C'

elif nuc=="A":
nuc ='A'

elif nuc=="T":
nuc="T'

if nuc =="'X": break # stop the while loop is letter X is encountered (which we deliberately
placed to indicate end of file).

g.append(nuc) # save the nucleotide to the list g
db.close() # close the file

print len(g) # answer should be 9372

Of course, the first line of our program would be to import the turtle module
import turtle as tu
The last line will be tu.exitonclick()

Then to speed up the drawing of a large gene such as human SOD1 we will turn
the tracer off, hide the turtle and increase speed to ‘fastest’.

tu.hideturtle()
tu.speed('fastest’)
tu.tracer(False)
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To draw the fractal diagram we will iterate the list g to determine the nucleotide
that is present in the gene sequence and draw it on the screen. Since there are 4
DNA letters (A, T, G, C) we will choose 4 different directions (N, S, E and W) to
represent them. If G is encountered we will move the turtle 1 unit towards the
East. Similarly, in case of C we will move the turtle 1 unit towards the West and so
forth.

Python Turtle Graphics

forning:

if n=="G":
tu.seth(0)
tu.forward(1)

if n=="C":
tu.seth(180)
tu.forward(1)

if n=="A":
tu.seth(90)
tu.forward(1)

if n=="T":
tu.seth(270)
tu.forward(1)

Note: Since the human SOD1 is a relatively long gene and has considerably more ‘T’ than other
nucleotides, the graph predominantly grows downwards and goes beyond the screen. To
prevent this we can start our graph higher up by positioning the turtle by tu.setpos(0, 250).

tu.pu()
tu.setpos(0, 250)
tu.pd()

Also we can indicate the beginning of the graph with a green circle and the end of
the graph with a red circle. The start position indicator code would be:

tu.color('green’')
tu.begin_fill()
tu.circle(5)
tu.end_fill()
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To generate the fractal graph as a photograph we will define the screen size and
set borders so that when the turtle approaches them it wraps around to the
opposite side. This will allow the sequence to weave in a defined square space.

## Set box size
wni =200
tu.screensize(wni, wni)

tu.pu()
tu.setpos(0, 0) # center position the turtle so that all gene sequences start in the center

tu.pd()

To allow this weaving we need to take note of the turtle position in x and y axis.
For ease of visualization we can move the turtle 4 units instead of 1.

forning:

tpx = tu.xcor() # record position of turtle on the x-axis
tpy = tu.ycor() # record position of turtle on the y-axis

if tpx >=wni: # if turtle exceeds the box dimensions then
tu.pu()
tu.setx(-wni) # set the turtle position to the opposite side
tu.pd()

elif tpx <=-wni:
tu.pu()
tu.setx(wni)
tu.pd()

elif tpy >=wni:
tu.pu()
tu.sety(-wni)
tu.pd()

elif tpy <=-wni:
tu.pu()
tu.sety(wni)
tu.pd()

if n=="G":
tu.seth(0) .... The rest of the code is described in the section above on previous page
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Saving Images

How can we save this interesting photograph? We first obtain the image of the
screen using getscreen() command. Then this image is saved using the

getcanvas() command as a postscript file.

ts = tu.getscreen()

ts.getcanvas().postscript(file= ‘Gene.eps’)

The EPS file can be converted to any photo format such as JPEG (7).

Use EPS converter to convert your .eps image to JPEG:

https://www.epsconverter.com/

OR Download: https://epsviewer.org/downloadfinal.aspx")

Qgrm, Fractal Genes

import turtle as tu

db = open ('gene.txt', 'r')

g=1]

while True:

nuc = db.read(1)
nuc = nuc.rstrip()

if nuc=='G":
nuc ='G'
elif nuc=="'C":
nuc="C'
elif nuc=="A":
nuc ="A'
elif nuc=="T":
nuc="T

if nuc =="'X": break

g.append(nuc)

db.close()
print len(g)

# Start canvas and draw sequence
stpi = 4 # open diagram =1
tu.hideturtle()

tu.speed('fastest’)
tu.tracer(False)

## Set box size

wni = 200

tu.screensize(wni, wni) # for closed diagram
tu.pu()

tu.setpos(0, 0)

tu.pd()

## Mark start position with green circle
tu.color('green’')

tu.begin_fill()

tu.circle(5)

tu.end_fill()

tu.color('blue') # draw diagram in blue
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Main loop for reading gene sequence from
list g and drawing it on canvas with turtle

forning:

# For open diagram comment out here
tpx = tu.xcor()

tpy = tu.ycor()

if tpx >=wni:
tu.pu()
tu.setx(-wni)
tu.pd()

elif tpx <=-wni:
tu.pu()
tu.setx(wni)
tu.pd()

elif tpy >=wni:
tu.pu()
tu.sety(-wni)
tu.pd()

elif tpy <=-wni:
tu.pu()
tu.sety(wni)
tu.pd()

# Till here

# Draw the Gene Sequence

if n=="G":
tu.seth(0)
tu.forward(stpi)

if n=="C"
tu.seth(180)
tu.forward(stpi)

if n=="'A":
tu.seth(90)
tu.forward(stpi)

if n=="T":
tu.seth(270)
tu.forward(stpi)

# End drawing with red circle

tu.color('red')
tu.begin_fill()
tu.circle(5)
tu.end_fill()
tu.hideturtle()

tu.pu()
# Save image

ts = tu.getscreen()
ts.getcanvas().postscript(file="Gene.eps’)

tu.exitonclick()

This little Python program allows us to study genes and understand how these
interesting natural sequences developed (5). | hope this word will inspire you to
“boldly go where no one has gone before.” This brings us to the epilogue that
combines for me the art, science, philosophy and inspiration for this book.
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Epilogue

Allama Muhammad Igbal is the inspiration behind the creation of Pakistan. He did
his PhD in Philosophy from Germany and bridged western and eastern thought
with special emphasis on Islam (1). His message is of Love in action, symbolized by
the Shaheen (falcon), under whose wings is the entire world yet it is unaffected by
it. Its purpose is high just like its flight. The Love Igbal talks about is not lip service
but passionate action. It requires sacrifice and courage. Much of his work is in the
form of poetry (Urdu and Persian) while his prose works are in English.
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His poem (above) is beautiful, a treat that will be missed by those who cannot
read Urdu (2). To compensate a bit, the English translation (3) is provided below
and processed by Python to determine the frequency of all the words in the
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poem. Unfortunately, Python can only process Latinized languages such as English
and German, but not other languages such as Arabic, Urdu and Persian that have
a different script. Hopefully, in the future, this too might be possible.

Knowledge and Love

Knowledge said to me, Love is madness;

Love said to me, Knowledge is calculation

O slave of calculation, do not be a bookworm!

Love is Presence entire, Knowledge nothing but a Veil.

The universe is moved by the warmth of Love;

Knowledge deals with the Attributes, Love is a vision of the Essence;
Love is peace and permanence, Love is Life and Death:

Knowledge is the rising question, Love is the hidden answer.
Kingdom, faith and fagr are all miracles of Love;

The crowned kings and lords are base slaves of Love;

Love is the Space and the Creation, Love is Time and Earth!

Love is conviction entire, and conviction is the key!

The luxury of destination is forbidden in the religion of Love;
Fighting the storms is permitted, but the comfort of the shore is forbidden;
Lightning is permitted to Love, Harvest is forbidden.

Knowledge is the child of the Book, Love is the mother of the Book.

Translated by: K. A. Shafique

NB: Fagr means being ascetic

Let’s do some Python on this poem. It’ll ruin its aesthetic value but it will make
the translation more mathematically accessible. Word search is an important
function in Literature and frequency data of words help to understand the mind
of the author.

The poem above is saved in a text file (Igbal.txt) and processed to split it into
words by separating them by white-spaces.

The simple thing to do is make a dictionary of words in the poem. The words will
be the keys and their frequency will be the values.
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Code to determine frequency count of the translation of Igbal’s poem,
‘Knowledge and Love’.

words = {} # make a dictionary to store the words of the poem

poem = open ('Igbal.txt’, 'r') # open the file containing the poem

for line in poem:
line = line.rstrip()
word = line.split(' ') # separate words by white-spaces

for win word: # run a second for loop to determine if the word is already in the dictionary
if w not in words:
words[w] = 1 # the key will be the word and value its count
else:
words[w] +=1 # count is increased every time the same word is encountered

poem.close()

print "
print words # print the dictionary

{'and": 8, 'the': 16, 'all': 1, 'Veil.": 1, 'Knowledge': 7, 'be': 1, 'calculation': 1, 'me,": 2, 'is": 20, "child":
1, 'moved": 1, 'permanence,": 1, 'not": 1, 'answer.": 1, 'rising': 1, 'faqr': 1, 'in': 1, 'kings': 1, 'key!":
1, 'Book,": 1, 'permitted,": 1, 'Love;": 4, 'Life": 1, 'said": 2, 'Kingdom,": 1, 'comfort": 1, 'religion": 1,
'peace’: 1, 'storms': 1, 'shore': 1, 'Death:": 1, 'permitted': 1, 'to": 3, 'forbidden': 1, 'Attributes,": 1,
'‘Love,": 1, 'bookworm!': 1, 'Harvest'": 1, 'warmth': 1, 'miracles': 1, 'luxury': 1, 'do": 1, 'slave': 1,
'slaves': 1, 'question,": 1, 'universe': 1, 'Creation,': 1, 'but': 2, 'Fighting': 1, 'mother': 1, 'base': 1,
'Space': 1,'0": 1, 'Time": 1, 'nothing": 1, 'crowned": 1, 'The': 3, 'Lightning': 1, 'with': 1, 'by": 1,
'entire,": 2, 'a": 3, 'faith": 1, 'hidden': 1, 'Love': 12, 'conviction': 2, 'Presence': 1, 'calculation,': 1,
'forbidden.": 1, 'deals': 1, 'destination': 1, 'Earth!': 1, 'lords': 1, 'of": 10, 'forbidden;': 1, 'Essence;'":
1, 'madness;": 1, 'Book.": 1, 'vision': 1, 'are': 2}

>>>

Here, ends this book. Python can read and process the words of the poem of
Igbal, whether as a translation or in Latinized form, but it cannot Love nor can it
produce the passionate action, Igbal inspires us with. That, YOU have to do!
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1. http://www.allamaigbal.com/biography/en/index.php

2. http://www.allamaigbal.com/poetry.php?bookbup=23&orderno=398&lang
code=ur&lang=4&conType=ur

3. https://www.allamaigbal.com/poetry.php?bookbup=23&orderno=398&lan
g code=en&lang=2&conType=en
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