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qQuality of education depends a lot on the curriculum imparted. Since Computer Science Is a rapidly
evolving field, CBSE constituted a committee 1o look Into existing Computer Science curriculum and
recommend a curriculum that is modern, relatively light, teaches timeless concepts like computational
thinking, is upto international standards and focuses on problem solving skills than just the syntax.

The new syllabus of Computer Science (083) is the outcome of the recommendations by the curriculum
review committee. The objectives of this new syllabus are laudable — focus on clear understanding_ of
concepts, applications of concepts, problem solving skills, develop computational thinking etc.

This book has been written keeping all this in mind. This book adheres to the CBSE curriculumn for
Computer Science (083) for Class XI. Based of the syllabus, the book has been divided into four units.

Unit 1 : Progromming and Computational Thinking (PCT-1)

Programming and Computational Thinking unit has been divided in 11 chapters, Chapters 1 to 11. This
unit covers basics of Python, fundamentels, conditional and terative constructs, strings, fists, tuples,
dictionaries, sorting and progrom debugging techniques. The aim of this unit is to lay foundation of
problem salving skills through Python programming language. '

Unit 2 : Computer Systems and Organisation {CSO)

Computer Systems and Organisation unit has been divided in four chapters, Chapters 12 to 15. This unit

coves basic computer orgamisation, Boolean logic, data representotion and insight into program

execution. The aim of this unit is to give an Idea of how the information is represented, organised and
processed Inside a computer.

Unit 3 : Data Management (DM-1)

Data Management unit has been divided into live chapters, Chapters 16 to 20. This unit talks about
relational databose concepts, 5QL basics, table creation ond manipulation, querying, table joins and
indexes in SQL. Then this unit talks about NoSQL database and covers basics of a NoSQL database
MongoDB. The aim of this unit s to provide idea of how data is processe

dindatabases of modern age.

Unit 4 ; Society, Law and Ethics (SLE-1)

Society, Law and Ethics unit has been divided into two chapters, Chapters 21 to 22. This unit cmeﬁ
Cyber sofety basics and guidelines, guidelines and usage rules for using social networks, threats while
ccessing websites and how to prevenl/counter these along with how to securely communicate data

- The aim of this unit Is to know the challenges In safe and secure use of cyber facilities and technologies
10 counter these,

Apart from the text book, we have also provided a practical book
Practice exercises, Although the text book contains sufficient
Exercises, yet the additional practice of exercises given in practi
Programming and other cancepts even stronger.

‘Pragress In' that contains additional
number of practice questions and
cal book will make the foundation of
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1.1 INTRODUCTION
The word Python — isn’t it scary ? Does il bring the image of big reptile that we prefer to see
either in jungles or zoo ? Well, it’s time to change the image. Now on, you'll remember word
Pythen for its playfulness and pleasant productivity, Confused ? Well, Don’t be - because, now
on you'll get introduced to a new programming language namely ‘Python’, which promises to

-
e e e

make you a big programming fan :-).
Python programming language was developed by Guido Van Rossum in February 1991.
Python is based on or influenced with fo programming languages :

< ABC language, a leaching language created as a replacement of BASIC, and

& Modula-3

ettt N S S e e v e e e e -,

Python is an easy-lo-leamn yet powerful object oriented NoTE ,
programming language. ILis a very high level programming - s |
language yet as powerful as many other middle-level not so Do you know Python, the
high-level languages like C, C++, Java elc. programming language,
In this chapter, we shall introduce you to playful world of &m::‘, :t::: : 4
Piquant Pythan [Word *Piquant” means pleasantly stimulating Python's Flying Circus.

- or exciting to the mind]. So, are we ready ? And.... here we go. e T

L B
e e i i i

[ -
P——
f
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1. If you install Python thro o n.
ugh Anaconda Python Di es with Pytho
: Distribution it loads ibrari packag
3 ads most libraries and packa
Fython even has versions that run on different languages such as Java (Jython), .NET {Imnl’yt;un] etc :
" =

12 PYTHON - PLUSES

COMPUTER SCIENCE WITH PYTyey,

Pilses of Python.
| o [?_,15}' to Use 00 Lﬂl‘lguagg

< Exp ressive Language

nguage came into being in cml'ly
i T ar
fith ever popu A & Interpreted Language

competing WL Siar
te. in PUFUl“"t} & Its Completeness

C, CH: ]a‘la ¢ f
cfect for every type © o Cross-platform Language

Though Python la
1990's, yet it is

languages such as

index. Although, it is not pe pe
application, yet it has many strengths that make it a B Open S

5 tuations. Let’s se€ what are .
uations. = Variety of Usage / Applicationg

good choice for many i

- of Python.
these pluses of Pythot =

d language with very simple syntax ryles,

1. Easy 1o Use
pmgrammer-friendiy.

Python is compact and very easy to
It is a very high level language an

use object oriente
d thus very-very

2. Expressive Languoge

Python’s expressiveness me
other languages. Reason being = few
ing fivo sets of codes :

# In Python : Swap values

capable lo expressing the code’s purpose than many

ans il is more
pler syntax.

or lines of code, sim

For cxample, consider follow

// In C++ : Swap Values

jnta=2,b=3,tmp; a,b=2,3
tmp=a; a,b=b,a
a=b;

be=tmp;

? 2). This is the simplest

which one is compact and easier o understand ? Need I say more
due course.

example, you'll find many more such examples of Python's expressiveness in the

3. Interpreted Longuoge

P ¥ 1c 1 iy LI H

-,i.-,:h?]n is an interpreted language, not a compiled language. This means that the Python
insta al;or]; interprets and executes the code line by line at a time. It makes Pythl:'m an
£ P H . . ' i
easy-to-debug language and thus suitable for beginners to advanced users

4. Its Completeness

When you i ' . .

dmf':l;:: ;r;sc;"'?n[:}']:"“; you get l:‘\'er}tll11|1t§ you need to do real work. You do not need to I
heongh \'a:'iouq nfuz:ju[aqtil;l;:r:al libraries ; all types of required functionality is available
such as emaile, web es of Python standard library!. For example, for diverse functionality
“Batteries Included” phito:;upﬁ). andard library. Thus, il is also called - Python follows

5. Cross-platform Longuage

Python can run equally w
supercomputers, :lmart!' ;;Zir]m(:n m;mt}' _Of platforms — Windows, Linux/UNIX, Macintosh
cross-platform language. Or in‘of].:c- Isndt that amazing ? And that makes Python 4 trucoy
- er words, Python is a '
portable language.
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6. Free and Open Source
Python language is freely available i e,
it free, ils source-code (i.e.,

open-source also. Do you knoy

without any cost (from www.python.org). And not only is
complete program instructions) is also available, ie, it is
V. You can modify, improve/extend an open-source software |

7. Voriely of Uscge/Applications
Python has evolved into a powe
Python is being used in many

© Scripling

© Web Applications

© Game development

© System Administrations

rful, complete and uscful language over these years. These days
diverse ficlds/applications, some of which are :

< Rapid Prototyping
& GUI Mrograms
< Database Applications

PYTHON - SOME MINUSES (SO HUMAN LIKE)

Although Python is very powerful yvet simple
language with so many advantages, it is no! the
Perfect Programming language. There are some arvas
where Python does not offer much or is not that
capable. Let's see what these are -

|Minuses of Python S et

< Not the Fastest Language

< Lesser Libraries than C, Java, Perl
% Not Strong on Type-binding
< Not Easily Convertible

1. Not the Fostest Language

Python is an interpreted language not a fully compiled one, Pyvthon is first semi-compiled into
an internal byte-code, which is then exerted by a I'vthon interpreter. Fully compiled languages
are faster than their interpreted counterparts. So, here Python is little weaker though it offers
faster development times but exeeution-times are not that fast compared to some compiled
languages.

2. lesser Libraries than C, Java, Perl

Python offers library support for almost all computing programs, but its library is still not
compelent with languages like G, Java, Perlas they have larger collections available, Somelimes
in some cases, these languages offer better and multiple solutions than Python,

3. Not Strong on Type-binding

Python interpreler is not very strong on catching “Type-mismatch’ issues. For example, if you
declare a variable as integer but later store a string value in it, Python won't complain or
pin-paint it.

4. Not Eosily Converible

Because of its lack of syntax, Python is an casy language to program in. But this advantage has a
flip-side too : it becomes a disadvantage when it comes to translaling a program into another
programming language. This is because most other languages have structured defined syntax.
Since most other programming languages have strong-syntax, the translation from Python to
another language would require the user o carefully examine the Python code and its structure
and then implement the same Structure into other programming language’s syntax.

So, now you are familiar with what all Python offers. As a free and open-source language, its
users are growing by leaps and bounds,
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ince I is an inlerp
Since Python isanin -
lo know the difference between

following information box).

not a compiled language, it woylg be g s 3

i uare ﬂﬂd
reted languag { an interpreter and a compiler (33

working ©

" Interprelalion V5 Compllation

( Interpreter

This language processor converts a HLL(High Level Language) program into machine languag,

converting and exccuting it line by line. 1 there is mlu,: error in any line, it {L‘!]U.nl it at the E:ame lime
program execution cannot resume until the error is rectificd. Inlf'mrt'lf;'l" r?m;.t a \.m} s be present in the
every time the program is executed as every time the progran 1s run, iLis first 'mf'mfi‘l('i? and then ey

For error debugging, interpreter is very much uselul as it reports the error(s) at lhf.f same time. But once gy
are removed, unnecessary usage of memory takes place as it has (o be presentin the memory always,

Compiler

It also converts the HLL program into machine language but the conversion manner is different. It conyn
the entire HLL program in one go, and reports all the errors of the program along with the line numben,
After all the errors are removed, the program is recompiled, and alter that the compiler is not needed in the
memory as the object program is available.

L COMPILATION J INTERPRETATION

Sourcy Sourco In

[ oo’

/ i 2

e

i T )= o

e fgel coda is —
{Ba;:ﬂs!;-g:“mp}hr 5 no longer required. In inlerpretation, Interpreter IS lﬂ'ﬂr
into ex piler converts the source coda required lo Interpret and -
ecutable code in one g) source code as il processes e
line by ling

Python is an inte
rprel ; .
one, e ]anguag:_-. that is, ai| the Commands you write are i and exec 1ed
re interpreted g
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1.4 WORKING IN PYTHON

Before you start working in Python, you need to install I’ython on your computers. There are
multiple Python distributions available loday,

& Default installation available from www.python.org is called CPython installation and

comes with Python interpreter, Pytion IDLE (Python GUIT) and Pip (package installer),

© There are many other Python distributions available these days. Anaconda Python
distribution is one such highly recommended distribution that comes preloaded with
many packages and libraries (v.g.. NumbDy, Sal’y, Panda libraries elc.).

© Many popular IDEs are also available ¢.8., Spyder IDE, 'ytCharm IDE ete. Of these,
Spyder IDE is already available as a part of Anaconda Python distribution.

To install any of these distribulions, PLEASE REFER TO APPENDIX A. We shall learn to work

with both these distribution types [but my personal favourite is Anaconda ;) - not the replile, the

Python distribution 3))

Once you have Python installed on your computers, you are ready to work on it. You can work
in Python in following different ways:

(1) in Interactive mode (also called Immediate Mode) (f) in Seript mode

1.4.1 Working in Default CPython Distribution

The default distribution, CPylhon, comes wilh Python interpreler, Python IDLE (GUI based)
and pip (package installer). To work in infe

ractive as well as script mode, you need to open
Python IDLE.

1.4.1A Working in Interactive Mode (Python IDLE)

Interactive mode of working means you type the command
Python exccutes the given command there and then and uiv
you type the command in front of Python command prompt >
front of Python prompt, it will give vou result as 7 ;

= one command at a time, and the
s you outpul. Ininteractive mode,
= Forexample, if you type 2+ 5 in

333 2 4 5 a— command aprenon pivert liere
Reaule returncd 2

h‘ P:,'IJ“"] »7
To work in interactive mode, follow the process given below :

() Click Start button — All Programs — I'vthon 3.6.x -+ IDLE (Python GUI) [see Fig. 1.1(a))
Or
Click Start bulton — all Programs — Python 3.6.x

—* Python (command line)

F,t_h:ﬂ if
* DLE Python 35 32-ba)
B 2anends oy -
% Fythen 36 Manusks 02-bq) \

* Fyhen3SMedie Dees 02-( Click here 1o open IDLE,

——

2] [l ilel™S

Figure 1.1 (o) Starting Python Shell
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re you'll see the P [hnn

. thon Shell [see Fig. 1.1(8)] where you'll's ython promp,
P L P}' on

(i) Tt will open

signs ".ru }:’}}'

(threg o,

= &=

e . ! = - E— it
—— - - e |

|
jon.
:2 blt-[lnul}i::l' '-:i:::] ts" or "license()” for more Information !

»| miwlw"‘” :

nteractive mode, you can
:1:. commands in front of it

[
]

. 1 i ter = Python Shell.
Figure 1.1 (b) Python's interactive interpre Py The Inte Y=
of Python is alsg
g L o

(i) Type commands in front of this Python prompt and Python Python Shell,
will immediately give you the result. [see Fig. 1.1(¢)] P

[ESNIEY =)

L #yhom 103 Tt

3 Sl [ebuy Cytomt Wndow fep .
?:ui 365 (V16555091258 Mar 28 2018, 16,07 35) [MSC v. 1900 32 5it (Intel)] on wind3
Tree "comrig™t”, “oredits” or “Ticenze|)* For more informatiga,

el e
7
Thiswayofghing L__|>»>s=1) See, vanous commands |
name or expression in :;,‘ typed on prompt »3> and
tronl of >2> 5 cated »5 5430 Python immediately
csplaying. 1 retuned the output |

a_: k-1l

—

Figure 1.1 (c) Interactive commands and their output in Python Shell.

For example, to print string “Hello”

on the screen, you nee
Python prompt ( >»» )

d to type the following in front of |

33> print ("Hello") .

And Python interpreter will irnmcdialel}' diﬁp]a}' string Hello below Interactive ‘mode pmé ¢

the cunfnmnndl. To display, yYou just need 1o mention name or very useful for testing code;

expression [Fig. L1(c)] in front of the prompt, you type the commar ¢

Figure 1.1(c) shows you some sample cq one by one and get U
*COmmands ) s :

Python shell and thg P s that we lyped in

output returned by Python interpreter,

Pl Mode (Pythan IDLE)

_ O save al] the
output lines together rather than

mode, you cannoy do so, for .

5% Interactive mode dpes not
© The Output is sandyy;

result or error one by o0

1.4.18 Working in Sri
What if ¥ou want

ccmn}ands in the form of program file and want [0 SE:;H.':
sandwiched between sticcessive commands ? With inter3

Save the COMmands enfereqd by you in the form of a ngrd.mq
ched between 1,

€ COmmand Jines [see Fig 1.1(c)]. :

1 5ave the ent
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The solution 10 2bove problems is the Script mode. To work i 2 serist mede, e
the following : . ittt

Step 1 : Crec's Wiodule / Scrigr [ Progrom File
Firstly, you have to crezte and save 2 module / Soript | Program file.
To do so, follow thew instructions -
(i) Click Start button — All Programs — Python 353 — IDLE [Fiz 12(5)]

(1) Click File — New in [DLE Pathen Szll [Fiz 12(3)]

e e ——

(i) In the New window that opens, e the commands
¥ou want to s2ve in the form of 2 program (or soipt). v
[Fig_ Il.’h] I 7z G Segipy 7 wvl pz orpT

P . _ ‘ Wit & rrarrhes o, B
or mszance, for the simple Hello World program, for sorer mote, et ) ot
vou'll need to type follorwing lin % prefenatly wed o pres

ing line -

print (“Hellowerld ! ®) e
T Fymeom el [}
Fir | I3 Sl Zety Tomiors Frdows Fes ]
Lo Oy =
P g S *®
e T T
Comt b Lot
Far~ Beveriar 4__4‘-_'.*'_‘!-_-}' = E .
pr Ceta “Eu- 2t Fr== b e Prdee S
T B Crtelr-3 B .
e Copyle, Lr-%raeef ooy l
. . |
Foex fimdem  (2eF i
Oz Ly |
L Cete I _
{ lel CX=
(2) File — Kew comma=2 iz Pyzhon Shall (2] Ty commans n rva Blami S (s mrds)
T Ut i's“-k =5 —-
E]'Elh'ﬂﬁﬂnﬂﬂm hnll,—r — —
o S h—— - i = Y - ey . o
tiem Erdow  Cidaly Copemi * e Soutin o -
Cpe_ Calr I,“"_# . # =& -
Femnx Fies ’ ¥ W o i =
Cpon Uodde . L2-u4 I N Snbtng - o simI e e
oy " 1 ,'_:..... ;. ade SIED P el
—_ [/ v bwme Parm . e 35 R sl
e LR 'J - ::th:m - Lim i gy .-',s.'.
oy i [Emrarme i o
tewis [P \‘J-‘; ot e 4 0 Limmiemu seed
oo Copy e AN-Tham.5 - ::‘"-""“' i U s e S PIRT .Y B T
= I w Ll & ey “"—"l-prl'!'m i =3 oy i Nl
Pt fiwdoe  Cot-p oy S By 4 | =" i
Coae P B - é’ B .
Ext Oty Tor sy iz 5| ..:

f
f
;
I
3
g
]

L
I

[ = .
'S8 12 (c) Save file with .py extension with File —» Save command (Seript mode).




(iv) Click Fil
has -pPY

¢ —» Save an

d then save

g 1209}

exlension [Fi

Hello.py-

the file V
For instanct

disk and

vith an oxtension .py. The Python p
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we gave the name (o our Program 4
a§

the saved file will have .py extensiqy,

Now your program would be saved on the

cript / Program File

is created, you can run i

you created in previous Step 1 by Using

Step 2 : Run Module / S |
t by following the given instructippg .

After the program/script file

() Open the desired program/script fi
IDLE’s File = Open command.

If the program / scripl file is already open, You
g. 13(0)] in the open program / script filas

le that

can directly move to next instructiop,

(i} Click Run — Run Module command [Fi
window.
You may also press F5 key.

= e )|

pmEEE—————

| Hela gy - C/Users Edun/AneData/ =l

m Run | Cpbeng L'.'miﬁ’;‘l |
P,than Shel .|| | Click at Run -*Run Module
rint ool @ Wor Chech Module &R-X 4 gommand 1o run the opened
f | o Medide T30 ) program / script.

-

|
b2 Cet 2l
—_——

Figure 1.3 (@) Run — Run Module command (Script mode)

b L% [ II. ," gr , b

opened and show you the ¢ o i
. 13001 omplete output in a separate Python Shell window.

|4 Preton 163 Shet

Bl [de Shed Drbvy Crtioms YWindow Help

- ].E- { ] 5 ]'J s Z E : HE‘}
F]‘l\al 5 L E 55:!39 =] "!‘l JE D: .lha v

Tm “co L -
333 PN "eredits” or “lieensel)” for mora iaf

| =i E ety

MSC v, 19
crmation. 0032 kit {Intel)] en win32

= RESTAAT: C:\U ;
Hulli; Werd| \Wsen\idy |W=~I}a~.a\1u Thb: E;ﬁmp? oulput produced | .
EFEY 2 :'uﬂllwhﬂnm > 2"-Hl|iu.p\!=
J applied Run Medulg {
command,
s |

L& Cekd

e
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1.4.2 Working in Anacondo Distribution
Anaconda dislribution comes with many preloaded packages and libraries. You can work in it
in both interactive and script modes. Anaconda distribution provides the following tools that

|I you can use to work in Python.
& Jupyter notebook. It is a web based, inleractive computing environment.

/ < Spyder. It is a powerful Python IDE with many useful editing, interactive testing and

debugging features.

{ Let us learn to work with both,
1.4.2A Working in Jupyter Notebook

In order to work in jupyter notebook, you need to first launch it using Anaconda Navigator® as it

l has come preloaded with Anaconda distribution.

/. Launch Anaconda Navigator

|
P i — = .t
| -
B e
|
- r —

| |
' ) ANACONDA o e

|
;

| nl-nr-n-. R °
[ - S @ Py
.‘-_.‘
| 0 g ik [rpra—
| e e e e
— Ty g e s i e B i S0 0 b
| e r_— Click here to launch
Jupyter notebook.
—_—
| | © o
| AW
| 'y ol
| | e5 b
| Wis wid rte
L Ly
! PO Tl D ety e Ry, R i —
| B e g iy - Ern Ry Pl B EH gl
(o e vy e e R Wt psiny, b g -
S e S B Thes b ey Click here to law wch
S spyder,
| |
I ¥ & ¢ .



|
f'

| Z Jupyter

Fies  Ramnz  Clowes

mlmumxtmimm

2. Inanew tab, it will open a new nolebook where you can write and run your code.

COMPUTER SCIENCE WITH PrTHON :

i‘ l.i En'ﬁ'i Onm nl, it wl" bE 1 . .-.
b Ok i5 a "lrEb baSLd Cﬂn‘lpu g C I

i i ﬂﬂte o r

j . Slﬂcc ]uP ler » n

“’Eb blOl'ﬁ'S{‘l . dunc hed

Your web browst

4 notebook dashboard (see below)
}'U

N
eI !

¢ will now show

C '@bﬂbﬂtiﬁl"*"

This Is nolebook
dashboard

foarmd ' L .' .

3 - B/ | =

4 morths 332 | Taxt Fle _—
Cat |

5 baurs 337 [ Foidar

[ AnzcondaProech

& months 33 2munal
e J 2N N N

—————————

4. On the notebook dashboard, click at down-arrow next to
Python 3 to create a notebook for executing Py tlmn

| T - I
: e o B et N I —_Eﬁ
C Qiares v, N |
< 1|
)
Name of new vgat
Fiss [ Veea . - nolebook Tz [','-_I-— 10 l|
> o
B + p o : Before wriling python J
e S WEam e ow Cies code, make surg itis | |
showing Code here |
| =0 = |
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Interactive Mode

6. Torun Python code in interactive mode, type code in code cell and click Run. (see

below)
[
fesitons) 1" 5 X7 8 v x = e X/ B uetes  x\ _
| c .(Dh':lhns:i.*&'_ noieboohiUnnties) iy hlaummal | C @ilcaroniii ‘--.'7.’.».'21"._'-.]_’"'- gyt hiern !
— g . [ e
| = Jupyter Untitied3 To run the code in ~ Jupyter Unttied3
Current code cell, i
click here ' N
Fia Edd | Fre Ece Vas roert Cet Wl Widputy
C + 3 9 |G + 2 20 4 + HRA B C » oo
It will show the output
PR— e A | B below the code and
- In [1]: orlnti"Rello™)
In [ 1: print(“hello" start a new code cell
e ) Write code in the heallz below I.
code cell |
| In{ ]:
- — w[ new code cell
Figure 1.7
Script Mode
7. Toruna script :
(1) Write the code of a Python script = a group of Python commands - in a code cell.
() Now click on its name lo give it a new name (sce below),
le e :i-‘.in:
T hame X (@ Urdes) x {0 emded  x
| C '@ioares:: - - | Clickhere lo give Ty :
‘ " name lo your ~ oy o Usated] xR Uetend 'S L
|~ JUD}'tEf python script C Quaron Lo R ETa B Toa SR - T O |
:-.—r_-: r_ —
= Raname Naehook
Fie Edt  “Vea  Inwsrt  Ce Hen Vs : aname Noteboot
- “
S + 3 20 4 + WRA B C w Z:-:'. Etyr 3 g momErch P S[J‘Eﬁfy name to
L% | your pythonseripl]
et pd

print(“hello werld™)
print("I aa programming n Python™)

1
] In [ ]: & tris is pyrron serizt
1

A python scripl
having multiple
python commands

L——

Figure 1.8
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i e it.
() Click on save icon first to sav

(d) Click Run to run your script.

< X ¢ & senptlpy
x u—:nle::a
Home 2

C @ localhost -850 noteboss

3l

f o Jupyter script1.py

{

print(Tnel

-iing in Python™)
print("I an prograraing 1n pythan™)

helle world ~
I &n pregramning in Python

[ Ing1: | B
Figure 1.9 . =
(¢) You can check in the notebook dashboard, which is open in another tab ; j
1v script.
5 rour currently saved scrip
show you the name of you Pt
=)= _E:_;‘l
T kome  x Uasitls = soriotl X
C @ lcczhost ' o
— Jupyter [The script that =t '
you saved A - \a
IS 55 3> menths 2as :
S£I0Nds 200 To create 3 5
3 fesrs 2mn noteboak, use com
) ; File — New notebo
& unteiad) ipyr 3 nours 2gc
Figure 1.10 ! - _ ’ " .
| | 1

was
...............
............................................
..........................................

1.4.2B Working in Spyder IDE

Spyder is a powerful interactive development environment
advanced editing, interactive testing, de
community recommends Spyder
development environments recom

distribution. It is my personal fa
Python.

To launch Spyder IDE :

() Launch Anaconda Navigator
(ii) Click on Sp

for the Python language wih
bugging and introspection features. In fact, Datact‘i]mog
IDE as the most preferred choice® out of top 5 Py

: da
mended by it. Spyder IDE comes preloaded with Anacon
vourite for working on '
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Spyder Inlerface

Once the spyder
pyder is loaded, you will see following interface -

® Levde P14

T i ot
DB acme »ige e e o ———olinllp
L 1 T TR = ME=e=nn Ex P N -

O w0 [ -
. — - @ b G+

.

[

Spier L2y ar |—==
i Al

Ihin ia " . .
g S & L i e ol TRY LRt A f]s

e
v

Hitw yiu tan gel beln of any
? ot Ly presung Cul e ) in
M froet of 0, echer on the [ator
ol e Cornole

Ty | fw e e

Piver prmey L]
D trmeraD ) B#al
Fytror 3.8.4 |arpzengs, 1mc.| (default, Jan 36 2018, |
10020 %%) [R50 v, 1800 37 pie (I-1e])] !

Tyow Tcopyrigst™, “crecita™ or "licerse™ for sors
Informaticn.

Edltﬂ‘l’ pano IPpthom §,2.1 -« An gabanced Interaitive Python,

To create senpts,

I (1] primi{"iella™)
work here

relle l
tn 131 | IPython Console '|

To work in interactive mode, type
command(s) here and | will give

the culput belaw the command
gty
- _ Fr—mies AW l=a ¢ I-n-rl__“ Loty utr s l

Lea P [elemr | Me=ery 3% |

Fiqure 1.11

Interactive Mode

To work in interactive mode in Spyder 1DE, type your command(s) in the IPython console
panc of spyder window. It will give you the output of the command there itself. See figure
above where we typed command :

print{“Hello")

in the IPython console pane and it gave us the result below it

We favour ANACONDA PYTHON DISTRISBUTION lar these simple reasons :
() itis free and open source ;
(i) it comes preloaded with many packages and libraries,

(/i) it offers jupyter notebook (preferred choice for bloggers) and spyder IDE like toolkits to
write and Python scripts and code interactively.
| personally use Anaconda Navigator and wark with Spyder IDE mostly and also on
Jupyter notebook sometimes.

Script Mode

To work in script mode in Spyder IDE, type your script's commands in the editor pane.
© To start a new script file, click File — New File...
& To save current script, use command File — Save or File — SaveAs.

© Python scripts have File extension as .py.
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(@ tave tir >
rﬁTj-E ' Seamch Source Fun et | C\J [ = CSPysaaxoll) ¥ Oaptl S Cl e _fT
D Newlie cu-ni < Create new script fle § 1o . =8 |
"L Lseriiadi * lame Cotemedifad Tipa
= Open- Cul=0 o Pt Pusces - HA ERGTRIINTM bpeen 1
Openlastclosed  CtrleShifteT s dontcuert =44
Open recent k =4 L | !
| * Dequments iy |
L Sae Ctri=5S o M i
L Saeeall Ctife AltaS Save commands 5 N Sure o selec
|5 Sneas- Curt-Shift-5) *2 Save as typa by
!z‘, Save Copy RS- : o) Hemegrup clicking this arrow, as:
' :. e — Python files
o.. £ Leas Dub I':Jm-_" _
‘A Fig zarma: Haed S
!n-trlt.-s__:_ R ——
| = g Felden
Figure 1.12

& Please make sure Lo select file type as Python Files.
After you have typed your script (and saved it), you can run your script by :
& Clicking at Run icon (sce below) on the toolbar

Or by clicking at Run — Run command

Or by pressing shortcut key F5.
e Bymem I Lo i i
fo Lhe eers fewis P 1 T e
Db :'__ . _ al E'l Ei (‘ c HJ :: t= I'.= » E E :‘: ;' - ‘- -} e fap. Evee s ] - b *
_;Cn\,.!l"‘\.“h! /x
O wex0 | St -a Q
1 e = = T T
4" |! e =
J bppder Dditer | Steterar? ] .
i
5-!-4| ir & temsorary sicipt Tile "'H!‘rwcﬂnuﬂhdpdmr
b e : | chjet by pressing Crle lin
Ppeint{Tnelin wrle ) hiont of o, either on the Editor |
'al"l'l"'!‘ f oem progreasmlerg |= -',||..—'} . | o the Consale.
[ L ] = | __.;I
18 l. liemercws | fmrcor s
i-. Pyter crma r=
0O tesa
Type commands for % i ghe A SOt ﬁ--——-rv-'"'ﬁ'!"""!
your script hera and % :i:nl“] [MSC v, 199 32 bit (Intel)] ’
i . ype “copyrlght™, “credits™ or “license™ for sore
sava il using 'l- Inforsation. |
File - Save or . |
Moo ——— File*Save As ‘. IPython §.1.1 == An snhanced Interactive Pythod. ®
J . -
r." - LS commands . 46 [4]1 primt("reilo”)
hello
i [
Please make sure to dlick, lin 12 i :
;hl - mmwm| 12]1 runfile( 1..fLrur|.'l..ip:u;:;r-.Ctr py ditemg IT 8
you run your script. 50 as EAllsordd
|tﬂll-m cursor In IPython a8 pregrameing In Python 'I'Mmﬂpmﬂf
'console, In (1)1 oxecutod script ;
: | Pt ! I
- v | gy | | '
L-.- L teeesww  laeies (M Inedep WIS lee ® Comw | bemey U5 y
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pyScripter IDE - another Popular IDE

There is anather free and open source IDE by the name PyScripter IDE available. You can also
use it for writing and executing Python programs if you want, Its interface looks like as shown
below. For interactive mode, you can lype commands directly in console window and for script
mede, you can wrile script in the editor pane and then run it by pressing Run icon or through
Run menu.

]'JI_'IE.” Sah W Frmgr1 Rom Towi Moy

ArS Al bl N ot g s g -...;,. o = o g LA A SO

RRCLILI. . % icd [ "

Y-
e e—pate

o [ Lol Dl )

N FICOVIPR D |
s i WO FN DLl |

i

i [ i

here

.
i
i
5
[l
i
1

i

1

Famad — —

E Python Inforprefer Console
Output will be shown hare
s Mmk T Wenaben o Weliber g Brampeet S Metiagrs o boptan bitepater

Peasy :

Figure 1.13

Now that you are familiar with different ways of working in Python, we can proceed with our
discussion of Python. Although you can work on any of these, my personal favourite is
Anaconda Distribution and Spyder IDE.

1.4.3 Writing and Compiling Python Progrom with Command Line in Linux
To create and run a Python program on Linux platform, you need to do this :
(i) Write your program code in a texl editor.
(if) Save your program with .py extension.
(ii) Compile and run on the command prompl by giving appropriate command.

Let us see how.

Typing Python program in o Text Editor

There is a variety of choices for text editors when it comes lo Linux. There are command line
editors like nano, vim, cmacs etc’. ; Or you can work with the GUI editors like Sublinre Text, atom,
brackels etc. This really is the choice of the user.

But here, we will be working with Subline Text 3.

Let us see, how we can write a simple Hello World program in Sublime Text and compile and
run it using the terminal. (Please note that Sublime Text editor must be installed on the machine
before you can use it).

7. Vim and emacs have their GUI version as well.
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lime Texl)

Press the su
-n Lo apen sY
ge comm
en. Wrile the hello W

xt Editor e per key (windows key) and search for Suﬁliﬂ-.g

plime lext. Click on the icon and it wjj| 5

nd File - New Or press Ctrl + N on they,
orld code : '

Coding in Te
(i) Open Su
you will

(i) Created Ne
(iiiy A new untitl

priﬂt("HEI

w File, Either ¢t
od file will OF

1oWorld”)

¥ <Zsublime Text {un_azalsrzaem

“esktop/hello.p
et Tools  Project preferences  Help

rile Edit Selection Find | View ()

«r  heflopy .

{ | print{"tello World®) .rh
bl

(fiv) Save the file with  proper
extension. For this, use command
File — Save or press Ctrl + 5 from
the keyboard.

I CP7

In the Save dialog Lhat appears,
write the name of the file and give
an extension .py. We have named
the file as hello.py.

FRrE "
e
|

Compiling and Running the Code using the Terminal

() Open the terminal. Press o
appear. ss Clrl+ Alt+ T from the keyboard. A command promp! il

(if) Go the folder where you saved the file®
(i) Type the followi .
OWing command in front of (he
Python <-Filena:r|e>.py RO En prese enlex

That is we shoulg type follow

ing co ] 4.
Python hello, py & command to compile and run our program hrl'fo-ﬂg'.'
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cdopllilar@FLASH: =/Desktop

File Edit View Secarch Terminal MHelp
dupillar@FLASH: =5 cd Desktont

dupillar@FLASH:~/DesktopX ’:hun hellu.nv

(iv) It will compile and run your program. You will see the output of

terminal window.

‘edupliar@FLASH: =fDeskiop

File Edit View. Search Terminal Help
duplllar@FLASH:~5 cd Desktop/

Ll

dupillar@FLASH:~/DesktopS python hello.py

ello World -
dupl‘lllrgru!&%ktupS |

1.5 UNDERSTANDING FIRST PROGRAM/SCRIPT

Let us create our first program — a simple “Hello World” program. (We are using Spyder IDE

for this. You can use any of the above mentioned options.)

To create this,

/. Start Spyder IDE or any other editor of your choice.

2

fiMy First Program
print("Hello World!™)

Start new file (File = New File) and type the following text in the editor window :

the program in the

T —

@ Spyder (Pythan 1.6 b it 1 — —

— — Ete [d¢  Sesch Fruze Fun [etuy  Comiies Projecti Joch Ytm Help
File | Edt Search Scurce Fun  Cebu |=* - R e
D1 Hewfile Culell -""E;i ERLEQ »BBEDE NG =g BX

- Lj‘ |L1-.r-._bl':-1 4 nurTiesl oy I

B Open. Crd=0 o w2 0 s Cowee v| Ome

Open last clesed Ctrl=Shit=T | ————

Open recent ’ I | l UEBQE. _‘l
o G Corle i |

) . o | Here you can geat
) Creenll -_o.,...-l¢, 6 'n'.( ) ] I_ Eﬂpﬂfﬂﬂvob]“ﬂ
% Seen. CtrleShifte5 ‘ reecow | Reedow | heo |
; Save copy 0. [ Type code for [y comde

Revert | your program Q comena D I

here Python 3.6.4 |nnl:uﬂdl, Ir

Permirncne RW End-of-ines CALF  Enceding UTF-8

(default, Jan 16 2018, 1€:
v.1980 32 bit (Intel)]

Type "copyright®, "credits
"license” for more informa

IPython 6.2.1 -- An enhanc
Interactive Pythnﬂ.

In [1]:

! Heory g |

[v.nmn-m
Une 8 Column 23 |
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3. Now save your script with a desired name. -
) iles.
m Make sure to select Save as type as Python . 8
® Give .py extension to your python program file.
£V 1 pewe CRASUSETERISNS FssssIErERITRR TNy - il
4. Now run your script by clicking Run icon [ p» ] or t.’)l Ehcklng Run o Run mmman
by pressing F5. (Firstly, click in IPython console window) d oy
3. 1t will show you the output in the console window pane (see below),
@ Spyder Python 16) o, = .
Ele [dt Sewch Souge Eum [ebuj Comicles Projects ook Yoow Help e
DB 24150 pBERE Hui==nD BX 4o € -
Edir - E: Py Pen Work Wy & X hely - o x
O mierB3 | Q Sasce|Cosce ~ | Copect & Q
= mverkd | B L |
1v .o — B
2o | Ussge E E|
3 Bauthor: Sumita | M
N e ‘ Here you can get : It
eprint(“Halla r._--r‘“:‘_')]i-* —'—'-——! “""“'_!'ﬁ"'_f‘“!—_;::t:h___‘:r i r:'.,:________—
- b 2]
: Yo Prvon cruce 8 x
*o, Qi omen@ | Bea J
.‘ -
'o. In [1]: runfile( '{ vy then Work/
A i Lon Work)
\Hello worla!
X The outputof | | '
In [2]. executed El:l"ipl il |
i Pyton cormde | Metry g | I
{ Permaucns Rw End-cl-fnes crLF Enccding uTr.m e B Colume 3 Memery: 74 %

.q-n.--.--»a-.qnnli---------q-ol-l--o-..---....... .5
L R e
0

Analysing Script and Output
Now carefully look at the seri

Pt that you typed.
You typed two lines -

# My First Program
print(“Hello World")

But Python Bave you just one line’s Qutput as -

Hello World)|
The reason being that any 1:
y line that begine 1:
; for the Prﬁgrammel-'s . gins with aas s}rmbul isa com tin Pyvthon. Thﬂt
£ witha s, information only ; Python 1o ment in Py 1

il completely ignore all the lines §
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Understanding print( ) |
To print or display output, Python 3.x provides print() function®. You can use print() as
print(<objects to be printed»...)

¢.g.. when you wrote

0 a — String "Hello World™ is the
Dt'il'll - " Uf’;tﬂ to be PF'I.HII'LI'
e 11 print(“Hello World| ) |
it printed :
Hello World!

Similarly, to print other strings you may give somethin g like.
prnt( ) e . String object ‘My name is Misha®
slalement 2 Fl"il‘lt{ 'H)' name is Hisha"} to be printed.
it will print
My name is Misha

Carefully look at both the print( ) statements given abov

e. Could you notice anything other
than two different string values ? No ?

Carefully notice that the first string is enclosed in double quotes and the second string is
enclosed in single quotes.

e Sming enclosed in douhle quoles
print(“"HelloWorld!™")

a— —— Siring enclmad in single quotes
print( My name is Misha')

Both these strings are valid in Python. You can enclose your strings in either double quotes orin
single quotes, but just ensure that opening and closing quotation mark should be of same type.
You cannot have a string like

Errir? operting and clising Quotation
‘Hey there” = marky do nol match

Following are some valid print( ) statements.

print('The Golden Ratio')
print("has same letters as")
print(‘The God Relation')

With this we have come to the end of this chapter. Let us quickly revise what we have learnt
so far.

10. In Python 2.x, print is a statement, not a function. .

— W
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" _ ,.r' PYTHON INTERACTIVE MODE fogress ln Pﬁl\q]

conda Navigator and then

Start Python (Ana perform this session

On the [Python console
t as calculator o 14 e by
Python promp - b N
1. In front of Python .l‘n"'{}"* TE;: n=mo »ROB® b Xre
. g I“l ]:' f]J'P'-' ﬁTHI‘.THIHIS ::-::;-:-l-ll- I

expressions one by one, by [
pressing return key after s S
cery expression, €. ' .

Pyt 6.3, -.
e, """"*""'--h..

In[1] :6°*3
It will show output lines
starting with Qut[]: eg.:

out[2] : 18

Is [8]: w

aafa] e %

1= [a]

Science with Python ond fill it there in PriP 1.1 under Chapter 1 after

@ Pleose check the practical component-book — Progress in Computer
q
proctically doing it on the computer.

Su>frcd

WORKING IN SCRIPT MODE

;P Progress In Pwhon 1.2

Start Anaconda Navigator and then Spyder IDE or any other IDE of your choice,
Open new File window

Click File —» New File in Spyder.

L. Type following code (as it is) iy fhe new

print ("Hello Nathan*, "
ereetl ="Hello Nathan®
greet2 ="Hello Lalit"
namel =" Nathan »
name2 =" La]j¢»

print (greet, greet2)
Print (*Hello "

window opened by IDLE 1:
Hello Lalit ")

F namﬁla nl ", namezj

Pleose check 4 i | .

€ Science with Fﬂ:oir::ﬂ:ic?l  nPenent-book Progress in Compuler
Pruclir:: IIIII . .’here in PriP 1.2 under Chopter | after
@lf doing it o the computer. .

S35 cce g




Chopter | . GETTING STARTED WITH PYTHON

LET US REVISE
___._______-ﬂl

|
<& Python was developed by Guido Van Ressum In February 1991,
< Python offers following advantoges

2 casy to use
2 expressive
2 compleie
2 cross-platform
2 [ree and open source
Python also has these limitations :
2 Not the fastest language
2 Lesser libraries than C, Java, Perl
= Not strong on Type-binding.
In Python, one can work in two different ways : (i) Interactive mode, (ii) Script mode.
Interactive mode does not save commands in form of o program and aiso, output is sandwiched between commands.

[nteractive mode is suitable for testing code.
Script mode is useful for creating programs and then run the programs later and get complete output
Python is an interpreted language.

Python's interactive interpreter is also called Python Shell.

Solved Problems

2.

Who developed Python Programnting Language ?
Solution. Guido Van Rossum in 1990s developed Python programming language.

Is Python an Object Oriented language ?
Solution. Yes, Python is an Object Oriented language.

‘Pylhon is an interpreted high level language’. What does it mean to you ?
Solution. ‘Python is a high level language” means it is programmer-friendly ie., casy lo program

and comprehend.
‘Python is an interpreted language’” means it requires an interpreter (not compiler) to execute ils

code line by line — one statement at a time.

Python programming language got its nanwe from whicl show,
Solution. Python programming language was named after a British TV show namely ‘Monty

Python’s Flying Circus'.

What does a cross platform language mean ?

Solution. A cross platform language means it can run well on variety of platforms like Windows,
Linux/Unix, Macintosh etc. etc.

Python is a Free and Open Source language. What do you understand by this feature ?

Solution. It means - to download Python, one needs not pay anything, because it is Free. And its
source-code is also available, which can be modifiedf/improved etc., because it is open-source.
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. jnt Pyllon 7

ipt ™ n prompt (c.g., >
f python P 8 > gpy o
o . in I’rﬂn‘ B . . ll][
etuweet! inter™ ions ¢ g . ingtnlCliUn and shows lh? result there sl £
E Jiﬂﬁ‘n’”ff " inslrﬂdl t the gi\r{_'l'l , “'i.th _p}r extension and are eid
Jpuat 15 the gine MOACs ;o5 OU .+ wenerally ; f
:a:'lulll‘" '"g:ﬂ:;lfell.l‘)"h”" @ gtored In 2 file E:; known a8 python seript or Python Prnxr.::
- yLha . ang are PR
Pwmplsl in h[, thon i tmc-t]l-znsqav“d instmchon 1
. I, ¥ it e ¥
Jnserift G as a uot _ |
c{ht‘f mn ne I'lllﬂ' r[l.tii.' . .'I
o p will be the outpu! of fole™™
What ram |
4This 153537 g

' joe reason-
joices and give ™

. g X
from the following s stich as

Pick the correct outpul put simple stalem

(a) Thists a cample progratt to out

ey
Take every chance.
prop every fear. |
{b) Such as |
Take every chance.

prop every fear.

{c) Take every chance. |
Drop every fear.

sy

Solution. The correct output is (c).

==

Reason being : the code lines beginning with a # sign are comments. They are just for information

and ignored by the Python interpreter. Hence, the third line #print ("Such as") will also h&;
ignored by Python interpreter. Thus, the Python interpreter will give output of only pﬁnﬂf'f
statements. |

|
Which of the follotwing are not valid strings in Python ? |

o -{u) "Hc}lo" () ‘Helle®  (¢) “Hello’ () ‘Hello” (¢) {(Hello}
ution. Strings (c), (d) and (¢) are not valid strings in Python

is compatible
us
m{"‘"‘ura for “'I'I plﬂﬂom‘.s.

ich ml.lrcu_md .
ol P, ¢ is freely availgble,

Chaplef
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GETTING STARTED WITH PYTHON

Conceplual Questions

Short Answer Queslions/

leased 7

When was PPython e
loper and which two languag

Who was Python's deve
language ?

What is a cross-platform software ?

What are the advanlages of Python progra
What are some limitations of I"'ython programming I
ferent ways, can you work in I'ython 7

es of working in Interactive
script mode

mming language ?
anguage 7

fn how many dif
What are ad\'anl.‘lguﬁfdisndvanlag mode in P}'lhnn ?
What are the advantages/disadvantages of working in in Python ?

Type B : Application Bosed Question

Write instructions to get the following result :

Math is Fun sodon’t be resistant
Just learn the rules, the rules are consistent

And most important, youmust be persistent !

Adding fractions, get common denominators.
Multiply by missing factors to get the denominators.

Add numerators only, NOT denominators.

Do it in both interactive mode and script mode.

¢s contributed to Python as a

pmgrumming
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Fundamentals
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2.1 Introduction 2.4 Barebones ol a Python Program

A
' _ |
2.2 Python Chamcter Sel 2.5 Variables and Assignments

i
2.3 Tokens 2.6 Simple Input and Output

21 INTRODUCTION

You must have heard the term IPO - Input, Process, Qutput. Most
and computer actions are governed by
Processing and an Output.

(in fact, nearly all) daily life
IPO cycle. That is, there is certain Input, certain kind of

Do you know that programs make IPO cycle happen ?

Anywhere and everywhere, where you want to transform some kind of in
you have some kind of input to certain output, you have to have a program. A program is a set of
instructions that govern the processing. In other words, a program forms the base for
processing,

In this chapter, we shall be talking

You'll be leaming about Python's basics like characler sel,

lokens, cxpressions, stalements, simple
input and output etc. So, are we all ready

to take our first sincere step towards Python '
Programming ? And, here we go :-).

put to certain output, |

about all basic elements that a Python program can contain. |

|

i ';l'ﬂ
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2.2 PYTHON CHARACTER SET

COMPUTER SCIENCE WITH pyyy,

d

is a set of valid characters that a language can recognize. A character o
tisase '

N i o - - h
C]n:'t;-sltl't;: ;*1:5“ orany other 5}'mbul. Python supports Unicode encodmg standard, That me%
:;fhon has the following character set :

¢> Letters A-Z, da-Z
o Digits 9-9
- = |===¢ ).'"m,‘:xl
ial symbols space +=*/**\()[]1{}// , ;
©Lpedaly & # ¢=>=@_(underscore)
¢ Whitespaces Blank space, tabs (—), carriage return (J), newline, formfeed,

¢ Other characters Python can process all ASCII and Unicode characters as part of

dataor literals.

2.3 TOKENS

Ina passage of text, individual words and punctuation marks are called fokens or lexical units o
lexical elements. The smallest individual unit in a program is known as a Token or a lexical unip,

Python has following tokens :
(1) Keywords (i) Identifiers (Names)  (ifi) Literals
(fv) Operators () Punctuators

Let us talk about these one by one.

2.3.1 Keywords

Keyiwords are the words that convey a special meaning Lo the
language compiler/interpreter. These are reserved for special
purpose and must not be used as normal identifier names.
Python programming language contains the following
keywords :

False  assert  del for in or
None  break  elif from is pass
True  class else global  lambda raise
and continue except  if nonlocal return
as def finally  import ot try

2.3.2 Identifiers (Names)

Identifiers are fundamental building blocks of a
terminology for the names given to diff
functions, lists, dictionaries etc,
Identifier forming rules of Python are being specified below -
< An identifier is an arbitrarily

© The first character must be a

TOXENE _:3

The smallest indiwvidual unit In 3
program is known as 3 Token or
a lexical unit,

A keyword is a word having
special meaning reserved by
programming language.

while
with

yield

program and are used as the general
erent parts of the program vis. variables, objects, classes,

long sequence of letters and digits.
letter; the underscore ( ~ ) counts as a letter.,
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PYTHON FUNDAMENTALS

© Upper and lower-case letters are diffe
& The digits 0 through 9 can be p
o Identifiers are unlimited in len

treats upper and lower-case ch
& An identificr must not be a keyword of I’

& An ide

Myfile DATES 7 77
MYFILE _Ds
_CHX FILE13

rent. All characters are significant.
art of the identifier except for the first character.

Bth. Case is significant i.r., Python is case sensitive as it
aracters dilferently,

vthon.

ntifier cannot contain any special character except for underscore ().

The following are some valid identifivrs -

227029

_HII3_ 3K Python is cose sensitive as it

treats upper and lower-case
characters differently.

The following are some invalid identifiers -

DATA-REC conlains special character - {(hyphien)
(otherthain A-Z, a-zand _ {underscore) )

29CLCT Starting with a digit

break reserved bevword

My.file contains specal character dot (L)

2.3.3 Literals / Vaolues

Literals (often referred 1o as constant-Values) are data items that have a fixed value. Pyvthon

allows several kinds of literals -

(1) String, literals (1) Numeric literals (+11) Boolean literals

() Special Literal None (1) Literal Collections

. s
,\9@”’3.1

L What Is meant by token ? Name the

N

5,

tokens available in Python.

What are keywords ? Can keywords be
used as identifiers ?

What s an identifier ? What are the
identifier forming rules of Python ?

s Python case sensitive ? What is
meant by the term ‘case sensitive’ ?
Which of the following are valid
identifiers and why/why not :
Data_rec, _data, 1 data, datal, my.file,
#Ul, switch, lambda, break ?

2.3.3A String Literals

The textenclosed in quotes forms a string literal in Python,
For example, *a’, ‘abe’, “abc” are all string literals in Python,
Unlike many other languages, both single character
enclosed in quotes such as “a” or “x* or multiple characters
enclosed in quotes such as “abc” or ‘xyz’ are treated as

String literals.

As you can notice, one can form string literals by enclosing
text in both forms of quotes - single quotes or double
quotes. Following are some valid string literals in Python::

‘Astha’ “Rizwan"

'HelloWorld  “Amy’s"

*129845" In Python, one can form string
' literals by enclosing text In both
e ‘forms of quotes — single qumuj
"112FB0D291" iur double quotes. 7
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. ; in String, values. Nongraphic cha
il i lo have certain pongraphic-characlers in A
Python allows y¢

Faey
‘board ¢.g., backspace, tabs, oy '8
. hat cannot be typed direetly from kc}br.?ar 8 :’ | Cartigp,
g cm[;:aur;:::de.r is typed when these keys are ISTRINGILITE
retum ele. (No ¢hd )

+ on qmphi:‘- P
: ' akes place). These HOR A string literol Is 3
pressed, only some :lClltTlI:ldl ::;-Lu:i R eacape SCqUENCES. An  sing I w"nmd::qh* ol
e -mﬂr;:;m“d by a backslash (\) followed by (single or double or tripje
> "NOC IS TePIVS "hut.,‘
::-': [:; :1‘2:: characters.} Woteyy

isti mees.
Following table (Table 2.1) gives a listing of escape sequen

Table 2.1 Escope Sequences in Python

Escape \ What it does
Escape What it does ence [Non-graphic character]
sequence [Hon-graphrr. Churﬂﬂﬂ'] ____seq ;
\ Backslash (\) \r Carriage Retumn (CR)
\ ackslash
v Sinel te () \t Horizontal Tab (TAB)
ll'll.':I e quﬂ ¢
- Character with 16-bit hex va)y,
\" Double quote () L uxxxx 1 | sooox (Uniicode only) e
X : \Uxxxxxxxx | | Character with 32-bit hex value
\a ASCII Bell (BEL) { | scoceces (Unicode anly)
\b ASCII Backspace (BS) \v / |I ASCII Vertical Tab (VT)
\f ASCII Formfeed (I'1) \ooo \ | Character with octal value 000
’ i
\n New line character \xhh '\ | Character with hex value hh
\N(name) Character named name in the I"

|| |

| Unicode® database (Unicode only)

In the above table, you see sequences representing, \
; from the keyboard but when used without e
have a special purpose, however, if these
be used. (In Python, you can also dircect]
inside a single-quoted string and vice-

++" Though these characters can be typed
Seape sequence, these carry a special meaning and
are to be typed as it is, then

y type a double-quote

escape sequences should

versa, e.g., "anu's” is p ﬂﬂ.
valid string in Python) i etoope s S “’“?l'
String Types in Python Zu:.:z,:ﬁﬂm:;uzrﬂ :m:nm
Python allows you to have fwo string types : representation. IS
(1) Single-line Strings Se
(if) Multiline Strings

(1) Single-line Strings (Basic s
quotes (* ) or double quotes (“"

trings). The strings
one line. To understand this, try

that you create by enclosing text in single
) are normally single-line strings, i.c., they must terminate in
typing the following in IDLE window and see yourselves : |
Textl= "hello 4

|

o
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Python will show you an error the moment you press Enter key after liello (see below)
[ bW Jen s e D""_-_—-__—_h‘h-_;"; _— e —
B EPPm il @ X ey o'
QUm0 @) am P
1e * S _ !
e s
VRautbor. Somit I v—_;—-f' - ’ I, | .
; | Vet emaze | I'I"*'] e |
‘ i Frier crwiy e
rr d E F'f'_""-n o~ a
II ;:fill]l :!. ’ Python shows ERROR when
1 you press Enfor key without
In [2]: Teatl = * 1o1], {. the :
File “¢ipython-irput-2-F98177e093515%, lire 1

Test]l = " hello Z’/' ]

Syntaxfrror: EOL while scanning strirg literal

EOL means End of Line

In [3]:

The reason for the above error is quite clear - Python by default creales single-line strings with
both single or double quoles. So, if al the end of a line, there is no closing quotation mark for an
opened quotation mark, Python shows an error.

(i) Multiline Strings. Sometimes you need to store some text spread across multiple lines as
one single string. For that Python offers mulliline strings.

Multiline strings can be created in fwo ways :

(7) By adding a backslash at the end of normal single-quote | double-quote strings. In normal
strings, just add a backslash in the end before pressing Enter to continue typing text on
the next line. For instance,

Textl ="hello\

DX not andent witen cuntivtuing !
world' 4"‘-_——_—-_-_—_ fping i srent fowe afrer A basic stning must be completed
on a single line, or continued
Z : : with a backsla
Following figure shows this : £ iash () as'the Gy

last character of a line if it is to
be closed with a closing quote in

[ next line,
gl A
Even though written in two lines

okl | Comie ua L f— E

{separating with a 1), the text fs. 8l =il R Adcing a backslash (1) al the

considered continuous. That is , string In [3]: Textl = ‘1,110 end of the line allows you to
hello\ ees? world' continue typing text in next line,

vorld In [4]: Texti Do not forget to close the
would be considered as 'helloworld’ Out[4]: *helloworld® string by having a closing
Display the string variable 1o sea it oA

yourself, In [5]: ﬁ

Give commands next (o In[]: prompt

It will give oulput in Outf]: line
| WIPRSSEY , BER | ' ._?'?F"m y Hrory g
Pemenicns W End-of-knex CrUY Enceding UTT-8 L
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' A multiline string conti
until the concluding

For example,

gn e . with
pow-Epem A € e 1301 | Matiline string mﬂlfi
olmD0____— i [5)- irl @ sirpello mmﬂﬁlngluquﬂ ing) .
m— ay n - —
1 st Word ( opening 85 well 23 clos strl="""Hello
" s There cae
1 gadl hor: Lumita : tn--:ri. e ',-Ior‘ld.
it con he
. There I Come ! 1!
, In [8]: print{strd) Cheers.
Hello
world. (11
Th:re 1 Comel!l ]J .
Cheers. Plonse note, ilis single sinng
gna multting string
- - Or
e Enceding UTT-B
E"'”'i'.’"'“" a8 x """’.’"""‘*_ 2 = TRl ||He110 '
E;_f o | Q O crwesD str l
1 In [7): Str2 = 777 Held vorld. A
e - This is another multiline string.” pts’
|

Imaithor: Cumita veuad Thic 1% another eulti]line

s In [8]: print(5tr2) .

£ Hello Rultiline string ereated

i World. with three single quoles
This is another sultiline string. { opening and closing)
In [8]):

Ind-cf-bret (RLF  Encoding UTT-B L

Size of Strings

:ty.lharld;ctfr:mines the sjze of a string as the count of characters in the string. For example, size of
fing “abc” is 3 and of ‘lello’ is 5. But if your string literal has an escape sequence contained

"W

i3he sizels1 (W is an escape sequence to represent backslash)
size is 3
“\ab" s .
e i stu Ts f (\ais an escape sequence, thus one character).
s1ize s 11 (Fgr H o "
"Amy's” 'YPing apostrophe (') sign, escape sequence \ has been used.).

Sizeis4  Python allows a sin

le t i "
double-quoted string quote (without escape sequence) in

8§ and vice-versa,
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| atring Strdas:

1 For mu

character at the end of the |

vk gl

| c

then size of the string 5ird

characters a and I! respectively).

For multiline strings created w

line, while calculating size,
:' cannot put EOLs using re
strd ="a\
b\

c
’ The size of string Strd is 3 (on

To check the size of a string,

command on the Python prompl in conso

Itiline strings crealed

ppi
il ::;.1;]:7 iy Lo gumld ns{ry ot cumanded 0 the sae of
ernd an 1 O, (D od-of -Lane) v l !
b.te yhaaraeters aamd pyssted i ihe 11\ the muliidine prre
o ann

tumn key in sin;;l-.',fu.'lnubh-

with triple quotes. while calculating sire, l_ht‘ l'.{JIL {tmd-ui—ﬂ:ul
ine is also counted in the size. For example, if you have cre
Just baclalahen | L) & e

end of irermandaate Lines ane

p of enaliiling siring
is 5 (three characters a, b, ¢ and two EOL characters that follow

ith single/double quotes and backslash character at end of the
the backslashes are not counted in the size of the string ; also you

quoted multiline strings €.

ly 3 characters, no backslash counted.)
Use lenf<object name>) to get

also type [en(<stringname>)
the size or length of an object.

vou may
le window shell as

shown in the following figure
!m-nmmn & X [Python consoe . 8 x
E.I'M-pr'ﬂ_ - n_,E]_c.::uu:..AD r - = - 3
. In [1): Str3 = Triple quated multiline sirings -
E_ . . .. et - E also count EOL charactars in
1dsuthor: Sumita 8 ... ine size of the string.
. ey 1o i S Single/double quoted strings
" . e typed in multiple line with\ at B
v . R * .
7 Yy izl ., the end of each intermediale |
. Y line do not count \ g
2.\ :
In B len(Str3)} . in the size of the siring. ]
out[3]: S e !
L] —
L
In [4]: len(Strs) iy
out[4]: 3 4
]
In [5]: | Triple quated multiline strings
J— @ ] count EOL characters in the size
.- -l S | Py g | of the string but do not count
et R End-cf-lines: CRLF  Encoding: UTF-8 N Ling 5 backslashes l \ l at the end of

2.3.3B  Numeric Literals

int (signed integers)
float (floating point real values)

complex (complex numbers)

~ intermediate lines,

The numeric literals in Py
iterals in Python can belong to any of the following forr different numerical types:

[}

floats represe eci
ent real numbers i
oats s and are written with i i
# T ] 1
dividing the integer and fractional parts Rdeciinal poiat

are of the fo '

tpeof the | i;n::i-r bJ, where 7 and b are floats and J (or j ) represents
' an imaginary number), a i

and'b s the Imaginat o ). a is the real part of the number,
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z“

Let us talk about these

literal types one by one.

Integer Literals | N
Integer literals are whole numbers without any fractional p

been spedified in the following rule

ast one digit and must not mnt‘m‘n any decimgq
-) sign. A number with no sign is assumed to p,

er constant,

t. The method of writiy, |
& nlegey

constants has

An integer constant must have at le
point. It may contain either (+) or( .
pesitive. Commas cannot appear in an integ

Python allows three types of integer literals : i .
() Decimal Integer Literals. Aninteger ‘Iitural.conﬂlsn.n{; c'lf.n sequence of digits is taken, o
decimal integer literal unless it begins with 0 (digit zero).

For instance, 1234, 41, +97, —17 are decimal inleger literals. |

(i) Octal Integer Literals. A sequence of digits starting with Oo (digit zero followeq by
Ietter o) is taken to be an octal integer.
For instance, decimal integer 8 will be written as 0010 as octal integer. (8, =10,
and decimal integer 12 will be written as Ool4 as octal integer (12, =14).

An eoctal value can contain only digits 0-7 ; 8 and 9 are invalid digits i an octal number j,
0028, 0019, 00987 elc., are examples of invalid octal numbers as they contain digits §
and 9 in them.

(iii) Hexadecimal Integer Literals. A sequence of digits preceded by Ox or 0X is taken to be
an hexadecimal inleger.

-

For instance, decimal 12 will be written as 0XC as

hexadecimal integer. Many programming languages

Thus, number 12 will be written either as 12 (as decimal), such as C, C++, and even Python
D014 (as octal) and OXC (as hexadecimal). 2.x too have two types for integers:
int {for small integers) and lorg
(for big integers). But in Python
3.x, there is only one integer
type <class 'int'> that works like

A hexadecimal value can contain digits 0-9 and lelters
A-F only i.c.,, OXBKY, oxPQR, Ox19AZ clc., are examples of
invalid hexadecimal numbers as they contain invalid

letters, i.e., lellers other than A-F. long integers and can supportal
small and big integers.
Floating Point Literals g

Floating literals are also called real literals. Real literals are numbers having fractional parts.
These may be written in one of the fwo forms called Fractional Form or the Exponent Form.

1. Fractional form. A real literal in Fractional Form consists of signed or unsigned digits
including a decimal point between digits.

The rule for writing a real literal in fractional form is :

A r_enf constant in fractional form must have at least one digit with the decimal
point, erthe.r before or after. It may also have either + or —sign preceding it. A real
constant with no sign is assumed to be positive.

The following are valid real literals in fractional form :

20, 17.5, -13.0, -0.00625, .3 (will represent 0.3), 7. (will represent 7.0)
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The following are invalid real literals :
7 (No decimal point)
+17 /2 (/-illegal symbol)
17,250.26.2 (Two decimal points)
17,250.262 (comma not allowed)

ut form consists of two parts : mantissa and

2. Exponent form. A real literal in Expone
here mantissa part is 0.58 (the

exponent. For instance, 5.8 can be written as 0.58x 10" =0.58 E01, w
i 1
part appearing before E) and exponen! part is 1 (the part appeanng after E). EO1 represents10° .

The rule for writing a real literal in exponent form is :

a mantissa end an exponent. The

A real constant in exponent form has two parts ;
antissa is followed

mantissa must be either an integer or a proper real constant. The m
by a letter E or e and the exponent. The exponent mus! be an integer,

The following are the valid real literals in exponent form : 152E05, 1.52E07, 0.152E08, 152.0E08,
152E+8, 1520E04, —0.172E-3, 172.E3, .25E—, 3.L3 (equivalent to 3.0E3) '

(Even if there is no preceding or following digit of a decimal point, Python 3.x will consider

it right)

The following are invalid real literals in exponent form :
1.7E (No digit specified for exponent)
0.17E2.3 (Exponent cannol have fractional part)

17,225E02 (No comma allowed) [Do read following discussion after it.]

Numeric values with commas are not considered int or float value, rather Python treats them as
a tuple. A tuples is a special type in Python that stores a sequence of values. ( You will learn about
tuples in coming chapters - for now just understand a tuple as a sequence of values only. )

The last invalid example value given
above (17,225¢02) asks for a special
In [1]: &

"|<H Python gives no error when

. = 1,234

mention here. g ' T)) You assign a numeric value
Any numeric value with a comma in In [2]: b = 17,225E02 ) Wit comma I
its mantissa will not be considered a
I ; ; . In [2]: type(a) 3
egal floating point mumber, BUT if  |g,1(3]: tuple
you assign this value, Python won't
give you an error. The reason being | 1" [4]: type(b) Lu Pyhion Wil not comsies
is that Python will not consider that Out(4]: tuple < e e
as aﬂan! / ] ™ commas In them as

ing point value rather a tuple. In [8]: & numbers ( Int or float)
Carefully have a look at the adjacent | Out[5]: (1, 234) BUT as atuple—a
figure that illustrates it. 1n (6]: b sequence of values
We are not talking about Complex |Out[6]: (17, 22560.8) J)

nf:mbers here. These would be
discussed later when the need arises.



2.3.3C Boolean Literals
A Boolean literal in Python is u
Boolean values i.c., True (Boolea
A Boolean literal can ecither

2.3.3D Special Literal None

Python has one special literal, which is
None. The None literal is used to
indicate absence of value. It is also used
to indicate the end of lists in Python.
The None value in Python means “There
is no wseful information” or "There's
nothing Jere.” Python doesn't display
anything when asked to display the
value of a variable containing value as
None. Printing with print stalement, on
the other hand, shows that the variable
contains None (see figure here).

Python supports literal collections also such as tuples and lists
the discussion too Boolean literals True, False an

etc. But covering these here would make
complex for the beginning. So, we'll take th

—

)

sed lo represent one
n true) or False (Boolcan false).
as False. | None literal re

r or i
have value as True (of a value.

COMPUTER SCIENCE WITH ¢

SO =, LT

NOTI

of the two ‘TI"IJI and False
Boolean literal valua

|-I:[13]= Valuel = 10

tn (16XTe1un2 = >

In [15]: Valuel
Out[15): 10

In [16]: Value2

In [17]: print(Value2)
None

In [18]: |

J i
v y
= X
=

em at a later ime. special literal None are gq
built-in  constants/literals |

Python.

BASICS ABOUT TOKENS
— i P

Start Spyder IDE through Anaconda Navigator or any other IDE of yo

1. In front of the Python prompt In J: in IPythonConsole, type the Jollon

the same order.

(@) Write the expected result and then write the

(b) Do write the reason(s) behind the resylt returned by Python

Solved Sample

—
Statement to | Expected Actual
be typed result result

Progress In Pwhon 2.1
nr choice.

ving statements one by one,

actual result that Python returned.

]

Reason

abcl23 =25 nothing nothing | Python inte
abcl23 25 25 '

mally assigns the value to abc123 but shows nothing.
Value of abei23 js displayed on screen.

Practically doing it on the

Compuier,

e

2.1 under Chopter 2 ofter b
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”

' 1. What are literals ? How many types of

LI literals are available in Python 2
| 3 How many types of integer literals are

allowed in Python ? How are they
written ?

3. Why are characters \, *, " and tab typed
using escape sequences ?

4. Which escape sequences represent the
newline character and backspace
character ? An escape sequence
represents how many characters ?

5. What are string-literals in Python 7
How many ways, can you create String
literals in Python ? Are there any
differences in them ?

6. What is meant by a floating-point

literal in Python ? How many ways can
a floating literal be represented into ?

7. Write the following real constants into
exponent form :
23.197, 7.214, 0.00005, 0.319

8. Write the following real constants into
fractional form :
0.13E04, 0.417E-04, 0.4E-5,
.12E02, 12.E02

9. What are the two Boolean literals in
Python ?
10. Name some built-in literals of Python.
11. Out of the following literals, determine
their type whether decimal / octal /
hexadecimal integer literal or a floating
point literal in fractional or exponent
form or string literal or other ?
123, 00124, OxABC, “abc’, “ABC",
12.34, 0.3E-01, “ftghjkjl™,
None, True, False

12. What kind of program elements are the
following ?
! ‘d’, 4.38925, "g”, "main” ?

13. What will varl1 and var2 store
with statements : varl = 2,121E2 and
var2 = 0.2,121E2 ? What are the types
of values stored in varl and var2 ?

2.3.4 Operalors

Operators are tokens that trigger some c?mputalion when
applied to variables and other objects in an expressio::n.
Variables and objects to which the computation is

applied, are called operands. 50, an operator requires
some operands to work upon.

The following list gives a
brief description of the
operators and their functions
/ operators, in details, will be
covered in next chapter -
Dala Handling.

Operators  are tokens that
trigger some computation !
action when applied to variables

and other objects In an

expression.

Unary Operalors
Unary operators are those operators that require one operand
to operate upon. Following are some unary operators :

+ Unary plus

- Unary minus

~ Bitwise complement

not logical negation

Binary Operolors
Binary operalors are those operators that require two
operands to operate upon. Following are some binary

upemtms :

Arithmelic operalors

+ Addition

- Subtraction

y Multiplication

/ Division

% Remainder/ Modulus

" exponent (raise to power)
/! Floor division

Bitwise operators
& Bitwise AND
g Bitwise exclusive OR (XOR)
I Bitwise OR

Shift operators
<<  shift left

>>  shift right

Identily operators
is is the identity same ?

is not is the identity not same ?
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hh.
. Assignment operalors
Relational operalors . = Assignmunl.
- Less than - /= Assign quotient .
> Greater than E += Assign sum |
¢= Lessthanor equal to . +=  Assign product !
s=  Greater than or equal to E wm- Assign remainder |
== [Equalto : _=  Assign difference
1= Not l'qual lo : - A.':;Sign Expm"lcnl
E /l=  Assign Floor division
. Membership operators
toglentloperaiors in whether variable in Sequenge

and Logical AND

i nol in whether variable nol
or Logica

in sequence

More about these operators you will learn in the due course. Giving descriplions and €Xamples
is not feasible and possible right here at the moment.

2.3.5 Punctuators EUNCIUATORST ::'!
Punctuators are symbols that are used in programming Punctuators are symbols that
languages to organize senlence structures, and indicate the :'”3 used ‘"l Programming

. N dNgUages {o] ﬂrggnut
" L 1 .q d "
rhythm and emphasis of expressions, statements, and programming-sentence
program structure. structures, and  indicate the
Most common punctuators of Python programming language rhythm —and  emphasis of
are - : expressions, statements, and

program structure,

TTENOLI()e, s

The usage of these punctuators will be discussed when the need arises along with normal topic
discussions.

LET US REVISE

Lo e

o

-A token is the smallest individual unit in g program.

Fython provides following tokens : keywonds, idertifiers (names), Values (literq Is),
A keyword is a rescrved word carrying special meaning and purpase,
Identifiers are the user-defined names for different parts of the program,

In Python, an identificr may conlain letters (a-z, A-7), digits (0-9) and a symbol underscore (_). However, on
{dentifier must begin with g letter or underscore : alf |

etters/digits in an identifier are significant.
Literals are the fixed valyes,

Python ollows following literals - s
literal None and literal collections)

Operotors are tokens that Irigger some Computation / action when applied to variables and other objects in @n
expression.

Punctuators are symbols used 10 organize pregraming- sentence structures and indicate the rhythm and emphasts of
expressions, statements and programsstructure, j
3

Punctuators, operators and comments.

ring literal, numeric (integer, floating-point literals, Boolean literals, specidl
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2.4 BAREBONES OF A PYTHON PROGRAM

Let us take our discussion further, Now we are going to talk about the basic structure of a
Python program —what all it can contain. Before we proceed, have a look at following sample
code. Look at the code and then proceed to the discussion Lhat follows. Don't worry if the things
are not clear to you right now. They'll become clear when the discussion proceeds.
# This program shows a program’s components

# Definition of function SeeYou() follows

Comuirats def SeeYou() :

{begin with # print ("Time to say Good Bye 117) unction

# Main program-code follows now

a= 15
Statemenis
b= a-10+
Expressiona

print (a +V //7 Blocks

if b>s5* # colonmeans it’s a block «

Indentation ="
(see indented linesJ ..., else :

T-a print ("Value of 'a'was 15 or less initially."”)

(comment beginning

ot Print (" Value of 'a'was more than 15 initially,") Inline commaenis
4/ int the middle of a line)

SeeYou() # calling above defined function SeeYou()

As you can sece that the above sample program contains various components like :
© expressions < statements
& comments & function
¢ blocks and indentation

Let us now discuss various components shown in above sample code.

(i) Expressions

An expression is any legal combination of symbols that represents a value. An expression
represents something, which Python evaluates and which then produces a value.

Some examples of expressions are

15 [EXERESS{ONS- =
2.9 } eapressions that are values only = g.\;prg;;jon is any legal

combination of symbels that
a +5 complex expressions that prodiee a represents a volue.
(3+5)/4 value when evaluated,

Now from the above sample code, can you pick out all expressions ?
Theseare: 15, a+10, a+3 b>5
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(1) Stotement 15 something, a5t Jtement is a programming instruction g, 4
an cxpression represe ) |
r:nﬁ:hlng i.¢., some action takes place. NT
Following arv some examples of statements : A statement is a prog, !
- tement calls print function Instruction that does """h:'
print (THello®) @ this sta e some acticn Hiuwphuh

ifb>5:

: : 1 e action takes place, Apd
L is executed i.c., som : - And jp
jon is evaluated, a statemen : t vield a value,
\\".‘lﬂlcman cxprct;s“ a statement resulls in a value ; 1t may or may noty ue
notn

Some statements from the above sample code are :

e —— — e c—

———— .

=3

a=15 A statement executes and ,
b=a-10 or may not yield a valye,
print (a+3) e — e —m

if bes:

(i) Comments e j

g - : are ith
Comments are the additional readable infon'natm.n. which is f:;:::::tisn{mm;t?:n a;d':l‘:‘ﬁ"::
read by the programmers but ignored by Python interpreter. the source code.
In Python, comments begin with symbol = (Pound or hash Comments in Python begin with
character) and end with the end of physical line. symbol # and generally end with
end of the physical line.
In the above code, you can see four comments :

|
(1) The physical lines beginning with # are the full line comments. There are three full line
comments in the above program are :

# This program shows a program’s components o -
# Definition of function Seevou( ) follows

# Main program code follows now A Physical line is the one

' . o complete line that you see ona,
() The fourth comment is an inline comment as it starts in computer whereas a logical line.
4

the middle of a physical line, after Python code (see s the one that Python sees H|

below) one full statement.

ifb<5:# colonmeans it requires a block

Mulli-line Comments

What ilf you want lo enter a multi-line comment or a block comment ?. You can enter a
multi-line comment in Python code in fwo ways :

)] :L;d a # symbol in the beginning of every physical line part of the multi-line comments,

#Multi-line coments are useful for detailed additional information.
# Related to the program in question. 1

# It helps clarify certain important things.-
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(i) Type comment as a triple-quoted multi-line string r.g.,

Multi-line comments are useful for detailed additional
information related to the program in question.
It helps clarify certain important things

This type of multi-line comment is also known as docstring. You 'L}‘J{f&)ﬁﬁ_ P A

ol '-'“:“-'" use “'i.TI’_:f'“g“-‘“m'Fh‘-‘ (") or triple quotes (™) to IM enclosed In triple
wrile docstrings. The docstrings are very useful in documen- ' quotes (" * *) or triple apostrophe

tation — and you'll learn about their usage later. (**) are called docstrings. ;

B —

== rer i =

(v) Functions

A function is a code that has a name and it can be reused (executed again) by specifying its
name in the program, where needed.

In the above sample program, there is one function namely NCTIONS! - Sl
SeeYou( ). The statements indented below its def statement A function is a code that has 2
are part of the function. [All statements indented al the same name and it can be reused
level below def SecYou( ) are part of SeeYou( ).] This function is (executed again) by specifying
executed in main code through following statement (Refer to lts name in the program, where
sample program code given above) eced,

SeeYou() # function-call statement

Calling of a function becomes a statement e.g., print is a function but when you call print() to
print something, then that function call becomes a statement.

For now, only this much introduction of functions is sufficient. You will learn about functions in
details in Class 12.

(v) Blocks ond Indentation

Sometimes a group of statements is part of another slatement or function. Such a group of one
or more statements is called block or code-block or suite. For example,

Four spaces together mark ifb<¢5:

the nexr indent-level \.‘ pl"il‘lt ("U'BIUE' of 'b' is less than 5.--‘}‘// This is a block with all its

' . statemersts of same indentation
print ("Thank you.") level '

Many languages such as C, C+, Java etc,, use symbols like curly brackets to show blocks but
Python does not use any symbol for it, rather it uses indentation,

Consider the following example :

E:i:{ﬂ_-:-:}_:‘. t-_;i;_‘.lz_‘fi LOCK
e i s P I o LN Y e Tl

ifb<¢a: A group of statements which are part of

another statement or a function are

tmp=a /,.- This is a block, part of if statement. called block or code-block or suite in
a=b Notice, all statements in same block Python.

have same indentation lavel,

b= tmp

This statement is not part of if's

print ("Thank you") ﬁl block as it is at different

indentation leved,




which make a single code-block is a

A group of individual statements ples showing indentation to create blocks :

Python. Consider some fnore exam

def check() : L joms chech( } '
Elock inside funstion € = -
c=a+b 5 t_ O S
Tuwa different ) s—
l.'l..f:nrfi’.‘i_ﬂﬂ-h‘lﬁ-l ifc<50: Python uses Indentation g
e print (‘Less than58") e create blocks of code. State.:
\-—; b=b*2 “— .:Hurk .f‘sm:e i ments at same indentation |eve|
Bpaicte ‘are part of same block/suite,
a=a+18 3
Statements requiring  suitef
else : code-block have a colon (3) at
thelr end.
print( 2%59;) — fff:ff,;:::;:"mk You cannot  unnecessarily,
a=a*2 o indent a statement ; Python will

b=b+10 ralse error for that,

Python Shyle Rules and Conventions

we are giving some very elementary and basic style rules

code-line by pressing Enter key, the statement js considered terminated by default.
Maximum Line Length Line length should be maximum 79 characters.

1abs) per indentation level,

Blank Lines Use two blank lines between top-level definitions, one blank line between meth

Functions and methods should be separated with two blank lines and Class definitions with three blank lines

:m;ilmu]u.ple statements on one line Although Youcan combine more than ane
\ S¥Ymbol semicalon (;) between two statements, but it is no recommended

1l | °C [
s Whitespace  You should always haye whitespace around |
wyzj operators and after punctuation but not with parentheses. Python |
(space), “w* ||
W' (vertical tab), “\f’ (formfeed)

I. What is an expression in Python 2 Cunssqm these 6 characters as whitespace : « »
ol (newline), 4" (horizana] ab), - '

2. What is a statement i Pyth
on? : Wy )
a statement different frop, "-’Pfe::i:,:? and ‘i (carriage return)

3. Whatis a comment 2 5, how many w,
€an you create comments in Pﬂhonl::l
4. How would you creap, :
. mult.| i
comment in Python ? Ciine Docsu-mg Cum'en;jon c

5. What is the difference between full.—‘.'_i_ne are useqd for doulﬁng&

comment and inline comment » Idemtifipr na .
is a block e g5 6 anj +f Naming You may use yng
6. What is a block or suite in pypg,, 5. dl;'nuﬁl_,re_gl loa Underscores lo separate words in
How is indentation related to i » ISt eter of e o~ 20Ut OF USe CamelCys

COMPUTER SCIENCE WITH PYTHON - ¥

Iso called a suile

'\

(Whﬂc working in Python, one should keep in mind certain style rules and conventions. In the following lines,

w Statement Termination Python does not use any symbol to terminate a statement. When you end a physical

Lines and Indentation Blocks of code are denoted by line indentation, which is enforced through 4 spaces (not
od/function definitions.

statements in one line using

Onventionally triple double quotes ("

e by Capitalizing

=

_'-i--—-‘

(e
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&, A .‘:;'-

L}

| =~ COMPONENTS OF A PROGRAM
i P Progress In Python 2.2

This is another program with different components

»
.
Ll

def FirstSMultiples( ) :

# main code

Fill the appropriate components of program from the above code.

Please check the practical component-book - Progress in Computer
Science with Python and fill it there in PriP 2.2 under Chapter 2 alter
praclically doing it on the computer.

g

Yoy

SED gl

2.5 VARIABLES AND ASSIGNMENTS

A variable in Python represents named location that refers to a value and whose values can be
used and processed during program run. For instance, 1o store name of a student and marks of
a student duning a program run, we require some labels Lo refer to these marks so that these can
be distinguished easily. Variables, called as symbolic variables, VARTARLESS s - |

serve the purpose. The variables are called symbolic variables
. Named labels, whose values can

because these are named labels. For mstance, the tollowing be used and processed during
statement creates a variable namely marks of Numeric type : program run, are called Variables.
marks = 70

2.5.1 Crecting a Varicble
Recall the statement we used just now to create the variable marks :

marks = 7@

As you can see, that we just assigned the value of numeric lype to an identifier name and
Python created the variable of the type similar to the type of value assigned. In short, after the
above statement, we can say thal marks is a numeric variable,

. |

So, creating variables was just that simple only ? Yes, you are !
right. In Python, to create a variable, just assign to its name the '
value of appropriate type. For example, to create a variable Pﬁho:‘:‘:::;lut:e:f:'relmlat;:eb;;
namely Student to hold student’s name and variable agetohold o700 45 create a numeric
student’s age, you just need to write somewhat similar to what variable, assign a numeric value

is shown below : ‘to voriable name ; to create ',
Age = 16 e i
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labels referring 10 these values as shown below :
|

Python will internally create

fJacob’

student

Age gl

; g v create some more variables.
Isnt it simple?? © Okay, let’s noy

# variable created of String type

- 234 . .
TrainNo :;156 - # variable created of Numeric(floating point) type
ba;;‘;;“' 105 it variable create of Numeric(integer) type
rl.u =

Same way, you can create as many variables as you need for your program.

IMPORTANT - Variables are Not Storage Containers in Python

If you have an earlier exposure to programming, you must be having an idea of variables, g
PYTHON VARIABLES ARE NOT CREATED IN THE FORM MOST OTHER PROGRA MMING
LANGUAGES DO. Most programming languages create variables as storage conlainers eg.,

Consider this :
age =15
age = 20

Firstly value 15 is assigned to variable age and then value 20 is assigned to it.

Traditional Programming Languages’ Variables ;"

Statement [Variable is a container in traditional
! : .
age 1 . — programming languages like C, C4+,
5 — e, itis a named storage location that
or 3> 202530 / stores a value in it
ot s »
i" a ' .
Variable age is created as a container at a memory address,
.\_M_“:mmml S say 202530, and it stores value as 15 in jt.
flocation) of -mr:'uhh'
age did not change witl; Statement
change in its value age = 20

ow this statement will change the contents of the
location where variable age is created, i.e.,

age B N

With this statement, the locatjon of the variable did
not change, only its contents changed.
This is how traditionally variables were crealed in Programming languages like C, C++, Javaetc.
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Python's Hondling of Variables

BUT PYTHON DOES THIS DIFFERENTLY
Let us see how Python will doit.

ions, and each memory location has a

Memory has literals/values at defined memory locat
? memory address.
; 20216 20232 20248

rblL‘S. - 3
"P"f.\[;.\. When you give statement age = 15, variable age will be created as a label pointing to memery
erg r' location where value 15 is stored ic, as.

'- ._ i age now referring to location 20216 that has value 15

age
liomna) And when you give stalement age = 20, the label age will not be having the same location as

Ce+ earlier. It will now refer to value 20, which is at different location ie,

1 that e S W

__"'!

e el (el e r _:a. DD
a4 U045 U416 U417 ';-,,.
\J1"’T :‘J '\.) Y | U - 1 N | O

20260

20216 20232 20248 20264

Now age Is referring to location 20296

age

So this time memory location of variable age’s value is changed.

Thus variables in Python do not have fixed locations unlike other programming languages. The
location they refer to changes everytime their values change (This rule is not for all types of
variables, though). It will become clear to you in the next chapter, where we talk about Mutable

J | and Immutable types.




Lvolues ond Rvalues
Broadly livlue and rialue can be thought of as

J I side
Ivalue : expressions that can come on the Ths (left hanc )

_ : side) of an assignmeny,
rvalue @ expressions that can come on the rhs (right hand ) b

€X' you can say that

a=20
b=10

But you cannot say

20=23
or 10=b ERROR
or a*2=ph

The literals or the expressions that evaluate a value
they are rvalues but variables names can come
Lvalues can come on Ihs as well as rhs of an

cannol come on

assignment,

2.5;2_ Multiple Assignments

Python is very versatile with assignme

nts. Lel's sce in how
many different ways, you can use

assignments in Python

1. Assigning same value fo multiple variables

You can assign same value to multiple variables in a single stateme

a=b=c=19

It will assign value 10 to all three variables
same location with value 10,

2. Assigning multiple valyes to multiple v

ariables
You can even assign mulliple value

s to multiple variables in single st

X»¥,2=18, 20, 3p

It will assign the values order wise, ie,

first variable is given first v
value and s op, That means, above

stalement wi]] assign v
This style of assignin

g values is v
below -

ery useful and compact. For ¢;

x) y = 25‘. SB
Print (x, y)

It will priny result as
25 50

COMPUILE SCIENCE VITH Priyye,

on Ths of an assignment, they are

a, b, c. That is, all three

alue, second variable the second
alue 10 to x, 20 to yand 30 to =

vample, consider the code given

of an assignment,

(LVALULS /AR
Lvalues are the objecys 1o
you can assign g val
expression. Lvalues can

Ilhs or rhs of an aiﬂgnn‘m
statement,

e

ue

Rvalues are the literals
expressions that are assigned 15|
Ivalues. Rvalues can come on rp,
of an assignment slatemeny,

1
Ihs of an assignment henge
Ivalues |

In Python, assigning a value to 3

variable means, variable's labe|
is referring to that valye,

N |

'F

nt, c.g.,

labels a, b, ¢ will refer to

alement, e.g.,




T #  FYTHOM FLMDAMEHTALS
ant to swap values ol x and y, you

Pacatse 8 [s having value 25 and v Is having 50. Now, il you w

fust nessd o wrile

x' y = yf x
print (x,y)

Now the result will bwe

50 25
] . o
Because this time the values have been swapped and x is having value 25 and y is having 50,
remember that Python first

h multiple assignments, please
pn-:miun[s.) and then assigns them to LHS, .-

While assigning values throug
evaluates the RHS (right hand side) ex

g statementl

a,b,c=5,10,7
# statement2

b,c,ama+1,b+2,c-1
print {(a, b, c)

10 and 7toae band ¢ ruspuclivc'ly.
a+1, b+2, =1 which will }'icld

& Stalement] assigns 5,
o Statement2 will first evaluale RHS5 e,

5+1,10+2,7-1=6,12,6

Then it will make the statement (by repladng the evaluated result of RHS) as 2

b,c,a=6,12,6

Thus, =6, c=12and a=6
& The third stalement print (a, b, ¢ will print

6 6 12
Isn't this easy ? Now can you guess the
p,q=3,5
q, r=p- 2, p+2
print (p, q, 1)
Please note the expressions Scp
assigned in same order ¢.g.,
x =18
y, ¥y=X+2, x+5
aluate to following (after evaluating expressions on rhs of = operator)

output of following code fragment?

arated with commas are evaluated from left to right and

will ev
y,y=12,15
i.e, firstly it will assign first RH5 value to first LHS variable i.e.,
y=12
then it will assign second RHS value to second LHS variable re.,
y =15
So if you print y after this statement y will contain 15.

2. The output should be:315
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x, x=20, 30
Y y=x+18, x+20
print (X, ¥)
Well, it will print the output as
30 50

Now you know why ©

Sﬂ | S fi Iﬁl:I A v rou .l"‘i ;155i a '-'E.lll.IE ‘0 it.
- V | r lhﬂl ]n }'Iht‘ln a Vi ri( b[E‘ jS fmﬂfff’ ¥ ']‘ll."!'l } [l .t gﬂ
¥ j'n‘.‘.‘lu see N

g

To understand it, consider the following code fragme
print (x)
X =20
print (x)

i »nt (line 1) only
when you run the above code, it will produce an error for the first statement (line 1) only -

name ‘¥ not defined (see figure below)

UTER SCIENCE WITH PYTHON

nt. Try running it in script mode :

ax
Edier - EPyTon Word TV oy & X pymon corede | .=
& oD | 0 0 corweraD | 2
‘_.l ! . In [1): runfile( 1 /iython Work /M py ', wdirs't fEythan Hork ")
~Jaialy Traceback :

cita

File “¢ipython-input-1-c03B6afddiBf>", line 1, in <modulex
runfile('E:/Python Hork/Hd.py"', wdir="E:/Python Work')

Sprint(x) %,
G = 20 *e
Tprint[x) *

File “C:\Progranmbatatdnacondad\lib\site-packages\spyderiutils\site
. \sitecustomize.py™, line 705, in runfile

’o. execfile(filenama, namespace)

10

File "[:\Fr'OJ-;NmUat-l'\.'mar.r:nd.l3‘.1ib\.1il-“r--u:lv.-.!r‘.-:s‘\5:";'der"\.uti15\11!:@
’isite:ustwim.py“, line 102, in oxecfile
0.:xe:(:mpilt{ﬂread{), filename, ‘axec'), namespace)
»

‘.‘ FEgtharn Work fi.

Py " ¢modul e
Q

KameErrar: name 'x' is not dafinad
Y

The reason for above error is im plicit. As y
assigned fo it. So, variable x is not crea
uncreated (undefined) v

So, to correct the above code, you

: need to first assi somethi
to x before using it in a statement, somewhat likeg’n “thing

ou know that a variable is not cre
ted and yet

) MPORTANT HF!‘!
it # variable X crea i 3
t i _
print (x) ed now A'variable is deﬂned:uni_y_wheni :
X=20

Now the above code wi]] execute without any error

-
e -

—e R

.

bet ated until some value is
; €ing printed in 1i b .
ariable results into error. P 'n line 1. Printing/using an

Ew].l assign some value to it.|
SINg an undefined varfable In

print (x) o xpresslon/statement. “‘”egi
.:n error called Name Error, |
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2.5.4 Dynomic Typing
In Python, as you have Icarnt, a variable Is defined by assigning Lo i

type such as numeric, string elc.)
For instance, after the stalement :
X=10

We can say that variable x is referring to a value of integer type.
e other type to variable x.

IDYHAM | GiTi PN G

{ some value (of a particular

thon will not
Later in your program, if you reassign a value of som Py

complain (no error will be raised), e.x.,

= A variable pointing to a value of

pr'int fX} a certaln type, can be made to

X =“Hello World"” point to & valuefobject of

print {X) different type. This Is called
Dynamic Typing.

Above code will yield the output as:
10
Hello world
So, you can think of a Python variable as labels associ
here) ; with dynamic typing, Python makes the label refer to new value
figure illustrates it.

oo (3

ated with objects (literal values in our case
(Fig. 2.1). Following

X = "Hello World" X :

String: Hello Wurtd_‘

Figure 2.1 Dynamic typing in Python vanables,

As you can see in Fig. 2.1, variable X is first pointing to/referring to an integer value 10 and then
to a string value “Hello world”.
Please note here that variable X does not have a type but the value it points to does have a type.
So you can make a variable point toa value of different type by reassigning a value of that type;
Python will not raise any error. This is called Dynamic Typing feature of Python.

Caution with Dynamic Typing

Although Python is comfortable with changing types of a variable, the programmer is
responsible for ensuring right types for certain type of operations. For example,

X=18 legal, because hwo integers can

Y=0 be wsed in divide operation

Y=X/2 Python is comfortable with
X = 'Day’ / dvnantic vping

Y=X/2 « ERROR!! a string cannot by

divided,



COMPUTER SCIENCE WITH pryy

that variables with right r ey -

. | Dynamic typing is djg,

used in expressions. . tvpe of  Static Typing In Statje 1, ;

of a variable i.c., What YPE O g hope s attacheq POk
type()in following manner: ‘variable when it is defineg o

and it is fixed. That [s, gy,

ds that ‘of a variable cannot ba cha.

of commands in statlc typing whereas |

'no such restriction In dys. 0

So as programmer, you need to ensure

lype of values should be

If you want to determine the type
value does it point to 7, you can use

type (<variable name>)
For instance, consider the following sequence
uses type( ) three times :

typing.

53> a=10 . Programming languages like 0!
>>> type(a) The type retumid as int (integer) C++ support static typing.
<class'int"> SR SR e
>»»a=20.5
>>> type
<class'float'> (flaating point numbyr)
>>>a="hello” b
>>> type(a) 5 type (Suect ATl :

! ) to determine the type of 3
<class’str’> o The npe retumad as str (string) object. Object can be a variabje|

3> or a literal ete,

2.6 SIMPLE INPUT AND OUTPUT

In Python 3.x, to get input from user interactively, you can use built-in function input(). The
function input() is used in the following manner : '

variable_to_hold the_value = input (<prompt to be displayed>)
For example,
name = input ('What is your name ?*)

The above statement will display the prompt as :

..-'.--liillllll-lIlil.

.. ...'.-.".
. In [3]): name = fnput( wiut 1: o )
L

Wh i f
| at is your name ?l o Type your input data here l

in front of which you can type the name. The value that v
will be assigned to given variable, name in above
sequence :

oulypein front of the displayed prompt
case. Now consider the following comman

g

In[ ] : name = input("Enter Your name :" )
Enter Your name : Simar

In[ ] : age =input( "Enter Your age:")
Enter Your age : 16
In[ ] : name

Out[ ] : "Simar’
In[] : age

Out[ ]: '16"

In abov

|

{ Please note the Inf ] : Is the
' prompt of Python shell I““d
‘with Spyder IDE) and >>> I8
‘shown as general prompt of @
: Python shell, 1

'You can use any of the avallilﬂfi

e code, we used input() function to input fwo values name and age



Chopler 2 : PYTHON FUNDAMENTALS

But input() has a property, which you must be aware of. The
input( ) function always relurns a value of String type.
Notice carefully in above code - while displaying both values
name and age, Python has enclosed both the values in quotes
ie. as 'Simar’ and '16". This is because whatever value you
enter through input() funclion is treated as a String.

Now what are its consequences, especially when you are entering a number? In ordey to
understand this, consider the following code :

In [8]: age = input(“What is your age ? ") N *‘|
L ]

What is your age ? 16 <‘II!IIII.IIIIII"'

L

e |In [9]): age + 1

% |Traceback | b recent call last):

| |

|

l- “¢ipython-input-9-eac256a954eb>™, line 1, 10 <module>
]
L

v Nolice the error raised whon you try
| TypeError: must be str, not int > 1o add a number lo variable age
-

% which was given a value using ||
"'l input( ) function. e

See, Python raised an error when you tried to add 1 to age whose value you entered as 16. The
reason is obvious and clear - Python cannot add on inleger to a string. Since variable age
reccived value 16 through input(), it actually had "16"in it i.c., string value '16' ; thus you cannot
add an integer to it

You can check yourselves the type of variable age whose value you entered through input( )

function :
In [19]: age = input{hnlJf iﬂ your age b "]
What is your age ? 16 | ' NIDTE ol
In [11]): age " When you try to perform an
Dut[:l.:l]: 'fﬁ' operation on a data type not

| See it shows th | | suitable for It (e.g., dividing or

o¢ it shows the type o multip! Y'nﬂ AP E].' Hon

In [12]: t}*PE(BEQ variable ago as str raleesan error calla T lTrmr
Out[12]: str P &

| ! O By — R ve A

2.6.1 Reading Numbers

String values cannot be used for arithmetic or other numeric operations. For these operations,
you need to have values of numeric types (integer or float).

But what you would you do if you have to read numbers (int or float) ? The function input()
retumns the entered value in string type only. Then what is the way out ?
Don't worry. Python offers two functions int() and float( ) to be used with input() to convert
the values received through input( ) into int and float types. You can :

& Read in the value using input() function.

© And then use int() or float() function with the read value to change the type of input value
to int or float respectively.



For exampl¢,

Y 1n [36):
‘Aer Inputting valus through :

sann=purans

aaer [ul .' t"";i;ut 15 TUUF
In i

a = input

COMPUTER SCIENCE

gsnter marks

WITH PYTHON =

-------------

s 3

.......
"

marks = 1

: 73.5

Input( ) . use int( ) or float( )

D)

marks = float(marks

e 7 16
!H‘It {s your ag with variable lo cnarlgﬂﬂslfpﬂ n [11]:
ﬁn [14]: 2ge " int(age) to int or float type : :
— ‘In [18]):
:‘1.-. [15): age * 1 See it gaveo no efror becausa the typo ;m_:_t{il_!]_:_
iout[15]: 17 of age Is not string but Int and type o
- SN of marks is float, not string

You can also combine these two steps in a single
<variable_name> = int( input( <prompt string>) )

Or

cvariable_name> = float( input( <prompt string>) )

................. s ‘)J

{ irput{"Cnter marks

step oo, I.e., a5 :

marks + 1
74.5

-----------------------

converts the read value into int type
and function fleat( ) around Input( )
function converts the read value info

Function int( ) around input{)

floal typo.

*

.’- ‘In [19]: =marks = float

) TLLLLY ™

. Enter marks : 73.5 TTLLL ™,
. ; gun® Q‘

. ‘ - .
: In [2‘.]: age = int( input(“what is your age » ")) ..
[ |

I a
- Khat i5 your age ? 16 -
% L]
“‘ :
by (In [21]: type(marks) :
out[21]: float ”
&
o?

In [22]): type(age)

Dut[ll]: int (lll.l...llnlin.lll'."

After using int() and float() functions with input( ), you can
check l}'uursol_ves using type( ) function that the type of read
value is now int or float now (sce above)

2.6.1A  Possible Errors When Reading Numeric Values

If you are planning to input an inte

using input() inside ini( ) of Gsvor ﬂm““S‘PDinl number

float( ) such as shown below -

age = int( input('Enter Your age ; M)

or

percentage = float( input(‘Enten YOUr percenta
ge :’

Then you must ensure that the v
convertible to the target type.

m‘l t i
]5

There is another function )

which can also be used}:' ith

chapter,

)

easily -

[ —
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In other words :

() while inputting integer values using int() with j
entered must be int type compatible. Care nput()
below to understand it ;

.........................................

< .::I" [23]: age = int{ input{“W-at |s y Crur a'i_::-?":i_‘}h"""”"-"".
Sl s g R
: - | last g Ilhmtunlnlmmuu.m naaeun,
-.':..- tiv T<ipython-input -23-169b217¢ 380b>™ . | ire 1, in ‘mduh,g_ K
A '
:Ev.sluzfr-rof-: invalid literal for int() with base 10: 'IT.EM‘
©  [In [26]: age = int( input (-wst is your sge 3y y T
- .Emut is your age Notice the value enlered tSewnfo;n).
. ‘Traceback vis It s not an Iat compatible value ahunna,
'.'._' bl Teapython-anput - 24 T6%0217¢1Bob>™, line 1, 1y tmoduler 5

N : v
_-'h'-ilut-lr‘rcw'; invalid literal for int() with base 10: 'h*'ﬂtm'z T‘muﬂiamj

"
[]
[

() while inputting floating point values using float( ) with inpul( ), make sure that the
value being entered must be float tyvpe compatible. Carefully have a look at example
code given below to understand it :

¢> In II‘I marks = float [ dnput(“toter warks 1)

o® Enter marks @ —— Notce the value entered (73 5.0),
2 _
* ﬂj EREEp,

Traceback It s not an float compaltible value

&

. [
L) . ; " B
. “3j | cmoduled

.
d ! Thus this error |
valuefrror: could not convert string to float: °73.5.0° _

® In [28]): warks » flcat ( irput(Tfnter maris ")) ”
Notice the value entered (73 percent).
o Enter marks . il....
"' Traceback It is not an float compatible value .
: - £ oyt hos P ' bacd cbify”™ 1, & cwodule?
L
>
¥ L
'ValueError: could not convert string to.ﬂ“t.:...?-a- P"'“"t ______ :
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Please note that values like 73 or 73. or .73 are all float convertible,, EI’T"I{J,‘.-T#P e |
e ) ‘ »rror shall o )L
rt them to float and no ¢ | While entering num

hence Python will be able to conve i

be rr.'portcd if you enter such values. [values through Input r'gl

. [ Values like .73 or 7. or 73 elc !alnn;wﬂhlnl[llw ;

In [28]: wark ") ) | | can be oasily converied into float, I'mall:e!url:thll_:l\ro_u_

hence Python report no emror if | [values that are con er-

(Entn marks : 73 4 you enler such values with :1|h|.¢ to the um“ ype
t(“fnter warks i 7) ) float{ ) used with Input() . | 'otherwise Python W

| ralse an error.

——
g = (loat ( input(“Enter marks !

In [27): warks = float ( inpu
Enter marks : 73.

2.6.2 Oulput Through print Statement

The print( ) function of Python Jxisa 1\':!}'3
normally a monitor. The simplified syntax” to usc

¢ 7 or ¢<separator-string> end =

lo send output to standard output device, which is
print( ) function is as follows :

r J = t 2
print(*objects, [ sep= \n’ or <end-string>])9

*objects means it can be one or multiple comma separated objects to be printed.

Let us consider some simple examples first :
print ("hello™)
print (17.5)
print (3.14159*(r*r))

#astring

# a number
# the result of a calculation, whichwill

# be performed by Python and then printed
# out (assuming that some number has been
# assigned to the variable r)

print ("I\’m", 12+5,"yearsold.") # multiple comma separated expressions
Consider some examples with oulputs :

Example statement 1: i Example statement 2 : - Example statement 3 :

print (*Python is wonderful.”) print ("Sumof 2and 3is", 2+3) a=25

print ("Double of",a, "is", a*2)

will print the output as: | will print the output as follows '
. will print the oulput as follows

i (243 is evaluated and its result is !

: ¥ - - -
{ printed as 5): (a*2is evaluated and its result is
: ¢ printed) :

‘ sumof2and 3is 5
: Double of 25 is 5@

Python is wonderful.

Now consider some more print statement examples :
print (obj)
print (obji1, obj2, obj3)
print( )
print ('Objectl has more value than Object2')
print (objl, 'is lesser than, obj2)

The output of . . )
put of these print( ) functions, you'll be able to determine if the values of variables obj,

obj1, obj2 and obj3 are know , - .
a blank line.) / OWN 10 you. (A print( ) without any value or name or expression prints

3. Insyntax, elements in square brackets mean that they are optional. . i



of print statomen!

fe .

The rint statement has a nu
p| nulo—nmvens the items to strings
i

umnmtically convert it into equivalen
: s them and then converts the

cmlual

.r.lalcmenl 2 above)
IMPORTANT - wiih print( ), th
[t here with examples m
h different 1ypes of arguments
automatically becaust the default value of sep argument is
jes the separator character. The print() automatically adds
din a line. 1f you do not give any value
in between the items when printing.

mber of features:
ic, if you are printing a numeric value, It will

{ string and print it for numeric expressions, it first
resull to string, before printing (as it did in example

¢ objects/items that you give, must be convertible t string type,
vering ay derail our discussion so w¢ have given examples of using
Ct;m( ) wit in Appendix B. Please do refer 1o Appendix B.

pr

ris spaces between ilems

+*). The sep arpument specil
r between the items/objects being, printe

fault the print( ) will add a space

o itinst
span‘(
the sep characte

for sep, then by de
Consider this code : o [ our different siring objects with na
atliy in ther are f'l':l'ﬂ_! l"'fl'lln.l'

print ("My") *name", "1s", "amit.")*

will print
— flut the ouput line hay automatically spaces inserial In
My name {s Amit. “ by twprnt themt Decatisd default sep character i a space.

you can change the value of separator character with sep argument of print() as per this:

The code :

print ("My", “name”, "1s7, “Amit.", sepe oee )

\\'iu Pnnt Lt .®
) - [hiy (o the print( ) weparated the items
My . - NaAme. .15 Amit, with ploen sep characier which is %'

a newline character at the end of the line unless you give your own end

o il .\ppn-nd*s
jer the code given below':

argument. Consic

print ("My name is Amit.”) e TRV

print("1 am 16 years old™) _ .
A print{ ) function without any

value or name or
prints a blank line.

It wall pmduw output as
r et

e -

sy name {5 A=IL.
{ am 16 years o0ld

So, aprint( ) statement appended a newline at the end of objects it printed, i.c., inabove code:
My name is Amit.
ft.Jor \N e Python automatically added a newline charactet

I am 16 years ald. it the end of a line printed 30 that the next
print( ) printy jrom the ned line

The pri vl thi :
by dz;;ntli ) “-ans this way only when you have not specified any end argument with it because
y default print() takes value for end argument as \n’ - the newline character*. "3

ARk A newline i
eis a character used to represent the end of a line of text and the beginning of 8

pewline.. -

L]

o



If you expl'idlly give a
and end it wi

print("My name is Amit.
print(“I am 16 years old. ") ..+

e

will print output as :

My name is Amit. I am 16 years old.

5o the end
prinlr.-d at

Code fragmenl 1
a, b=20, 30

the end of print line.

print ("a=" 2, end="")

print ("0 =", b)

a=20b=30

\%.4

1. What is a variable ?
z.\'ihyisavaﬁablecalled symbolic
variable ?
3. Create variables for the following
() to hold a train number
(i7) to hold the name of a subject
(iii) to hold balance amount in a bank

account

{

4. What do you mean by :  <ulbs
of;mmzmhd&iﬂm_my;
must take care of ? ‘

n end argument with a print()

ith the string specified W
, end = “$")

argument determines the end character tha

Notice fist print |~
statement has end
s 45 @ space

Now the output produced will be like :

This space is because of end =

COMPUTER SCIENCE WITH PYTHON =Xt -

function then the print() will print the line

ith the end argument, .- the code

This time the prini( ) ended rlu: line with
piven end charadier, whiclh is°§ " here

: A
{in print( ) function, the defa ol
value of end argum

 newline character (\n')
| sep argument, it is spang._(_

t will be

e ——

* tin print( )

The reason for above output is quite clear. Since there is |
end character given as a space (i.c., end = ) in first print
statement, the newline ("\n’) character is not appended at
the end of output generaled by first print statement. Thus
the output-position-cursor stays on the same line. Hence
the output of sccond print statement appears in the same
line. Now can you predict the output of following code

fragment ?

Name ='Enthusiast’

print ("Hello", end= )

print (Name)

print ("How do you find Python ?")

Well, you guessed it right. © It is :

Hello Enthusiast
How do you find Python ?

E:y;:“ you can Iivreak any statement by putﬁng 11 .
and pressing Enter key, then completing

stalement in next lin, _
e.Fore .
perfectly right. xample, following statement

print (~ - e

Int (“Hello™, \ «—— The backslash at the end 8
end=" ") that the statement is still.
continuing in next line

Now .
consider .
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Progrom te obtain three numbers and print their sum.

# to input 3 numbers and print their sum
Jroga™

YTHON FUNDAMENTALS .
- |

numl = int{ input(“Enter number 1 : )
num2 = int({ input(“Enter number 2 - "))
num3 = int( input("Enter number 3 - "))
. Sum = numl + num2 + num3
| print("Three numbers are : ", numl, num2, num3)

print("sum is : “, Sum)

The output produced by above program is as shown below :

1 gnter number 1 : 7
gnter number 2 : 3
gnter number 3 : 13
' Three numbers are :

7313
| sum is : 23

|
=1

s
!' 2.2 Program to obtain length and breadth of a rectongle and calculate its area.

| |

|' : rogram # to input length and breadth of a rectangle and calculate its area
length = float( input(“Enter length of the rectangle : "))

breadth = float ( input("Enter breadth of the rectangle : "))

area = length * breadth

print ("Rectangle specifications ")
print ("Length=", length, end = * ")
print ("breadth = ", breadth)

print ("Area=", area)

The output produced by above program is as shown below :
Enter length of the rectangle : 8.75
Enter breadth of the rectangle : 35.0
Rectangle specifications

Length = 8.75 Breadth = 35.0
Area = 305,25

| f
23 pr egram lo calculate BMI (Body Mass Index) of a person.
' Body Mass Index is a simple calculation using a person's helght and weight.
ogram The formula is BMI = kg/m® where kg is a person's weight in kilograms and mr’ is their helght in

Meltres squared,

#to calcu;ate BMI = kg /m square
weight_in_kg= float(input(“Enter weight in kg: "))

*—
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(input(“Enter height inmeters : "))

1
= float
height_in_meter = f ight_in_meter * height_in_meter)

bmi = weight_in_kg / (he
print("BMIis: ", bmi)

The output produced by above program is as shown below :
enter weight in kg : 66

Enter height in meters : 1.6
BMI i5 25.781249999999996

oL o
| -/ VARIABLES, SIMPLE |/O Progress In Python 2.3

—pmiP
Start a Python IDE of your choice |
1. Click File — New File... and type the following code into it :

myNumber = 16
print (myNumber + 1)
print (myNumber)

# output statement 1
# output statement 2

Please check the practical component-book - Progress in Computer
Science with Python and fill it there in PriP 2.3 under Chapter 2 ofter

praclically doing it on the computer.

2>

LET US REVISE

— L

“* A Python program can contain various components like expressions, statements, comments, functions, blocks and indentation,
“ An expression is g legal combination of symbols that represents a value,

“* A statement is g programing instruction,

Comments are non-executable, additional information added in program for readability,
* In Python, comments begin with a # character.

* Comments can be single-Ii i-li

o be single-line comment, multi-line comments and inline comments,

© bunction is @ named code thay cen be reused with g program

A block/suite/code-plock i5 @ group of state
Blocks are Fepresented through indentation
A variable in Python is def;

°

ments that are part of another statement,

ned only when some value is assigned (o ir.

L~ . S
7
£
=
~
G
=
g
o
&
3
3
2
)
3
:
s
£3
3
ﬂ
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g:]lf
iffirence between @ keyword and an identifier 7
.ord that has a special meaning and purpose. Keywords are reserved

word is a special w
iple, if, elif, else elc, are keywaords.

colution-
and arc @ few. For exan
2 user-defined name given to a part of 2 program viz. variable, object, function etc
defined by the user but they can have letters, digits and a

|dentifier is
are not reserved. These are
ith cither a letter or underscore. For instance, _chk, chess, trial
f r

jdentifiers .
symbol underscore. They must begin w
elc. are identifiers in P'ython.
i Python ? How many types of literals are allowed in Python 7
ms that never change their value during a program

A Teat is the o
' Key

What are lilerals
rals mean constants i.e, the dataiite

s of literals :

ta

S-u|l.llif-‘”- Lile
run. Python allows five type

() String literals

(i) Numeric literals

(iii) Boolean literals

(i) Special Literal None

(v) Literal Collections like tuples, lists ctc.

3 How many ways arc there in Python to represent an inleger titeral ?
Solution. Python allows three types of integer literals

(a) Decimal (base 10) integer literals
() Octal (base 8) integer literals
() Hexadecimal (base 16) integer literals
(2) Decimal Integer Literals. An integer literal consisting of a sequence of digits is taken to be

decimal integer literal unless it begins with 0 (digit zero).

For instance, 1234, 41, +97, =17 are decimal integer literals.
fh) Octal Integer Literals. A sequence of digits starting with 0o (digit zero followed by letter 0)
is taken to be an octal integer. For instance, decimal integer 8 will be written as 0ol0 as octal integer

(BIEI =IUH] and decimal integcr 12 will be written as Dold as oclal il"l.l.L'BL'l' {llm =]43}
(¢) Hexadecimal Integer Literals. A sequence of digits preceded by Ox or 0X is taken to be an

hexadecimal inleger.
For instance, decimal 12 will be written as 0XC as hexadecimal integer.

Thus number 12 will be written cither as 12 (as decimal), 0014 (as octal) and 0XC (as hexadecimal).

4- - .
What will be the sizes of following constants ;
\a, "\, "Reema\’s", "\»', "it’s", "XV \ TTXV.L
,r,z" (IR N1} )
Solution, N

\a' Size i i
1z¢ is 1 as there is 1 character (escape sequence) and it is a string literal enclosed in
single quotes.

"\a" e _
Size is 1 as there is 1 character enclosed in double quotes.
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58 : tes. (V' is
- 24 clers enclosed in double quotes.
E— it Is a string having 7 chara d a single character.)
vReema\’s” Size is 7 Mﬂusefl apostrophe and is considered a -
ape sequence far: ) .+ iust one character \".
e It is a character constant and is containing Jus .
' [] S'ZL‘iS l- 5a inﬂ dou cqu
v l " allows single quote without QSCﬂPF sclquc::::ed String .8 ‘no.” Itag’.
"it’s" prhghs ?;mnnme without escape sequence in a SINgIe q
and adouble qu
; . in the basic string.
) Size is 4. It is @ multi-lin string create with \
yz"
LU -'ny

is also counted in size.
5. Triple quoted multi-line string, EOL () character 15
. Size is 3.
yz

; ?
5. How many types of strings are supported in Python
i y ing types :

Solution. Python allows fro string &y . o -
(0 Single-line Strings Strings that are terminated in Slnglc: 1
(i) Multi-line Sirings Strings storing multiple lines of text.
6. How can you create muldti-line strings in Python ?
Solution. Multi-line strings can be created in Livo ways : '
i strings €.g.,
(1) By adding a backslash at the end of normal single-quote or double-quote gs e.g
Text= "Welcome \
Tok

Python"

(b) By typing the text in triple quotation marks. (No backslash needed at the end of line) c.g.,
Str‘l :Hlouwelcnme

To
Python

7. Wha! factors guide the choice of identifiers in programs ?
Solution.

() Anidentifier must start with a letter or underscore followed by

(i) No reserved word or standard identifier should be

(i) No special character (other than undersco
8. Wrile the Jollow

Solution,

any number of digits and/or letters,
used.

re) should be included in the identlifier.
g real constants in exponent form :17.251, 151.02, 0.00031, ¢ 452

() 17.251=0.17251x 192
(i) 151.02 =0.15102 ¥ 193
(iif) 0.00031=031x79-3
(i) 0452 20,0455 x10"

= 0.17251E02
= D.15102E03
= 0.31E-3

= 0.0452E0;
?

9,

t
€ end of Jisig in}'e been crea

ted in sim
Python, ple words, or

11.

13

imn
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3 Nowineg literafs 7
0. :ﬂ"w the '5;;57:?& ;?.?.EB‘ True True’ "True”
False *"False'™ OXFACE o213 0789
solution 789 Floating point
22;,39 integer
True Boolean
“Truc' String
“True” String
False Boolean
smpalse™ String
OXFACE Integer (Hexadecimal)
po213 Integer{Octal)
00789 Invalid token ( beginning with 0 means it is octal number but digits
8 and 2 are invalid digits in octal numbers)

None None

Wit is the difference betwoeen an expression and a slatement in Python ?
. 8

Splution. -
Expression ______ Statement 1

ch.:-ll combination of symbols Programminy; instruction as per Python syntax

Represcnts something Does something

P'vihon executes it

Python evaluates it
End result is a value | Need not result in a value
Example : '| Examples ;
2.3 . print (“Hello")
G | sfa>e:

Which of the following are syntactically correct strings? Stale reasons.

12
(a) "This course is great!"
() 'She shouted "Hello!" very loudly.’
(c) "Goodbye’
(fy 'This course is great!’
(¢) "Hello
() "Iliked themovie ‘Bruce Almighty’ very much."
Solution. Strings (a), (1), (d) and (f) are synlactically correct. (Strings () and (f) are also valid as single
quote strings can use double-quotes inside them and vice versa.)
String (c) ( “Goodbye' ) is incorrect because opening and closing quotes don't match,
String (¢) (“Hello) is invalid because it has no closing quotes.
B. What is the error in Jollowing Python program with one statement ?

print ("My name is", name)
Suggest a solution,
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- .

X . . { . s
The abo atement is trylng ’ fore using it,
Foation. The & 201 :::mt is to define the va riable name be
: e pro
solution to abov

name = 'Tanya

print ("My name is", name) " 1t 1o input value as 20 and obtain cutput as 40. Could
e

not giving desired ontput.

ine code s
The following ¢ i
" you ﬁrrpain! the probiem 2 “
Number = input( “Enter Number" )
*
poubleTheNumber = Number * 2

print (DoubleTheNumher)

i input value 20 is returned as,
blem is that input( ) returns value as a string, so the inpu
Solution. The problem 15

string ‘20" and nol as integer 20. So the output is not 40}:.' O
Also Print( ) is not legal function of Pythen ; it should be p .

: 3 ! ,
15.  What would be the correction for problem of previons question : e i s
Solution. By using int({ ) with input( ), we can convert the string into integ alue,
Number = int(input (“"Enter Number" ) )

DoubleTheNumber = Number * 2
print (DoubleTheNumber)

Now the program will print desired output as 40 if 20 is typed as input.
16, Why is following code giving errors ?
name = “Rehman”
print ("Greetings !!!")
print ("Hellc", name)
print ("How do you do ")

Solution. The problem with above code is inconsistent indentation. In Py
statement unless it is inside a suite

Thus, corrected code will be -

thon, we cannot indent a
and we can indent only as much is required.

name = "Rehman™

print ("Greetings | | ")
print ("Hello", name)
Print ("How do youdo ")

Write ] ]
program to obtay, temperature in Celsius and conpery it into Falirenhe

it using formula
°Cx9/5 =
Solution, TISsstucE

# Celsiys to Fahrenheit

I;Ut( "Enter temp in Celsius "))
ure ip Celsiye ig ;»
v s Cels)

print ("Temperature in Fahrenheit i
is ",

Fahp = Cels * 9/

19.

20.

GL

Cor
Ide
Key
Lex
Lite
To}
Stri
Va,
Exp
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et will he the cutput produced by Sollowing code 7

:‘r..r.-;_- value ="Simar’
:"‘ age =17
print (name, *, youare*, 17, *now but~, end = w2
print ("youwill be™, Jge +1, "next year")
Solution.
simar, you are 17 now but you will be 18 next year
. What awill be the oudput of following code 7
X,¥y=2,6
X, Yeuy, x+2
print (x, y)
calution.
64
Explanation. First I-iru.1 of code assigns values 2 and 6 to variables x and Y respectivel
Next line {g@nd III.'IL‘) of code first evaluates right hand side ie, y, x+42 hpl i 62, ]
and then assigns thistox, v i, x, y=6,4: s0 x gels 6 and y F,L;‘;{l’ - SRR E
Third line prints x and y so the outputis 6 4. o
0. Prodict the output of follozving :
X, Y = ?J' 2
X, Yy X=x+1,y+3, x+10
print (x, y)
Solution.
17 5
GLOSSARY
—— )

A doto item that never changes its value during a progrom run,

Constant
Mentifier Name given by user for a part of the program.
Keyword

Reserved word having special meaning and purpose.

Lexico] Unit Other nome of token.

Uteral Constant.

Token
g The smallest individuol unit in o program
| program.

Sequence of choracters enclosed in any type of quotes.
Nomed stared location whose volue con be monipulated during program run.
legol combination of symbals thot represents a value.



ceptual Questions _ .
ons/Concep wed in Python ? Examplify your answer, -

r Questi
Short Answe . of tokens abeallo

A: i
Tvpe Vhat are tokens in Python ? How many ty lf" )
r 1 . e keywords different from identifiers ! literals are allowed in Python ?
s ls in Python ? How many types of liter |  « to cupport yOUF ansWer.
3. Whatar® menfs haracters be used in Python ? How 7 Give examples to supp o
4, Con nongrﬂPh'c j mn.;hnls rcprr.‘sc'nled in Python 7 Give examples to support yo .
: are floaling COMEX . in Python ?
5. How 1:; string-“"-’mls repres'-‘ntcd and lmplemrznted in Py. ¢ (i) float (©) decimal.
upioly { (hese is not a legal numeric type in Python ? () in
7. Which of thesc ! :
5. Which argument of print( ) would[you s)et? ff;j’a printing the following line in current line ?
: ator (space) * )
() changing the default sepa-r . l: tion ? Give examples of some unary and binary operalors,
9. What are operators ? What is their func :
nt ?

10
11. What all componenls can a Py . .
12. What do you understand by block/code block/suite in Python ¢

13.
14,

15.
16. What is Dynamic Typing feature of Python ?

17. What would the following code do: X =Y =77

18. What is the error in following code : X,Y =77

19. Following variable definition is creating problem X = 0281, find reasons.

20. “Comments are useful and easy way to enhance readability and understandabilit

What is an expression and 2 stateme
thon program contain ?

What is the role of indentation in Python ?
What are variables ? How are they important for a program ?

What do you understand by undefined variable in Python ?

r of a program.”
Elaborate with examples. ’ i '

Type B : Application Based Questions
1. From the following, find out which assignment statement will produce an error. State reason(s) too
::]} :3:5; ) (b) y =037 (c) z= 0098 () 56thnumber = 3300 |
Bth=450.17  (f) ITaylor = ‘Instant’ (8) this variable = 87.F02
(%) float =.17E - 3 () FLOAT =0.17E - 03

2. Find out the error(s) in following code fragments ;

(0 temperature = 98 (i) a=30
print tempratyre b=a+b
(i) a, b, €=2,8,9 Print (aAndb)
Print (a, b, c) (i)
¢ b,a=a,p, .
4=x

print (a; b; c)

. (©) print ("% ="X) (UIJ else = 21 -5
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y will be the output produced by following code fragment (s) 7

4 510 (if) first=2
Kmx+10 second = 3
xaX -5 third = first * second
orint (x) print (first, second, third)
first = first + second + third

X, Y= X=-2, 22

priﬂt (x: ?)

side = int(input('side’) ) #side givenas 7
area = side* side

print (side, area)

problem with the following code fragments ?

)

4 What is the

w 2a=3
print (a)

b=4
print (b)

s=ad+ b
print (s)

(i)  name="Prejith”
age =26
print ("Your name & age are ", name + age)

i) a=3

s=a+10@
a="New"
qg=a/1@

5. Predict the output :
X =40
y=x+1
X=20,y+X
print (x, y)

6. Predict the output
X,y=20, 68
Y, X,y=X,y-18, x+18
print (x, y)

7. Predict the output

(@ a, b=12,13 () a,b=12,13

third = second * first
print (first, second, third)

¢, b=a*2, a/2 print (print(a+b))

print (a, b, c)
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8. Predict the output
a, b, c=10, 20, 30
'q r-c-5,a+3,b-4 i)
g;in't (*a, b,c P P b, c, en
print (P, Qs T 4, P )
. ¢ "
ving code fragmen © a= input("value )

=y=5
() print (x=y=5) b=2/2

(n!] y= x+5
print (x, Y) print (a, b)

9, Find the vrrors in follm

» ntered is XI)
Find the errors in following code fragment : (The inpul entere

10. ]
c = int(input( “Enter your class ))
print (“Your class is", c)

11. Consider the following code :

name = input("What is your name?")
print ('Hi', name, ",'
print ("How are you doing?")
was intended to print outpul as
Hi ¢<name>, How are you doing ?
But it is printing the output as :
Hi <name>,
How are you doing?
What could be the problem ? Can you suggest the solution for the same ?
12 Find the errors in following code fragment :
¢ =input( "Enter your class" )
print (“Last year you were in class") ¢ -1
13. What will be returned by Python as result of following slatements?
() >>> type(8) (1) >>> type(int(e)) (c) >>>.type(int(‘e’))
@) >>> type(‘e’) (€) >>>type(1.8) () >>> type(int(1.0))
D 2 IPEELoat(@) () > type(float(1.0)) () 2 type( 3/2)
Match your result after executing above statements,

M. What will be (he oulput produced by following code 7
(@ »»> str(print())+“one"

by »»» str{print("helln") )+"One"

15 Wha willbe the o B Xplain why this result came?

(@ >»» print[print("Hola")
by >>» print(pr‘int("Hnla”, end

M
fatch yoyur result after EXxecuting abqy

€ slatemenys, ¢
" AN you explain why this resylt came?
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at the following code and its execution on Python shell. Why is the last assignment

33> b=0013

53> €= 0078 .
File n,:pythr.:-n-input-:u-27fb92fd265f> ;linel
¢ =8078

A

s}rnt.thrror : invalid syntax
17, Predict the output
a, b, c= 2,3, 4
a, b, c=23%a, a*b, a*c
print(a, b, c) | | |
Theid() can be used to get the memory address of a variable. Consider the following code and tell if the
; the same value or not (as the value to be printed via print( ) ) 2 Why ?

id( ) functions will returmn
[There are four print( ) function statements that are printing id of variable num below)

num = 13
print( id(num) )

num= num+ 3
print( id(num) )
num = num - 3
print( id(num) )
num = “Hello”
print( id(num) )
19, Consider below given two sets of codes, which are nearly identical, along with their execution in Python
shell. Notice that first code-fragment afler taking inpul gives error, while second code-fragment does

not produce error. Can you lell why ?

(a)
>»» print(num = float (input(“valuel:")) )
Input taken as per execution of inputf)

valuel:67 «—
Traceback (most recent call last):

File “<python-input-56-78b83d911bc6>”, 1ine 1, in <module>
print(num = float(input(“valuel:”)) )

TypeError: ‘num’ is an invalid keyword argument for this function

(®)
?>>print(float(input(“value1:")) )
valuel:67
67.9 + Code successfully executed. No error reported.

I.Ci-j
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20, Predict the output of the following code :

Jl)} * 1500 * 24
»#y) * 3600
”y) * 60

days = int(input(“Input days:
hours = int(input(“Input hours:
minutes = int{input(“Input minutes: iy
seconds = int(input(“Input seconds: ”’))

ys + hours + minutes + seconds

] = da
time ”) time)

print(“The amounts of seconds

If the input given isin thisorder: 1,2, 3,4

g Practice/Knowledge based Questions |

Type C : Programmin
nly when the user presses enter key,

1. Write a program that displays a joke. But display the punchline o

(Hint. You may use inpul()) : d left i
2. Write a program to read today’s date (only del part) from user. Then display how many days are leit in =

the current month.
3. Write a program that gencrates the following output :
5
19

9
Assign value 5 to a variable using assignment operator (=) Multiply it with 2 to generate 10 and subtract

1 to generate 9.

4. Modify above program so as to print output as 5@10w9,

5. Wrile the program with maximum three lines of code and that assigns first 5 multiples of a number to 5
variables and then print them.

6. Write a Python program that accepts radius of a circle and prints ils area,

7. Write Python program that accepls marks in 3 subjects and outputs average marks,

8. Write ashort program that ask ight i '
' s for your height in centimetres and then converts i
iches (1 foot - 33 e 3 o oLt i erts your height to feet ant.i

9. Write a
® we Program to read a number » and print n?, 0w and o,
11- N € a program to find area of a triangle
. Wrile a propr; : . . '
12. Write 3 imgra: :U .Eompute simple interest and compound interest.
13. Write 3 Program h: T?];u;a number and print its first five multiples
. a ils Ji '
line and then i etails like name, class, qge of a stud i ils fi i
separate |ines, g udent and then print the details firstly in same

i

print a 3 digit numb
. As X er created as <n(n+1)(n+2)> e.g.
"ume that the input digit is in range 1.7 e

€ Numberg in
three var
and fl: Variables and gyan f
third NUmbers respe vely ds ap first two variables with the sums:



| Data
| Handling

i O
n

11 muoduclinn

32 Data Types
33 Mutable and Immutable Types

3.4 Operalors
3.5 Expressions

11 INTRODUCTION

In any language, there are some
‘ most elementary programs. This ch

rariables, operators and expressions in Py
fined set of data types for handling the data it uses. Data can be stored

hapter is going to discuss various types of data that you can
eds a means to identify stored data.

fundamentals you need to know before you can write even the
apter introduces some such fundamentals : data types,

thon.

Python provides a prede
’ in any of these data types. This ¢

store in Python. Of course, a program also ne
So, this chapter shall also talk aboul mutable and immutable variables in Python.

o ——— i i e A i S

SRR ErwrressmmrETd

| IMPORTANT : In this chapter and onw
Spyder IDE (IPython shell) which uses In[ ] :
h‘."-'f given commands with >>> prompt, which is
Biven on a Python shell prompt.

:;ﬂ :a J:l:ﬂunn?hcl@ execute the code in the same way,
chice, by ':i:ﬂ]UES [Lj.y., Toronto University). You are free
braris syt asl;vc lnsmllu.d Python using Anaconda dislrihfuiun W

it el u.mPy, SciPy, Panda and many more) along with Python. As Spyd
. is available as part of Anaconda Python distribution and is very easy t0 use,

E“'P-l'l 5[‘“3
““ﬁhﬁﬂiﬁm of Spyder IDE and IPython shell in this book at times. .

ards, we have shown screenshots of Python shell used in ‘l
prompt Lo take commands. But in text sectuon, we

a standard way of telling that this command is 1
i

though IPython shell is an enhanced shell, used
to use any Python IDE/shell of your '11
hich installs maximum |}
er 1DE and
we have

-

]
D T TSP
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i Tvl:-c f many integer, real, stritl
Data can be of m:
represents string data
with fractions represen
dealt with are of many type

racler,

in Pytho
t real dat

s, a pmgmmming language
must provide ways and facilities to handle all types ol’daln.f
Before you learn how you can process different type:t:d
data in Python, let us discuss various data-types 5uFI;po s
in Python. In this discussion of data types, you 'll ea ?
to know Python’s capabilities to handle a specific type ©
data, such as the memory space it allocates to hold a
certain type of data and the range of values supported for

a data type etc.
Python offers following built-in core data types :

(v) Dictionary.

3.2.1 Numbers
As it is clear by the name the Number data type:

The Numbers in Python have following core data types :

() Integers
© Integers (signed)
¢ Booleans
(i) Floating-Point Numbers
(i) Complex Numbers

3.2.1A Integers
Integers are whole numbers such as 5, 39, 1917, 0 etc.
l'ﬂ'tey have no fractional parts. Integers are represented
in Python by numeric values with no decimal point
lnt_egfers can be positive or negative, e.g., +12, - 15, 3()0[].
(missing + or - symbol means it is positive number),

There are fwo types of integers in Python :

() Integers (signed). It is :
. the normal integer!? :

Python 3, o ger® representation of w )
Iﬂ-:{lgua:ge:. ;;:';Ifesof any length, it is only limited by the mcmo“ hc:e T}l'lH;']tbers. Integers in
2 n3. : : , ! ava :

X provides single data type (int) to store any inter;ef \\'lhzthir bi ”

’ 1¢ or small,

I[‘ = " a [ * 'l =y w ]I L4
[ 4 n

r GD

or True respectively,

umber of bytes,

' COMPUTER SCIENCE WIT

r elc. AN
types €8+ e bers without f ractiorl:’SLrl-'Pf‘-'f"-'
n. Numbers t Boolean data.

aand True and False represen

(i) Numbers (if) String (iif) List (iv) Tuple

s are used to store numeric values in Python,

H PYTHON

ything enclosed in quote
nt integer data. Number,
Since the datatoby

TBullt- A Core Data Type
e Numbers (int, float, complex)
| String
< List
| 4 Tuple
| <= Dictionary

(Types of integers in Pytho

“ Integers (signed)
*+ Booleans

ST —

Unlike other

True. The Boolean type is a subtype of
eﬂhke the values 0 and 1, respectively.
(@) or bool (1), Python will return False

3.2.




‘ ab DATA HANDLNG
il
gure pelow (left side),
wmbers R TTeTEY
ooty 1out[5] False |
1ta to be i :
'n [6]: bool(1) :
i.-*m.' | :Iout‘[_ﬁ_]i‘_T_r_u_E_-__:
iplexy | Truipeleh
/ | However: when you €0
[ {03 string the
| H\"e]:"' 'T.l'I'E 5tr{d )
: jeht side
—y sbove (MB
9 18 Flooling Point Numbers
Tuple o A number ha
ﬂaaring-pmnt
integer- The nu
thon Recall (fro
' fp forms -

| (0 Fractiona
| (if) [{xpanent Nolation ¢.g.,

g

i 1 What are the built-in core data types of
[ | Python?
| 2. What do you mean by Numeric types ?
How many numeric data types does
| Python provide ?
1 What will be the data types of
} . following two variables ?
A=2147483647
B=A +1
(Rint. Carefully look the values they
are storing. You can refer to range of
Python number table.)

L What are Boolean numbers > Why are

:

V.
se

|
|
l

L As ,
le per Python documentation, “Python does not support single-precision

nvert Boolean values False and True
strings ‘False’ or “True’ are returned, respec-
) function converts a value to string. See figure l

ving fractional part is a [loating-
aumber. The decimal point signals that it is a fl
mber 12 is an integer, but 12.0 is a floating-point number.

m Literals/V alues’ discussion in chapler 2) thal fractional numbers

{In [9]: str(False)

10ut[9]: "False’

In [18]: str(True)
Out[18]: *True’

-
-

':_ pe= » e (- T

l
‘Boolean objects In Python. |

point number. For example, 314159 is a
oating-point number, not an

can be written in

1 Form (Normal Decimal Notation) e.g., 3500.75, 0.00005, 147.9101 etc.
3.50075E03, 0.5E-04, 1.479101E02 etc.

ariables represent real numbers, which are

Floating poinl v
area,

used for measurable quantities like distance,
temperature etc. and typically have a fractional part.
Floating-point numbers have two advantages over integers:
& They can represent values between the integers.
& They can represent a much greater range of values.
But floating-point numbers suffer from one disadvantage

also :
& Tloating-point operations are usually slower than
integer operations.
In Python, floating point numbers represent machine-level
double precision floating point numbers® (15 digit
precision). The range of these numbers is limited by

pinet

underlying machine archi-

teclure subject to available . | |
(virtual) memory. In Python, the Floating point |
numbers have precision of 15/
 digits {double-precision). 5

R e =

floating point numbers ; the savings in processor
ectsin Python, so there

ind A
; ;““"‘Y‘iﬂgt that are usually the reason for using these is dwarfed by the overhead of using obj
‘10 Teason to complicate the language with two kinds of floating point numbers”.

.
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3.2.1C Complex Numbers

thon is a versatile language
gm;ﬁw Numbers ? Hey, don’t you know about Com

Iex Nunibers nlsﬁ d
'ric type to represent Comp > Also,
SR A r:;:.: Eum{mrs 7 Uhh, I see. You are going ta.

i ‘t know anything.

i k. Well, if you don’t g

in class XI Mathematics book. W AR '.

s Cmnpfexbi;f;",lf:n";oc:?;u to get started, I am giving below brief introduction of
about complex num A

1 lex nunibers,
d then we shall talk about Python's rcpresentation of Camy
Complex nmumbers an e

J i ht‘r
A B.i- WHEI'E I is I!hE lmaglnﬂl}' nu '
ber is a number I:I‘i the IUIIII + m
Malhcmallcally, ] mmplex num -

equal to the square root of —1i.e., ..,f—l.

A complex number Is made up of both real and J'.l'ﬂﬂgil‘lill'}i' A complex numberislnthefurm_
components, In complex number A +Bi, A and B arc rea A-+B1 where I Is the imaginary
numfe;sandfis imaginary. If we have a complex number z, where sumber, equal to.the s:uare_-
r=a+bi then a would be the real component and b would root of =1 Le., /=1, that is.

23
represent the imaginary component of z, e.g., real component of 1.

z=4+3iis 4 and the imaginary component would be 3.

Complex Numbers in Python o
Python represents complex numbers in the form A+ Bj. That is, to_reprcsent m'!aglnaqr
number, Python uses j (or ]) in place of traditional 7. So in Fylhof} ;=J:_1. Consider the
following examples where a and b are storing two complex numbers in Python :

da=0+3.15
b=1.5+2j
The above complex number a has real component as 0 and |
imaginary component as 3.1 7 in complex number b, the rea] ]
partis1.5and imaginary part is 2. When you display complex Python  represents complex
numbers, Python displays complex numbers in parentheses numbers as a pair of floating|
when they have a nonzero real part as shown in following Point numbers, |
examples. -
>2>c=0+4.5j
23> d=1.1+3.4j .
¢ - B

4.55
;»1 Complex numbers are quite
commonly used in Electrical
(1.1+3.45) Engineering. In the field. of
23> print (C} See, g complex number with el&r:trl'tlty, hﬂWE"J'EI‘, bem:
4.5 et - Eplayed i the symbol /s used to represen
e il gy, curren 2 symbol
>3> print (d) But no paremtese arottnd comply fﬂrthets'qt:aeri :l::t lt:lhfils?:;:hpi
(1.1+ 3.435) number with real pars g Zeral0), adheres to this convention, :!
L e ey VAR

i

e

’ con*:‘pll;ex number:? are a composite quantity made of two
'Y part, both of which are represented internally as ﬂnal".:r-
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‘“#

raqy Can e
= zreal Eives the real part.

Q i,
& zimag Bives the imaginary part as a float, not as a complex value.
1 ¥ 4 i
ntrf.'l'nl'rﬂ'j!ff.- O e
ya>z=(1+2.563) + (-4-3.563) Vot - Lkl.'rlf'; LT R T
l' >33 {The real and imaginary parts of 8|
= | Ll - ber, 2 ,can be
| (-3 13) 14 B walf display real par of complex o Ilinl:llzr:d ;:?u?:l;the read-only
| d : 4 \ R R e P o Bt e g e
| »> )ﬂz. re number e ;
-3. , . s R e et L
Fewill displuy Tmaginary port of complex
y»>>» Z.imag -— Hunitwr =
-1.9

The range

) A
| F . . 3
|1 what are floating point numbers ?

When are they preferred over integers ?
2 What are complex numbers ? How
would Python represent a complex
| pumber with real part as 3 and
| imaginary part as — 2,57
[ 3. What will be the output of following
code ?
p=3j
:' q=p+(1+1.5])
j print (p)
‘ print (q)
| 4. What will be the cutput of following
code ?
L r=2.5+3.9j
|
print (r.real)
print (r.imag)
5. Why does Pythan uses symbol j to
fepresent imaginary part of a complex
number instead of the conventional i ?

Hint. Refer note abgve.

|
i

|
|
|
L.

L Py g

tricve the two components using attribute references. For a complex number 23

of numbers represented through Python’s numeric data types is given below.

Table 3.1 The Renge of Python Numbers

_ Data type _ Range
Integers an unlimited range, subject to available
| (virtual) memory only
Boofenns tws values True (1), False (0) l

an unlimited range, subject to available

Floating point t .
] fvirtual) memory on underlying machine

ryntbiers
architecture.
Comprlex Same as floating point numbers because the real
nimibers and imaganary parts are represented as floals.
3.2.2 Sirings

You already know about strings (as data) in Python. In this
section, we shall be talking about Python’s data type string.
A string data type lets you hold string data, i.e,, any number
of valid characters into a set of 'quotation marks.

In Python 3.x, each character slored in a slring3 is a Unicode
character. Or in other words, all strings in Python 3.x are
sequences of pure Unicode characters. Unicode is a system
designed to represent every character from every language.
A string can hold any type ==

Al T

of known characters i.c., N0k
letters, nombers, and special St P.h[l-‘ ';‘:;«”':‘; ot ".
. on (3.x}.strin are |
characters, of any Known L Evihon, 1) giines ‘
) - Unicode characters. ,
scripted language. N R T

Following are all legal
strings in Python :

“abed” , “1234%, "$%NE!, 11T,
RN, nr, T

“SERA T, N,

bt fn s v s skl e sutaererh anl Bangos o ' .
no separate character datatype, which most other programming lanquages have d that’can hold a single
In Python, a character is a string type only, with single character. i+ <ol Toauboruads danl &
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; f Characlers S ;
Siing)03 01 Jequoncs © aracters and each character can be individually accessed

A Python string is a sequence of ch :
using its index. Let us understand this.

Let us first study the internal structure or COMEE
of all the learning of various string manipulation concepls.

individual characters in contiguous location, with two-way in

The individual elements of a string are the characters cunu.lined i
memory locations) and as mentioned the characters of a string are given tw

thon strings as it will form the basig
Strings in Python are stored ag
dex for each location.

in it (stored in contiguous
o-way index for

mposition of Py

each Jocation.
Let us understand this with the help of an illustration as given in Fig. 3.1.
namel0] = "P* = name[-6]
Forward Indaxing 1 2 3 4 5 namel1]="Y" = name{-5)
name{2] ='T = name[-4]

4 -3 -2 -1 < Backward indexi
name{d] = 0" = name[-2] i
namef5) =N = namel[-1]

nm@;@;@m@@ = \,-]narmf31=‘H‘=mmolﬂl

Figure 3.1 Structure of a Python String.

From Fig. 3.1 you can infer that :
& Strings in Pyth i
gs in Python are stored by storing each character separately in contiguous locations

< Th i
.e ;ha;mcters 1:.‘.'f the strings are given two-way indices :
h ,] + 2 ... in the forward direction and
»=2. -3, ....in the backward direction.

Thus, you can access a
. ny character as <stri ;
string name shown in Fig. 3 ngname>|[<index] e
.3.1, you'll wri -8~ to acces
may also write name [%?fur thyoub“ te name[0], because the index of f? the first character of
eabove example i.e,, when stri gname irst character is 0. You
Tin 1s storing “PYTHON"

Let us consider anoth i
Other string, say subject = ‘Computers’. It will be
g i stored as :

mbjmu:{"lmip l-l,i .

-8 -7 6
- -5 _y4

-3 -9 .

-1

Thus,

SUbject[B =
subject ,] lc' Subject[2] =
[-1] ="¢ o subject [6]="e
=e

subject [-9) ='C
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: say name, of length In, the valid |
'mwidhlﬂﬁ like : Ndices are 0, 1, 2

»? nase 1n)
python will return an error like :

sraceback (most recent call last):
file "¢<pyshellnap>”™, line 1, in cmodules
nasze[1n]
indexError: string index out of range

reason is obvious that in string there is no index equal 1o
the length of the string, thus accessing an element like this
causes an error.

Also, another thing that you must know is that
sring in place by assignment because
supported, i.c,

name = ‘hello individual levter assipnment not
[B] - |p' ‘—'-'"—-_.—_-.- -I.I”U'lll:u' in I‘_II"I"FI

will cause an error like :

Traceback (most recent call last):
File "<pyshell#3>", line 1, in <module>
name[@] ="p'
TypeError: 'str’ object does not support item assignment

However, you can assign to a string another string or an

expression that retumns a string using assignment, ¢.g., following
statement is valid :

name ='hello Strings can be assigned eapressiong

! ey
name = "new" 4"""'-_——-——-—_ that give strings

323 lists and Tuples

=+« In-1. That means, if you try to

1.".,-.‘-1_‘, o=
- L

1 i - . }

l—-—-—— e ——— -

sometimes) is the numbered
lmﬂlh_ﬂ.h_ﬂ-.m.
iIn Python, Indices begin 0
|.m in the forward'

| backward direction.
I_- 5 -

i e,

_ you cannot change the individual letters of a
strings are immutable and hence item assignment is not

Valid string indices are 0, 1,
2..upto length-1 in forward
direction and -1,-2,-3..

— length in backward direction.

I

The lists and tuples are Python’s compound data types. We have taken them together in one
section because they are basically the same types with one difference. Lists can be changed /
modified (i.e., mutable) but tuples cannot be changed or modified (i.¢c., immutable). Let us talk

about these two Python types one by one.

323A Lists

A List in Python represents a list of comma-separated values of any datatype between square

brackets ¢.g., following are some lists :
[1,2,3,4,5)
(@, ', '\, 'o,u']
[Weha', 102, 79.5]
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Moy

allstton variable e.8.,

Jalue, you can assign
Like any other value, ¥
spra=[1. 4 3,4, 5] #5tutement1
»>>a

(1,2, 3,4 5]
»>> print (3)
(1,2, 3,4 5]
first value in @

n above), you may write

list namely a (§ive
t item - consider statemen

t
1 aboyg

To chang¢
# change 15

s3> a [0] =19

>>>a

[1e, 2, 3, 4, 5]
To change 3rd item, you may w

»»>»a[2] =3@

>»>a

[18, 2, 30, 4,5]
You guessed it right ; the values inte
the list is internally numbered as 0, seco
ing further in list discussion here

rite
# change 3rd item

are numbered from 0 (zero) onwards i, f;
€, firsy;

rnally
f the list as 1, 3rd item as 2 i
and sg gy,

nd item ©
Lists shall be discussed in detailsina later
Chapigy

We are not go

3.2.3B Tuples
You can think of Tuples (pronounced as tu-pp-le, thyming withcouple) | o _
not modifiable. - |

as those lists which cannot be changed i.c., are
alues of any

a5 list of comma-separated v Values of type list are

Tuples are represented
date type within p arentheses, e.g., following are some tuples : f.:.. changeable - gne
change / add / d
P= (1, 2, 3,4, 5) elements iy «
ents. But the values of tyns
q=(2,4,6, 8) tuple are immutchle e,
g ) non-changable ;one G
make changes to a tuple.

r= ('a.: ‘e, 1, 0,
h=(7,8,9,'A,'8,'C)
Tuples shall be discussed in details in a later chapter.

2.4 Dictionaory

Dictionary data type is another feature in Python’s hal. The
airs, within { ], with the requirement that within a dictionary,n?
}.. FD].' instance,

dictionary is an unordered st

comma-separated key : value p
two key & i
keys can be the same (i, there are unique keys within a dictionary

following are some dictionaries :
fa:1;%:22,'1:3,'9:4,u:5}
>»>vowels={a':1,'%":2,'':3,':4,'V:5}

533 vﬂ“els[laul [ ‘\
.fifvn.' lI'I R L .
1 gt ; -.’l.. i, 0 and u'are the .ﬁ'ﬁ_\.'};(r‘f[ﬁfjfmm,r-_l_' vonets:
o2 3k 3 are values for these keys respectively,

>»> vowels['\f]
S ‘\ -
Speciiv L
P‘f:l dfll :’fal;::‘ inside | | after dictionary name gives the coms:
¢ from the key : value pair inside dictionary.

Dictionari
es shall be covered in details in a Jater chapte
ri
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Following figure summarizes the core data types of Python.
Core Dalta Types
i R
r | i
Numbers Nonea Spquences
| !
[ J | = ] \
Integer  Floating Complex String Tuple List
l point
Boaolean

33 MUTABLE AND IMMUTABLE TYPES

The Python data objects can be broadly categorized into fuwo =

simple words change

1. Immulcble types
The immutable types are those
types ane immutable : integers, foating point monle

Let us understand the concept of immutable types. In

r to understand this, consider the code below :

that can never change the

orde
Sa.mp'le code 3.1

P=5
=P

r=5

#will pive5,5,5

p=10

r=7

q=r

you can say that values of

After reading the above code,
are integer types, you may

changed effortlessly. Since p, . 1

values,

But hold : It is not the case. Let's see how.

You already know that in Python, vari
data values. The variable-names do not store
containers. Recall section 2.2
Now consider the Sample code 3.1 given above. Inte
assignments is explained in Fig. 3.2, Care
read the following lines.

So although it appe

able or modifiable and non-modifiable types.

ir value in place. In Python, the

ors, Boolemis, string

fully go through figure 3.2 on the

mutable and immmuiable types, in

following,

g, tuples.

"immutable Types.
2 integers
< floating point numbers

2 booleans
L strings
< tuples

integer variables p, q, r could be
think that integer types can change

able-names are just the references to value-objects i.c.,
values themselves ie., they are not slorage

251 where we briefly talked about it
mally, how Python processes these

next page and then

ars that the value of variable p/ q / ris changing; values are not changing “in

fer to new immutable integer

place” the fact is that the variable-names are instead made to re
object. (Changing in place means modifying the same value in same memory location).



ree statements are executed :

o Initially these th

i f » valiie
rigbles having same vd
2:::;: [ Ip. q. rwill all referen

p=3
q=P

COMPUTER SCIENCE wy, -

HQw, -

reference the same value
co same integer abjects,

Each inleger
value is an ;
immutable Py
object U" .
[ITJ'
1
s [ﬂl'
0
Figure 3.2
o . 3 )
You can check/confirm it yourself using id( ). The id() returns the memory address g, ‘;._*.[!‘]
which a variable is referencing.
. I 8
In [48]: p = 5 B by
In [41): 9 = p o2 — 0
In [42): r = S Please note that both In[]:ad it
Notice the Id( ) Is relumning >>> are valid prompts o
In [43]: id(5) same memory address for different Python shells, Where I (5
Dut[agl_ 1457552288 Vu’uﬂ 5| P. q.l 'Which In [ l H is d prﬂmpt l:l”ﬁdm g-‘t[“
) : means all thesa are shell used with Spyder IDE, >,
In [44]: id(p) ) referencing the same object. is a prompt of Python shell ussd I (M
Out[44]: 1457662208 by IDLE IDE, PyCcharmiDE and MK
others. You will find In[ ] :are®
In [45]: id(q) our captured screenshots bt
Out[45]: 1457662208 text component we have used
>>> , a standard way of depci¥
;“ [46]: id(r) any Python prompt. =L
Out[46]: 1457662208 BERDRTOTE ) . =

< When th
€ next sat of statements execute, i
P=10 r
r=7
9=r
then thege va

ﬁﬂb!c n
Memory adq mes are made

t.the}’ referen
be

e

to pfflint to different integer objects-
ce will Change.

That is now &ﬂj:
ddressof P
il no 10
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Figure 3.3

Let us check their ids

In [47]): p=10

In [48]): r=7
In [49]): g=r

In [S0]): id(10)
Out[S@]: 1457652288

Notice, this time with change in
value, the reference memory
address of vanables p, q and
rhave changed.

In [51]): id(p)
Out[51]: 1457662288

In [52]): id(7)

Out[52]: 1457662240 The value 5 is at the same
/.1 address

In [53): id(q) 7 L

Out[53]: 1457662240

In [54]): id(r)
Out[S4]: 1457662240

In [58]: id(S)
Out[55): 1457662208

| —

< Now if you assign 5 to any other variable. Let us see what happens,

- Now variable thas reference mamory
address same as initial reference memory
address of variable p when it has value 5,
In [57): id(t) Compate listi
Out[57]: 1457662208 | i IR P ab0ve

In [56): t = &

Thus, it is clear that variable names are stored as references to a value-
change the value, the variable’s reference memory address changes.

Variables (of certain types) are NOT LIKE storage containers
i.e., with fixed memory address where value changes every
time. Hence they are IMMUTABLE.

The objects of following value types are immutable jn Python :

object. Each time you

© Integer @ floating point number
© Booleans < strings
© tuples




- yalues can be changed

whost s
ein p}r[hgn, These are:

mutabl | % Lists

re thost

Tod Is. .
. aries and - 0y
" list, you may write : )

2 6].
[t will make the list namely Chk as [2 40, 6]

Tn [60]: Chk = [2) 4 6 ] o
ging a value in

" gpe, even after chan
In (61}: id(Chk) the list Chk, 115 reference memaory
mt[“]: 159195535 ﬁ'-. address hasrem:nned same. Thal
= 40 means the change has taken in place
in. [£2); Chk[1] = 4 -tha lisls are mutable

out[63]: 150195536

Lists and Dictionaries shall be covered later in this book.

TR SUIENCE
H

list, dictionary, set

Immutable objects:
int, float, complex, string, Lipke

L ]
. -
L) 3olchH] ‘: J Mutable objects are

3.3.1 Varioble Internals
that stores any values or &

Python is an object oriented language. Python calls every entity
type of data as an object.

An object is an entity that has cerlain propertics and
that exhibit a certain type of behavior, c.g., integer
values are objects - they hold whole numbers only and
they have infinite precision (properties); they support
all arithmetic operations (behavior).

< atype
< a value

o an id

So all data or values are referred to as object in Python.
Similarly, we can say that a vanable is also an object that
refers to a value,

Every Python object has three key atiributes associated 10 it :

() The type of on object.

The type of ject determi

{und?:::ln an object determines the operations that can be performed on the
ype() retumns the type of an object

Consider Lhis : "

pra=d
23> type (4) _
L ‘_,_,-—'—'_'_‘——u- e s
<class’int fm;wr inteper walve 4 is returnad int
3% t}'PE (aJ T iieper

<class'i — .
nt's :I}T'I' of Wiriuhle a iy abso int ie., integer bovatioe a i
arrerirly referving fa an inteper vlue,

object. Buill-"

ct's Heﬂ@]

'Python object’s K




Chopte? 3 : DATA HAMNDLING

(i) The value of an obiject

It is the data-item t:tfnnlaincd in the object. For a literal, the value is the literal itself and for a
variable the value :.5 the data-item it (the variable) is currently referencing. Using print
statement you can display value of an object. For example,

»>a=4

4

»»> print (a)

vliie of integer Gteral 4 is 4

v  — vl of variable a is 4 as it is currently
referencing integer value 4,

(iii} The id of an obijec!

The id of an object is generally the memory location of the object. Although id is implemen-
tation dependent but in most implementations it returns the memory location of the object.
Built-in function id{ ) returns the id of an object, e.g.,

»>> id(4)

38899132 +—  —

»wra=4
>»> id (a)

38899132 ‘_"-r‘é;_:

aoart
N,
\y)’;,.'i

What is String data type in Python ?
2. What are two internal subtypes of
String data in Python ?
3, How are str type strings different from
Unicode strings ?
4. What are List and Tuple data types of
Pythen ?
5. How is a list type different from tuple
data type of Python ?
6. What are Dictionaries in Python ?
ldentify the types of data from the
following set of data
‘Roshan', WRoshan', False,
'Falsg', 'R, 0", 's', 'h', 'a', 'n’, 1,
(R, 0", 's', "W, 'a', 'n"),
{R:1,'0:2,'s:3,'n :4'a
:5,'n': 8}, (2.8-3),
12,12.0, 0.0, B, 3j, 6+2.3],
. True, "True"
8. What do you understand by mutable
B and immutable objects ?

in elion

el
b

-
~

=

= Object 4 is internally storcd af location

FOSUNT52

Varahle a iy cument referencing location 30899132 (Natice
same s adid), Reoall that variable is not @ storage location
radher a label pomeing to o value object]

The id() of a variable is same as the id{) of value it is storing,.

Now consider Lhis :
Sample code 3.2

»>> 1d(4)
g The iil's of value 4 and variable a are

30899132 the same since the memon-location of 4

3> a =i Is swme as the focarion o which vari-

22 id(ﬂ) / uble a is referring to.

38899132 4

320b=5 *TTT—— Vuriable b is currenttly having value 5, e,

55y id [ 5) referring to imteger value 3

30899128

»>> id(b)

3pBO09128 Yariable b will now refer to value 4
‘/"'__ fer

»»>b=>b-1

»»> id(b)

31p899132 «————— Now nofice that the id uf variable b is
samie wy id of integer 4.
222
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Thus internal change in value of variable b (from 5 to 4) of sample code 3.2 will be representeq

as shown in Fig. 3.4.
30899132
=
o = JOR99120

o J—2K ]

Figure 3.4 Memory representation of sample code 3.2,

b = b-1

.' Please note that while storing complex numbers, id’s are created differently, so a complex litery)
[ say 2.4jand a complex variable say x having value 2.4j may have different id's.
| )
M * DATA TYPES IN PYTHON, MUTABILITY, INTERNALS
Progress In Python 3.1

il ~—pr P

In the Python Shell IDLE or IPython shell of Spyder IDE, type the statements as instructed.

1. Using value 12, create data-item (that contains 12 in it) of following types. Give at least two
examples for each type of data. Check type of cach of your examples using type( ) function,
.8 to check the type of 3.0, you can type on Python prompt type(3.0).

(a) Integer

(b) Floating point
number

(c) Complex number

N
*

Please check the practical component-book - Progress in Computer |
g_\‘l Science with Python and fill it there in PriP 3.1 under Chopter 3 ofter P

practically doing it on the computer.

Do g
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34 OPERATORS

trigger t

Python’s rich set of operators comprises of these types of
operators : () Arithmetic operators (1i) Relational operators
(iif) Identity operators (fv) Logical operators (v) Bitwise
operators (vi) Membership operators.

Out of these, we shall talk about membership operators later

The operations being carried out on data, are represented by operators. The symbols that
he operation / action on data, are called operators. The operations(specific tasks) are
represented by Operaters and the objects of the operation(s) are referred to as Operands,

The symbols® that trigger the
operation / action on data, are
called Operators, and the data
on which operation Is being

carried out, j.e., the objects of
the operation(s) are referred to
as Operands,

when we talk about strings, lists, tuples and dictionaries.
(Chapter 5 onwards)
Let us discuss these operators in detail.

3.4.1 Arithmetic Operators
To do arithmetic, Python uses arithmetic operators. Python provides operators for basic
| calculations, as given below :

| + addition I floor division
- subtraction o remainder

| . multiplication 1 exponentiation

| / division

Each of these operators is a binary operator f.e., it requires two values (operands) to calculate a
final answer. Apart from these binary operators, Python provides two unary arithmetic
operators (that require one operand) also, which are unary +, and unary —.

3.4.1A Unary Operators

Unary +
The operators unary “+* precedes an operand. The operand (the value on which the operator
operates) of the unary + operator must have arithmetic type and the result is the value of the

[DNARYORERATORS I
The operators that act on one

operand are referred to as
Unary Operalors.

argument. For example,
ifa=5
ifa=0
ifa=-4 then +a means — 4.

then + @ means 5.

then + @ means (.

Unary -

The operator unary - precedes an operand. The operand of the unary — operator must have

arithmetic type and the result is the negation of its operand’s value. For example,

ifa=5 then - a means - 5.
ifa=0 then - a means 0 (there is no quantity known as - 0)

fa=-4then-a means .

This o .
Perator reverses the sign of the operand’s value.

4. Sometin
these can be words too, e.g., in Python is and is not are also operatoss. N

e T — ._;. | ' i'{'




14 1B nury Operﬂlﬂl's . . )
3 acl upon two npumndﬁ are referred to as BINARY.OFERATO RS &
' H 3 4
rands of a binary operator arc Ot T

srators that he
BII‘IJ § 0 [‘rﬂlurs- w UP". . . Ty ] ’
y Up the left or right upq_mnd. Together, the operands are referreq h‘q
©

distinguished as 1 |
' i ession.
operator and its operan Xpress Binary Operators

1. Addition operalor +
The arithmetic binary op
values of its two operands. For

4+20

a+5 (wherea=2)

a+b(wherea=4,b= 6)
For Addition operator + operands may be of num

Python also offers + as a concalenation operalor
functionality for strings will be covered in Chapter 5 =
covered in Chapter 7 = List Manipulation.

ds conslitute an (U

erator + adds values of its operands and the result is the syp, of

example,

results in 24

resultsin 7

results in 10

ber types®,

when used with strings, lists and tuples, The
String Manipulation ; for lists, it will b,

2. Subtraction operator —

The - operator subtracts the second operand from the first. For example, 1
14-3 evaluates to 11 '
a-b(wherea=7,b=5) evaluatesto2
x =3 (wherex= -1) evaluates to -4

The operands may be of number types.

3. Multiplication operater *
The * operator multiplies the values of its operands. For example,

3*4 evaluates to 12
b* 4 (where b=6) evaluates to 24
p*2(wherep= -5) evaluates to -10

a*c(wherea=3, c=5) evaluates to 15
The operands may be of integer or floating point number types

Python also offers * as a replication o
: perator when used with strines . . . !
in Chapter 5 - String Manipulation. on used with strings. This functionality will be comer?

4, Division operalor /

e gy p

The / operator in Python 3.x divides its first operand by the

result as a float value, ¢.g., second operand and always retums the

4/2 evaluates to 2.0
1e0/10 evaluates to 10.0
7/2.5 evaluates to 2.8
1e8/32 evaluates to 3.125

13.5/1.5 evaluates to 9.0

Please note that in older version of Pyh
VRO (2.x) . the / operator worked differently.

5. For Boolean values Jrue and false, recall that Python jntey A
wea i nally takes values 1 and 0 (zero) res pectively so True + 1 Will '




5, Floor Division operater //

python :{lso ofl'elrsf :_mol.her d‘ivision operator //, which performs the floor division. The floor
division is the division in which only the whole part of the result is given in the output and the

gV

fractional part is truncated.

To understand this, consider the third example of division given in division operator/, i.e.,

a=15.9, b=3,
a/b evaluates to5.3.

0.
Ifg=15.9,b=3,
af/b will evaluate to 5.0

Consider some more examples :

16@//32 evaluatesto 3.0
7//3 evaluatesto 2
6.5//2 evaluatesto 3.@

The operands may be of number types.

6. Modulus operator %

The % operator finds the modulus (ie,
remainder but pronounced as mo-du-lo) of
its first operand relative to the second. That
is, it produces the remainder of dividing
the first operand by the second operand.

For example,

19 %6 evaluates to 1, since 6 goes intc 19
three times with a remainder 1.

Similarly,
7.2%3 willyield 1.2
6%2.5 willyield 1.8

The operands may be of number Lypes.

e —

Now if you change the division operalor /, with floor division operator // in above expression,

o See, the Fractional part 0.5 is discarded
fromt the acteal result 3.3

e ———

Floor division (//) truncates
fractional remainders and gives
only the whole part as the result.

7. Exponentiation operator **

The  exponenliation  operator ** performs
exponentiation (power) calculation, i.e, it returns
the result of a number raised to a power
(exponent). For exmuple,

4 ** 3 evaluates to 64 (4*)

a**bla=7,b=4)

evaluates to 2401 (a® i.e., 7Y).
x**0.5(x=49.0)

evaluates to 7.8, (x®*, i.e., Jx, i.e., J/49)
27.889*% 0.3

evaluates to 2.68814413579761. (27.6809°%)

The operands may be of number types.

Example 3.1 What will be the nu!pm‘;:rmfrmd by
”"'fﬂilnwiug code ?
A,B,C,D=9.2, 2.9, 4, 21
print (A/4)
print (A//4)
print (B **C)
print (D // B)
print (A% C)
Solution, 2.3

1.8
16.90
le.0©
1.2

Example 3.2 Print the arca of a circle of radius 3.75
melres.
Solution.
Radius =3.75
Area = 3.14159 * Radius ** 2
print (Area, 'sq. metre')
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Tab!e 3.2 Binary Arithmetic Operators
|
' It Comment ﬁ
Symbol Name Example | Resu _ — I
+ addition 6+5 11 adds values of its two operands,
5+6 11
- sublraction 6-5 1 sublracts the value of right operand from
| 5-6h -1 left operand. -
l * multiplication 56 30 | multiplies the values of its two operands.
6°5 30 -
/ division S 12 divides the value of left operand with the valye of
right operand and returns the result as a float value.
SS— V| 1. oo il b — — " ¥alue. |
| l % Modulus (pronounced 6075 0 divides the two operands and gives the remainder
| mo-du-lo) or Remainder 6%3 1 resulting. o
e — — - —— T N — _—— — —_— |
' I Floor division F2 02 30 | divides and truncates the fractional part from the
| resull,
= - e e
b Exponentiation (Power) [ 25°* 3 | 15.625 | returns base raised to power exponent. (2.53 herv)

| Negative Number Arithmetic in Python

Arithmetic operations are straightforward even with

negative numbers, especially with
non-division operators i.¢,

-5+3 will give you 2
-5-3 will pive you -8
~-5*3 will pive you -15
~5**3 will pive you -125

But when it comes to division and related operators (/, £/, 4), mostly

people get confused.  Let us see how Python evaluates these, Ta Pyhnconce
understand this, we recommend thal vou look at the operation 01| Conscie a3 |
shown in the adjacent sereenshot and then look for its working In [67]: 547 -3
explained below, where the resull is shown shaded Out[67]: -2
. - - i . In [6B]: -5 f/3
(@) -3) : { -2 () 3) éi 2 (€) a) ~: (-1.75 Out[6B): -2
-1 +1 -3 In [69): -7 / 4
= Out[69]: -1.75
8 In (70): -7 // 4
Out(70): -2
) 4)=7(-2 (€) 4)=7 (-2 0 -4y7 (-2 )
-8 -8 8 In (71]: -7 % 4
1 +1 =3 Out[71]: 1
_ = In [72): 7 % -4
(d) 4j; (-2 Out[72]: -1
-1 In [73): 7 47 -4
Out[73): -2

e ST £ T .
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34.1C Augmented Assignment Operajorsé
you have learnt thal Pylhon has an assipnment operator

h\ RHS to the variable/object on the LHS of — - Python
B!
N
T

=which assigns the v
also offers augmented
an arithmetic operator w
alue of m and assign the res

alue specified on
assignment arithmetic
ith an assignment Operalor,
ultto a, then instead of wriling

operalors, which combine the impact of
ey, if you want toadd valuc of b to v

a=a+b

you may write

a+=b

To add value of a to value of I add

assign the result to b, you may write
:;ufl b+=a #insteadofb=b+a
] S
ey Operdton | Pesedptiom. | Comment
—] T+=y r=x+uy Value of yadded 1o the value of ¥ and then result assigned to x
Lhe x-=y r=x-y Value of y subtracted from the value of x and then result assigned to x
';-;H‘ xe=y r=xey | Valueof y multiplicd to value of x and then result assigned lox
xf=y x=x/y ‘L'qluc of ¥ divides value of x .1_nd then rLEu!!_:P;sig_ned lox ) 5
xfl=y x=xfly Value of v does Noor division to s .1[u_u_nr' X .md_l}wn m:atilt_a_i.iignud lox |
wilh . xee=y X=Xxeey Y computed and |Im'_1 restlt _.1-_:5;:‘gnu=l I_t.'-_.r_ i
ﬁ_ x=xy Value of ¥ divides value of x and then remainder assigned o x

These operators can be used anvwhere that ordinary assignment is used. Augmented
assignment doesn’t violate mutability. Therefore, wriling x+ = y creates an entirely new object x
with the value x + .

3.4.2 Relational Operators

In the term relational operator, relalional refers to the relationships that values (or npcmn.ds} can
have with one another. Thus, the relational operators determine the relation among different
operands. Python provides six relational operators for cumpari:‘.;:.: values (t.hus also called
comparison n;'u'rfrhm:}. If the comparison is true, the l‘t.'].'l'lil‘lm.z expression results into the Boolean
value Trie and to Boolean value False, if the comparison is false.

The six relational operators are :

< less than < less than or equal to, == equalto
> greater than, >=  greater than or equal to, = not equal to,

Relational operators work with nearly all types of data in Python, such as numbers, strings,
lists, tuples cte.
Relational operators work on following principles :

© For numeric types, the values are compared after removing trailing zeros after dletlffﬂﬂl
point from a honting point number. For example, 4 and 4.0 will be treated as equal (after
removing trailing zeros from 4.0, it becomes equal to 4 only).

5 Pleasa note this style of combining assignment with other operator also works with bitwise operators. -




© Strings ar
m Capital letters are cons

not equal to 'p}'llmn’ :
Lexicographical ordering is implemen

{e.g., ASCII code

‘A’ is less than "a

e compared on the basis of lexicographical ordering {‘f'dﬂﬂ'ng in dictig

:dered lesser than small letters, ¢.g., *A” is less than 7' . Pyt
- ‘book’ is not equal to ‘books’. \
ted via the corresponding codes or ording)

or Unicode code) of the characters being compared. That is (he
* because ASCII value of letter ‘A" (65) is less than ‘a’(97). You .

COMPUTER SCIENCE WiTH Py
LI

I

L]

Mary),

"'lll.lh
Teasg

for ordinal code of a character yourself using ord(<character>) function (e.g., ord('Ary

m For the same reason, you need to be careful
about nonprinting characters like spaces.
Spaces are real characters and Lhey have a
specific code (ASCII code 32) assigned to
them. If you are comparing two strings that
appear same to you but they might produce
a different result - if they have some spaces
in the beginning or end of the string.

See screenshot on the right.

< Two lists and similarly two tuples are equal if
they have same elements in the same order.

© Boolean True is equivalent to 1 (numeric one) and Boolean False to 0 (numeric zero) for

COMPpAarison purposes,

Given a=3b=13, p=3.0

c=uw,d="¢,¢e="N

L=01,2,31M=]2,4,6l,N=[1,2, 3]
0=(1,23),P=(2,4,6),Q=(1,23)

ot
54

| For instance, consider the following relalional operations.

a<h
1. What is the function of operators ? c€<d
What are arithmetic operators ? Give f<¢h
their examples. f ==
2. How is 'umary +' operator different
'™ . ’ C==g
from ‘+' operator ? How is ‘unary — )
operator different from ‘-* operator ? B==

3. What are binary operators ? Give "God" < "Godhouse"
examples of arithmetic binary operators. "pod" < "Godhouse"
4. What does the modulus operator % do ? 5 ==
What will be the result of 7.2 % 2.1 and L
8%37? o
5. What will be the result of 5.0/3 and L==
5.0//3 ? 0==
6. How will you calculate 4.5% in Python? 0==0Q
7. Write an expression that uses a relational @ == True

operator to return True if the variable
totol is greater than or equal to variable
Sfinal.

€ ==False
== True

in [Iﬂ]: .ﬂppll_"
Qut[14]: True
‘In [15]: “apple’
(O0ut[15]: False

cantains a space in the

Results different from anlicipated
resulfs because the secand string

space’s ordinal value (32) Is less than
‘A’s ordinal value (65)

> ! Applet

beginning and

f="e0d’, g ='Cod", h ='¢od ", j=Guod', k = “Godhouse”,

will return True
will return False
will return False
will return True
will return False
will return True
will return True
Will return False
will return True
will return False
will return True
will return False
will return True
will return False
will return True
will return True

/

Batlt match up o
e lenter " b
*God “is shorter

than ‘Godhanwe' 9
it conrtes first in the
dictionan:.,

™~

The length of tke
atrings Joes nof
marter here. Low?
case g i3 preate?
than upper case

.....
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Table 3.3 summarizes the action of these relational operators |
TahlE 3.3 Relational Operators in Python
P q P<q P<=q p=q p>q p>=q pl=
3 3.0 False True True False True False
6 4 True False False True True True
‘A ‘A False True True False True False
a ‘A False False False True True True

IMPORTANT

While using floating-point numbers with relational operators, you should keep in mind that
floating point numbers are approximately presented in memory in binary form up to the
allowed precision (15 digit precision in case of Python). This approximation may yield
unexpected results if you are comparing floaling-point numbers especially for equality (=).
Numbers such as 1/3 etc., cannot be fully represented as binary as it yields 0.3333... etc. and to
represent it in binary some approximation is done internally.

Consider the following code for to understand it :

________________________

i
‘In [18): ©.1+40.140.1 == 0.3

'‘Out[1B]: False
'

i
"In [19]): print(@.14€.142.1)

'0.30000002000000004

EIn [20]: print(2.3)

Thus, you should avoid floating

3.5
L Given that =4, j=5, k =4, what will
be the result of following expressions ?
i<k (ini<j (ii)i<=k (¥)i==]J
Wi==k (v) j>k (vii) j>=i
: Vill) j =i (ix) j <=k
i © What will be the order of evaluation for
. following expressions ?
_}QHS >=j-§ (ii)se10<p=*2
s (“_i]icj +k>1-n
I-__‘Hn' ~are following two expressions
“lerent ? () ans =8 (i) ans == 8

P

Motice , Pythan relums False when you
compare 0.1+ 0.1 +0.1 with 0.3,

See, it does nol give you 0.3 when you print
the result of expression 0.1+ 0.1 +0.1
{because of floating pt approximation) and
this is the reason the resull is False for quality
comparison of 0.1+ 0.1 +0.1 and 0.3

......

point equality comparisons as much as you can.

Relational Operators with Arithmetic Operators
The relational operators have a lower precedence than the
arithmetic operators.
That means the expression
a+b5 »c-2 expression 1
corresponds to
(a+5) > (c-2) ...
and not the following
a+(5>c)-2 ves

Expression 1 means the expression 2 and not the expression 3.

expression 2

expression 3

Though relational operators are easy to work with, yet while
working with them, sometimes you get unexpected results
and behaviour from your program. To avoid so, 1 would
like you to know certain tips regarding rclational operators.




) ) : t operator = in
is to use the assignmen :
A very common mistake Do not confuse testing the

lace of the relational operator ==. .
sperator == with the assignment operator (=). For instance, the

expression :
valuel == 3

tests whether valuel is equal to 3 ? The expression has the value
True if the comparison is true otherwise it is False. But the —

expression
valuel =3 '.

Do not confuse the = and the

assigns 3 to valuel ; no comparison takes place. _operators. .

——

3.4.3 Identity Operators

There are two identity operators in Python is and is not. The identity operators are used |g
check if both the operands reference the same object memory ic., the identity operators
compare the memory locations of two objects and return True or False accordingly.

—

Operator Usage Description B
is aisb returns True if both its operands are pointing to same object (i.e., both referring
to same memory location), retums False otherwise.
is not aisnotb | retumns True if both its operands are pointing to different objects (i.e., both
referring to different memory location), returns False otherwise.

Consider the following examples :

A=10

B=10
AisB will return True because both are referencing the memory address of value 10

You can use id() to confirm that both are referencing same memory address.

In [34): a = 235 l;

In [35): b = 220 J

In [36): ¢ = 235 als bqusFﬂsebemus.glandhgm
referring to different objects (235 and 240)

In [37): a is b a ls c retums True becausa both a and ¢ are

Out[37): False referring to same objedt (235)

In [38): a is ¢

Out[38): True The ids (fd())of a,band ctell thalaand c

are referring to same object (their memory
addresses are same) but b is referring to a
different object as its memory address is
different from tho other two

In [39]):

print( id(a), id(b), id(c
4 4
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Now if you change the value of b

_ so that it is not referring to same integer object, then
expression a is b will return True -

|rIr| [4B8]: b =Bk - 5 !
| 1 _
iIn [41]: & is b } Now b Is also pointing lo same integer
’|Uut[41]: True ! object(235) thus a Is b Is giving True this time.
I
1

1 y _ Their ids also reflect the same le, alla, b
jIn [42]: print( id(a), id(b), id(c) ) and ¢ are referring lo sama memory location
=4921249ﬂ0 492124000 492124000 :
The is not operator is opposite of the
referring to same memory address.

is operator. It returns True when both its operands are not

3.4.3A Equality (==) and Identity (is) — Important Relation

You have seen in above given examples that w

hen two variables are referring to same value, the
is operator returns True. When the

is operator returns True for two variables, it implicitly

: : ) : . |
means that the equality operator will also return True. That is, expression a is b as True means |
that a = b will also be True, always. See below :

I_ ______________________ =
tIn [58]): print (a, b )
§235 235

1

But it is not always true other way round. Thal means there are some cases where yvou will fi
¥ y n

that the two obijects are having just the same value i.e., = operator returns True for them but the
is operator returns False.

See in the screenshots shown here.

ey =
3
—
-9
o
[}
L]
i~
n

input{“Enter a strinpg:™)

EEnter‘ a string:abc

. » The strings s1 and s2 although have the same
1In [47]: 51 == s2 | value ‘abe’ in them
Io"'t“”’ True ‘

: * The == operalor also returns True for s1 == 52
In [48]: s1 is s2

1Out[48]: False * Bul the Is operalor returns False for s1 Is s2

Eln [49): 53 = *abe’

:Iln [50]): s1 is s3
Out[s58]: True

...................................... i



X
e Objects jand Jstore the same comple
: number value 2+3.5] in them
. Bulls operatof relums False for 11s]

5 = 2+3-5j

o (53]t i s
‘out[53): FIISE ________
i

.:Irl [s4]: k = 3.5

T 1.}

'In [55]: 1 = float(input(“tnter 2 value:"))} |
: : float value 3.5

' ! The variables k and / both sloré
. lue:3.5 . 0
:Enter a valu (k has been assigned 3.5 and | has taken this
'In [56): k == 1 value through input() and fioal() )
' 56]: T

: :mt[ ]z True « Bul k == returns True and k is | relurns False .
‘In [57]: k is 1
I0ue[EI)s False . o eeaiaes

J The reason behind this behaviour is that there are a few cases where Pylhon creates two

different objects that both store the same value. These are :

3 © input of strings from the console;
@ wriling integers literals with many digits (very big inlegers);

& wriling floating-point and complex literals.

Following figure illustrates one of the above given screenshots,

‘In [46]: s2

n
[
= |
b
[ =
=3
—

‘Enter a string:abc .,y
] L

In [47]: 51 == 52
(Out[47]: Trye

In [48]): s1 is <2
{Out[48]: False

In [49]: 53 = ", g

Most of the times

- we just need ¢
oh ) 0 check whe ' :
! o Jects rnff.rf‘_’ the same valye or not ~in llIismuher k' s 0peramt:r retumsth'h‘ll_.'e_
perator (=) is sufficient for 1hjg tes case the equality [or two abjects then the ==

Programs or in your Projects, you m t. However, in advanced |OPerator must return True for
they refer to same memory addresq? need to check whether : ::?Ers:me oblecs e, T
rn : nces refer to the same

L ot -
‘Memory  address, then el
Values are always same. j

|
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744 Logical Operators

An earlier sectirJfl discussed about relational Operators that establish relationships among the
values. This section talks about logical Operators, the Boolean logical operators ]?ur and I:\;m:tt]
that refer to the ways these relatiﬂnships (among values) can be connected, P tho;: rol'idt.":‘-
fhree logical operators to combine existing expressions. These are or, and, a:lId j:'uzlll. P

gefore we proceed to the discussion of logical o
Truth Value Testing, be

testing.

; perators, it is important for you to know about
cause In some cases logical operators base their results on truth value

34.4A Truth Value Tesling

Python associates with every value type, some truth value (the truthiness), ie., Python internally

categorizes them as true or false. Any object can be tested for truth value. Python considers
following values false, (i.e., with truth-value as false) and true :

—

Values with truth value as false Values with truth value as true

None

False (Boolean value False)

zero of any numeric type, for example, 0, 0.0, 0 All olher values are

any emply sequence, for example, ", (), [ ] considered true.
(please nole, " is empty string ; ( ) is empty tuple; and [ ] is empty list)]

any emply mapping, for example, { |

The result of a relational expression can be True or False depending upon the values of its operands and the
| comparison taking place.

Do not confuse between Boolean values True, False and truth values (truthiness values) true,
false. Simply put truth-value lesls for zero-ness or emptiness of a value. Boolean values belong
lojust one data type, i.c., Boolean type, whereas we can test truthiness for every value object in
| Python. But to avoid any confusion, we shall be giving truth values trie and false in small letters
and with a subscript n:m', i.c.. now on in this chapter true ., and false ., will be referring to
truth-values of an object.

The utility of Truth Value testing will be clear Lo you as we are discussing the functioning of
logical operators.

3,
| S4B The or Operator
The or operator combines fiwo expressions, which make ils operands. The or operator works in
these ways ;

—t

() relational expressions as operands (if) numbers or strings or lists as operands

() Relationgl expressions as operands
When or operator has its operands as relational expressions (¢.g., p > 4. j =k, etc) then the or
OPerator performs as per following principle :

ol U TERLSCL R LR T

The or operator evaluates to True if either of its (relational) operands evaluates to
Tve ; False if both operands evaluate to False.




R

C

That is : : e
X

False True True

Tmc Fﬂlf’e True

True True g

Following are some examples of this or operation :

i 51 = 4) is True.
results into True because first expression (4 ==4) is True

(4 ==4) or (5==8)
both expressions 5> 8 and 5 <2 are False,

538o0r5<2 results into False because

(i) Numbers / strings / lists as operands’
" ® i s £
When or operator has its operands as numbers or strings or lists (¢.¢., ‘@"or/, 3 or0, etc.) then

the or operator performs as per following principle :

In an expression x or y, if first operand, (i.e., expression x) has false . ,, then return

second operand y as result, otherwise return x,

That is :

i R
X y xory =
false false !
tral tral ¥ In general, True and False
false,, true,, v represent the Boolean values,
true,, false,. x and true and false repre:‘.ent;
truth values, |
lm“mr lm‘-'r:ur x 1
Examples
Operation | Results Into
PR ” - Reasan 2
first expressio .
oG & i P n (Uj has rﬂIS-LrHl' hl."‘ﬂl‘l..‘ second t'i}"rt‘:ii:siun Dis returmed
first expression () | )
has false N -
5 or 0.0 5 fi ¥ e hence second CxXpression 8 is returmned
v irst expression (59 hae :
"hello’ o™ hell pression (5) has true, ., henee first “Xpression 5 is relumed
1ello’ first Tsllonr ’ ; ed.
o expression (‘hello’) has e, hence first expression '
or’ bt st eapression "helle” is o
a first expression S retumed
N " pression () has false, . hence second expression ‘a’ i
first expression (- 115 relumed,
5510]
o ar i P n (") has Salse, o henee second expression * i
. . = is re
nie, . hence

by

+ This type of
Prt'thp:n erfunctioning appies o

first expression ‘" is retumed,

How the trath palye is deh'rm.t'ufd ?

= refer to sectipy 3. 4.4A abopy,
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oroperator will test the second operand onl

. : Y if the first i : T

l even if the second operand is logically wrong e.g,, operand is false, otherwise ignore it ;

E 2a>leurlla“+1>1 . —
! N OTE

| a1 eive you result as :

i o gm';rue ‘The or operator will test the

. ‘second operand only if the first!

without checking the second operand of or i, “a” + 1> 1 \operand s folse, otherwise

which is syntactically wrong - you cannot add an integer to I; Jgnore it. -3

string- : AV o v

344C The ond Operator

The and operator combines fwo expressions, which make its operands. The and operator works
in these ways :

() relational expressions as operands

(i) numbers or strings or lists as operands

(i) Relalional expressions as operands
When and operator has its operands as relational expressions (e.g., p > 4, j =k, elc.) then the and
' operator performs as per following principle :

The and operator evaluates to True if both of its (relational) operands evaluate to True ;
False if either or both operands evaluate to False.

That is :
X y xand y
False False False
False True False
True False False
True True True

Following are some examples of the and operation :

(4==4) and (5==8) results into False because first expression (4 ==4) is True but second expression

(5 == 8) evaluates lo False.
Both operands have to result into True in order to have the final results as Truve

5>8 and 5¢2 resulls into False because first expression : 5> 8 evaluales to Fals.
8>5and 2 « g results into True because both operands : 8> 5 and 2 < 5 evaluate to True

() Numbers / strings / lists os operonds®
When ang operator has its operands as numbers or strings or lists (¢.g., ‘a’ or ”, 3 or 0, etc.) then
and operator performs as per following principle :

In an expression x and y, if first operand, (1.e., expression x) has false, ;. then return
first operand x as result, otherwise return y.
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cOMPUT
X dﬂd Y T

y ™

x X %
fﬂ]fl‘erril

false put x

TUC ol I

false il y W

false pul I

tTUE gl y I
e sl ATUE

"~

Reason
rst 1'.1'l|!n'5_=fml @ is returned.

l Results [nto

ol Jience
0 first expr

i 1 L‘:l-' L
sssion (0) has falsey, I .
L t expression 0 is retumed.

pand 0 . P ”
8 0 first expression (0) has ,p" tral ‘.' "y ,:\-F,n_.s;i.;.n 10 is ey
. i 5y has IR o hence secd
rst expression (3) has sl o .
Y e e second expression T 1S retumed
5h . U“'ﬂ " first expression (‘hello’) has e g hence * F
| ““: ™ ‘ 0SS ¢ ce first ¢ wsion ‘7 is relurned.
" first expression () has fulse . hence B st expre ed
o - § oression * is returned.
ion (" 5 fulse snee first expression & 1S
d” ‘ " first expression () has false,,p hence fir P
“an .
rst expressi y 5 TICL SC xpression 718 retum
fand 7§ | ' (irst expression ('a’) has frue ;.. hence seconad © i ed
a’ an d

Hoiw the truth value is determined ? — refer to scel jon 3.4.4A above.

IMPORTANT o
The and operator will test the second operand only if the first operand is frue, otherwise ignore
it ; even if the second operand is logically wrong e.x., |

1@>28and"a"+18<¢5

will give you resull as The and operator will test the
False second operand only If the firs
operand is true, otherwis

i Ol-inrth_ 1] sl overn 1 3 je 3 .
gnoring the second operand completely, even if it is wrong ighareit.

you cannot add an integer lo a string in Python,

3.4.4D The not Operator
The Boolean/logical not operator, works on single ¢
?oiféf:?:g :lt'i:lf I;?;gl;::::exnol operator negales or reverses the truth value of the expression
i pressionis True or true ..., , then not expression is False, and vice versa.

Uﬂ]jkﬂ' ‘and’ and ‘or 10T I 18 g etc.a

ﬂumbe Gr i l1]‘][". i ! f
L5 - ora 1]5': . dS TES5U till’.’ n i
L'JPE[H[DI returns al\xa}:. d BD(I[EIIT[ \.’ﬂ]UE ]J‘Il[" or Fﬂfﬂ_’ ‘ lt!

Consider some examples below :

Xpression or operand i.e., it is a unary.

nots . : N T E 3
o e resulls into Fafse because 3 is non-zero (ie., frue ) R e e —
results into T, A . o tal PR oy
not -4 results i e because 0 is zera (i, false,.) Operator nothas a lower
ok (20 15 into False becayse ~4 s non zero thys | ithan non-Boolean ope
results intg Faf ’ S ITie . |nota == bis inte
not (s > 9) . alse because the expression 552is T H(amaib)Eait
results into Trye because rie, |\% EE .

the expression 5 >9 is False, is',m!ax




V- x

nd,

i

xd.

18]k

irst
s

14

_1_
|

e

3bl
TE ™ Result [ s
gor¥ as resull, else x false,, S the second argument if the first one is

’:;j—rﬁ if xis false g then x gs | 11 (and) only evaly
Q. .

| if xis falsegyy. then relumn | not has a lowe

I
LJ True as resull, clse False

(haine
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owing table summarizes the logiea) operators

Foll
34 The Logical Operators
E .

Notes

if xis false, . then retum y | It (or) only evaluate

resilt, else v trie, ales the second argument if the first one is
- # - L
i

T priorily than non-Boolean operators,

d Comparison Operators

While discussing Logical operators, Python has some
multiple comparisons which are like shortene
how. Rather than writing 1< 2 and 2
of earlier Boolean expression.

thing interesting to offer. You can chain
d version of larger Boolean expressions. Let us see
<3, you can even write ] <2 < 3, which the chained version

The above statement will check if T weas less Han 2 and if 2 was less than 3.
Let’s look at a few examples of using chains : '

»31<2<3 is equivalent to > 1c2and2¢3
True True

As per the property of and, the expression 1< 3 will be first evaluated and ifonly it is True, then
only the next chained expression 2 < 3 will be evaluated,

Similarly consider some more examples
»>11¢13>12
True

The above expression checks if 13 is larger than both the other numbers ; it is the shortened
version of 11 <13 and 13 > 12.

345 Bitwise Operalors

- bitwise | opy
' LSOmplement operand

Python also provides another category of operators - bilwise operitors, which are similar to the
logical operators, except that they work ona smaller scale = on binary representations of data.
Bitwise operators are used to change individual bits in an operand.

Python provides following Bitwise operators.

I_'%‘i Bitwise Operators

%_Mtfnn Use Description

5 bitwise and opl & op2 | The AND operator compares two bils and generales a result of 1 if
both bits are 1; otherwise, it retums 0.

I bitwise or opl | op2 | The OR operator compares two bits and generates a resull of 1 if the
bits are complementary; otherwise, it returns 0.

L

bitwise xo ~ op2 | The EXCLUSIVE-OR (XOR) operator compares two bits and returns
TR iher of the bits are 1 and it gives 0 if both bits are 0 or 1.

The COMPLEMENT operator is used o invert all of the bits of the




s one.
s examine them one by
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=

Let® bitwise AND function on gy
ator & . crforms the ) i ; g |
34,54 The AND oper  oberi the & Opemh;[:jhfuncli”” sets the resulting bit to 1 jf the
When its uPernngi:rs_l each operand. The : m in the following Table 3.6. .
parallel pair of bt both nperand5 i 1, as sho
&) Operation
Table3s The Bitwise AND (&) OPETT7
——— T ;| Result TS 7
om0 0 For AND operations, 1 AND 1 Frg uces 1,
° X Any other combination produces 0.
0 1 0
' 1 0 0 o
| 1 6]: bin(13)
! ] | In [7
| 13812 1014 176]: 'eb1101
Suppose that you were to AND the values ].3 1160 |
and 12, like this : 13 & 12. The result of this —-== !1n [77]: bin(12)
operation is 12 because the  binary 1100 :r Out[77]: ‘©b1108'
i i he binary |
representation of 12 is 1100, and t . i |
representation of 13 is 1101. You can use bin() : In [78]: 13 & 12
! : i . | out[78]: 12
to get binary representation of a number. '
I
If both operand bits are 1, the AND function ! In [79]: bin(13 & 12)
I sels the resulling bit to 1 ; otherwise, the | Out[79]: '@ébiieo’

resulting bit is 0. So, when you line up the two

farthest to the left of each number) of cach operand are 1.
also 1. The low-order bits evaluate to 0 bec

operands and perform the AND function, you can see that the two high-order bits (the two bils

ause cither one or both bits in the operands are 0.

e e . . o

Thus, the resulting bit in the resultis

Chal-”

i

'F:'.tl')q

. uperl

3.4.

Tal

3.4.

3.4.58  The inclusive OR operalor | | E
1;'\’]1Ien both of its operands are numbers, the | operator performs the inclusive OR operation
nclusive OR means that if either of the two bits is 1, the resull i he f |
S5 1, the result is 1, The f fing
shows the results of inclusive OR operations, sfaliow g Table g8
Table37 The tctusive OR (|) Operotion
________________ S
op1 02 | Resalt 13112 eeeo1101 | 1n [88]: bin(13)
| ” : x 0008 1109 E Out[8e]: 'ebi11e1"
0 L I e i b !
1
: ] i Out[81]: 'pbi1c0’
- — -———.____J ] i S
| For DR Operations, p gp ﬂr I i, ot 1.2.]
An e uces 0. | Out[82]: ° '
. 0y other combination Produces 1. i [82]: 'ebiie1
i
i 3.4.5C The eXclusive OR D(DR) | In [83]: 13 | 12
s o Operator ~ | Out[83]: 13 .
| Exclusive O means that if 4, =t ]_ _____ —'-M_'J : :
result js @, Th '

€ two operang p; ;
€ 3.8 shows the r:;_;]a[;e different, the

result is 1 ; otherwise
of an eXclusiy y '

¢ OR operation. 1




|

!
-

3.7

|
|
-

12)

e —————————

-

k|

-

3 . B
xclusive OR (*) Operation 3
TM o e e e e R
:H"l"f,..-—-""'"'__;r Result 13412 evee1101 | " [B4]: bin(13)
=4 Out[B4]: * 1
f /,g_"—__.-—g’f . 0000 1100 TEEd 185103
0 g U e In [85): bin(12)
’ 0 1 ooooeep1 | Cut[BSl: ‘ebiiee:
1 Q In [B6]: 13 ~ 12
: |1 Out[86]: 1
/ﬁf&aﬁ 1 XOR 0 produces 1, as doa:s 0 XOR 1. (AU these | In [87]: bin(13 ~ 12) |
Fﬁt#?‘; commutative.) Any other combination produces 0, L'D“tEET]: ‘ob1’
F o T R R S B I S 1
R~

T

450 :
) mmmplement operator inverts the value of each bit of the operand : if the operand bit is 1 the
result is 0 and if the operand bit is 0 the result is 1.

The Complement Operator ~

e e e s

In [91]): bin(12)

This is binary eode of =135 in

In [94]: bin(~12)

r |

I ]

- | out[91]: '@b11@@" !

TIHE?'S The Comp!emenr lr-‘] GFIEJ’UI.‘]UH 2's mmp!rmmrfuml.n i BLis1] i
' I In [92]: ~12 i
opt Result l ~12 ©000 1188 Emt[n]: e E
_________ | |

’ ] 1111 @011 E In [93]: ?intlg). E

1 0 - - (@ee0 1101) i Out[93]): '@biiel }

! |

! i

! I

|

Out[94]: *-@bl1e1’
146 Operator Precedence i 7

When an expression or statement involves multiple operators, Python resolves the order of
execution through Operator Precedence. The chart of operator precedence from highest to
lowest for the operators covered in this chapter is given below.

or - Description
() Parentheses (grouping) Highest
v Exponentiation
] Bitwise nor
o -x Positive, negalive (unary +. - ‘
- Ml % Multiplication, division, floor division, remainder
- Addition, subtraction
\ & Bitwise and |
; T Bitwise XOR
EK“' 3%, 0 1s, = f:];:-:;:rgsns (Relational operators), identity operators
1s not
9x Boolean NOT
ol Boolean AND .
L Boolean OR ____—————

Tyl o I an calculate its 2's complement again by following this rule -
. ,nllmbeh t; 111!1}1::: 2's cm’:ﬂ:?;itt:g;:ni;m you find first 1, then invert all other bits. As per this
30 caleyte o E?:Ep?e ment of 11110011 35 00001101, which is 13,

=

|
f
i
1
i
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Operator Associativity
; ; :aole expression as you have leamnt above, ¢,
Python allows multiple operators n a single expressio y ! ! 2.
b+2<c or p<q>retc If the operalors used in an expression have different Preced,
i S ‘ i i g . ] “
there is not any problem as Python will evaluate the operator with h:glu:;:;lpncidence first, Bly ﬁt{vf ﬂ"'
what if the expression contains two operalors that have the same precedence -“:.r; ¢
In that case, associativity helps determine the order of operations.
Associativity is the order in which an expression (having mlI"iPIf:’ 0!3'3.1'3101'5 of same Prcced"“f.‘ej _
| is evaluated. Almost all the operators have left-to-right nssucm!wllj!r except exP““fntiaﬁun di
I (**), which has right-to left associativity. That means, in case of multiple operators with g,
precedence, other than **, in same expression — the operator on the left is evaluated firg ang

| then the operator on its right and so on.

H For example, multiplication operator (*), division operator (/) and floor division operatgy n f\‘?
have the same precedence. So, if we have an expression having these operators SImullanmush- \/

| A
| then the same-precedence-operators will be evaluated in left-to-right order.
| t

| For example, 2 oF““

1
Ilzn[:.}:?'sfsﬁz !
! out[1]: 5.0 | | o
i | ' i
i ! ! st
1 . » : -
; ; In[2] : (((7 8)/5)//2 ) : ‘ \ Tlus fiest expression is evaluated in lefi 1o ol
. i Out[2):5.0 I vight order of uperators as evident from the E
i | ] el oy Tr A L |’ i |I a b i A
i i SHenpression’s evaluation et elearly marks
Il Iﬂ[3] 17 ((8/ 5) 1/ 2) |I tris order of eivaluation (ﬁ] 1
I ¥ I i
! out[3]: 0.0 f @3
! F | 1 What
i
[In(a1:7(8/(5/72)) | ) g o
| Out[4]: 28.0 ! fa=
——————————————————————— ! | L What
An expression having mulliple ** operators is evaluated from right to left, i.e., HPT
|
2**3*" 4 will be evaluated as 2" (3*4) and NOT AS (2°3)**4 (i
Consider following example ; | ('-H'
e fo owing examp ()
I B See the default orde ' (
| In [11]: 3 %% 3 »s 5 ! SATCHES i :;rnfnuhmrmu (first expression) a) ch
1 Out[11]: 19683 / erithe i i second expression where M th
II ! J'\"; ’:‘;;11"1.' added us per right-10.lefs ussociarivity order
} Y H .
| In [12]): 3 00 (300 5y | fs07ih onl, gt 10 s o ey
UF. DCCTUSEe expog fon (** 1
|I Out[12]): 19683 : right-to-left associativity i i ::lua
| e ot
[In [13): (3% 3) va p | "NloiTE SRS H ligy
| Out[13]: 729 ! P a T R i,
! Associativity is the order In which an s

‘expression having multiple operators ol
isame precedence, |s m[u.ated-

|All operators are left _aswdiﬁ#-‘,fa?
je:rpnnenﬂuﬂah (right associative). J

| .
- . . e e P e i

-
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This practical session aims at strengthening operators’ . . .
seript mode. For better understanding ufblh? ccmu_lv SORSCEES 1ntulvesiba (i intemectivuicoe gnd

{nleractive mode praclice questions followed by seript mode practice questions

1, What is the function of logical
operators 7 Write an expression
involving a logical operator to test if
marks are 55 and grade is 'B".

2 What is the order of evaluation in the
following expressions :

(Ja>b or be=d?
(i)x=—yand y>=m?
(ifa>b<c>d

3. What is the result of iollowing
expression : @ >= band (g + b)>o il
(la=3b=0()a=2b=7"

4 What is the result of following
expressions (a to ) if

(1) check =3, mate = 0.0

(i) check =0, mate = -5

(iif) check ="', mate = e

(iv) check = ‘meera’, mate =" !
(2) check or mate (b) mate or check
(c) check and not mate
(d) check and mate {¢) mate and check
Evaluate each of the above expressions
for all four sets of values.

5. Identify the order of evaluation in the
following expression :
4e547¢2_ 8%3+4and
57//2-14+4ornot 2 =~4and
not 2ws { = Ge 2

. & 2155 b w155 then whyisalsbis

i False while a == b is True ?

Please check th i
Eaa ik e Prﬂchcu-l componeni-book - Progress in Computer |
cience wilh Python ond fill it there in PriP 3.2 under Chapter 3 after D)
praclically doing it on the computer.

LET US REVISE

Empty numbers (such as 0, 0.0, 0f crc.) and empty sequences (such

Prugress In P*{thon 3.2

pls, it would be better if you first perform the

g

——
N —_

Operators are the symbols (or keywords sometimes) that represent
specific operations.
Arithmetic operators carry out arithmetic for Python. These are
umary 4, unaey =, + =, 4 L4 % and ==,
Unary + gives the value of its operand, unary — changes the sign of
its operand's volue,
Addition operator + glves sum of is operand’s value, - subtracts the
value of second operand from the value of first operand, = gives the
product of its operonds® value, The operutor / divides the first
operand by cecond amd returns o float result i performs the floor
division, % glves the remainder after dividing first operand by
second und =+ is the exponentiation operutor, Le., it gives base
raised to power.
Relational operators compare the values of their operands. These
are >, < , ==, <=, >= and ! = L.e.,, less than, greater than, equal 1o,
fess than or equal to, greater than or equal to and not equal to

respectively.
Hitwise operators are like logical operators but they work on
individua! bits.

Identify operalors (is, is not) compare the memory rwo objects are
referencing.
Logical operalors perform comparisons on the basis of truth-ness of
an expression or value. These are *or’, ‘and” and 'not’,
Boolean or relational expressions’ truth value depends on their
Boolean result True or False.
Values' truth value depends on their emptiness or non-empliness.

as " [ 1, ()) and None have truth-value as folse and ali others

(non-empty ones) have truth-value os true.
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| - 3.5 EXPRESSIONS
I

An expression in Python is any
literals and variables. An expre
more operations, with eperators,
constituents of expressions.

Python puts it in this way : a valid combination of atoms and

-1 H A1 L4 i n .
operators forms a Python expression. In simplest words, a TEXPRESS|ON I :..:.H

valid combination of operalors, An atom Is something that hyy ,
ssion is composed of one or value.  ldentifiers, litery)y

ables trings,  lists, tuples, g,
] wiriables as the s ,
literals, and 1 dictionaries etc. are all atom,

atom is something that has a value, So all of these are atoms e Tty T
in Python : identifiers, literals and valies-in-enclosures sucl? as iid combinaflon of opmlg
quotes ('), parentheses, brackets, ete. e, strings, tuples, lists, and atoms. AR expression &
dictionaries, sets elc. composed of one of more
The expressions in Python can be of any type : arithmetic operations. |

expressions, string expressions,  relat ional r.rpn'.-t.-:r'ﬂus, fﬂgrmf
cxpressions, compond 1‘,\';!ra‘::::1':'ruzi clc.
& The types of operators and operands used inan expression determine the expression type.

& Anexpression can be compound expression too if it involves multiple types of operators,
.., @+ bh>ceed orasbeced is a compound expression as it involves arithmelic as well as

relational as well as logical operators.

! Let us talk about these one by one.

1. Arithmetic Expressions
Arithmetic expressions involve numbers (integers, floating-point numbers, complex numbers) and
arithmetic operators.

2. Relational Expressions
An expression having literals and/or variables of any valid type and relational operators isa
relational expression. For example, these are valid relational expressions :

x>y, y<=2, Z<*X%, I==Q, X<Yy>Z, X=s=y<12

3. Logical Expressions
An expression having literals and/or variables of any valid type and logical operators is a
logical expression. For example, these are valid logical expressions :

aorb, bandc, aandnotb, notcornotb

4, String expressions

Python also provides two string operators + and *, when combined with string opcrnnds and
integers, form string expressions.

<> With operator +, the concalenation operator, the operands should be of string type only.
© With* operator, the replication operator, the operands should be one string and one integer-
For instance, following are some legal string expressions :
“and” + "then” #would result into "andthen’ - concatenation
“and™ * 2 # would result into 'andand’ - replication

String manipulation is being covered in a separate chapter - chapter 5.
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ol ,
Evaluoting Expressions

3,5»1 . section, WE shall be discussing how Python ev

. . aluates differe
thmetic: clational and logical expressions. String expressions, as ;L;{E}ea gf e
y . ned ¢

Xpressions :
d'_:,cu55f-‘d in a scparate chapter — chapter 5.
|

arlier will be
g Arithmetic Expressions

you all are familiar with arithmetic expressions and their basic evaluation rules right f
4 Tom

our primary and mliddle-sc;_heol years. Likewise, Python also has certain set of rules that b Ioi
evaluate an expression. Let's see how Python evaluates them, cpit

Froluofing Arithmetic Expressions

Toevaluate an arithmetic expression (with operator and operands), Python follows these rules:
& Determines the order of evaluation in an expression considering the operator precedence

& As per the evaluation order, for each of the sub-expression (generally in the form of
cvalue> <operator><value> ¢.g., 13% 3)

m Evaluate each of its operands or arguments.

m Performs any implicit conversions (¢.g., promoting int to fleat or bool to int for
arithmetic on mixed types). For implicit conversion rules of Python, read the text
given after the rules.

m Compule its result based on the operator. LA

® Replace the subexpression with the computed result and carry on the expression |, |l
evaluation. : R

m Repeat till the final resull is obtained.

Implicit type conversion (Coercion). An implicit lype convers ion is a conversion performed by .
the compiler without programmer’s intervention. An implicit conversion is applied generally |
whenever differing dala types are intermixed in an expression (mixed mode expression), so as 4
not lo lose information.

In a mixed arithmetic cxprcssinn. Python converls all Uperands up lo the type of the largest li b
operand (type promotion). In simplest form, an expression is like op1 apcrf*rtnr op2 _{l:.g.. xfy |
or p**q). Here, if bolh arguments are standard numeric types, the following coercions are i
applied : IIr

© If cither argument is a complex number, {he other is converted to complex ; 1
& Otherwise, if either argument is floating point number, the other is converted to floating '

point ;

=S

& No conversion if both operands are integers.

Tounderstand this, consider the following example, which will make it clear how Python internally

toerces (i.¢., promotes) data types ina mixed type 2 rithmetic expression and then evaluatesit.

xmpl':' 33 Consider the following code containing mived arithmetic expression. What will e the final result ‘ !

"‘fﬁnu! dala type 7 |
ch=5 # integer |
1=2 # integer |

fl=2 -4t integer

£




db=5.8
fd=36.0
A= (ch+i) /db
B=fd/db*ch/2
print (A)
print (B) -
Solution. As per operator precedence, EXpresst

A = ((ch + 1)/db)

e - e ——— =

int

So overall, final datatype for expression 1 will
will be evalunted as -

((ch +.7) /] db)
((5+2M/50
((5+2)/50
=(7)/50
[t to fiostmg point conversion)

=7.0/50
A=14

COMPUTER SCIENCE WITH PYTHON ?

g floating point number
# floating point number
gexpressionl
gexpression 2

on 1 will be internally evaluated as :

be floating-point number and the expression

As per operator precedence, expression 2 will be internally evaluated as :

B = E{{‘!iﬂd?) * ch)/2)

float float

N

float int

float

So, inll dhtutye for expression 2 will be floqy

no conversion

integer to floating
Pt conversion

integer to floating
Pt conversion

Ng point number,

B

Ty
]
i)
’»?.
h
\
b
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The expression, expression 2 will be evaluated as :
(((fd / db)# ch) / 2)
=(((36.0/5.0)» 5L/2)
=((7.2+5)/2)
=((7.2+5.00/ 2)
=(36.0/2)
=36.0/2.0
B=18.0
The output will be

[1o conversion required)

Lint to floating point conversion)

linteger 1o floating point conversion)

1.4
18.0

The final datatype of expression 1 will be floating point number and of expression 2, il will be
floating-point number.
IMPORTANT In Python, if the operalor is the division operator ( /), the result will alwaysbea

floating point number, even if both the operands are of inleger types (an exception to the rule).
Consider following example that illustrates it.

Eample 34 Consider below given expressions what. Will be the Jinal result and final data type ?

{n)a,b=3,6 () a,b=3,6 (c) a,b=3,86
c=b/a c=b//a c=bXa
Ans. (a) In expression
c=6/3 b / a
c=2.0 I I
int int .
l | Mere, the operator ix J, which alwaya
floati -;:""'-_____ gives floating pt eesult,
oating p
(®) In expression (c) In expression
c=6//3 b [/ a Forotherdvison C-°¥3 b X a
c=2 | | related operations, = €=@ | |
int int ! and %, ¥ both int int
L | am I_I___l
int  Wea, mltwilbeintgen B int

--------

You, Yourself, can run these expressionsin Python shell and then chnckﬂmtypcofCusing type
function,

18 E""Zl|u-:ﬂing Relational Expressions (Comparisons)
All COMparison operations in Python have the same priority, which 3s lower than that nfa.ny
Aithmetic operations. All relational expressions (comparisons) yield Boolean values only ie.,

TVe or False.
Fy i = - ve the interpretation that is conventional in
MTH:JS:T.T ﬁiﬂ lng;tﬁ ;}:’dmmd arbitrarily, £g., a<b<c is internally
fated a @<band b<c

S —

e e
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P rquivalent to x<yand y<=,
| . : : — = (which is internally equ . 2),
| For chained comparisons 111_'1'3 xrey< ]'(I.'EI'CJ is evaluated only once and the third CXPresg;
common expression (the middle one, ¥ here) is found to be Fafse,

+ x{
(z here) is not evaluated at all when first comparison ( Hu.'yfu outs are :
Example 3.5 What will be the output of following statement when ; “in
(i)ﬂ:]n, b=23: f=23 (“‘Jﬂ=23.r b=I ;-C_

| print (a<b)
; print (b<=c)
print (a<b<=c)
lution. .. .
Solution For input combination (ii),

For input combination (i), the output would be :

the output would be :

. o False
! True True
True False

Example 3.6 How wounld following relational expressions be internally interpreted by Python ?
() p>q<y (i) a<=N<=b
Solution. (i) (p>4q) and (< v) (M) (a<=N)and (N<=b)

3.5.1C  Evaluoting Logical Expressions

Recall that the use of logical operators and, or and not makes a logical expression. While
evaluating logical expressions, Python follows these rules -

() The precedence of logical operators is lower than the arithmetic operators, so constituent
arithmetiz sub-expression (if any) is evaluated first and then logical operators are
applied, «.g.,

25/50r 2.8 + 26/18  will be first evaluated as - 5or4.0

S0, the overall result will be 5. (For logical ope

(1) The precedence of logical operators among th
a or b and not ¢ will be evalualed as -

rators’ functioning, refer to section 3.4.3)
emselves is not, and, or. So, the expression

(aor (band (not c) )) Similarly, following expression

pand gornot r will be evaluated as: (pragd ) or (ratil
_\ﬁw;?

| (iii) Important. While evaluating, Python minimizes

, | internal work by following (h les :
_ Inlnuqn of exprestion and type d 5 s

mmrﬂ-lan f (@) In or evaluation, Python only evaluates the
1 g};m; is an exprestion ? How by second argument if the first one is false
erent types of epress .
haw in Python ? et Gy () In and evaluation, Python only evaluates the

o thgis S mnte;'t_t ol expren S - second argument if the first one is trie

3. From the following ex]iression, identify For instance, consider the follow;j

atoms and operators, © In expression

=t (i+b>t+d:e+il-;ur-mtg-h} (3<5) is True,

- & What is type conversion (coercion) 2 returned as o
: __Fﬂirﬂﬂu??thmpufu}-&: it 2

ng examples :
(3<5)or(5 < 2), since first ﬂrgume’_}t
simply its (first argument’s) result ¥

. verall result ; the second il‘E“—""“?ﬂII
(5<2) will not be evaluated at all.
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sin .
nd f; fg:-’t argument (5 <3) is False, it will now evaluate
econd argument’s) result is returned as overall

o In expression (5 < 3) or (5 < 2),
the second argument (5<2) a
result.

xoryandnot z argument, i.c., 5<10 here, which is True. In or evalua-
(xor y) and (not z) ) tion, P’ython does not evaluate the sccond argument if
. (xor (y and (not z) )) the first argument is True and returns the result of first
| 2 State when would only first argument argument as the result of overall expression.
be evaluated and when both fiist and So, for the given expression, the second argument
| ;mfmg“'g:;i‘::fm:”‘ : “:"_“:‘;‘i = expression (50 < 100/0) is NOT EVALUATED AT ALL-
c=5, d =0. That is why, Python reported no error, and simply
() b>cand c>d returned True, the result of first argument.
9!‘) a<=borc<=d 352 Type Casling
| (i) (b+c) <=a and not (c< a) ) ) ) \ )
! { (V) be<d and d <a You have learnt In earllur_:;eclmn that in expression
! 3. What is Type casting ? with mixed types, Python internally changes the data

xample 3.7 What will be the output of following expression 7
(5<10) and (18 <5)or (3<18) andnot B¢ 18

& In expression (3 <5 . .
’ the 5ePcond a"E“rne}ni“;g 252? i]‘ ;11‘1(‘0 first argument (3 <5) is True, it will now evaluate
nd its (second argument’s) result is returned as overall

result.

In expression . '
i argu:ﬁent's) re(:uli ias] rzntud {5: 2), since first argument (5<3) is False, simply ils (first
med as overall result ; the second argument (5 < 2) will not be

evaluated at all.

Solution. False

S— 3 “

-

| 1. Are the following expressions equal ?

— ——————

Why/why not ?

How is implicit type conversion different
from explicit type conversion ?

5. Write conversion function you would

use for following type of conversions.
(i) Boolean to string
(ii) integer to float

(i)

float to integer

(iv) string to integer
{v) string to float
~ (vi)

string to Boolean
integer to complex

Example 3.8 ‘Divide by zero” is an undefined ferm.
Dividing by zcro causes an error in any programming
language, but when following expression is cvaluated in
Python, Python reported no error and returned the result as
True. Coudd youe tell, why ?

(5¢10 ) or (50 < 100/8)

Solution. In or evaluation, firstly Python tests the first

type of some operands so that all operands have same
data type. This type of conversion is automatic, i.c.,
implicit and hence known as implicit type conversion.
Python, however, also supports explicit  type
conversion.

Explicit Type Conversion

An explicit type conversion is user-defined conversion
that forces an expression 1o be of specific type. The
explicit type conversion is also known as Type

Casting.
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<type>() function of appropriate data type, ;. the

Type casting in Python is performed by
following manner :

<datatype> (expression) |
nt to lype—casl your expression.

where <datatype> is the data type to which you wa
For example, if we have (a=3 and b =5.0), then EE’: ASTIN .
int(b) The explicit conversion u|'|

an
: . . operand 10 a specific type
will cast the data-type of the expression as int. called type zasting.

Shnilarly,
d = float(a)

will assign value 3.0 to d because float(a) cast the expression’s value to float type and then
assigned it to d. -

Python offers some conversion functions that you can use to type cast a value in Python. These
are being listed in following Table 3.10.

Table 3.10  Python Data Conversion Functions

2o S ”"‘-f"ﬂ""'?"“’?"' | Examples
m From To Function EI
1. | any number-conver- integer int( ) int(7.8) will give 7
tible type ¢.g., a float, a (floating point number to inleger conversion)
string having digits inl(‘34) ' will give 34 (string to integer conversion)
2. | any number-conver- floating | float( ) float(7) will give 7.0
tible type ¢.g., a float, a | paoint (integer to floating point number conversion)
string having digits | number float(‘34) will give 34,0
(string; to floating point number conversion)
3. | numbers complex | complex( ) | complex(7) will give 7+0j
number (ONE ARGUMENT- integer to complex number
conversion)
complex(3, 2) will give 3+ 2§
(TWO ARGUMENTS - inleger lo complex number
conversion)
|

10. If a number (in string form) is given in any other base e.g., octal or hexadecimal or binary, it can also be converted t9
integers using int( ) asint (<number-in-string-form>, base). For example, to convert a string ‘0011 (octal bases equivalent
of) into integer, you can write int('0010", 8) and it will give 8.
If you want to convert an integer to octal or hexadecimal or binary form then act( ), hex( ) or bin( ) functions tively
ase there but they produce the equivalent number in string they produce the equivalent number in string form i.e., hex(10)
will give you ‘ox A”. This value can be displayed of printed but cannot be used in calculations as it is not number. However. by
combining hex( ), oct(). bin() with int (<number string>, base) you can convert to appropuiate type. '
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Slring sh.( ]

,_..-—""_—__—
leans —
qumber BoO sir ill give *
(3) will give ‘3 (integer to string conversion)

?EIIS.’?B} will give '5.78*

oating-point number to stri i
atrOory el give e o siring conversion)
Eﬁﬂal number to string conversion ; string converts

€ cquivalent decimal number to string : 0017 =15)
str{l + 2j) will give “1+2j)
(complex number to string conversion)
str(True) will give “True’
[ (Boolean to string conversion)

5. | any type Boolean bool( )

bool(0) will give False ; bool(0.0) will give False
boal(1) will give True ; bool(3) will give True
bool(”) will give False ; bool(‘a’) will give True
bool("hello’) will give True

With bool( ), non-zero, non-empty values of any

type will give True and rest (zero, empty values)
will give False.

Type Cosfing lssues

Assigning a value to a type with a greater range (e.g., from short to long) poses no problem,
however, assigning a value of larger data type loa smaller data type (¢.g., from floaling-point to
infeger) may result in losing some precision.

Floating-point type to integer type conversion results in loss of fractional part. Original value
may be out of range for target type, in which case result is undefined.

With this, we have come to end of our chapter. Letus quickly recap what we have learnt so far.

¥

- ‘“J';;P EXPRESSION EVALUATION Progress In Python 3.3

This is an important practical session 10 reinforce the conicepls of expression evaluation in Python.

Proper practice of this PriP Session would lay a strong fmmdnl_:‘on, which m_mm heI_p you solve ;Wh:c.«:lfondbnszﬁ
fuestions like outpuls, errors elc. This practical session would involue both inferactive mode and script mode.

Question 1 : (Solved for your reference)
f:lmk ”’eﬁ]”ﬂwl-ﬂg EIPFI:‘SSIlﬂ" rﬂcpszcj on pnprrﬁrs!. Then
] Wt with Python's. State reasons

exccule it in Python shell. Compare your

len(str(10 < 20))

in Computer
onent-book - Progress in
lciTr;LF;re in-PriP 3.3 under Chapter 3 olter

4 Please check the pracﬁcal
the computer.

Science with Python and fil .
prn::ﬁ::ullw,r doing it 0N

i
J . S <<




more

available many

jon of many mod
functions

Other than built-in [ unr.‘lion.s. P}"l]'llﬂﬂ m::;
library. Python’s gtandard library is @ €©

time offers ime related functions ; module string offers
g standard library provides a module namely m
pt for comple
In order 10 work with functions ol math module, i
statement as follows as the top line of your Python script

import math
Then you can use math librany"s functions
requirement), You should give import stateme

Following table (T able 3.11) lists

x numbers.

as math.« func tion-name

nts at the top of the

come useful math functions that you €

nctions in math Module

ath for math rel

functions through modules in lts st

ules for differe
for sting !
ated funcuons that work with

you need (0 first import i

_ Conventionally (not a syntactice]

program code.
11 use in your programs.

nt functionalities, €.g., modg),
nanipulation and so on,

{ to your program by mﬂl‘i

Tahlc 3.11 Some pMathematical Fu

Description

— e —

Prototype
(General Form)

math.ceil(num)

s.
No.

1. | «wil

The ceill ) function returns the
semallest integer not less than rurm

math.sqrt (num) The sqrt() function retums the

square root of nure I num <,
domain error oocurs

The expl ) function retums the
natural logarithm ¢ raised to the

STy ;\n\-,-r_

math explarg)

math fabs The fabsl ) function relums the

{num)
absolute value of num

-

math.floor (num)

loor The floort ) tunction retuims the

Larpest integer not greater than
nL

The logl ) function retums the
natural logarithm for num. A
domain error occurs if num is
nepative and a range error ocaurs

log math.log (num, [base] )

loglD

5 The logl0( ) function returns
the base 10 logarithm for num.
A domain error occurs if num is

negative and a range error

mathlogl0 (num)

pow

l-h. .

math.pow (base, exp) The pow( ) function returns base
raised to exp power Le,. base exp.
A domain error oceurs if base =0
and eap <=0 also if base <0 and

HT' i5 not iﬂtcﬂur‘

occurs if the argument is zero.

|

I

|

Example

math ceil (1 03) pives 2.0
math.ceil(=103) pives -10.

math.sqri81.0) gives 9.0.

math eap(2.0) gives the value
of .

e c——

math fabs (1.0) gives 1O
math tabs( 10) gives LU

math Hoor (LO3) gives 1.0
math toor(=1003) gives =20
i - Mp—— ,_.,____._—--‘
math log (1.0) gives the natural
logarithm for 1.0,

math Jog (1024, 2) will give

logarithm of 1024 to the base2
R

mathdopl0(1.0) gives base 10
loganthm for 1.0.

—

n;aih.puw[fi.[], 0) gives value o
3°, 3
math.pow (4.0, 2.0) gives
of 42,
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. prototype Descript __—__'___‘————_._

f,’/ c,meﬂﬂfurm) cription Example
§ [poct --—-"!"""__—_ 'In inl) I —
A i > wosinl) hunction e |
!‘,/.«-"' wﬂ'l-!'mfarhl' | site of arg ‘l"h:' ) ::::I:':‘: the | ma sin(val)
; i -t o ol arg Wi
o [& | Mt 1\-_“1 radians, S|l s g Nnumber),
\ rﬂ.—rﬂr—_-——- | . - T ——
| mathcos(arg) | The cost) tunction returmy the | math cosvaly
™ ma | [SNRLSE, T .3-‘\\' ”'.p \'.'IlLIL‘ of arg ["'\:li T (va J
F | muse bein radians, SV 4 humber),
| e R . = — -___'_‘_——-——______
!'___..r__,...--"" m_;ﬁ'l.hn[am" The tan( ) l'l!l‘h:ilnl'l retums the math tan (val)
i Ln tangent of Sy The value of arg | (valis a number)
must o radians,
— ) .. B D D
- | mathdegroes(z) The degreest ) converts angle x | math degrees (3.14) would give
l‘[; degr® trom radians to degrees, 179.91
"""'-': rath radian< 1) The radians( ) converts angle x math.radians(179.91) would
|li rad trum degrees to radians, give 3.14
i

muth.pi gives the mathematical constant = = 3.141392...., to available precsion
mathe gves the mathematizal constant ¢ = 2718281, ., to available precision
Following are examples of valid anthmetic expressions (after import math statement) :
nples of

Gvn: 0= b=2 c=5 p=70 ¢=93, r=1051, x=25519, v=10-24.113, r=231.05

() mathpow(a/k 35) (1) mathusin(p/g) + math.cos(a~d
(i) x/y+ mathfloor(pe a/} (1) (mathsgrt (B)ea)-c

(t) (mathceil (p)+a)ec

Ftlll:m"ing are examples of invalid arithmetic expressions :

() xeer two operators in continuation.

(@) glasb-z2/4) operator missing between  and yihenvex

() math powtl), -1) Domatn error because if base =0 then exp
should nol be <=0 varithm of a

(7) math log(-3) . plq Dumain error because logari

; ible.
negative number is not possib

- r Ji at ematicol t'):prﬁ!faj‘:s -
' } 1 eAPreE sions fl} the fﬂ”t}“nlmg math
) = c”‘i,ﬂ-.“.‘hg P_..“u. eapr L

(i)

q
() p+—=3

(r+3)

valopt, . (1) 2 -?f:' -4y

(=)
“lh_
{ﬁ Math sqrt (ge g be b+ co )
["} 2 ~ye mm_exm =y)-4"y
['_"]' P+9/ math.powt(r + 5). 4)

(cosx/tanx)s x (v) | ¢ x|

{Irumm-;[:],' math.tan(x)) +x
. _hl Math fabs (math exp(2) -1)

The math mociule of Python also mukes oy ailabie two useful constants namely pi and e, which VOu can use as :
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LET Us REVISE

e —————maee——]

< Anexpression is composed of one or more operations. Itisa valid combination of operalors, literals and Varighjg,
bination of atoms and operators.

< In Python terms, an expression is a legal com iobles, literals, strin
< An atom in Python is something that has a value. Examples of atoms are variables, ) 95, lists, tuples

scIs elc.

% Expressi e arithmetic, relational or logical, compound etc.

o ﬁ;::::i}ot;g;z?ofs used in an expression determine its type. For instance, use of arithmetic operators Mmakes j
arithmetic expression. ) ]

< Arithmetic expressions can either be integer expressions or real expressions or complex number operations ¢
mixed-mode expressions.

<+ An arithmetic expression always results in @ number (integer or floating-point number or a complex ﬂl-fmber) ‘e
relational expression always results in a Boolean value i.e., either True or False ; and a logical expression resulys
into @ number or a string or a Boolean value, depending upon its operands.

< In a mixed-mode expression, different types of variables/constants are converted to one same type. This process js
called type conversion.

= Type conversion can take place in two forms : implicit (that is performed by compiler without programmer’s
intervention) and explicit (that is defined by the user).

In implicit conversion, all operands are converted up to the type of the largest operand, which is called nype
promotion or coercion.

o

% The explicit conversion of an operand to a specific type is called type casting and it is done using type conversion
functions that is used as

<type conversionfunction > ( <expressicn>)
e.g., lo convert o float, one may write

float(<expression>)

1. What are data types ? What are Python's built-in core data types 7
Solulion. The real life data is of many

. types. So to represent various types of real-life data
programming languages provide ways and facilities to handle these, which are known as data ypes.

Python’s built-in core data types belong to :

@ Numbers (integer, floatin i

: ) g-point, complex numbers, Booleans) °
@ String ¢ List ' )
@ Tuple

@ Dictionary
Which data types of Python handle Numbers 7

Solution. Python provides following data types to handle numbe
5
() Integers (i) Boolean

(fi)) Floating-point numbers (iv) Complex numbers

i
— [
| ¢ T TN —
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Why is Bovlean considered a subtype of integers 7
calution. Boolean values Trive and [alse inte
considered equal o 1 and False equ

bool( ) function, they return Trie

alto 0 r'nﬂ":" map to integers 1 and 0. That is, internally True is
and Fafe '(-’-E"E?}- When 1 and 0 are converted to Boolean through
s¢. That is why Booleans are treated as a subtype of integers.

[dentify the data types of the values given below
3, 3i 130, 13, "13”, 240/, 13,13,13,2), (3.13.2)

Solution.
3 intepe i
n Lgnl.r 3j complex number
13.0 Floating-point number 1y string
“13” ing i
?mnh 240 complex number
13 integer [3, 13, 2] List

(3,13,2)  Tuple

What do you wnderstawd by teem “immutable’ ?
Solution. Immutable means unchangeable. In Python, immutable types are those whose values
cannot be changed in place. Whenever one assigns a new value 16 a variable referring to immutable
type, variable’s reference is changed and the previous value is left unchanged. e.g.,

x=13

xX=5

% l _\7 » A\ .
._;T FaY — 3 value 3 is untouched and x |s made
""———--ﬁ_.______p 5 to refer 1o new value.

What will be the output of the following ?

print (len(str(17//4)) )
print (len(str(17/4)) )

Solution. 1

because and
len(str(17//4)) len(str(17/4))
= len(str(4)) = len(str(4.9))
= len('4") = len('4.€)
=1 =3

What will be the output produced by these 7
(1) 1244 (b) 14//14 (c) 14%4 (d) 1404 (¢) 14.0/4  (f) 14.0%4

Solution. (0)3.0 (M1 ()2 ()35 (¢)30 (H20
“Raman” (i.e,, CK = “Raman”). What will be the cutput produced

o in “Raman™ ? Wy ?

Given thal variable CK is bound to string
by Jollowing two stalements if the input qioe
DK = input("Enter name:")
Enter name : Raman

(4) DK == CK (b) DK is CK



P as
Solution. The output pnn!un'-.l will be a

{"} True th] I'.ﬂl."i'.'

The reason being that both D '
strings are always bound to fresh memory

string in memory.
Thus DK == CK produces True as strings are
But DK is CK preduces False as they are bound 1

9. What will be the output of following code 7 Explain reason behind ontput of cvery line ;

K and CK variable arc bound to i

even if they have v

fdentical.
o different memory addresses.

5¢50or 10
5<10ors5
5¢({10or5)
5 ¢ (5 or 10)
Solution.
10
True
True
False
Explanation
Line 1 5¢5 or 10 precedence of < is higher than or
= False or 10
=180 because or would evaluate the second argument if first
arpument is False or false,
Line2 5¢10 or 5 precedence of < is higher than or
=True or 5
i = True

Line3 5S¢ (10 or 5)

=5¢10 10 0r 5 returns 10 since 10 is true,

= True

Lined s5<(5 or 10)

=5¢5 5 or 10 returns 5 since 5 is true,,

= False

10, What will be output prod i
o PUE produced by the three expressions of the following code ?

| b=-3
! c=235
' d=-1g
2+b+crasc-pey
str'{a+b+c;a+c b+

= d) == ]

Ien(str(asbacs 54 ) Fous

C-b*d)) am len(str(bool(1)))

‘

COMPUTER SCIENCE WITH PYTHoN _

dentical strings "Raman’, Dut g,
alue Identical to some other l.-u[q'mg

or would return first argument if it is True or true

() bool

=Tr

1L What wanld b
d=
b=
[
d:
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if first

12 What would be the output of the following code 2 Explain reason(s).

ot 3 DATA HANDLING 'l
a d = -: . b
solulion. True ]13 . 3
False
True

{, What wonld Python produce if for the following code the input given i
' Swen s

(iy 11 (i) hello (11 just relum k - i
(iv) 0 (v) 5-5 CY pressed, no input given
Code
bool (input("Input:*)) and 10 ¢ 13 . 5
solutivn.

() Input : 11 would vield

beol ('11') and 10 ¢ 11
True and 10 ¢ 11
= True

(i True [For the same reason as in (i)

(iif) False because when just retumn key is pressed, inpulis' ie., empty string, hence expression
becomes &

bool('"') and 10 ¢ 11
False and True
= False

(i) bool ('8" ) and 10 < 11
True and True
= True

(Please note 8 is a non-empty string
and henee has truth value as true ;)

{r) bool (°5-% ) and 18 < 11
= True and 10 < 11
= True

a=3+5/8

b=int(3 + 5/8)

c =3+ float(5/8)

d= 3+ float(5)/8
e=3+5.0/8

f = int(3 + 5/8.0)
print (a, b, ¢, d, e, f)

Solution, The output would be

3.625 3 3.625 3.625 3,625 3
Explanation

Ling 1 a=3+5/8B
=3+ 0625

- a=3.625

L}
:?.
E.
n
3

"
|

e ————

——
i — g

e
e
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5/8)
Line2 b=int (34
- int (3 + 0.625)

= int (3.625)
h=3

{int{ ) will drop the fractional part)

¢ = 3 + float(5/8)
c=3 + float(0.625)

= 3 + 0.625
c=3.625

Line 3

Line 4 d= 3+ float(5)/8

- . . 3 i d i!‘: n(,'l.'lljn' P'Jil'll
5.0/8 = 0.625 because one operan & poini,
Db inligor operand will be internally converted to ﬂnutmg.m
=3+ 0.625
i = 3.625

Line 5 e= 3+5,0/8
=3 4+ (0.625

¢=3.625

(same reason as above)

Line 6 f=1int(3 + 5/8.0)
S=int (3 +0.625)

{same reason as above)

J=int (3.0) (int() will drop the fractional part)
f=3
13, What will be the ontput produced by following code statements ?

(@) 87//5

(€) (87 //5.0)=(87//5)

(¢) (87 /] int (5.0)) == (87 // 5.0
Selution, (a) 17 (8) 17.0 (c) True (d) True (¢) True

() 87 // 5.0
(d) (87 {/ 5.0) = int (87 / 50

4. What will be the output produced by foltowing code statement ? State reaspns(s),

(a) 17%5 (b) 17 % 5.0

(c) (17 % 5) == (17 % 5)

(€) (17 % 5.0) == (17 % 5.0)
Solution. () 2 (1) 2.0 () True
Both (c) and (¢) evaluate
(Jand 2.0 ==20in (e).

() (17 %% 5) is (17 % )
(N (17 % 5.0) is (17 % 5.0)
() True () True (f) False

lo True because bath the Operands of == gpe

(d) evaluates to True as both the

Since both operand expressions ¢
are bound to same memory

operands of is ope

rator are same integer objects (2).
valu

ate to same integer valye 2
address, hence is ope
In (), even though both operands ey
False because Python assigns differe
same value in the memory,

rator returns Trye,

aluate 1o same floating point v
nt memory address to flo

rator are same values (2 == 2in

and 2 is a small integer value, both

alue 2.0, the is operator retums
ating point values even jf their existsa

el b the @
f pooln(
i) boolstr(
I ool (floall
(3 bool{str(0:
St 1) False
S Wl be the o
 n or ]
1 len(13)
Sy,
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7 : DATA HANDLING

what will be the output produced by the following coq
es

15 (@) bool{0) {f) bool (1) (©) bool(r) :;ﬂ;:,s, ?,Sl‘ﬂlf.' reasouns.
4 bool(0.0)  (8) bool('0.0") () oo (©) (:‘: . :(qu} (¢) bool( ")
golution. ool("0j")

. Int
(a) False. Integer value 0 has false tryh value hence bool( ) converts i
f , verts it to T
() True. Integer value 1 has true tryth value hence bool( ) convert .‘ lo.:alse.
A e bl ; Ao 18 verts it to True.
() True.'0"isstring value, which is a non-empty string and I
converts it to True. g and has a true truth value, hence bool( )
(d) True. Same reason as above,

(¢) False.”is anemply string, thus has false truth value, hence boal( ) converts it to False

) False, 0.0 is zero floating point number and has false truth value

False. hence bool( ) converts it to

(¢) True.’0.0"is a non-empty string hence

True ithas true truth value and thus bool( ) converted it to

() :_a:SE- 0j is zero complex number and has false truth value and thus bool( ) converted il lo
Jod

(1) ?'“E' ‘0j is non-empty string, hence it has true truth value and thus boo( ) converted it to
rie.
6. What will be the output produced by these code statenient ?
(a) bool(int(‘0"))
(b) bool(str(())
(c) bool(float("0.0'))
() bool(str(0.0))
Solution. (a) False (P) True (c) False (d) True

17. What will be the output of following code 2 Why ?
() 13 or len(13)

(i) len(13) or 13
Solution,
(n 13 because or evaluates first argument 13's truth value, which is true ., and |
hence returns the result as 13 without evaluating sccond argument.
(i) error because when or evaluates fist argument len(13), Python gives error as

len( ) works on strings only.

Ll *Wrﬂc @ program la read basellength (1), width(ze) and heigh t(h) of a parallelogram and calculate its area and

~ / Perimeter,

height (h) widih (W)

e —

| & base (1)




Solution. )
1= flnnt{input( Enter base

We float(input( "Enter widt
_I hs= flnat{:lnput("Enter height o

/length of the parallelogram : "))
h of the parallelogram : "))
f the parallelogram : ")

area=1*h

perimeter = 21 + 2%W
print(“The area of giv
print(“The perimeter O

en parallelogram is 1", area)

f given parallelogram is :", perimeter)
The sample run of above program is as shown below :

Enter base/length of the parallelogram : 13.5
enter width of the parallelogram : 7

enter height of the parallelogram : 5

The area of given parallelogram is : 67.5

The perimeter of given parallelogram is : 41.0

GLOSSARY
______.-::
Atom Something that hos o value.
Coercion Implicit Type Conversion
Expression Valid combination of operators and aloms.

Explicit Type Conversion  Forced data type conversion by the user.

Immutoble Type A type whese value is not changeoble in ploce.

Implicit Type Conversion  Automatic Internal Conversion of dalo type (lower 1o higher type) by Python
Mutoble Type A type whose volue 1s changeable in ploce.

Operator Symbal/word that triggers an action or eperation.

Type Casting Explicit Type Conversion

Assignments

Type A : Short Answer Questions/Conceptual Questions

1. What are data types ? How are they important ?

| 2. How many integer tYpes ane supported by Python ? Name

’ 3. How are these numbers differe

| 1. The complex numbers have
Parts represented ?

3. How many string types does Pythan
6. What will following code print ?
Strl = "' *Ha1] 4 ‘
o'
str2 = "Helly\
o
print(len(strl) > Ien(str‘Z))

them.
nt from one another 7 33, 33.0, 33}, 33+
two parts : real and im

support ? How are they

TS
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different from one another ?

h b

agmary. In which data type are real and imaginary




X 3 1 DATA HANDLING
{ are immutable an mutable types 7 1 ¢ ;
7 Wha e interal Kt P. ist Immutable ang mutable . ’
5. Wwhat are three inlemal Key-atiribules of a "“1llﬂ-variab; . e ypes of | ylhon,
. . i 1
g, lsit true that if bwo objects retum True for is operato L[-:n Python ? Explain with example
v d r't E ‘ . : -
o, Are these values equal 2 Why/why not ? y will also return True for =~ operator ?
10 .
() 20 and 20.0 (i1) 20 and int(20)
[I-"‘] 511‘['_"[)) and slr(ED.D) [!'I?} 2’ and “g"
11 “thl iq dan .'lllfm‘l ? ‘\rllal i'; an ux]‘russiun ?
g § L i i e b ¥ TR L) 3 & = N
12 What 15_%' difference between implicit type conversion and explicit type conversion ?
33, Two objects (say @ and ) when compared using ==, relum T, :
compared using is operator, Why ?  Telum True. But Python gives False when
(i.c. == D is True but ‘h']'[:,' is a is b False ?)
14, Given strl = "Hello", what will be the values of ?
(@) stel [0 (D) stel [1] (o) st (5] (d) str <] (o) str (5]
15, 1f you give the following, for sirl = "Hello®, why doces Python report error ?
stri[2] = 'p’
16. What will the resull given by the following ?
@type (6+3) (M type (6-3) () type (6 3) () type (6/3)  (e) type (6/3) () type (6% 3)
17. What are augmented assignment operators ? How are they useful ?
15. Differentiale between (555/222)**2 and (555.0/222)*2.
19, Given three Boolean va riables a, Iy ¢ as : @ = False, b= True, c= False.
Evaluate the following Boolean expressions :
(a) band ¢ by bore (c) not w and b (d) {a and D) or not ¢
() not [r and not (a or ) (N not ((not b or not a) and ¢) or @
2. What would following code fragments result in 7 Given x =3,
:] (Ml1<x (x>=4  ()x==3 (d) x =3.0 (¢) “Hello™ = “Hello”
(h “Hello” > “hello” (v) 42 =20 (m4a2=2 (Hx<7and1>5.
21. Write following expressions in Python
| 2 2 1= _ 2 —x1F + (2 =y1)F  [Hint. § \( ) use math.sqrt( )]
= (a) %b'h () =k () Sk () d = J(x2=x1) +(y2-y1)"  [Hint. for sqr () q
-~ - 3 b+ \”'1 —ddac L'] A" xa™ = amtm
(f)l:.'l‘.'—h)"+[y-k]"=r' {ﬂ X :——T Y
a" - -n -—.l_
ul'] (a™y" = g™ (i F =a" e "= T
aty 2 inr) produces error. Why ? Why ?

i . i ionef) in it, does not retum error.
inl{'e') produces error but following expression having int(’) in

len(‘a*) +2 or inl('a’)

Write expression to convert the values 17, len(alb) to
)] integer (ii) str (i) Boolean values ] (-3'1'5']“2
L1 # 1 1 En : " » Nl
Evaluate and Justify : (i) 22 /17 =-37/47+58/83 (i) (i 2217 - int (22007 and justify.

- int{ﬂ.ﬂﬁ.ﬂ]

None (fi

e g mpo-227 () 22070 ne and None.

iv) No
; True and None (i)
* Paluate ang justify : (i) false and None (i1 0 and H e
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3or 3 ==4)
1 == 1 and False or 0==0

that is successfully evaluated, determine its value ang
an '}T*

1 or not True or

g for cach expression
the reason.

se and 1==

29. Evaluate the followin
wsful expression state

for unsuCce
(@) len("hello”) == 25/5 or 208/10

(h) 3¢50r 50/(5 - (3+2))

(c) sp/(5 - (3 + 2))or3< 5

@ 2°@° (len("01%)))
Write an expression that uses exactly 3
the following expression to make the order of evaluation more clear.

{ﬂ Fal

arithmetic operators with integer literals and produces result
e asy

30,

31. Add parentheses to
yX4==0 and yX10@ 1=0 or y X 400 == 0

Type B : Application Based Questions

1. What is the result produced by :

' y (1) bool (0) (1) bool (str(0 :

" N . )) 7 Justify the out .

2. What will be the output, if input for both the statements is 5+ 4/2 A
6 == input ("Value 1:°) -

6 =a int(inﬂ.lt {-VI].IJE ?:-]J
3. Following code has an i i I
expression with all integer values. Why is the result in floati
: ating point form ?

l'h'c-zJS.B

d=as+b*c/b
print(d)
1. What will following code print ?
(@) a=vas=3l '
bsvaey @ : : ; 1}
print (a it
(a, b) print (a == b)

print (a is b)

5. What will be oy
o tput produced by following code ?
Sicatn s ¢ ? State no

d=as+bh

e=1.8

f=109

BE=2.0

h=e+f

-ason for this output.

g\

n

L
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6. yWha

q=5-4-3
h = 3%02° *3
pl‘iﬂt(aj
print(b)
,, What would be the output produced by follow
a, b, €= 0.1 '
' d=9.3
ype e=a+b+c-d
f=a+b+c==d
print(e)
print(f)
g What will be the output of following Python code ?

t will be UI..IIP'I..II'. Pl’DduEL'd b}" rﬂ"““’ll‘lg ?
code Stale reaso
ason,

ing code 7 Why ?

5 99, a=12
b‘ 704

c=1
a-=b
print(a, b)
a*=2+c
print(a)
b+=a*c
print(b)
9. What will be the output of following code ?

X, y=4,8
z=x/y'y
print(z)

10. Make change in the expression for z of previous question so that the output produced is zero. You
cannot change the operators and order of variables. .
(Hint. Use a function around a sub-exprussion) i
L Following expression does not feport an error even il it has
problem :
3 or 10/8
What changes can you make to above €xpr
L What is the oulput produced by following code 7

3, b = bool (0), bool (2.0)
¢, d=str (8), str (0.8)
print (len(a), len{b))
B print (len(c), len(d)) :
Yen a string s = "12345", Can you write 20
; . et It as 15

Hint, Uses indexes and convert to integer]

a sub-expression with “divide by zero'

ession so that Python reports this error 7

on that gives sum of all the digits shown inside the
142+3+445).

lt - L
it the output if e is given input as True
d= True
b=p¢s

Print (a is b)
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c = str (a)
d= Str' ':h)
print (c == 9)

int (cis d) .
Pr (nEnter‘: J

print (c== E;
print (cis®
- 8)
15. Find the errors(s)- (b a= :’::i E 1)
- iT™ b -
. name = "HariT - __ ralse
“ print (name) print (3 == f2 :
name(2] = 'R’ print (b == £rve)

print (name) ——
) pi=3. _
@ print (type (int("123"))) “ grint (type (pi))
print (type (int("Hello™))) print (type (73.14"))
print (type (str("123.8"))) rint (type (Float ("3.14 )?) )
Erint (type (float("three point fourteen")))

(/) print ("Hello"/2)

(¢) print ("Hello" +2) print ("Hello® / 2)

print ("Hello" + "2%)
print ("Hello™ * 2)

Type C : Programming Practice/Knowledge based Questions

1. Write a program to obtain principal amount, rate of interest and lime from user and compule simple
inlerest. _

2. Wrile a program to obtain temperatures of 7 days (Monday, Tuesday ... Sunday) and then display
average temperature of the weck.

3. Write a program to obtain x, y, = from user and calculate expression : 4x* +3y” +9z + 61

4. Write a program that reads a number of seconds and prints it in form : mins and seconds, ¢.g.,
200 seconds are printed as 3 mins and 20 seconds.
[Hint use /f and % to gel minules and seconds)

5. Write a program that reads from user — (i) an hour between 1to 12 and (i) numbe
program should then prinl the time afler those many hours, e.g.,

Enter hour between 1-12 : 9
How many hours ahead : 4
Time at that time would be : 1 @clock
6. Write a program lo take year as input and check if
7. Wrile a program fo take two numbers S . i
iy rs and print if the first number js fully divisible by second number

8. :t'v'ritl} d program to take a 2-digit number and
15 25, the program should print 52.
9. Try writing Program (similar i
to igi
should prg oo Previous one) for three digit number j.¢

r of hours ahead. The

itis a leap year or nol.

then print the reversed number. That is, if the input given

date is. For simplicj tak
then it should Pﬂnlty' e 30 days for a]] months, For

r

il INTRC
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Exeqyf
e
Shateq
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d:;gqu
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41 INTRODUCTION
Generally a program executes its statements from beginning lo end. But not many programs
* P . . ¥ - "
execute all their statements in strict order from begimning lo end. Programs, depending upon
the need, can choose to execute ORE of the available allernatives oF even repeat a set of
he . X . . : . ; . i
statements. To perform their manipulative miracles, programs _nr.‘u.i tools for le‘fDTl.’l:lll.ng
repetitive acti { for making decisions. Pyihon, nfcmirsv,prm'ldcr-ﬁuclnnu'i&a by providing
| BE VRO T e i ' irol statements. This chapler
' stalements to atlain so Guch slatements are called program controf St 5. chap
discusses such statements in details. Firstly, colection statement if and later iteralion
statements for and while are discussed. 1 o and contin
T ' ; , sorhan which are break and continiee.
: This chapter also discusses SOME jump statements of Python
en
2} LU
ren

th2
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1 any kind of action, be iy dalg
Gtalements form the SMalley,
belong Lo one of the fnliuwing

pYTHON

ute
o to lhe compus o
o tar be it repealing aclion

n
m. Python statements €2

5 OF STATEMENTS IN o perforn

instructions gtv
qaking decisions
gra

4.2 TYPE

Statemenls arc the .
and be it ¥

mavenienls, ' "
unit withina Python P

exccutable
P & Simple
& Empty Statement
& Compound Statement

Gtatement (Single statement)

]. Empty Statement
The simplest stalement is thee
empty statlement is pass statement.

ass — . &
P alement, l"}'thc-ﬂ does E&L‘_‘lﬁ. il |

Wherever Python encounters a pass st

nothing and moves to next sta tement in the flow
those instances where the
a statement

ntie., astatement which does nothing. In Python
mply statement i-t., : .
ot It takes the following form :

of control. The pass statement of Python is
a do nothing statement [e,
empty statement or null
operation statement.

A pass slatement is useful in
syntax of the language requires the presence of
but where the logic of the program does not. We will s
loops and their bodies.

ec it in

2. Simple Stotement
Any single executable statement is a simple statement in Python. For example, following isa

simple statement in Python :
' name = input { "Your name" )
Another example of simple stalement is :
, print (name} # print function called

As you can make out that simple slatemenls are single line statements.

3. Compound Statement

A compound statement represents a group of statements executed as a unit The compound
Statements of Python are written in a specific pattern as shown below - P

<compound statement header> :
<indented body containing multiple simple and/or compound statements>

That is, a compound statement has -

Wi -
I < a header line whij ‘ ; | Sbis e
4 ! which begins with 3 k NIOT E ey -
[ with a colon. § a keyword and ends Lf..:__m:-‘ —:-g
|
I @ abody consisting of one or more P A compound statement In
. indented! inside (he header line Y‘E;;}n Statements, each Python has a header ending with
| body are at the same leve] of ; dL' .Stﬂt‘?mﬂnts in the - F‘_"Gﬂ (:)and a body con-
' You'll learn about 'hdentation, taining a sequence of state-
. some other ¢g ments at th level of
while) in thi mpound s e same level o
I'E’} in this Chﬂpler. P statements (ff; ﬁ],—’ ]ndematinn_

¢

":!-E

- Conventionally,
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123

cTATEMENT FLOW CONTROL

m, stateme r "
fn a Progr S ELI'IL!S 'r.na} be executed seque
ngr;,mmmg guage provides constructs o suppo
Let us discuss what is meant by sequence, se

:tmlly, selectively or iteratively. Every
seqquence, seleclion or iteration.
lection or ileration constructs.

(equﬂncc

The sequence construct means the stalements are bein ] '|§1
1ed sequentially. This repre s g Satement 1 | it
executed sequentially. 1ius represents the default flow of | Reorabieinte i
statement (see Fig. 4.1). : 1 | .e!
. feess ) | swlemem2 || b (i

very Python program begins with the first statement of i~ l |
rogram. Each statement in turn is execuled (sequence = ¢ : l |
M » fi o o tement Th

construct). ‘.\?un the final statement of program is execuled, ‘ —= E 0 :
the progmm is done. Sl:qul.‘nl:u refers Lo Lhe normal flow of I | ; 1

control in a program and is the simplest one.
Figure 4.1 The sequence construct.
Selection
The selection construct means the execution of statement(s) depending upon a condition-test. 1f
a condition evaluates to True, a course-of-action (a set of statements) is followed otherwise
another course-of-action (a different set of statements) if followed. This construct (selection

construct) is also called decision construct because it helps in making decision about which

set-of-statements is to be executed,

Following, figure (Fig. 4.2) explains selection construct,

l One course-of-action

]
Fue - 51;licrnuntlHSmmmenl.2 =

Condton? ——

False |
L

[ Statement 1 ‘

=

P S—

| b B

selection construct.

Another
course-of-action

Figure 4.2 The

real life s0 many limes .8 if the traffic signal

r selection in your d if the signal light is

You apply decision-making © ht is yellow then wail ; an

light is red, then stop; if the traffic Sib'““] lig
Ereen then go.

i ision-making,.
You can think of many such real life examples o selection/decisiorn-micng



1
i

_ , False

teralion [LOmeg} (ructs mean repelition of 1 __»——" Condition? . — Theexr
: 1 slruc

The ileralion CON- ' on & condit|

srl-iy’-ﬁlurrniﬂlf-" chL‘f"dmg ugilinn is o

condition-test. Till the time @ ct;n L 5ETE

True (or Fafse depending upen e };;11:] el

nls are mpmlcd agam The Loop body

oy
\’-?0\“
M1

« What is a statement ? How many types
. What is the significance of 2 pass
. What iz a compound statement 2 Give
+ What are the three cons

- What is the need

sol-of-stateme
again. As soon
False (or Truc), the re
jteration construct is @

as the condition becomes
petition Stops. The
lso called foopg

construcl,
The adjacent figure (Fig. 4.3)
jteration construct.

illustrates an Figure 4.3 The iteration construct,

ain and again is called the body of the loap, The

. sct-of-statements that are repeated ag ' ) "
The set-of-s pends is called the exit condition of

condition on which the execution or exit of the loop de
test-condition.

You can find many examples of iteration or
your mother cook chapatis or dosas or appains for you.

looping around you. For instance, you often see

Let’s see, what she does for it :
(i) put rolled chapati or dosa batter on flat pan or tawa
(i) turn it 2-3 times
(fif) once done take it off.

Repeat the above process (sleps (1), (i), (iir)) for next chapati/dosafappam. This is looping or
iteration.

You can find numerous other examples of repetitive work in your real life e.g., washing clothes;
colouring in colouring book etc. etc. L '

Every programming language must support these three
types of constructs as the sequential program execution (the
default mode) is inadequate to the problems we must solve
Python also provides statements that support thECL'l‘
-:flm:.qltru.cls. (_:uming sections  discuss  these I‘vlhﬁ;n
:,hilu;r;}l:); I{t:.lsnt- suppor.ts selection and for and while
ation. Using these st
creale programs as per your need.
But before we talk
know basic tools tly

f .
of stalements are there in Python ? atements you can

statement? I
about these stalements, you should

Silvé 0 glven et at w_1ll help you decide about the logicto
it EE 1 ]Pm -:If:m L., the algorithm. For this, there are
Pie lools available. In (he following section, we are

Boing to talk abo

ut three such t
3 ools — F TR
trees and Pseudocode., Flowcharts, decistol

example of a tompound statement

tru
govern statement flow ? v that

. for i
looping constructs 2 felection ang
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i
* y Fbl,"f:.[ th*

Asyou

proper
fools
b one
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44 pRUGHAM LOGIC DEVELOPMENT ToOLs

fore developing the soluti
E;al)'m the given problem 311131112[‘3 \Pl‘nblem In terms of a program, you should read and
ol i etibbigks. In Sthic. "Ct lc.iabout basic sub-tasks needed to ;olvu a F"r-:)'olu.r,t;-'uLf:ndmlrl1
S 'TWwords, you figure ou i h omof “—‘
prﬂblem and represent it through various lugﬁ: dwd;?;i‘l:‘.gtirm;m for the solution of a given
. _ ‘ ' ools,
An algorithm is a step-by-slep procedure (well-defined

instructions) to solve a given problem. For instance, 11 ATGORITHM ISR
i ' s remai . stance, the :

u'lgc-rllhm to find the remainder of given two numbers is - An algorithm is a step-by-step
1. ]npulﬁrsl number. o procedure {well-deflined instructions)

1o solve a given problem.

2. Input sccond number,

3, Divide first mumber with second number and store the remainder as thind number.
4. Display the result (the third nonber).

D a!gun[hm is a set of ordered and finite steps (the subtasks) to solve a given problem.
Consider :"1“1.1“'r_“'.‘"_”11"" that extends the above problem - using the same logic deternrine if tie
ﬁrsr mmrhvr is divisible I'l_u secomd number or not.

1. Input first number.
2. Input second number.
3. Divide first momber with second number and store the remainder in third womber.
4. Check if the third mumber is (0.
(a) If Yes, Display ‘the first number 1S divisible by secomd number’.
(1) If No, Display “the first number 1S NOT divisible by secomd member”.

As vou can see that the sublasks in above algorithms are shown in bold letters and there isa
proper order of carrying oul these steps/subtasks. Algorithms are commonly wrilten oul with
toals like pseudocoile, flow charts, or decision trees and tables. Letus talk about these tools one

by one.

44,1 Flowcharts

| A flowchart is a graphical rupr-::-cnlnliun of an algorithm. A flowchart shows different subtasks

with different symbols. Following ligurc

g <> Decision FLOWCHARTA i
rpces

A flowchart is a graphical represen-

’ ration of steps an algorithm to solve a
Subprocess CD Star/En given problem.

Data
[ Document D

Flowchart symbuls.

(4.4) shows commonly used flowcharl symbols.

Figure 4.4

ut (1/0) operation (t
f cumputatinn and

aking input and showing outpul).

t
& Use Data symbol for lnpuh’ou F internal operations like initializa-

| & Use Process symbol for any type ©
i tion, calculation etc.

dure writlen already.
© Use Subprocess symbo

] to invoke 2 proce
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\ “n
126 if the first number is divisibfe by sec

. fetermine
The flowrchart for the above _-||Eorll|1l'!'l ( ¢

nunber or rot) will be :

Show tha Now
SR . af conlrol or

—— order of sleps
Input first I'W
/ﬁpul second numberts)/

remainder=1% s

No display ‘the first number IS NOT
/ divisible by the second numbar’

Yes
display the first number 1S
divissble by the second number’

With flowcharts, a programmer can pictorially view the subtasks of an algorithm and the order
their execution.

4.4.2 Pseudocode

|
Pseudocode is an informal language that helps programmers FsEudncode | formmil
describe sleps of a program’s solution without using any D; des::bﬁl; :g:em:;;a;[v::
programming language syntax. Pseudocodo js a “text-based” Program’s  solution  without
detail (algorithmic) design tool. A pseudocode creates an ‘

using any strict pragramming
outline or a rough draft of a program that gives the idea of language syntax or underlying
how the algorithm works and how

the control flows from one technology considerations.
step to another,

For exam ple,

[!?'l’f:'}'? 3

e r——

consider the following pseudocode -

If student’s marks is Breater tha
display "passed*”
elsp

display "failed"

norequal tosp

The above pseudocode BIVes you an ides

l] 4 L ¥ H
passed or failed comparing the marg. of . 5?::;1 En;:rﬂ.g.ram determines whether a student has

Now consider fc




di

15

CDNDITIONAL AND ITERATIVE STATEMENTS

1
f"‘# » 5ame algorithm that we talked above (determ
iy

: th
mﬁ,dcr e if the firs
5

or not). The pseudocode . .
ond pumber P e of this algorithm can be like F number is divisibl, by

{rst number invariable firstnum,
d number in variable secondnum
rstnum modulus secondnum

gnput f

goput 58€°7

inder =fi

{f the remainder is @
sisplay ‘the first number IS divisible by second numb

er',

B
modulus to Bet remainder

2152
display .the I ir St num bE[ IS NUI di‘-l'is ible hy Se( Dnd numhe '
s

please note there are no standard rules to write a pseudocode as it is totally i
rrP:e:}t’nling an algorithm. 2lly Informal way of
113 Decision Trees
Dedision trees are a way of presenting rules in a hierarchical and sequential structure, where
pased on the hierarchy ol rules, certain outcones are predicted ,

Let us consider a familiar example. You all know how divisions are determined based on

marks, ¢.8.,
Marks Division
= 6l First
50 - 60 Second
40 - 50 Third
c 40 Failed

\] - . .
Now consider following diagram :

Marks more than
or equal to 60
A
parks more than
or equal 10 50

Marks more than
or equal to 40

No

readable ?

Does it make sense ? Isn't it more
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; ieal structure of outcomes ba
A Decision tree is an excellent tool to represent 2 l'flurard“;;;lritll1al can represent a nuﬂﬁr
J “"5“‘1“ Inotl i-ord-i adecision uses a tree like 5"::] ath o
cerlain rules. In olher words, & : . for each path.
possible rules based decision patis and an oulm:u n has taken admission in a new schpy) in
: stical situation. Aryaln 1ies ; iend iy
' = ap v |_‘|!I'||_"'r l'l i ‘Il.‘.ll]'ll_llcﬂl 51 . , an’s O[d frll‘_n 5 may y isit
s :]I: :n;:;?l:;dii Slsl‘-'iﬂé En the school hostel. This ?U“d;'gn"\ry y him,
anether city L - ' or this :
So, Aryan has decided to spend his Sunday as per ! P
hem for city tour. 1T they don't come, he will play Fipa
othenwise, depending upon money in his pocket, he
hostel premises or will simply eat maggi noodies.

If his friends visit him, he will go with t
with his reommate Il his roommate 15 free, _
may el out in a resteurant of from small Cafe in

decision tree :

IDECISIONITREE e

e pr ot T 3
Now this situation can also be depicted through

Olf-i;ﬂﬁnds A decision tree is a too] |
s represent a hierarchical struciyre
of outcomes based on certain
Yas No

rules.

Caty tour Roommate freg

Play FIFA Monay in pocket
Alel No money
(> 500) ot much (=100}
[200-300)
Eal out in Ealln Eal maggi
a rostauran| hostel cafe noddles

So the rules for spending Sunday as per this decision tree can be written as :

If old friends are visiting, go for cily tour
Or
If old friends are not visiting and roommale is free then play FIFA
Or
If old friends are not visiting and roommate is not free and h
¥ 500) then eat out in a restaurant
Or

as a lot of money (say more than

- h (I ll:l 5 uc 1000y '

Or

If old friends are

not visiting and roommate is :
maggi noodles. s not free

and has no money (less than ¥ 100) then eat
Decision trees are majorly used in Jea

After leaming aboul these lo
lterative statements.

ming algorithms of modern

. Programming languages.
gic development lools, e

let us learn about Python’s selection and

[statemE“"

et smgmenl ma)
et (in case Of €
(el lock at the §

wing indented st

Fxzstance, consider t

H/‘_i‘mtr 1

by

Spaces
Chars .
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I THE if STATEMENTS OF PYTHON L

The if Stalemm:ll:s are the conditiona] statements in Py,
constructs (decision constructs), ython and these implement selection

Anif statement tests a particular condition : if the conditio
is followed ic., a statement or sct-ofusia n evaluates to true, a course-of-action

ements j . .
evaluates to false), the course-of-action is ignor. 15 executed. Otherwise (if the condition

ed.
Before we proceed, it is important that you recal] w
and logical operators as all that will help y
note in all forms of if statement, we are usin

palue true oy collectively ; similarly,
false ar collectively.

hat you learnt in Chapter 3 in relational
ou form conditionals in this chapter. Also, please
& i'rm: to refer to Boolean value True as well as truth
false here will refer to Boolean value False and truth value

¢5.1 The if Stalemenl

The simplest form of if statement tests a condition and if the condition ev

. . i aluates o true, it
carries out some instructions and does nothing in case condition ev

aluates to false.
The if statement is a compound statement and its syntax (general form) is as shown below :

if <conditional expression> :
statement }

e The statemenis inside an if are
[statements] y

indented at same level

where a statement may consist of a single stalement, a compound statement, or just the pass
statement (in case of empty statement).

Carefully look at the if statement ; it is also a compeund stalement having a header and a body
containing indented statements.

For instance, consider the following code fragment :

The header of if statement; notice

Cmdinonal /—?-]::T}\:= v, {/—_—_- colon { ;) at the end
esion

spaces += A Body of if . Notice that all the siaiements
chars+=1 in the if-body are indented at same level

In an if statement, if the conditional gxpression E"a]?ates-z W
!me, the statements in the g,udy-pf;;f are executed, otherwl

'Indentation in Python Is very

'gnored. ; :
. hle ch llrnporumw en you are using a
The above code will check whether the character variable . |compound statement. Make
Sores 3 space or not ; if it does (i.c, the condition ch::' 1 sure to Izdenthall state1mef;u in
‘-"\'alualesg ' are incrementcd Y 1 one block at the same level.
o true) , the number of spaces i i
and ) B variable chars) are also  S=====

number of characters (stored in varia
ented by value 1.

: hu.wwe"- variable ¢}, does not store @ space r.Itil i
NE will happ,un :no statement from the body

.. the condition ch=="" evaluates to false, then
g ill be executed.

.*-1 :
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. f if statement ¢
Consider another example illustrating the use of if

ch = input ( "Entera single character : )

|

1

{

I. ] ﬂng :
ifch»= @ and ch < )

print ("You entered a diglt- )

nch, comparesilf

to true, and thus it Il ex

g 'You entered a digit-

s two if statements oné after the other :

oo input i value ; if value of ch falls bﬁtween
e e e ronditon e b will execute the statements in the if-bog,
“f to'9 ie., the condition evaluates .

that is, it will print a message sayin
Now consider another example that use

ch = input (' Entera single character ' )

& If this condition is false thert the :
if ch==""": fiﬂwfng if statemen, IgNONFE the bixdy

controf will directly reach fo
-of this-if statement

print ("You entered a space")

ifch»='@'andch<="9":
print ("You entered a digit )

| The above code example reads a single character in variable ch. If the character input is a spag
il it flashes a message specifying iL. If the character input is a digit, it flashes a message specifyingit

| The following example also makes use of an if statement :

A=1int ( input ( "Enter first integer :" )} )
B=int { input ( "Enter second integer "} )
if A>10and B¢15:
C=(A-B)*(A+B)
print ("The result is", C)

(1] " '
print ("Programover") <+— This statement is not pant of if statement as it not indented
ar the same level as that of fendy of if statements,

The above program has an if statement with two statements in its body

not Part Of {'fStthElTlEl"lL H laSt Pl"fﬂt StﬂtEH’lEl‘llii
Have a look at some more examples of conditional expressions in if statements :

(@) ifgrade=="a":
print ("You did well")

# comparisonwith a litergl

(b) ifa>b:
“ # comparing two variables
print ("A has more than B has")

(c) ifx:

. # testing tpr
print ("x has truth valye as truev-)g uth value of a variable

print ("Hence you can see this me
You have alread
y learnt about
3434 1 : truth valy
undad' Fladvise you to have a Jook at se e and truth value te
erstanding conditipna) eXpressions Ction 3.4,

SSage.u)

sting in Chapter 3 under secti?

3A once again as it will prove very helpful*

.. Ad
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Now consider one more test conditjon
{fnot X : #not xwill return T
W ru
print ("x has truth value as fa1sp i tfm"::i;n X has a truth value as false
-alue of not x will be True on) :
The v ‘ . Yy when x is false 1 and False when x is true, .
a.r;,% The above discussed plain if statement will do nothing ; . Fa!
-bo dy. moves to the next statement that follows if—slalerrvn:n:l g if the condition evaluates to false and
(5.2 The if — else Statement
i f if state t ibi ¢
This fﬂ”[:::i ng fn?u:ln::z?mfsitfs a go_ndlllon and if the condition evaluates to true, it carries out
= 2 an o , by
fﬂzﬁ;d below else. i case condition evaluates to false, it carries out statements
The syntax (general form) of the if-else statement is as shown below
if <conditional expressicn> :
statement -
[statements] The block below if gets
else ; +— colans after both if and else executed if the condition
Space, .t tement evaluates to true and the
ngit i block below else gets
[statements] executed if the condition
evaluates to false.
For instance, consider the following code fragment : ——— e — -
ifa>=8
print (a, "is zeroor a positive number™)
else:
print (a, "is a negative number")
xd ; . s
' For any value more than zero (say 7) of variable a, the above code will print a message like :
nentis 7 is zero or a positive number
And for a value Jess than zero (say -5) of variable a, the above code will print a message like:
-51is a negative number
: . ' nothing when the condition results
Unlike previously discussed plain-if statement, which does 4 . . '
{ in both cases whether condition is true or
into false, the if-else statement performs some action
Jalse. Consider one more example : w
if sales »>= 18000 : An If-else l;mm:;m
* :u-:cﬂﬂ't‘! statemen
discount = sales * 8.10 : of cond s Le.
else : with f-else, the condition willbe |
discount = sales * .05 tested once hﬂﬁnm :dt::
ectic” Th discount as 10% of sales amount comparisons “: :;"' m;
ful i eabove statement calculates d1sco ioooun 25 5% of lrnphrn!l'lt::" ‘
2 ifitis 10000 or more otherwise it calculates m e f:_i_H_.._.'
sales amoynt, .

L
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thon.
. ; nstructs of Py
Following figure (Fig. 4.5) {llustrates if and if-¢lse €0 :

et o 2%+ Bodyofebe
r By
l'ﬁ'ue

| ‘Bodyof il |
1 (b)

if-else statement’s operation.

Figure 4.5 (a) The {f statement’s operation (b) The

. H 5.
Let us now apply this knowledge of if and if-else in form of some pr ogram

JP 4.1  Program to accept three integers and print the largest of the three. Make use of only if statement,

A rogram S Input three numbers X, ¥, 2 j
) max = X #first number
8 Inpulx, y, z 1f second number y is more than max then
| Z :"
(! max =y
; I
I If third number z is more than max then
| et max = z

Display max as the largest number

Pseudocode

No
Code in 'ython
Yes X=y=2=0
max =y x = float (input( "Enter first numbepr :" ))

y =float (input( "Enter second number :" ))
Z=float (input( "Enter third number "))

max = x
| ify>»max:
max =y
ifzsmax:
. o \\\ max = z
print ("Largest number is", max)
print *Largest )
Znumber is®, m.ax/ The S?THPIE run of above E:E:: :Z;g:dnumbgr :.?:;:
R code is as shown here, ' Enter third n::rbneir: .?- ;33
. @ .. largest number js 7.533
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— program that takes a number and
4.2 and checks
= whether the given number fs odd or even.
ﬂ’n ! Input num I )
If num modulus 2 is equal to O then fib
display num is even ot
else | L.T
(wslh
Display num display mm s odd LN
is odd J' i'l
Pseudocode ’l | [}
ol
/Dispm, o / fum modulus 2 Y 1/
Is even 11
=0 1=0 i
! b
(Stop ) num Is even num Is odd % ﬁ] I
13 | : Decision trea et
_ Flowchart Dedision Tree it 4 :|
Code in Python il \.
1
num = int ( input( "Enter an integer :" )) Sample run of above program “' ] |
ifnum%2==0: is as shown below : t LR
LK) H _l’l (8] !
print (num, "is EVEN number.") | Enter an integer : 8 AL 1 |
else : L |8 is EVEN number. I’ J ;i
print (num, “is 00D number.") L ! l I
J i
— I I
| 4.3  Program that inputs three numbers and calculates two sums as per this : II? :
wyi! |
Suml as the sum of all input numbers 1 ! | | |
= Sum2 as the sum of non-duplicate numbers; if there are duplicate numbers in the input, ignores ! [;I l I
e.g., Input of numbers 2, 3, 4 will give two sums as 9 and 9 M
Input of numbers 3.2, 3, will give two cums as 8 and 2 (both 3's ignored for second sum) _ i!a |l
Input of numbers 4, 1. 4 will give two sums as 12 and 0 ( all 4's ignored for second sum) t i|l '
Here we are giving two different ways of solvinig the given problem. Ist alternative’s peeido0e 3 gioe™ i Wl
and 2nd alternative’s decision tree is given : :I I ]I
[
suml1=@, sum2=0 E '
input three numbers as numl, num2, num3
sum 1=numl + num2 + num3
1f num1 not equal to num2 or num3
sum2 =sum2 + numl
if num2 not equal to numl or num3
G sum2 = sumz + num2
;9 if num3 not equal to numl or num2
23 sum2 =sum2 -+ num3
display sum1 and sum2 e
Pseudocede

J ..lt-‘u
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.:I ' Alternative 1
suml = sum2 =@ p
numl = int(input(“Enter number 1 : -))
num2 = int (input( "Enter number 2 : "})
num3 = int(input("Enter number 3 : )

suml = numl + num2 + num3
{f numl |= num2 and numl |= num3 @

sum2 += numl
1f num2 |=numl and num2 | = num3 :

Sum2 += num2
if num3 |= numl and num3 |= num2 :

sum2 += num3
print(“Numbers are®, numl, num2, num3)
print("“sumof three given numbers 1s", suml)
print(”Sum of non-duplicate numbers is", sum2)

Alternative 2

Suml = sum? =@

numl = int({input("Enter number1: 7))

. num2 = int(input(“Enter number2 : "))
num3 = int(input(“Enter number3: "))

suml = numl + num2 + num3

if numl == num2 :
if num3 |=numl :
sum2 += num3
else ;
1f numl == num3 :
sum2 += num2
else :
1f num2 == num3 :
sum2 += numl
else :

| sum2 += numl + num2 + num3

print(“Numbers are”, numl, num2, num3)
print(“Sum of three Bivan numbers is", sum1)
print(”Sumof non-duplicate numbers 1s", sum2)

COMPUTER SCIENCE WITH PYTHON ~n

[noTe 3

please note that the pseyg
and decision 1rees are giyan
Just for understanding pyy,
| to make you understang
how easlly you get the |
' pehind these solutions Ving
these tools.

[ T

Sample run of above program
is as =hown below :

Enter number 1 : 2
Enter number 2 : 3
Enter number 3 : 4
Numbers are 2 3 4
sum of three given numbers s 9
' Sum of non-duplicate numbers i< 9
n.-a-n::z::l:.‘nn:‘:
Enter number 1 : 3
Enter number 2 : 2
,  Enter number 3 : 3
: Numbers are 3 2 3

sum of three given numbers is 8

===

14 ===h—‘—-‘——-=n=u&=====_‘ﬁ

\ Enter number 1 ; 4

Enter number 2 - 4

Enter number 3 : 4

Numbers are 4 4 4

Sum of three given numbers 15 12
Sum of non-duplicate numbers is 0

et a

Sum of non-duplicate numbers is 2

"
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™ 4.5 Program to find the

4 ; CONDITIONAL AND. ITERATIVE STATEweN e

Program lo fest the divisibility o
another number (i.e., if a nump,
another number)

f O number \ip
€ 15 divisiple by

g™

qunberd = int(input("Enter first numbep .
qunber2 = int(input(“Enter second numher: zi
remainder = numberl % numbery )
if remainder == :
print(numberl,"is divisible by"
else :
print(numberl, "is not divisible by"

-
|

» umber2)

PR

» Mumber2) |

5

print("Enter five numbers below")
numl = float(input("First number :"))
num2 = float (input (“Second number : "))
num3 = float (input("Third number :"))
numd = float (input("Fourth number :"))
nums = float(input("Fifth number : "))
divisor = fleat(input("Enter divisor number :"))
count =8
print("Multiples of", divisor, "are ")
remainder = numl % divisor
if remainder==@:

print(numi, sep="")

count +=1
remainder = num2 % divisor
if remainder==0.

print(num2, sep="")

count +=1
remainder = num3 % divisor
if remainder == :

print (num3, sep="")

count+=1
remainder = numé % divisor
if remainder==0:

print(numd, sep =" ")

count +=1
remainder = numS % divisor

if remainder==0:
print(nums, sep="")
count4+=1

print() "

print(count, wmultiples of"s

divisors ~found")

Saﬂ'lple mnn of the
as shown below :

Program

Enter first number : 119
Enter second number : 3
119.0 §s not divisible by 3.0

e ———

Enter first number : 119
Enter second number 117
119,90 is divisible by 17.0

=

Enter first number : 1234,3D
Enter second number : 5.5
1234.3 is not divisible by 5.5

multiples of a number (the divisor) out of given five numbers.

Sample run of the program
is as shown below :

I enter five numbers below
First number : 185
second number : 3450
Third number : 1235
Fourth nusber : 1100

: 905
Fifth number : 90 .
gnter divisor number : 15

multiples of 15.0 are :

3450.0

1 muitiples of 15.0 found

l
1
..!
|
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menu for colcularing area of a circle or perimeter of a circle.
a

4.6  Program to display
of the circle :™))

radius = float ( input ( “Enter radius

print ("1. Calculate Area”) |
. ter”
print (*2. Calculate Perime o
choice = int (input( “Enter your choice (10r2) )
if choice==1:
area = 3.14159 * radius * radius

print (“Area of circlewith radius”, radius, 'is’, area)

else :
perm=2 * 3.14159 * radius

print ("Perimeter of circlewith radius®, radius, ‘is’, perm)

T\‘\'D s‘,“,“ph‘ nuns u!’ .Il"'l'l\'l_' Pn}s[.‘““ l'\ s .'il!'ll.'.t'.\-n I."I,‘Il'“\’ =

.[ Enter radius of the circle : 2.5
1. calculate Area
2. Calculate Perimeter

-

Enter your choice (lor 2 ) : 1
Area of circle with radius 2.5 1s 19.6349375
ssssssscssssessnssnnnes RESTART seemssunmsnsssesneereaennnn
Enter radius of the circle : 2.5

1. calculate Area

2. Calculate Perimeter
Enter your choice (lor 2 ) : 2
| Perimeter of circle with radius 2.5 is 15.7079%

Vbl 7 -
Notice, the test condition of if statement can be any relational expression or a logical statemet
(e a statement that results into vither true or false). The if statement is a compound statemet
hence its both if and else lines must end in a colon and statements part of it must be indented
below it. |

4.5.3 The if . elf Stotement

Sometimes, you need 1o check another condition in case the test-condition of if evaluates tofie
: alu; :

Thatis, you want to check a condition when control reaches else part, i.e., condition test inth
form of else if. To understand this, consider this crample - t

if runs are more than 100
then it is a century
else 1f runs are more than 50

then it {s a fifty
else

batsman has neither scored a century nor fifty
Refer to program 4.3 given carlier, where we hav

To serve conditions as above
if-elif-else statements,

ic. in else jf ¢ used if inside another if/else.
. i form (or if inside an else), Python provides ff-{f[fﬂ"!

an

G

S S
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- x[
The general form of these statements js .

if <conditienal expressjions -
statement .
[statements) : !

) o i, elif and else all are block
elif <conditional expressiony . compound stmmen: =
statement P -

s e = ——nd
[statements]

= = — '

and 1fcccnditiﬂnalexpressiun}:

statement
[statements)

elif <conditional expressions :
statement
[statements]

else :
statement
[statements]

Now the above mentioned example can be coded in Python as : ﬂm 1 |

if runs >= 180 : k

: " " Pythor will test this condition in case
print ("Batsman scored a century”) previous condition { runs >= 100} is false.

at |
elif runs >=5@ : A i

i ' " This block will be executed ndten both the [ 'lr' ;
print ("Batsman scored a fifty") s condtion (e vans >=100) and lf

‘______/l—’_’_’- condition { .., nms>=50 ) are false, Nl i
else : e

print ("Batsman has neither scored a century nor fifty™) I

I
Let us have a look at some more code examples : | '\!:
|

nted ifnum< 9 : ) |
print (num, "isa negative number.")

elif num==08: ) | i
print (num, "is equal to zero. ) i

o™ e per.) il

n the print (num, "is a positive number. i

.. doing 7 Hey, don’t get angry. [ was just kidding.

Can v bove code is doing Yo ! : -

Tkn you mute outt-].v;';aitl ti];ctisting 2 number whether it is negative (< 0 ), or zero (=0) or
ow you know th -

: fHi !
Positive (>0 ). Consider another code example : e

if sales »= 30000 : F
discount = sales * B.18
elif sales >= 20000 : i
discount = sales *p9.15 There can be as many elif blocks as you need. l 1

|

elif sales >= 10080 : C@" Here, the code is having two elif blocks

nd discount = sales +9.18
ifa else : —

discount = sales *0.05

This block will be executed when rone of
ghove conditions are irue.
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| i nt. |

. if-elif stateme ijl

o o - d displays the computed regy|
bers and an arithmetic operator and disp e

[wo er.

| 4.7  Program that reads

| numl = float ( input(
e num2 = Float ( input(
input( "Enter pperator

ngnter first number :".:‘.u )
ngnter second number :*) )

[+-*/%] ")

op=
result=@
ifop=="+":

I"ES”lt = numl + num2

elifop=="-":

result = numl - num2
elifop=="":

result = numl * num2
elifop=="/":

result = numl / num2
elifop=="%":

result = numl ¥ num2
else :

print ("Invalid operator!!")

print (numl, op, num2 ,'=', result)

Some sample runs of above program are being given below :

[+ Enter first number : §

Enter second number : 2

Enter operator [ + - * /%] ;: *
5.0* 2.0 =10.0

== RESTART
Enter first number : §

Enter second number : 2

Enter operator [+ - * /%] : /
5.0/2.0=2.5

— == RESTART ==—===
Enter first number : s

Enter second number : 2

Enter operator - % :

p s.lzu:aecz.u-l.n[+ datht.

—— =

e e
e ——————————

nough. Y:nu may need to test addiﬁoﬂ']
if form of if,

if inits § i
Sifs body or In elif's body or in its else’s body.
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The nested if can have one of the following forms

: al (i inside if’s body)

fo Form 2 ( if inside elif’s body )

if ¢cconditional expression> :

if <conditional expressions . 1f <conditional expressions :

statement(s) . statement
else: ‘ [statements)
statement(s) : elif <conditional expressions :
elif cconditional expression) : : 1f <conditional expression> :
statement . statement(s)
p else :
[statements] . o
1se ! statement(s)
e ' else :
statement : statenert
[statements] ' [statements]
fosonooneormmmonomnnmm e E ........................................ -
Form 3 ( if inside else’s body ) . Form 4 (if inside if's as well as else’s
l ' or elif's body, i.e., mulliple ifs inside )
I if <conditional expression> : if <conditional expression> :
statement . if ¢cconditional expression> :
[statements] statement(s)
elif <conditional expression> : ' else :
statement . statement(s)
[statements) elif <conditional expression> :
else - ’ if <conditional expression> :
if <conditional expression> : ' statement(s)
| statement(s) ' else :
else : ' statement(s)
: . lse:
stat t(s . ’
ement(s) . {f cconditional expression> :
i statement(s)
. else:
. statement(s)
! .
| ini -if or in ils body-of-elif or
: : /f statement(s) in its body-of-if orin { ,
I ?na nested if statement, either there can be lfsin all of these. Recall that you used nested-if
i . , r
- | m its body-of-else or in any two of these 0

tnknowingly in program 4.3. Isn't that superb 73)

ifs.
Fullu-.\-ing example programs illustrate the use of nested i
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4.8  Progrum that reads three numbers (integers) and pr ints them in ascending order,

ogram x = int(input( “Enter first number ™))
y = int(input( “Enter second number :" ))
z = int(input( "Enter third number :™))
min = mid = max = None

ifx¢<cyandxcz:

ifycz:

min, mid, max=x, y, Z Two sample runs of the program
else : are as given below :

Wi, Wil A0t =Xs 20 Y enter first number : §

enter second number : 9

elify<xandy<z:
genter third number : 2

1fxcz:
min, mid, max =y, x, 2 Numbers in ascending order : 2 54
else : N ] 19 7.1} gl ——
min, mid, max =y, z, X Enter first number : 9
else: Enter second number : 90
ifxcy: enter third number : 19
rin, mid, max=2, x, y Numbers in ascending order : 119§
else:

min, mid, max =2, y, x

print ("Numbers in ascending order :*, min, mid, max)

Let us now have a look at some programs that use different forms of if statement.

4.9 Prugram to print whether a given character is on uppercuse or a lowercase character or a digher
any other character,
rogram

ch = input( "Enter a single character :")
ifch>="A'andch<="Z": Sample run of the program is as shown
print (“You entered an Upper case character.") below :

elifch>="a'andch<¢="7" : . Enter a character : §
print (“You entered a lower case character.”) You entered a digit.
EEE—omETor --—ﬂ_-
elifchs»="@'andch<="9" : Enter h —
. a character : a
print (“Youentered adigit.") You entered a lower case characte™

Erzmem—awwes RESTART sesmmsmmss
Enter a character : H
You entered an Upper case C
e mme——e—a= RESTART
Enter a character : §
You entered a special character

else :

print (“You entered a special character.") haracte’

="

4
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4.10 Program to culculate and print roots of a quadratic equation : ax® +bx+c=0 (g £0).

i rogram
import math

print (“For quadratic equation, ax**2 + bx + ¢ = 8, enter coefficients below")
a=1int( input ( "Entera:"))

b=int( input ( "Enterb:"))
¢ =int( input ( "Enterc :"))

if a==0:

print ("Value of”, a, * should not be zero') You can use sqri[ ) function of math package

print ("\n Aborting I1!111%) to calculate squareroot of a number. Use It as:
else : math.sqrt (<number or expression>)

delta=b*b-4*a*c p— dd first !

To use this function, a rst line as
if deltare: import math to your program
rootl= ( - b+ math.sqrt(delta))/ (2*a) , Y g5 7 -

e —— -l i Rk

root2 = (- b - math.sqrt(delta)) / (2 *a)

print ("Roots are REAL and UNEQUAL")

print ("Rootl =", rootl, ", Root2 =", root2)
elifdelta==0:

rootl=-b/(2*%2a);

print ("Roots are REAL and EQUAL")

print ("Rootl =", root1, ", Root2 =", rootl)
else :

print ("Roots are COMPLEX and IMAGINARY ™)

An if statement is also known as
a conditional,

-

For quadratic equation, ax**2 +bx + c = 0. enter coefficients below

Enter a : 3
Enter b : 5
Enter c : 2
Roots are REAL and UNEQUAL
Rootl = -0.666666666667 , Root2 = -1.0

EEE——msm—ssSSEasSS=EsT=ESSD R ESTART mnssssso=msssssoosSESSImEREER

' For quadratic equation, ax**2 + bx + C = 0, enter coefficients below

Enter a : 2
Enter b : 3
Enter € : 4

RoOts are COMPLEX and IMAGINARY

For quadratic equation, ax**2 + bx + ¢ = 0, enter coefficients below

Enter a : 2

b Enter b : 4

' Enter c : 2
Roots are REAL and EQUAL
Rootl = -1, Root2 = =1
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Storing Conditions

COMPUTER SCIENCE WITH pryyye,

X

ing used in code are complex and repetitive. In such cases,

d conditions i.¢., you can store conditiop, hh
2

Sometimes the conditions be
your program more readable, y
name and then use that named condition

For example, to create conditions similar to the ones giv _ ‘

but less than 36000 and for 2 or more years, the interesy Tatej,

ou can usc name
al in the if statements.

en below @

& If a deposit is less than T2

& If adeposit is T2000 or more
7 percent.
© If a deposil is more than 6000 and is for 1 year

© On all deposits for 5 years or more, interest is10p

or more, the interest is 8 percent,
ercent compounded annually,

The traditional way of writing code will be :

' c‘-\:-\‘d‘“‘
M.Z i deposit < 2008 and time >=2:

1,

2

5‘

6.

What is a selection statement? Which rate=0.85
selection statements does Python provide ? :

How does a conditional expression affect

the result of if statement? But if you name the conditions separately and use thes,
Cortect the following code fragment : later in your code, it adds lo readability and unde.
if (x =1) standability of your code, ¢.8.,
K= 400 eligible_for_5_percent = deposit < 2608 and time >=2
else eligible_for_7_percent = 2099 <= deposit < 6822 and tiee »s)
f=ae eligible_for_8_percent = deposit > 6080 and time 3=1

What will be the output of following code

lipible for 1@ percent =time>=5
fragment if the input given is (i) 7 (i1) 5 ? aligiblefar P

a = input('Enter a number’) Now you can use these named conditionals in the codeas
if (a==5): follows :
print ("Five" )
else : if eligible_for_5_percent :
print ("Not Five™) rate =0.85
What vill be the output of the following elif eligible for 7 percent :

code fragment if the input given is (1) 2000
(i) 1900 (fif) 1971 2
year = int(input( "Enter 4-digit year"))
if (year X 120 ==0) :

if (year X 400 == 8):

rate=0.e75

[
"

You can use named conditions in {

, print ("LEAP century year”) statements 1o enhance readabil®y
else : and reusability of conditions.
print (™ot century year") L ==
What will be the output of the following -~ = DECISION

code fragment if the input given is (i) 2000
(i) 1900 (fii) 1991 ?
year = int({Input{ "Enter 4-digit year™))
if (year X 180 == @) :
1f (year ¥ 480 == B):
print ("LEAP century year™)
else :
print ("Not century year®) So> g

P e | Prugress In Py‘ll'lon 4.1

This ‘Progress in Python’ session is aimed at laying
string foundation of decision constructs.

-\._rf.

A‘
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agpeTITION OF TASKS — A NECESSITY

we mentioncd earlier that there are many situations wher
ain and again ¢.g., the tasks of making cha
v if you have to write pseudocode for ¢

. ¢ you need to repeat same sct of tasks
Patis/dosas/ appam at home, as mentioned earlier.
Not : , his task how would you do that.

et us first write the task of making dosas/appam from a
Heat flat pan/tawa

SPI'Eﬂd evenly the dDSﬂ!aPpﬂm batter on the heated flat
Flip it carefully after some seconds.

Flip it again after some seconds.

Take it off from pan.

To make next dosa/appam go to step 2 again.

prepared batter.

pan.

W e W

sprerequisites : Prepared batter
Heat flat-pan/tawa
spread batter on flat pan
Flip the dosa/appam after 20 seconds
Flip the dosa/appam after 28 seconds
Take it of f from pan
if you want more dosas then

rer?
else

stop

Now what should you write at the place of 7772, so that it starts repeating the process again
from second step ? Since there is no number associated with steps, how can one tell from where
lorepeat ?

There is a way out : If there is a label that marks the statement from where you want to repeat
the task, then we may send the control to that label and then that statement onwards,
statements get repeated. That is,

Pevdocode Reference |

l""linhm

#tPrerequisites : prepared batter
Heat flat-pan

*o..,...

Spread : Spread batter on flat pan ,
_.-" Flip the dosa/appam after 20 seconds ¥

Semens 7 Flip the dosa/appam after 20 seconds ... ¥

Take it of f from pan v

LLLLT

: then ¥
Foms here e [ If you want more dosas v

-
tu

1910 gproay .. GO to Spread
S
be .ﬂ":"‘l it will Else
Stop -, [Dotied arrows show how the control flows
3 from one satement to another|
END v
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want. But why
dosas/appam as you atif
s many that case above pseudocode will ng,

t for making a

_ . ode is fi
Now the above pscudoc only 6 dosasfappam ?In

you already know that you need
serve the purpose.

Let us try to write pseudocode for this
dosafappam made.

;tuation. For this, we need to mainiain a count of
i :

Pseudocode Relerence 2

#iPrerequisite : prepared batter

A, Heat flat pan H
B. Initialize count toO v
C. Spread: Spread batter on flat pan ¥ '
D. 4 Flip the dosa/appam after 20 seconds
E. Flip the dosa/appam after 20 seconds .-.,_"r
F. Take it off frompan .., v
G. Addltocount .. ¥
Ho i If count==6then ¥V
Stop
I. Else
. Go to spread {Dotted arrows show how the control flows
i from one statement to another)
1. End .
If we number the pseudocode statements as A.B.C.... as shown above for our reference, if you

notice carefully, the statements are executed as :

A B CDEFGHI CDEFGHI CDEFGHI
! | L | L I

Slalements

i repealed

[
CDEFGHI CDEFGHI CDEFG
HI
| e -9 L ! | .

You cansee that statements C lo |
are repeated 6 times or w
: ¢ cansay that loop repeat i
ed 6 times.
This way we can develop logic for car

rying out repetiti i
(psendocode rf.:ﬁ'n'ﬂn' 1) ora gi\'u E petitive lasks, cither b

n number of times (psendocode reference 2),

To carry oul repetitive
vl '_r!l’ : P t.lasl-cs, Python does nat have any go | .
ollowing iterative/looping statements 80 fo slatement rather it provides

ased on a condition

i & Conditional loop while (condition ba

. sed loop)
< Counting Ioop for (loop for a giv

€N number of times),

Let us learn to write code for repetitive tasks, in Pyth
. Ython.

etus see N
range( ¢

The functio!
w (=1 (1
upper limit

rang

h'l.ll pfudum
"lsﬂﬁse are
Pl e

PanE

:ﬂrﬁmmv

. ste}"-'-'al]
r‘ang

M.

E]'L'E
‘*“uh a];
hhudab“"
4,y
rh‘”:‘
o

g
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4 : CONDITIONAL AND ITERATIVE STATEMENTS

THE range( ) FUNCTION

?:-i;;e I:\: hit:hl'i::sﬂ;::iﬁ tiﬁepf’ﬂ;?lﬂ}' ,-f;r loop of Python, let us discuss the range( ) function of
\ Ython for loop. The range ( ) function of Python i
ythen : ‘ generates a list
W l-uth is ;]l:f:;?nil sqe:]uen:.t type. A sequence in Python is a succession of values bound together
by a-smg b - Some Python sequence types are ; strings, lists, tuples etc. (see Fig. 4.6). There
are some advance sequence types also but those are beyond the scope of our discussion.

List1 [5, 7, 9, 11]

= “l ' ¥
Ll |_I — e mhlns 5, 6 ,} :Llpll‘l
g 11 -

ALt Atuple

stringl “good”

i

fn? fnr 40

-
-

A string

Figure 4.6 Some common seguence types

Let us see how range( ) function works. The common use of range( ) is in the form given below :
range( <lower limit>, <upper limit>)  # both limits should be integers

The function in the form range(l, u) will produce a list having values starting from LI+1,1+2
... (u=1) (I and u being integers). Please note that the lower limit is included in the list but
upper limit is not included in the list, e.g.,

range(@ 5) PR the default step-volue in values will be +1
.

will produce list as [0,1,2,3,4]
As these are the numbers in arithmetic progression (a.p.) that begins with lower limit 0 and goes
up till upper limit minus 1 je,5-1=4

o default step-value = «1

o i

range(5,0) 4
will return empty list [ ] as no number falls in the a.p. beginning with 5 and ending at 0 (difference
d or step-value = +1).

R default step-rulue = +1

range(12, 18) <

will give a list as [12, 13, 14, 15, 16, 17].

All the above examples of range( ) produce numbers increasing by value 1. What if you want
to produce a list with numbers having gap other than 1, .., you want to produce a list like [2, 4,
6, 8 ] using range( ) function ?

For such lists, you can use following form of range( ) function :

range( <lower limit>, <upper limit>, ¢stepvalue>) #all values should be integers

~

B AI.-;_- s



w .
COMPUTER SCIENCE WITH PYTHON

146
ction e
. #1,vandsare integ
range(l, U, 5) 3
i [ +5, 1425
will produce a list having values as l, )
---------- step-rulue = +
range(9, 10, 2) 4
will produce list as (0,246 B] B e 1 |
i succession  of . values  bogypg
range (5, @, -1) 4~ together by a single name ¢
i list, tuple, string. The Fangs{
will produce list as [5, 4,3,21] returns a sequence of list type
Another form of range( ) is s e ot e

range( <number>)

: ing range( ) function ;
that creates.a list from 0 (zero) to <number> = 1, €8+ consider following _S’

ranee() i ore examples of rang)
The above function will produce list as [0, 1, 2, 3, 4]. Consider some m §
function :
Statement Values generated

range{10) 0,1,23.4,56,7,89

range(5, 10) 56,789

range(3, 7) 3,456

range(3, 15, 3) 581, 14

range(9, 3, -1) 9.8,7,65 4

range(10, 1, -2) 10, 8, 6, 4, 2

Operators in and not in
Let us also take about in operator, which is used w

ith range( ) in for loops.
To check whether a value is contained inside a list

You can use in operator, e.g.,

34n [1;2;3,4] P — This expression will rest ifvalue 3
N e ————

‘ is contained in the given sequence
H . { ined i
will return True as value 3 js contained in sequence [1,2,3,4]
Ll ] L]
The In operator tests if a ghen
value is contained in a sequenc

5in[1,2,3,4)
will return False as val or not and returns True or Fabi
accordingly,

3, 4). But
e ———————
5 not in [1,2,3,4] -
will retumn Trye a5 this fa
operator not in does opp

You can see {hat in and npt ;

tin:
Sequence. Thus, in and ngy inlgl_::lstg‘;ie;atnrs that check for membership of a value inside?
all sequence types i, strings, tuples and IJ’S!T::EBEIS Ip operators, These operators work Wi

ue 5 is not contained in sequence [1, 2

ctis true that a5 value 5

osite of in operator, 1S not contained jn sequence [1, 2, 3, 4) The

\ow that ¥
n-jpliol'l] St

5 TERATION

The iteratio
repeatedly
looping sta
calegories ¢

& count

& cond;

4H] TI‘IE [01' l_

R'”DE
ony
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For example, consider following code :
'3 in “trade"

will return Trute as *a” is contained in sequence (string type) “trade”.

*ash" in "trash”™
will also return Truee for the same reason. w

. . !
Now consider the following code that uses the in operator : |Operators in and not in are also
| called membership operators.

=ik SRR T St ot b

line = input( "Enter a line :" )
string = input( "Enter a string :")

. if the given string is @ part of line
if string in line : e

print (string, "is part of", line.)
else :
print (string, “is not contained in", line.)

You can easily make out what the above code is doing - it is checking whether a string is
contained in a line or not.

Now that you are familiar with range( ) function and in operator, we can start with Looping
(Iteration) statements.

4.8 ITERATION/LOOPING STATEMENTS

The ileration statements or repetition statements allow a set of instructions to be performed
repeatedly until a certain condition is fulfilled. The iteration statements are also called loops or
looping statements. Python provides two kinds of loops : for loop and while loop to represent two
categories of loops, which are :
& counting loops  the loops that repeat a certain number of times ; Python’s for loop is a
counting loop.

& conditional loops the loops that repeat until a certain thing happens ie., they keep
repeating as long as some condition is frue ; Python's while loop is
conditional loop.

4.8.1 The for Loop
The for loop of Python is designed to process the items of any sequence, such as a list or a string,

one by one. The general form of for loop is as given below :

------------------- - This determines how marry time the loop

" [
for <variable> in <sequence> i+« will get repeated.

e,
h
=,
-

ha
-
.

Colon is must here
statements_to_repeat €. ¢

———

Tt here the statements to be repeated will be placed (body-of-the-loop)
For example, consider the following loop :

The loop yar, , s "
mnmj:;fr:;::ﬁ';:?::gzi? forain[1,4,7]: This is the body of the for loop. All statements
:r;i;,:;rﬁn, Hmic.a will be 1, theri print (a) in ;he E}:dy of the loop will be execudted for each
7, 1aile o) arigble g, ic., =i
' print(a*a) lhmforl:a::lurrd ;:ﬂ};{‘-:;’]’ﬁ’" ;




& The Iuop-variable is assi

o allthe statement
(step 2)
tep 2
¥ z::f irullzc in the seq
executed (i, step 2 repeated)
loop-variable.
& This continues until all values

prncﬁsed.

is over, the loop-va

That is, the given for loop will be
processed as follows

() firstly, the loop-variable a w_ill
be assigned first value of lisl
f.e, 1 and the statements in the
body of the loop will be
executed with this value of a.
Hence value 1 will be printed
with statement print(a) and
value 1 will again be printed
with print(a*a). (sec execution
shown on right)

(i) Next, a will be assigned nexlt
value in the list i.e., 4 and loop-
body executed. Thus 4 (as result
of print(a)) and 1¢ (as result of
print(a®a)) are printed.

(i) Next, a will be assigned next
value in the list i.e., 7 and loop-
body executed. Thus 7 (as result
of print(a)) and 49 (as result of
print(a*a)) are printed.

(fv) All the values in the list are
executed, hence loop ends.

Therefore, the output produced by above for loop will be

. -

gned the first
s in the body of for 100P

riable is assi

uence and the Joop-body 15
with the new v

he sequences are

K
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g sequence-
jue in the _ '
- ;th assigned value of loop Variab,

[:m@s?‘m' e

Each time, when the loop-body
executed, Is called an Heration

S T

gned the

alue O

fora in [1J 4, ?]:
print (@)  goemeremmmeme boxdy of the

print (3 *a) foop
® A=
a assigned first value and with
this value, all statements in
loop body are executed : primts
print (1)  -ceemmcemmmmmmeeeeeee >
print (1*1) e
{ii) a=4
a assipned next value and
loop body executed with a as 4: .
prints
print (4) e >
print (4%*4) oo eeeeep 16
prints
(1) a=7
a assigned next value and
loop body executed with a ag 7 .
PrANt (7) e ikl
PrAN (797 oo e 89
prints

No more values

.
8 oo
4

forval in |
print|

Inthe above g
¥k In't tha

Touneeq oy d
“emample

L]l ngf ar
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Consider another for loop :
for chin'caln : - |
i (0 forloop ends when the loop1s |
N pr nt.(ch) repeated for the last value of the |
The above loop will produce output as: - 'sequence. '
\ c ‘(N The for lcop repeats n|
‘ o ) ‘number of times, where n is the |
tqh 1 . length of sequence given in '
‘\. {for-loop's header. d
\ m fisowerr s reerom
(variable ch given values as ‘¢’, ‘a’, ‘l', ‘m’ — one at a time from string ‘calm’.)
Here is another for loop that prints the square of each value in the list :
forvin[1l,2,3]:
print (v *v*v)
. The above loop will produce output as :
1
8
g1
The for loop works with other sequence types such as fuples also, but we'll stick here mostly to
lists to process a sequence of numbers through for loops.
As long as the list contains small number of elements, you can write the list in the Jor loop
1 directly as we have done in all above examples. But what if we have lo iterate through a very
| large list such as containing natural numbers between 1-100 ? Writing such a big list is neither
~ easy nor good on readability. Then ? Then what ? © Arey, our very own range( ) function is
there to rescue. Why worry? ;) For big number based lists, you can specify range( ) function to
represent a list as in :
forval in range(3, 18) :
print (val)
| . . .
" In the above loop, range(3, 18) will first generate a list[3,4,5, ..., 16, 17] with which for loop will
work. Isn’t that easy and simple ? ©
You need not define loop variable (val above) before-hand in a for loop. Now consider following
code example that uses range( ) function in a for loop to print the table of a number.
4.11 Program to print table of @ number, say 5.
[ |
8 rogram num=5 i 5x1=F5
for a in range(1, 11) : |l 5x2=10
print (num, 'X, a,'=" num * a) | 5x3=15
Sx4=20
The above code will print the output as shown here : | o5x5m=25
5x6=30
T R | 5x7m=35
eSS - " 5 X B - 40
You need not pre-define loop J 5% 9 =45
tﬂﬁlvb-le nfahr}mp‘ 5 x 10 - 50
=S mes s warrel I
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progressively, Le., afig,

1107 print the sum

tweeh
sum of natural numbers b

= int .
F, 7 4.12 ::,,r?pr::a::: ‘::lrumf number, print suim 50 [
rogrom
sum=8 -
for n inrange(1, B): |
=N - "15" 5|Jm
::T;t ("sum of natural numbers <= n, ’
| ill be :
The output produced by above program wi
sum of natural numbers <= 11s ;
sum of natural numbers <= 2 '!s
'J sum of natural numbers <= 3 is 6

J' sum of natural numbers <= 4 ‘is 10
. Sum of natural numbers <= 5 '!s 15
| sum of natural numbers <= ] '!s 21
] sum of natural numbers <= 7 is 28

-

' ™ 4.13 Program to print sum of natural numbers between 1t07.
) rogram sum=#9
it ) for ninrange(1, 8) :
.'., sum+=n
! | print ("Sum of natural numbers <=", n, 'is', sum)
l

i The output produced by above program is :

Il sum of natural numbers <= 7 is 28

I Carefully look at above program. It again emphasizes that
body of the loop is defined through indentation and one more

fact and important one too - the value of loop variable after the The loop variable contains the
Jor loop is over, is the highest value of the list. Notice, the above -, highest value of the list after the
loop printed value of n after for loop as 7, which is the ﬁrhﬁolﬂ i:h?v:r' Program &
maximum value of the list generated by range(1, 8). _-—%-. = B

4.8.2 The while Loop

A while loop is a conditional loop that will repe
conditional remains true (Boolean True or truth v

The general form of Python while loop is :

at the instructions within itself as long as 2
alue true ).

while <logicalexpression> :
loop-body

u'.-here the loop-body may cont
(i.e., pass statement). The loop
eXpression becomes false,

ple statements or an empty statement
ression evaluates to trye. When the
loop-body.

ain a single statement op multi
lterates whijle

the logical exp

th
€ program contro] Passes to the line after the

.
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g

a=5
whilea>@ ;
print ("hello”, a)
a=a-3
print ("Loop Over!!")

The above code will print ;

hello 5

J—
hello 2

Let us see how a while loop is
processed :

Step 1 The logical/conditional expression
in the wihile loop (e.g., a> 0 above)
is evaluated.

Step2 Case I if the resull of step 1 is

true (True or true, )

then all statements in
the loop’s body are

executed, (sce section (i)

& (i) on the right)

Case II if the result of slep 1 1s
false (False or false,y)
then control moves to
the next statement after
the body-of the loop ic.,
loop ends. (see section
(i) on the right)

Step 3 Body-of-the loop gets executed.
This step comes only if Step 2,
Case I executed, i.e., the result of
logical expression was true. This
step will execute two statements
of loop body.

executed.)

STATEMENTS

‘.-J-"-—___—_‘_‘_—-_

Loop Over!| «———— Thisline is Becaise
afier the while loap,

To understand the working of whife loop, consider the following code :

This condition s texted, if it (s true, the foop-body ix
':'J'm”“"' After the {oop-body's execution, the comdition
= ‘Eﬂ*:"_"r again, loop-body ix exccuted as tong as
condition it Irue.

The loop ends when the condition evafuates io false

These tww lines are the result of while loops® body
execution (which executed rwice),

of print staterent

whileas>o:

print (“hello®, @) 4 ..cec-eme-.. bosdy of the
ga=a-3

v

[a has value 5 before entering into while loop]

(i) while's condition tested witha's current value as s

5>8 =True \
hence loop's body will get executed .
print ("hello”, 5) --eweeeeemeeeb hello 5
prints
g =5-3=2. (abecomes 2 now) \

(i) while's condition tested with a's current values 2
2 >0 =True '\
loop body will get executed

print ("helle™, 2) --—-r-—rerermeenep hellﬁ 2
pritts
a =2-3=-1(abecomes =1 now)

(fi) while's condition testedwitha's current value=-1 °
-1 > @=False |

loop body will not get executed |
control passes to next statement
after while loop '

[
]

After executing the statements of loop-body again, Step 1, Step 2 and Step 3 are repeated as
leng as the condition remains frue.
The loop will end only when the logical expression evaluates to false. (i.e., Step 2, Case Iis

Ta Y e . 6 2 =
- .- # *:- ¥

: J o
R " ol L) p e TN
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: | The varlable u;gd-'.-'ﬁ
Consider another exarmpie | condition of wWhile joge. ¥

| have some walug q

n=* " entering into while Joop,

whilen<5: A, temering &
print ("square of " s is’,n*n ey

e This statement i3 not part of the lvop-body

print (“Thank You.") "

The above code will print output as:

e of the

square of 1 is 1
i times)

square of 2 is 4

square of 3 is 9

square of 4 is 16
Thank You.

These lines of oufpul are becaus
loap-boudy execution floop execite

the ﬂ!hih;' jﬂ'ﬂp s hO‘d}' iS EXECUH

ition n< 5 is trie above, ;
Thus you see that as long as the condition e ol s

(for values n=1, n=2, n=3, n=4). After exiting from the loap t
loop is executed that prints Thank You.

Anatomy of o while Loop (Loop Control Elements)
Every while loop has its elements that control and govern its execution. A while loop has four

elements that have different purposes.
These elements are as given below :

1. Initialization Expression(s) Glarting)
Before entering in a while loop, its loop variable must be initialized. The initialization of the loop
variable (or conltrol variable) takes place under initialization expression(s). The initialization
expression(s) give(s) the loop variable(s) their first value(s). The initialization expression(s) for
a while loop are outside the while loop before il starts.

2. Test Expression Repeating or Stopping)

The test expression is an expression whose truth valuye decides whether the loop-bo dy will e

executed or not. If the test expression evaluates ( erwice
3 Q frm', thﬂ‘ [Cl'D - 3 !
s Toom 18 B s p-body gets executed, oth

In a while loop, the test-expression is evaluated before entering into a loo
p.

3. The Body-of-the-Loop Doing)

The statements that are executed repeatedly (as long

of the loop. as the test-expression is trie) form the bodf

In a while loop, before every i .
’ Ty iteration the o £
!"‘"db"ﬂ_,f-ﬂff-fmp is executed:; i test-expression is evaluated and if it is true ¢

if the test-expression eval
UﬂtQS tcl ﬂ!sc’ t] a . Ed
4. Update Expression(s) changing) /i he loop is terminat

The update expressions change the v

statement inside the body of whil lr_,ﬂlue of loop variable,

op. The update expression is given a5 ’
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Consider the following code that highlights these elements of a while loop :

itialization expression: . n
::ﬂmm Koop wasiable =18 {__,___——— Test _r:]mrufun : bazed on this condition,
loap iterates ie., repears '

whilense :
Body of the loop —  , bprint(n)
ins indented stat Updaie expression : changing value g
(contains indented statements n==3 i lotp variable B f

perieath while)
Other important things that you need to know related to while loop are :

& In a iu_h ﬂf’ loop, a _loop control variable should be initialized before the loop begins as an
uninitialized variable cannot be used in an expression.

Consider follmving code :

Theis will result in error if variable p has

whi =3:
hile pl=3: not been created befarehand

O '].'he loop variable must be updated inside the body-of the-while in a way that after some
time the test-condition becomes false otherwise the loop will become an endless loop or
infinite loop.

Consider following code :

a=5

whilea>8 14— ENDLESS LOOP! Because the loop-variable a remains

5 ahways as its value is not updated in the Ioop-body,
print (a) hence the condition always remains frue,

print ("Thank You")

The above loop is an endless loop as the value of loop-variable « is not being updated inside
loop body, hence it always remains 5 and the loop-condition @ > 0 always remains frue.

The corrected form of above loop will be:
a=>5
whilea>9: Loop variable a being updated |
/ insiide (e Toop-body.
print (3)
a-=1

print ("Thank You")

We will talk about infinite loops once again after the break statement is discussed.

Since in a while loop, the control in the form of c::mdilion-c]."u_zck
is at the entry of the loop (loop is ot entered, if the condition

is false), it is an example of an entry-cuntrol{led' lolzg.]oﬁ;n g L
entry-controlled loop is a loop that controls the entry u}f P B vou ‘Can. press
by ‘testing a condition. Python does not offer any | CTRL4C keys anytime during Its
] | endless repetition ta stop it.
exit-controlled loop- (LR it 5

familiar with while loop, let us write some

Now that you are )
f while loop.

programs that make use 0
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4.14  Program 1o calculate the fucrnrlul of a nu
- r:"))
ogram num = int( input ( “Entera numbe

factel

a=1

while a <= num : 4 act = fact?s
factl'na ﬂaga-‘-i
a4+

[ - t
print ("The factorial of , num, "is", fac )

Sample runs of above program arc given below :

' Enter a number : 3
I

[\ Yhe factorial of 3 is 6 e
- RESTART ========="—

enter a number : 4
The factorial of 4 is 24

4.15  Program to calculate and print the sums of even and odd integers of the firstn natural numbers.

< I o n = int(input( “Up towhich natural number ?” N
. ctr=1

sum_even = sum_add = @

while ctr<=n:

ifctr¥2==0: # number is even
sum_even +=ctr
i else :

sum_odd += ctr
ctr+=1 #increment the counter
print ("The sumof even integers is" , sum_even)
print ("The sum of odd integers is", sum_odd)

The output produced by above code is :

|1 Uup to which natural number? 25
The sum of even integers is 156
The sum of odd integers is 169

4.8.3 Loop else Statement

Both loops of Python (i.c., for loop and wh from
e il
else of if-else statements. The clsi of alo " oop) havean ERaciause, whistidiier

. : Op executes only when th L
only when the loop is ending because the whife loop's testy condiI:ionehl:suri:;?sdn;r}:;?zr(:l:e
e
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Jfor loap has executed for the last valye in

i : uence, ’
leam in the next section thatif a break smlul‘ml ist .':} :;“.H
the loop, while loop is | S teached in h

mlinall."d pn_\-.mntuml b oaaya 1
o Y even if the The else clause of
ws:-mndjl:_on 15 still true or ) values of sequence have not “mmt t:;:nup:;hun loop
been used in a for loop, .

terminates hormally, not when
the loop is terminating because
of a break statement.

In order to fully understand e
will be useful to know the
let us first talk about break

working of loop-else clause, it
working of breal statements. Thys

statement and then we'll get back
to lovp-else clause again with examples,

4.8.4 Jump Statements - bregk and continye

II‘:.'lhun offers twa [mp statements to be ysed within loops to Abreak statement skips the rest
jump out of loop-iterations, These are break and continue of the loop and jumps over to

rite T ot semm . the statement following the
statements, Let us sev how these statements work., loop

4.8.4A The breok Statement : -

The break statement enables o program to skip ove

ra part of the code. A break statement
terminates the very loop it lies within. Exccution resumes at the statement immediately
following the body of the terminated statement,

The following figure (Fig. 4.7) explains the working of a break statement

while <test-condition» : for <var> in ¢sequence> : |'
Statement 1 statement 1
Stalements 4 15 the if <conditiony : If <condition> : |
first statement afer break break
8 loon statement 2 statement 2
statement 3 & statement 3 &
statement - o statement & rn‘-‘fp |

Loop ¢

Loop 1™
J statement S i

4
statement &
[ioute 4.7 The working of a break statement,

The following code fragment gives you an example of a break statement ;

d=hsc=D
foriinrange(l, 21) : )
a = int (input ( "Enter nu=ber1:"))
b= int (input ( "Enter nu=ber 2:7))

ifb==0: ]
print ("Division by zero error! Aborting!™)
break

else :
c=a/b ]
print ("Quotient=", c)

print ("Program over I%)



be
jrs of num>= . inated di
. ide ten paIre = ately terminated disply,.
intends 10 divid he loop 15 immediate’y tedly i i }.ME
The above code fragment IVER o i gero, thE 0 T e numbers are TEPEATECy input ayny
o and b in each iteration- If U":‘:I Aborting! otherwi1s€
‘Division by zero €
message 'Divis .
their quotients ar¢ displayed-
gk low : | Aloop can end in twa ways .
Sample run of above cod & the while's condition resyy, i
6 false or for loop executes with
number 1 : value of the
Enter b 2 H 2 . or 16 c.'l.'cﬂlﬂ'ﬂl'-l ofr 135t A TERMINATIO“quenu
Enter MUIDET & ° This message is primted just p,}.cr jext message is (NORMAL N). (2 or
quotient = 3 freak statement Notice that rI :;; *l F‘:e loop. That is, if during the loop Execution,
enter number 1 : 8 because of the statement :::l‘:; be exceuted is fhe break statement is executeq |,
Enter number 2:3 after break, m'..rr .!r:-l:leﬂ;;gp this case even if the tl'.‘lrlﬂlltiqnh
quotient = 2 statement outside the 1097 true or the for has not execytyy
' Enter number 1 : 5 all the values of sequence, thy
gnter number 2 : 0 - lcop will still tgrrnlnate.
pivision by zero error! Aborting: A

program over !

2
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s b}' inputtil‘lg two num

. a1 rogram.
Consider another example of break statementin the form of following Prog

4.16 Program to implement ‘guess the number® game. Python generates @ number randomly in the
range[ 10, 50]. The user is given five chanees o guess a number in the range 10 <= number <=50.

" o If the user’s guess matches the number generated, Python displays “You win” and the lop
terminates without completing the five iterations.
& If, hawever, cannol guess the mumber in five attempls, Python displays ‘You lose’.

To generate @ random number in a range, use following function :
random.randint(lower limit, upper limit)
Make sure to add first line as import random

import random

number = random. randint (10, 58)+————— This will generate a number randomly,
ctr=0 within the range 10-50,

whilectr<5s:

guess = int(input( "Guess a number in range 19..50 :" ))
if guess == number : .

print ("Youwin![ :)")

break < The moment this syay

else : ferminate withou;
the loop condition

emen! is reached the loop will
completing all iterations, even if

ctr4=1 cir < 5 is still true,

ifnotctre¢s:

) #1i.e., whethe

print ("You lose : ( \n The number was" nu;bthe}l "I Reriratsd after.s dteration
: er

%

e |

ak

Fe




—r
-

£

= .

oy

& 4

AL

=,
_w—.

b ZPEEE

i

Fmﬁ

hely

- - =

Chapter 4 : CONDITIONAL AND ITERATIVE STATEMENTS

Gample run of above program is as shown below :

cuess a number in range 10..50 : 31
cuess a number in range 10..50 : 23
Guess a number in range 10..50 : 34
Guess a number in range 10..50 : 40
cuess a number in range 10..50 : 50
you lose :(

. The number was 28

|| === RESTART
guess a number in range 10..50 : 39
cuess a number in range 10..50 : 46

[ . . -
you win!! :) e At this point the

break starement execnied,

————

From the above program, you can make out that if the while loop is terminated because of a
break statement, the test-condition of the while Ioop will still be true even outside the loop.
Thus, you can check the test-condition outside the loop to determine what caused the loop
termination — the break statement or the test-condition’s result. Recall the last part of above
program, Le.,

If the loop-condition is stilf trie ourside the foop

‘/"——; that means preql caused the loop termination.

print ("You lose :( \n The number was" , number)

if notctr<5:

Infinite Loops and break Stalement

Sometimes, programmers create infinite loops purposely by specifying an expression which
. but for such purposely created infinite loops, they incorporate some

always remain frie .
condition inside the loop-body on which they can break out of the loop using break statement.

For instance, consider the following loop example :

-N 5 I:- 3 I=:..' .'l-.-‘.-:'.' —
a=s2 /’—____‘ te vl afwavs remain True, hence "
Tliis will always reman o3 e c[ﬁated infinite

while True : infinite loop; must be terminated
through @ preak Statement {or endless} lcops, there must be

print (a) a provision to reach break
a*=2 statement from within the body
ifa>1eo: of the loop so that loop can be
terminated.
break e Peresmreic gt

Al

%848 The continye Stotement
The continue statement is another jump statement like the break statement as both the

statements skip over a part of the code. But the continue statement is somewhat different from
break Insteadpof forcing termination, the continue statenent forces the next iteration of the loop to

take place, skipping any code in between.
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inue statement :

g ﬁg‘l.ll'l’.‘ {Fig- 4-5)

The followin, for <var> in csiequen:e:. :
t
temenfs statemen l
: 1 of the STHETE my
v ctest-candition” in the currend u:nmuru 4 cconditd
§  statesent ure skipped and :Isﬁ continue
: . : ]
I if ccondition? o frerurion begi eatewint 2 | ;
i cantinue it 3
statement 2 .
statem
P statement 3 Iogr’n-
statesent 4 - &3
ing of 8
e will causo skipping. .
l " nbw?r:?;ap%:;:;:rt:nmﬂon “nd next ileration will 53 i

i t.
Figure 4.8 The warking of a continue statemen

. - 'ng
i 3 , next iteration by updati
For the for loop, conlinue causes the next i y

i - or the ‘
the loop variable with the next value in sequence ; and f The continue statement sigy
' : control passes lo the conditional test the rest of the loop statemess
while loop. the PWSWTI and causes the next iteration of
given al the top of the loop. and citses e el
=" |
a=b=c=86

for i inrange(@, 3) :
print ("Enter 2 numbers” )

a = int (input( *Number1:"}) 1
b = int (input({ "Number 2 :" )) B
ifb==0: | m
print ("\n The denominator cannot be zero. Enter again !") 1
continue 2
else : ' Th
c=a/b 1
print ("Quotient =", c) 2
¢
Sample run of above code is shown below ; g3
)
Enter Z numbers :
Number 1 : 5 o At this point continue forced .| I
Number 2 : O - next iteration to take place, "
The denominatar cannot be zero. Enter again !‘I . T
Enter 2 numbers
Number 1 : 5 H
Number 2 : 2 !
Quotient = 2 {E.ﬁ
Enter 2 numbers
Number 1 : &
Number 2 : 2

l
A
d
Quotient = 3 h
4
;
[
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SU::IE:U“:EE":ET“T‘I It'l: "tb;ﬂd?n iteration of a loop prematurely. Both the statements break and
co P at but in different situations : statement break to terminate all pending

iterations of the loop ; and continue t i i
; ) d 0 lerminate just th i i ‘i i
with rest of the iterations, just the current iteration, loop will continue

Following program illustrates the difference in working of break and cositimue statements.

4.17  Program to ilius s differe
g trate the difference between break and continue statements,

dgront print ("The loop with* break® produces cutput as :")
foriinrange (1,11} :
if 1%¥3 ==p

break
else ;

print (i)

print("Theloopwith'cnntinue'prnducesuutputas:“)
for i inrange (1,11) :
if i%3 =9 ;.
continue
else :
print (i)

The output produced by above program is :

The loop with break’ produces output as :

1 4', . because the loop terminated with Beeak
s T when condifion § % 3 became true with | = 3 (Loop termminated alf pending iterarions)

The Toop with ' continue ' produces putput as :

1

2

4 only the wiluey divisible fy 3 are missing as the loop
5 @ afﬂl-pn'_'.' moved to mext feration With coqringe When
7 ’ condition § % 3 bevame Irue,

B (Only the iterations wiili i % 3 == 0 are o

10 termtinated ¢ vext iterations are performed as it is)

Though, continue is one prominent jump statement, however, experls discourage its use
whenever possible. Rather, code can be made more comprehensible by the appropriate use of
iffclse. |

4.8.5 Loop else Stalement
Now that you know how break statement works, we can now talk about loop-else clause in
details. As mentioned earlier, the else clanse of a Python loop executes when the loop terminates
Rormally, i.e., when test-condition results into false for a while Toop or for loop has executed for
the Tast value in the sequence ; ol when the break statement terminates the loop.

Before we proceed, have a look at the syntax of Python loops along with else clauses. Notice that
the else clause of a loop appears at the same indentation as that of loop keyword while or for.
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se clause is as given pelow :

ith el
Complete syntax of Python loops along W Jhile <test condition> :
l- I for <variable> in <sequence? : ctatementl
' statementl statement2
statement2 ‘
else :
else : statement(s)
statement(s) )
ce in working of these loops in the absence a4

Following figure (Fig. 4.9) ilustrates the differen

presence of loop clse clauses.

|
7—'* i false
Dane while ctest E){pl“ESSiﬂﬂ’
_ e et )
for ¢element» in <sequence’
' l ) I true
|'F] next elemenrl
.I. statementD
il statement
,' D statement 1
statement ;:)
D _ " statement
| . « statement Body-of-{ - -~ <
byt . 2 the-loop "
1l aod -{Jf— g4 . §
I thn-roop statement suite statement
! suile
Ji
i
ot
| Stalements _ _ s statrsment) St_alumenls — statementD
outside the loop statement outside the loop statement
| (2) Contro! fiow in Python loops in the absence of loop-else change
l- Foi
[Hfih i
Done
for <element> in <sequence> (— while <test expression> false
next element Loop else Loop else
sulle | true | sufle
tatement tat - /
statemen 5 H el
D . E”E”t:) statement statement ~ [~~
statement statement D .)
) D statement statement
_" statement statement -~ D _)
e . . Body-of-| - - -~ statement statement
Body-of- { - - : : .
the-loa : the-loop - :
t P statement statement suile ' '
| sul statement statement
Statements { Statement D
outside the loop™ ~ Stalements Statement
p statement outside the logp ~™ D

Statement

(b) Control flow In Python loaps In the presence of loop-else clause

SR Figure 4,9 Working of Python Loaps with o without else clauses
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Let us understand the working of he

P .
without else clause with the help ol e ython Loops with or

ode examples,

for ainrange (1, 4) : IThe loop-else sulte executes

print ("Element is", end = » ") #E-."n"fm:?ufr?i.:f;’;. Lot

print (a) o L
else :

print (

Ending loop aftepr Printing al1 elements of sequence”)

The above will give the fo]]owing output :

The outpirt proshuced by for o

loep. Notive for loup exceeuted Element is 1 '.'?ru ng L;’pn'uu-d because the efse clause of
three valies of a - 1, 2, 3 ; &iven for loop cxecuted when the for loop was

for thre Element s 2 terminating , nonmally

Element is 3

Ending Toop afrer printing all elements of sequence,

Now consider the same loop as above but with a break statement :

forainrange (1, 4) :

ifa%2==-g- The break statemens will execute when a %2
* /”__ is zero F e, when a has the wufue as 2
break
print (“Element is", end = * ")
print (a)
else :
print ("Ending loop after printing all elements of sequence”)

Now the ou tput is Notice that for a = 2, the break got executed and loop terminated
‘/‘__,-—' Henee fust one element got printed (fora = [),
: As break terminated the loup, the else clause also did not execnle,
Element is 1 3o no fine after the printing of elemenss.

The else clause works identically in while loop, i.c., execules if the test-condition goes false and
not in case of break statement’s exccution.
Now try predicting output for following code, which is similar to above code but order of some
statements have changed. Carefully notice the position of else too.

for ainrange (1, 4) :
print ("Element is", end="")
print (a)
ifa%2—9:
break

else: "
print ("Ending loop after printing all elements of sequence")

: Ise suite. The else in above
You are ri I This code does not have loop-e ;
t. So smart you are. @ _ .
code jg parEt; of if-else not} loop-else. Now consider following program that uses else clause with

2 while Joop,
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162 ds when tl
’ '”Jl? j'll"f'-‘ﬂr”ﬂl ends when the users
i ; rint thelr sum. ‘
4.18 Program input some numbers repeaic dly un:nj: ports when the number entered Is less than rerg ]ﬁ:
I , i more 10 €Nter (normal termination) o7 progr l::p-
rogram count = sum= 9 P‘
ans ="y
while ans ==y * i €
— int( input ( “Enter number ") ) — y-of-the hﬂph
{frnum<@: ing!”
print ("Number antered is below zero. Aborting ) M
break
sum = sum + num
count = count +1 "
il ans = Lnput( "Want to enter more numbers? (y/h)-- ) (¢
foop-else suite
else : P
print ("You entered”, count, "numbers so far- ) ]
- W, " Sum
print ("Sum of numbers entered is", Yoo This statement is autside the loop
Enter number: 3 T
want to enter more numbers? (y/n)..y P
Enter number: 4
want to enter more numbers? (y/n)..y
Enter number @ %
want to enter more numbers? (y/n)..n Result of cise clanse, Loop terminated 186
you entered 3 numbers so far. a— nomully
sum of numbers entered is 12
= RESTART = N

Enter number @ 2
want to enter more numbers? (y/n)..y

Enter number : -3
Number entered is below zero. Abortingl N giecyilon of W ckiigs: Logp
g ferminated becavse of break stat
sum of numbers entered is 2 — e
/ 4.19  Program to input o number and test if it is a prime number
rogram num = int(input("Enter number :"))

Iim=int(num/2) +1
foriinrange (2, 1im) :
rem=num¥ i

ifrem==8:
z:‘::t("“m* "is not a prime number™) Enter number :7
_ 7 is a prime number
print(num, "1s a prime number") Enter number :49

49 is not a prime numbe’
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‘1 Sometimes the loop is not entered at all, reason being empty sequence in a for loop or

test-condition’s result as false before entering j i
_ 8 In the while loop. In th
loop is not executed but Ioop-ﬂlsc clause will stil] be executecf. RIS PRCy-OEtRe

Consider following code examples ﬂlustrating the same,
_ while(3>4) :
H"L‘ print ("in the lonp"} —  Dady o_f rhe. loop will not be executed
\ (condition is false) but else clause will

else :
print (“exiting fromwhile loop™)

The above code will print the result of execution of while loop’s else clause, i.e.,

exiting fromwhile loop

Consider another loop - this time a for loop with empty sequence

for ainrange(10,1):
p:“int (uin ‘thE lnopu} — Bm{l‘ Uf ”l'l.' !lmp l.l'l:” o bf m

else: ;::f:;:f :;‘::ﬂ: : 'T;{.W"M The else clause of Python lnami
print (“exiting from for loop") works in the same rnal_'lr_lrzr.'lha_tl

is, it gets executed when the!

loop iIs terminating normally —!
\after the last element uf}
|sequence In for loop and when'
| the test-condition becomes false
| in while loop. =
L 5 RIS S 5 s |

The above code will print the result of execution of for loop’s
else clause, ie.,

exiting from for loop ,

4.8.6 Nested Loops

A loop may contain another loop in its body. This form of a loop is called nested Ioop. Butina
nested loop, the inner loop must terminate before the outer loop. The following is an example of
a nested loop, where a for loop is nested within another for loop.

foriinrange(1, 6) :
forjinrange (1,1): emd =" 't the el 1o canse
Jpl"il’lt (E.,.( end = .J -r-""_'___— printing at saine line
, =
print () #t to cause printing from next line.

The output produced by above code is :

*
* *
* W »

* & W

The inner for loop is executed for each value of i, The variable i takes values 1, 2, 3 and 4. The

inner loop is executed once for i =1 according to sequence in inner loop range (1, i) (because for
as 1, there is just one element 1 in range (1, 1) thus j iterates for one value, i.e, 1), twice for i =2

(two elements in sequence range(1, i), thrice for i =3 and four times for i=4.
While 1y orking with nested loops, you need to understand one thing and that is, the value of
o outer loop variable will change only after the inner loop is completely finished (or interrupted),




To understand this, consid
for outer in range (5,10, 4):

for inner in range(1, outer, 2) :

print (outer, inner)

The above code will produce the output as :

™

—

51
53 J
91 )
93

= a—

97

==

)
See the explanation below :

5
change in outer’s value ——__ 5

change in outer’s value N,

etw."-"{"“"
Mg

1. What are iteration statements ? Name the
iteration statements provided by Python.

2 What are the two categories of Python
loops 2

3. What is the use of range() function ?
What would range(3, 13) return ?

1. What is the output of the following
tode fragment ?
for a in "abcde” :
print (a,"+', end = * ')

What is the ocutput of the following
code fragment ?

for 1 in range(a, 1a) :
pass
print (i)
6. Why does “Hello" not print even ornce ?
for 1 in range(1e,1) :
print (*Hello")
7. What is the output of following code ?
for a in range (2, 7):
for b in range(1, a) :
print (" #°, end = * ")
print ( )

(Vo I T R = R T

u
»

er the following code fragment :

. ~ The output produced when the outer =5

95 T The output produced when the vuter = Y

COMPUTER SCIENCE wiyy
oy,
"l

1
3 ¥ —— inner loop got over after value 3's iteration

‘1__-_""-\

inner loop got over after value 7's ueration

= U

Let us understand how the control moves in a nested loop
with the help of one more example :

for ainrange(3) :
forbin range(s,7) :
print ("fora=", a, "bnow is", b)

The above nested loop will produce following output:

fora=0 b now is §

2cfora=0 b now is 6

Innser P
b now is § iserationd
b now is 6
b now is 5
b now is 6
Outer ooy
Merations :
Novice, for cach outer focp W

inner loop iteratcs e
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Chapter 4 : CONDITIONAL AND ITERATIVE STATEMENTS :

For the outer loop, firstly a takes the v

outer for’s loop-body.

& for a=0, the inner loop will jterat

h=5and b=6

& hence the first two lines of oy tput giv
loop (a=0; which involves two ite

& when a takes the next value in sequence, the inner will

5 and 6 for b

Thus we see, that for each iteration of outer loop,

i =6.

.
M:ﬂ (contd..)

10
11,

12

13.

LN

15,

| 18 tany single break statement in an inner’

Ln.

Write a for loop that displays the even
numbers from 51 to 60.
Suggest a siluation where an empty
loop is useful.
What is the similarity and difference
between for and while loop ?
Why is while loop called an entry
controlled loop ?
If the test-expression of a while loop
evaluates to false in the beginning of
the loop, even before entering in to the
loop :
(2) how many times is

executed?
(4) how many times is the loop-else

clause executed ?
What will be the output of following
code:
while (6 +2 > 8) :

print ("Gotcha!")
else:

print (“Going out!")
What js the output produced by
following loop ?
forain(2,7):

for b in (1, a) :

print (b, end = ' *)
print ()

What {s the significance of break and
tontinue statements?

the loop

terminate all the nested loops ?

-

lue as 0 and fora =0, inner loop iterates as it is part of

e twice for values

en above are produced for the first iteration of outer
rations of inner loop)

again iterate two times with values
inner loop iterates twice for values b=5 and

Consider some more examples and try understanding their
functioning based on above lines.

forainrange(3) :
for binrange(s,7) :
print ("* ", end="")
print ()

The output produced would be :

L N

L

Consider another nested loop :

forainrange(3) :
for b in range(5,8) :

print (llt u, El'id = -) ‘"'"‘"—-..ﬂﬂ”ﬂ‘ﬂld ="' 'gf
print () the end af print

The output produced would be :

& & &
& ® &

* & &

The break Statement in a Nested Loop

If the break statement appears in a nested loop, then it will
terminate the very loop it is in. That is, if the break
statemnent is inside the inner loop then it will terminate the
inner Joop only and the outer loop will continue as it as. If
the break statement is in outer loop, then outer loop gets
terminated. Since inner loop is part of outer loop’s body it
will also not execute just like other statement of outer loop's
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¢ break will terminate the inner loop only Whily

trates this. Notice tha

Following program illus s routine.

the outer loop will progress as per

. rhmugh 25-
r‘) 4.20 Program that searches for prime numbers from 13
| rogram for num in range(15,25)+
fordtin ,-an::{z,:um) : #to determine factors
ifnum% i ==0:

j = I'iUTI"I,o'i " i num)
This break will terminate the " actor(", 1, ) for®,
inner for loop only \‘ print (“Found a f i r:eed not continue - factor found

brea

# else part of the inner loop

else: 4
print (num, "isa prime number )

The output produced by above program will be :

Found a factor( 3 ) for 15
Found a factor({ 2 } for 16
17 is a prime number

Found a factor( 2 )} for 18
19 is a prime number

Found a factor( 2 ) for 20
Found a factor( 2 ) for 21
Found a factor( 2 ) for 22
23 is a prime number

Found a factor( 2 ) for 24

= ——— e ]

More examples of nested loops and other simple loops you’ll find in solved problems givenat
i the end of this chapter.

This brings us to the end of this chapler. Let us quickly revise what we have leamt so far.

r

!
-7 PYTHON LOOPS

Ceif Progress In Python 4.2

This ‘Progress in Python’ session works on the objective of Python loops practice

Carefully read the instruction and then carry out the

: . rob -
practice questions, you can move on to practicing prog problem. Once through with conceptual

ramming problems.

=
.

Please check the practical c
_ ) omponent-book — .
@ Science with Python and fill i there in FriF'°4 9 F:Jr:c?:sé}:" ?'-‘"‘:Pulf:zr
: Qpler 4 atter

praclically doing it on the computer

2>>Q<c

-

2]
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LET Us REVISE
o ———

&

)
R

H
T
‘i
@
&
&

e 2 P

=

[

&

\

=

S"“J Prohleme
e

1.

Single executable statement forms 4 simple

staftement,
A compound statement represents ¢ group

of statemens execuied as g unir,

Every compound statement of Python has a header
Some examples of compound Statements ore :

The flow of comirol in o program can be in ¢
selection construct), and iterarive

and an indented body below the header.
if statement, while statement efc.
hree ways :

ly (the iteration construct)
The sequence construct means stateinenrs gel exe

equentially (the sequence construct), selectively (the

cuted sequentially.

The selection construct means the execution of statement(s) depending upon a condition-test.

The iteration (looping) construcis me

an repetition of o set-of-statements depending upon a condition-test.
Python provides one sele

ction statement if in many forms — if..else and if..elif. else.
The if.else statement tests an expre:

ssion and depending upon its truth value one of the two sets-of-action is
excculed.

The if-else statement can be nested also i.e., an if statement can have

A sequence is a succession of values bound log
tuples.

another if statement,

ether by a single name. Some Python sequences are strings, lists and

The range( ) function generates @ sequence of list type,

The statements thar allow a sct of instructions to be performed repeatedly are iteration statements,

Python provides two looping constructs — for and while. The for is a counting loop and while is a conditional loop.
The while loop is an entry-controlled foop as it has a control over entry in the loop in the form of test condition.

Loops in Python can have else clause too. The else clouse of a loop is executed in the end of the loop only when loop
lerminotes normally.

The break statement can terminate a loop immediately and the control passes over to the statement following the

Statement containing break.
In nested loops, a break terminates the very loop it appears in.

The continue statement obandans the current iteration of the loop by skipping over the rest of the statements in the
n i
loop-body. It immediately transfers control to the beginning of the next iteration of the loop.

?
i igmi] an emply stalement ?
What is a statement ? What is the significance of N *
Soluti t is an instruction given to the computer to perform any kind o.l’ action,
e erpis Smmmm‘ ‘ ful in situations where the code requires a statement but logic does not. To
e emert =S e atement is used.
fill lhefut-);wn requirementls simultaneously, empty statem

statement.
Python offers pass stalement as an emply state
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ble or non-determinable, which label would yo, g
sothon Joops as determing
If wou are asked to label the Python 1o

which foop 7 Justify ywur ansuxr.
Solution. The “for loap® can be la
determined before-hand as the size . :
The *while loop® can be labelled as nnn-drfrmnrmh{;:lﬁiijh i
determined before-hand. Iis iterations depend upon :

d(‘!t‘m‘lill{'ll I,L"CIL Ih ) I tfﬂ“s'f
fypes o, = =
‘Ir Iq' l'l'l"l'!'"r'-‘ j” l'_ld'”f””- Ilb?”].l are ”I(.q e ,'J'I }-l‘ (s

l‘.""f"l]'[]h' ,ﬂDI’ as nun]b{‘r Uf its il[,lrﬂti.onﬁ can h
it is uru.-mlin}; upon. -
as its number of iterations canp,,

a test-condition, which q‘n-m!b,

hl“[‘{j as l-ff
of the sequence:

There are how fypes

Solution. The fuv types of Python else clauses are -
(h)elseina loop statement

a) else in an if stalement
(@) condition of the if statement results ing g,

The else clause of an if statement is excculed when the ‘ i
when the loop is terminating normally r.¢., when its test-condjgo,

The else clause of a loop is executed lue i
cuted for the last value in sequence.

has gone false for a while loop or when the for loop has exe
Use the Python range( ) function to create the following list : [7, 3, =1, -5}

Solution.
range (7, -6, -4)
Identify and correct the problem with following code :
countdown = 1@ # Count from 10 down to 1
while countdown > 8 :
print (countdown, end ="' ')
countdown - 1
print ("Finally.™)

Solution. It is an infinite loop. The reason being, in the above while loop, there is an expressien
countdown -1, which subtracts 1 from value of countdown BUT this statement is not updating the
loop variable countdown, hence loop variable countdown always remains unchanged and hence it
is an infinite loop. )
The solution to above problem will be replacement i

i nt of countdown -1 wit i L
the body of while loop h following statementin

countdown = countdown - 1
Fovar BN (PR . ¥
Now the while loop's variable will be updated in every iteration and hence loop will be a finite loop.

Following code is meant 1o be an interacti . i i

Pfrctu.'ﬁsgt' into a letter grade ; raclive grade calculation script for an entrance test that conperts from 3
98 and above is A+,
80-90 is A,
60-80 is A-,

and everything below is fail (U know high standards)

The program should prompt the user 100 times for grades, U
' ]

; ) . .
terrible coder (me o1 ), so there are numerous bugs in the coe fortunate ly, the program wws twritten bve

Find all the p
For 1 : range(1 .. 100) ugs and fix them.
grade == flgat (input(
1f grade » 90
Pl‘int ('That’s anA + ln-}

"What\'s the grade Percentage " )

- What i

Soluti

5 Follor
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k# if 88 > grade > 9p:
4 print (" " "an A 1
5 reall "aeow
%h elsif 60 ¢ grade : Y Bood| }

a print (You got an A-1)
qu else grade < 6@ :
I. — print ("Sorry, you need an A- to qualifyl")
Solution. The corrected code is given below, with correcti
for i in range (8, lga) :
pgrade = flpat (input( “What
if grade >= 9p :
print ("That's an A + | ")

ons marked in colour.

\'s the grade percentage 2" }))

'ﬁ}&t if 80 <= grade < 9g:

W: print ("An A is really good!") 4

H’Ezg : alth <

e elif 68 <= grade : ough triple-quoted string is also OK

print ("You got an A-1")
else grade < 60:

print ("Sorry, you need an A- to gqualify!")

7. What is the output of following code ?
if (445 ==10) :
print ("TRUE")
else :
print (“"FALSE"™)
print ("TRUE")

Solution.
FALSE
e TRUE
Ef: 8. Following code contains an endless loop. Could you find out why ? Suggest a solution.
n=10
. answer = 1
L while (n>8 ) :
answer = answer +n ** 2
n=n+1
? print (answer) i it hati dition b false at one point
Solution. For a while loop to terminale, 1t 18 nc.cessary t.mt its condilion becomes false : ?ﬁ A
al But in the above code, the test-condition of while loop will never become fals, because the condition

s nn will always remain > 0. Hence it will repeat endlessly.

is 1> 0 and it is always incrementing ; thu
There are two possible solutions
() change the condition to some

while (n < 1@8) :

vt (i) change the updation equation of loo
point of time, ¢.8-»
while (n>8) :

-
"

nnl"l"l

reachable limit (as per update expression) e.g.,

p variable so that it makes the condition false at some




\ 9

=170
f / ] de fra
i 9. Consider below given two codc fragm '
ht! order are (i) ‘Jacob’ (ii)'12345° (iii) "END

[ {.‘]’) rIBII'rE - W
while True :

name = input( “Enter name (‘end to €

if name == "end" :
break
print ("Hello™, name)

else :
print ("Wasn't it fun )

, (/) name=""
[ while name != "end" :

gments. What t

COMPUT

pill be their autpuls
(iv) ‘end’ ?

xit):")

!' name = input( "Enter name (‘end to exit) )

i if pame == "end" :
' pass

print ("Hello", name)
else :

print ("Wasn't it fun ?")

Solution. Code (a) will print

for input (i)
Hello Jacob

for input (i1)
Hello 12345

for input (iir)
Hello END

for input (iv)
no output will be printed

10. Wrile Python code to add the odd numbers upr
Solution,
N =int (input (‘Enter number'))
s5um =@
i=1
while i ¢= N :

Sum = Sum + §
I=1+2
print (sum)

11. Consider the Jollowing Python program :

N =int(input ( "Enter N M)
i=1

Sum=98

Code (D) will print
for input (i)
Hello Jacob

for input (if)
Hello 12345

for input (i)
Hello END

for input (iv)
Hello end
Wasn't it fun ?

fo (and including) a given value N and print the result.

gR SCIENCE WITH PYTHON -

if the inpuls are entered in the Siven

(h) He

Soluli
The p!
Corre

L Write i
Solutic
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while L <N :
ifiX2==9:
sum = sum + i
i=1+1
pr‘int(Sum)

(a) What is the output when the input value is 5 2
(i) What is the eutput when the input value is 0 ?
Solution. ()6 (V)0

12. Consider the following Python program, intended to calculate factorials :

number = int(input (“Enter number"))
n, result = number, 1
while True or n :
result = result * n
n=n-1
factorial = result
print ("factorial of ", number, "is", factorial)

(a) What happens wihen tie user enters a value of 5 7

() How would you fix this program ?

Solution. The problem is that the program will repeat infinitely.
The problem lies with the condilion of while loop this condition will never go false.

Correct condition will be any of these :

while n :

or whilen>@8:

13. Write a program fo find lowest and second lowest number from the 10 numbers input.
Solution.

# to find lowest and second lowest integer from 18 integers
small = smaller = @
for i in range(1@):

n = int{input("Enter number "))

ifi==a: # first number read

small =n
elifj==1: # second number read
if n ¢= small :
smaller=n
else:
smaller = small

small = n

else: # for every integer read 3rd integer onwards




C

if n ¢ smaller :

small = smaller
Snmpll.‘ Run

smaller = n
elif n < small : [7 The lowest number is: g
small =n || The second lowest number i . 4

P A

print("The lowest number is : ", smaller) |1
:+ *, small)

print({~The second lowest number is: PRR——
The Sﬂmp]l.‘ run of above progﬂlm “l’Dm the ten iI'I.P'L'It nuﬂ'lbl'.'l.'ﬁ as : N p U 'y 'y s 74, "4. n'
23) has been given above. .

toms number between 1 and 100 and continuoyy,

Number Guessing Game — This program generates @ ram
asks the user to guess the number, yiving hinls along the way.

Solution.
impart random
secretium = random. randint (1, 180) #generate a random integer btitween [1 100)
po inclusive:" ))

guessNumString = int(input (“Guess a number between land1
while guesshum != secretNum :
if guesshum < secretNum :
print (“Your guess is too low."™)
else:

print ("Your guess is too high.”)
guesshum = int(input ( "Guess a number between 1 and 180 inclusive:" ))

print ("Congratulations! You guessed the number correctly.™)

15, Writea Python script to print Fibonacci series’ first 20 elements. Some initial clements of a Fibonacei serics are:

8112358...
Solution.

first =@
second = 1
print (first)
print (second)
for a in range(1, 19) :

third = first + second

print (third)

first, second = second, third

16.  Write a Python script to read an integer > 1000 and reverse the mumber
Solution, -
num = int(input( "Enter an integer (>1000) :"))
thum = num
reverse = @
while tnum :
digit = thum X 10
thum = tnum / 18
Feverse = reverse * 10 + digit
print (“Reverse of”, num , “is", reverse)

OMPUTER SCIENCE WITH F’"THDN." B
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17. Write 0 Python script to generate

Solution.

num = int(input("Entep an i
mid = num /2
print ("The divisors of" num, "are ")
for a in range (2, mid + 1) : .

Ifnum% a==9.:

print (a, end = * )

else :

print ("-End-")

divisors of g nuniber,

nteger ;" ))

18. Input three angles and determing

Solution.
#check triangle from angles
anglel = angle2 = angle3d =p
“anglel = float(input("Enter angle 1 : "))

angle2 = float(input("Enter angle 2 : "))

angle3 = float(input(“Enter angle3 : "))

if (anglel + angle2 + angle3) == 189 :
print("These angles form a triangle.")

else:
print("These angles do not form a triangle.")

if they form a triangle or nat.

19. Numbers in the form 2"~ 1 are called Mersenne Numbers, eg., 2% -1=1,2% -1=3,23-1=7,
Write a Pythion script that displays first ten Mersenne numbers.
Solution.

#program to print mersenne numbers

print("First 1@ Mersenne numbers are:") _

for a in range(1, 11): First 10 Mersenne numbers are :
mersnum =2 **a-1 1371531 63 127 255 511 1023
print(mersnum, end =" ")

print()

Sample Run

20.  Mersenne numibers that are prime nunibers also, are called Mersenne Prime numbers, Make modifications in

previous question’s Python script so that it also displays ‘Prime” next to the Mersenne Prime numbers. Also,

this time print 20 Mersenne numbers. Sample Run
Solution. (With first 10 Mersenne numbers)
# program to print mersenne prime numbers ; 1 Prime
for a in range(1, 21): 3 Prime
mersnum =2 **a-1 7 Prime
mid = int(mersnum / 2) +1 b 15 i
for b in range(2, mid): i3l Prime
if mersnum % b == @ : 63 .
print(mersnum) 127 Prime
break [ . 255
else: W | Sl
print(mersnum, "\tPrime") lLIr 1023
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v 1 in ke ight in melers :
) . ae oeieht in kgs and heig and |
Jate BMI of a persont after inp utting i3 108 -
il 21 Writea program to Calcliii e & 5 onving lable
Sl print the Nutritional Status as pe ¢ e
i onal Status. | WHO erteria BMLCEE
I | Nutritiond 52— <185
;I]ndcn;'mgh‘ 18,5 = 24.9
orma 29.9
a5 = Y.
| Overweight '52 30
Obese i
- '|l
L LA
Solution, -
weight_in_kg = float(input(“Enter weight in If_l ;nel::.‘r‘-’- "))
height_in_meter = float{input(“Enter hetgh in_meter) :
| bmi = weight_in_kg / ( height_in_meter = height_1n_|
| print("BMI is : ", bmi, end =" ")
" 1f bmi < 18.5 :
I print(”... Underweight™)
elif bmi ¢ 25 :
print("... Normal™)
elif bmi < 30 :
print("... Overweight")
i else:
print(*... Obase")
‘I 22, Write Python script to print the following pattern : %
A 1
' 13
135
1357
Solution.
bt for a in range(3, 10, 2) :
for b in range(1, a, 2) :
print (b, end ="' ")
print { )
23.  Write a program to find sumt of the series : s=14 x4 x% +x7.. 42"
Saolution.
x = float ( input ( “Enter value of x :* )) z.
| n = int (input( “"Enter value of n (for x ** n) ™))
s=0
for a in range(n + 1) :
S+=x*"a
print (“Sum of first" , n, “terms ", 8)
24.  Wrile o Python script to input two numbe T ;
L : ers and p .
common divisor). print their lem (Least conmmon multiple) and ged (greates!
Solution.
x = int(input(“Enter first number: )
y = int(input("Enter second number: "))

’I"T:



Chopter 4 = CONDITIONAL AND ITERATIVE STATEMENTS

if x » y:

smaller = y
else:

smaller = x
for 1 in range(1, smallep +1);:

if((x X1 ==0) and (vX1iea 8)):

hef =1 '

lem= (x*y ) / hef
print(“The H.C.F. of*, x, “and", y, "ig* hef)

print(“The L.C.M. of", x, "and", y, "is" Icm)
25, Write @ Python script to caleulate stine of following series :
F:“]+HI:}ﬂ[+2+3h}"*“+2+3+uj”j

Solution,

sum=@

n = int ( input ( “How many terms ?* ) )

for a in range(2, n + 2): # added 2 to n because started with 2
term = 0
for b in range(1, a) :

term += b

print ("Term" , (a - 1), ":*, term)
sum += term

print (*Sum of”, n, "terms is" , sum)
26 Write a program to print the folloieing using a single loop ( no nested loops)

1
11
112
1113
11111
Solution,

n=1

for a in range(5) :
print (n)
n=n*10+1

7. Wrile a program to print a pattern like :

4321
432
43
4
Solution,
for 1 in range(4):
for § in range(4, i, -1):
print(j, end =" 7)
else:
print()
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"
fl‘g‘ F“‘: |
GLOSSARY _. LTS ’
r . ,_...-.-# | |
1 . . - <ome indentation lovel. if
| Shock A group of consecutive stofemonts having | that follows the heoder. f
- lements in o compound statemen
Body The block of siale ot cloas nothing. jf
Empty itatement A statement thol oppeors 1In the code bu F
!
Infinite Loop A loop thot nover ends, Endiess [00P. fo be pedormed repeotedly. if
ions
fterotion Statement  Statement Ihat allows o sel abimato” rom conirol within a function. f
Jump Statement Statement thal unconditionally transfers prog 1nd'-'r
Statement  leration statemenl. Also called o loop v if
I s ithin onother of some Hype of consiruct.
Nesting Same program-construct within o o ]
| Nested Loop A loop thol conteins another loop inside its Y el
Suite Block, |
| cl
; L
it Rssi t vhat
ssignmenys 3
- — i'
if
Type A : Short Answer Questions/Conceplual Questions
[ 1. What is the common structure of I'ython compound statements 7
M 2. What is the importance of the three programming constructs ?
3. What is empty statement 2 What is its need ? H
| 4. Which Python stalement can be termed as empty statement ?
5. What is an algorithm ?
6. What is a flowchart 7 How is it useful 7 p
7. What is pseudocode ? How is it useful in developing logic for the solution of a problem ? W
, P ping 1og F i
5. What is decision tree 7 Where are these useful 7 W
9, Write pseudocode for checking if a number is a factor of 3215 ? i
10. Draw flowchart for displaying first 10 odd numbers.
11. Draw decision tree for grade calculation as per: €
lMarks > 90 R0-90 70-50 60-70) 50-60 40-50 < 40 :
]Gmdc Al A2 Bl 152 C1 2 F iy
12, Write pseudocode for comparing two products of two sets of numbers (a, b and ¢ d) and displayiﬂs if - Wh
both products are same or not. ' !
13. What is entry-controlled loop ?
I r
14. What are the four elements of a while loop in Python ? E
:_ ‘I"I'h‘_“ iS th"' ‘l‘f!‘rl 3 g & 1 .
15 iy e ditference between else clause of if-else and else clause of Python loops 7 ‘
s ‘.:JSDS' the else clause of a loop does not get executed ?
17. What are jump statements ? Name them. ‘
18. How and when are named conditions useful ?
. r by
19, What are endless loops ? Why do such loops occur ? Fv.




(.0492,) Jutud
@==ujp
. \re MO[3q UDAIZ 203 3L} UT SI0LD A puyy
: 3pod aY) AL P Tannqe R e 9
1asta
((e)u3s) juyud
1, 8, == (8)J1s 311
(@) autJd
1 ,049Z, == (@)J15 JT1T2
( .odaz,) jutdad
: @ == (,0492,)3u7 31
; apoa jo saut[ Suimol(o] i o Indine au s ey
(J42yleam) jutud
HEL e
(.8urpys duyod, ) Jutud
1,M0US, = Jayjesm 173
(,y20Tquns JeaM,) Jutud
: ,Auuns, = J3YIEIM 34T
,duTuTed, = JAYIEaM
D apod Ay PaL0Y)  Apod JuIMOo[[O) Ul 10112 I3 STIRUA| F
(.0.) 3uTad
(, ,=pua “,0.) 3utud
:(e =i x) 4T
17 > X 4113
(. .=pua “.8,) Jutad
HELS €
(. .=pus “ v.) uyud
TP CXIT
PE<CX AT
T=X
& apod 3uwmoloj 3y £q pasnpoid ndino ay st 1eYAL €
(,weays,) jurad
HER ]
(.421em,) Jutdd
1TTIT > dwal 3T1T°
(.251.) utud
D Ze > dwal 4T
& WM, Juud Juawdeyy apos ST [TiM SuOnIPUOD JEyM JapUfl T
(.234y1,) 3utad
: (E==2) 37
(.om1,.) jutad
t(z==e) 37
(.2vu0.) Fugsd
: (L ==e)3T
(. 0d49z.) 3utd
: suosuedwoo jo raqu : (p==20)3IF
J0 Idquinu g uo sypeg 170 JuawSeyy apoo Suimorjoy auy AN ‘1l

Suoysangy pasog uoyooyddy © 8 adl)

SINIWILYIS InLvaaL anv nowianoD ¢ P




elif tnmu=1
print ("one")
elif

ne=2:

print ("two")

else n == 3:

print ("three”)

7. What is following code doing ? What woul
n = int (input( "Enter an integer:” ))
ifncl:

print (*invalid value”)
else :
for i in range(1, n +1):
print (1 * 1)
8. How are following two code fragments different from
following code fragments :
(4) n = int(input( "Enter an integer:" ))
ifn>e:
for a in range(1, n +n ) :
print (a / (n/2))
else :
print ("Now quiting™)
9. Rewrite the following code fragments using for loop :

(@) i-=100 (b) while num>© :
while (i > @) : print (num ¥ 10)
print (1) num = num/1@
i—=3

10. Rewrite feollowing code fragments using while loops :
(@ min=2
max = num
ifnum<¢o :
min = num
max =@
for i in range(min, max + 1):
sum += i
(b) for 1 in range(1, 16) :
ifiX3== a:
print (1)
() foriin range(4) :
for § in range(s):
ifi+1==jupj+i._.=4 .
print ("+*, end = * ")
else ;
print ("0", end = * )
print ()

. o -";
COMPUTER SCIENCE WITH pyri

d it print for input 2s 37

one another 7 Also, predict the outpyy e

(b) n=int (input( “Enter an integep..
ifn>0:
for a in range(1, n + n) :
print (a / (n/2))
else :
print (“Now quiting")

)

() while num > @ :
count += 1
sum += num
num —= 2
if count == 10 :
print (sum/float(count))
break

# compute sum of integers from min to max

(¢



2

11, Predict the output of the following coqe fragments :

() count = @ - b x =
while count < 18@: ) : . ;e
print (“Hello")
count += 1 while x > y:
print (x, y)
Xmyx—1
Y=y=+1
r) keepgoing = True
L s @ x=as (/) forxin[1,2,3,4,5
x while x < 59 « print (x)
while keepgoing : print (x)
print (x)
X=X -18
W}p‘w& ifx¢50;
keepgoing = False
im%“
h () for x in range(s): () forpinrange(1, 10): (h) forqinrange{100, 50,10);
) . print (x) print (p) print (q)
() for z 4in range(-500, 560, 100): () foryinrange(500,100, 100);
print (z) print (" * =, y)
*)
(k) x =10 (0 forxin[1,2,3):
y=5 fory in [4, 5, 6]:
for 1 in range(x-y * 2): print (x, y)
print ("X -, 1)
(m) for x in range(3): (1) c=0
for y in range(4): for x in range(10):
for y in range(5):
court]) print (x, ¥, x +¥) 4):'+. 1 eel
print (c)

12. Which of the following Python programs implement the control flow graph shown ?
|

h

/ n = int(input...)) l

l

'_-“‘ m / '\\
== false =S - n==Al
imm-—-— l'l.‘ -‘2 \ 74

| b
[ Cove)
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\ .
2 48b " bo
®) while TVe - ut("Enter an int: °)) {iﬂ
- n= 1ﬂt<inp 'l
, (2) while True : rt:™) iy Wi
v n = int(input("Enter an 20t ifn= @t
. continue W
' ifn == Al ¢ | A2 : |'| tfim
continue alif n == : y
g Elif n == A2 br‘Eak fll \\EL
' break else : "
" tll .
| et il else & P"i“t“( what") L, we
a0 print (“what™) print ("ever ) P
It else & o
e " print ("ever™) ; "
' 1
| (c) whileTrue: : 6 Wi
n = int (input("Enter an int: ")) G
{ ifn==A1l: 16 3
continue "
f elif n==A2: 17,
break
print ("what") |
print ("ever") . (
: 13. What is the output of the following code 7
t for i in range(4):
| for j in range(5):
I ifi+le==jorj+i==4: (
{ print ("+“, end="") I
b else: 18,
print ("o", end = 'Yy ]
print() . 9
14. In the nested for loop code above (Q. 13), how many times is the condition of the if clause evaluated?
Type C : Programming Practice/Knowledge bosed Questions
1. Write a Python script that asks the user lo enter a length in centimetres. If the user enters 2 negative 2,
length, the program should tell the user that the entry is invalid. Otherwise, the program should convet
the length to inches and print out the resull. There are 2.54 centimetres in an inch.
3. A store charges T 120 per item if you buy less than 10 items. If you buy between 10 and 99 items, the co¢ .
is T 100 per item. If you buy 100 ar more items, the cost is T 70 per item. Write a program that asks e
user how many items they are buying and prints the total cost,
| 3, Write a program that asks the user for two numbers and prints Close if the numbers are within 00! o n
each other and Not close otherwise.
4, Ayearisa lea.p.y!:ar if it is divi:f.ible by 4, except that years divisible by 100 are not leap years “rdrs:
they are also divisible by 400. Write a program that asks the user for a year and prints out whether it# ”
leap year or not. i
5. Write a program to input length of three sides of a triangle. Then check if these sides will form a m-msk
or not.
(Ruleis:a+b>c:;b+c>a ;c+a>h)
6. Write a short program to input a digit and print it in words.
7. Write a short program to check whether square root of a number is prime or not.
8.

Write a short program to print first n odd numbers in descending order.




, 4 : CONDITIONAL AND ITERATIVE STATEMEp1

o Write a short program to print the following se
@1V 4 7 10....., 40
@ 1 -4 7 -10......-40
(0. Write a short program to find average of
j1. Write 8 program to input 3 sides of a trian
triangle.
> Write a program to take an intege i
"% prnt “ends with 47, i t ends wi 51 end i - oo L i
13. “'ﬁll'-t:r E’qﬁ:}};‘:‘:::’:iiﬂ] ‘tn:-!.‘%h' IIJ_*J }”2{?1 s an input from the user, Print numbers from 1] lnn:-' Whr'.n the
::::)m F_";m -Ti}i;;.-;-“p,:}f-‘:mt Tipsy”, when it is a multiple of 7, print “Topsy™, When it is a multiple
14. Write a short program to find largest number of a list of numbers entered through keyboard.
15. Write a program to input N numbers and then print the second largest number.
16. Given a list of ir-:h:gl:r:;, wrile a program to find those which are palindromes. For example, the number
432123 is a palindrome as it reads the same from left to right and from right to left. £
17. Write a complete Python program to do the following :
() read an integer X.

rics :

list of numbers entered through keyboard.
Ble and print whether |t is an equilateral, scalene or isosceles

(i) determine the number of digits n in X,
(i) form an integer Y that has the number of digits » at ten’s place and the most significant digit of X
at one’s place,
(iv) OCutput Y.
(For example, if X is equal to 2134, then Y should be 42 as there are 4 digits and the most significant
number is 2).
18. Write a Python program to print every integer between 1 and n divisible by m. Also report whether the
number that is divisible by m is even or odd.
19. Write Python programs to sum the given sequences :

(a) 2 5.3 .. (print 7 terms) (1)1 +3*+5% +..+n* (Input n)
9 13 17

20. Write a Python program to sum the sequence

o b —F ot ll (Input u)
HH

group :
(D26-35 (i) 36-45 (i) 46 - 55. _
2. Write programs lo find the sum of the following series ]

- 3 "
S A o X e+l (Input x and n both)

&
XL XXX (nputx (b) x+ =+
T e Tha L 23 "
B. Write programs to print the following shapes : "
k
(@) () © .
. .
’ * . b L ] -
. . . i
i e L] l. » [ )
L . e e
- . |
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oduce the following patterns :

using nested loops to PT

Write programs
(o) A

A B

A B C

A B C D

A B C D E

A B C p E F
(b ©

2 2

4 4 4

g 8 8 B

of ¥s with 6 rows and 20 *s per row,

ested loops to produce 2 rectangle
ogram to wri
gram should print out :

Write a program using n
Given three numbers A, B and C, write a pr
example, if A=12, B=10, and C =15, your pro

Smallest number = 18
Next higher number = 12
Highest number = 15

Write a Python script to input temperature. Then
temperature is in. Your program should convert the
F =9/5C +32 and C=5/9 (F 32).

Ask the user lo enter a temperature in Celsius. The program should print a message based on the

temperature :
4 If the temperature is less than - 273,15, print that the lemperature is invalid because it is below

absolule zero.

If it is exactly — 273.15, prinl that the temperature is absolute 0.

If the temperature is between —=273.15 and 0, print that the temperature is below freezin
If it is 0, print that the temperature is at the [reczing point. >
If it is between 0 and 100, print that the temperature is in the normal range

IE it is 100, print that the temperature is at the boiling point. o

If it is above 100, print that the temperature is above the boiling point

25k them what units, Celsius or Fahrenheit, the
temperature to the other unit. The conversions are

L S S S
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te their values in an ascending order, Fg, |
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5.1 Introduction

5.2 Traversing a Stiing

5.3 Sltnng Operators
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String Functions and Methods
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INTRODUCTION

You all have basic knowledge about Python strings. You know that Python strings are
characters enclosed in quotes of any type - single quotation marks, double quotation marks and
triple quotation marks. You have also leamnt things like — an empty string is a string that has 0
characters (i.c., it is just a pair of quotation marks) and that Python strings are immutable. You
have used strings in earlier chapters to store text type of data.

You know by now that strings are sequence of characters, where E-'!I-C!'I character has a unique
Position-id/index. The indexes of a string begin from 0 to (length — 1) in forward direction and
=L -2 -3,...., - length in backward direction.

In this chapter, you are going to leam about many more string manipulation techniques offered
by Python like operators, methods etc.
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5.2 TRAVERSING A STRING

You know that individual characters of a stnng

i i ’ traverse a
acter. Using the indexes, you can ;
- y ts of a string, ©

ne charac
to iterating through the elemen . , we talked
waversed ﬂfrough strings, thou gh unknowingly, W hen

: like :
' for loops. To traverse through a string, you can write a 100P

e through the unique index o
cter by character. Traversing Pefer
tor at a time. You have alreag
about sequences along with

are ﬂo:CE'Sﬁib]
string chara

- This loap will tranerse
through strirg pame charac-

ter by character.

for ch in name :
print (ch,*-, end = 1)

Traversing refers .tu
through the elements of 3 string
one character at a time.

The above code will print :

s-u-p-e-r-b- e —————— T
sufficient to create wonderful programs 1

| i ion that you have leamnt till now is ul p
. The information that you < that use the Python string indexing ta

manipulate strings. Consider the following program
display strings in multiple ways.

P 5.1
12..

' stringl = input( "Enter a string :")
print ("The", stringl, "inreverse order is:")
| length = len(stringl) ¥ Since the range() excludes the number

for a inrange(-1, (-length-1),-1) : mentioned as upper limit, we have

ofnt (stringifa taken care of that by increasing the
print ( gifa] ) limit accondingly.

Program to read a string and display it in reverse order - display one character per line.

Do not create a reverse string, just display in reverse order.

Sample run of above program is :

:_: Enter a string : python

\| The python in reverse order is:

[ n

. 0

| | h

' t

Moy

il P

l 5.2  Programtoread g string and display it in the form :
— first character last character

second characler second last characler

For example, string “try™ should print as :
t vy .
ror

y ¢t

;3 STRING (0]
[nthissedi
ctrings in 1
in and not

§31 Basic Of
The two ba
oeralors be
Operator P
rather thap




—

Chople
stringl = input( “Enter a string :)
length = len(stringl)
1i=0
forainrange(-1, (-length-1), -1) : : an g Ih‘lt smegaihve b
< C on adds length of string to
Prlnt (Str‘inﬁl[ﬂ: \t » str'ingl[a]) ;"t its forward index e.g., fora
1+=1 1 S-lettered string 5, 5[-1] will ;
‘give 5[-1 + 5) i.e., 5[4] letter ; '
sample run of above program is : for S[-5], it will give you
S[-5+5]Le,5[0)
[ gnter a string : python - = =
p n
Y 0 I
t h '
h t |
o y '
n p |

53
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String

5 : STRING MANIPULATION

STRING OPERATORS

In this section, you'll be learning to work with various operators that can be used to manipulate
strings in multiple ways. We'll be talking about basic operators +and *, membership operators
in and not in and comparison operators (all relational operators) for strings.

Basic Operators
The two basic operators of strings are : + and *. You have used these operators as arithmetic
operators before for addition and multiplication respectively. Bul when used with strings, +
operator performs concatenation rather than addition and * operator performs replication
rather than multiplication. Let us see, how.

Also, before we proceed, recall that strings are immutable i.e., un-modifiable. Thus every time .
that changes it, Python will intermally create a new string

you perform something on a string
rather than modifying the old string in place.

Concatenation Operator +
The + operator creates a new string by joining the two operand strings, e.g.,
“tea” + “pot”

will result into Tuw input strings joined {concatenated) o
Jorm @ new sinng

‘teapot’ (f'

Consider some more examples :
will result into

Expression

1 41 1

"a" + "p" alf
123 +'abc n23abc’
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+186 , t
P on takes place internally. PYIhOR CTe2les 2 New stzing

Letusseehow"?";?.,t:::gl characters of first }string operand followed o “
B low :
ga:::lggsof second string operand. (se€ belo ﬁdw
+ = | t ; alpl o III
e T ’}L‘F:;:‘,"";fm.f b
Siring operands B

i 1 i table ; new stri
Original strings are not modlffed as strings are immutable ; new strings can pe mahﬂh
existing strings cannot be modified.

Caution .

Another important thing that you need to know about + operator is that this Operator cap y,
with numbers and strings separately for addition and concatenation respectively, but in the
expression, you cannot combine numbers and strings as operands with a + operator,

For example,
243=5 # addition - VALID
‘2+'Y =23 # concatenation - VALID

But the expression

'Z+3

is invalid. It will produce an error like :

22T +3

Traceback (most recent call last):

3 The + operator has 1o have both
File "<pyshell#2>", line 1, in ¢modules operands of the same fipt
743 elther of number types {for

TypekEr 7 3 o ¥ i '
YPeError: cannot concatenate 'str' and'int’ objects multiplication). It cannot wol

with one operand as string 3
+ operato ro o
perator as follows : one as a number.

Table 5.1 Working of Python +operator s DT o soehe easiiino s/

Thus we can summarize

Operation performed by +

Example
addition

94+9=18

"g'll + -gn - -99"

multi sed wit .
To 1:.:":”."0" and retumns the P?'or;z:bim (ie., when both operands are numbers), it Perforﬂﬁ
numbqa- OPeTator with g of the two number operands

T slring or shet BS: You need fe.8

fNg * number., O types of operands ~ a string and a number,

addition) or of string types [iof

—
£
T =

oy
At

R T



Tedf

w1

[ %

"

——

-

Where siring operand tells the SHINg to be rer: { 1.87.'
smes, it is 10 be repeated; Pythop will creat replicated and nugmper operand tells the number of

s operand. C a new string Ihatisanumbero[mpctilions of the
For example,
3% %gol* RO mm—
: |For replication operator °,
vatgatoat CU s 5™ 0 fom o new siring ' Is 2 number of repetitions of the
: ) | Input string.
=gt e E LTSRN o

Consider some mare examples ;

Expression will result into
- - .

anct 2 “abcabe
> " a2
o o3 AT g L=

u-l 1-.

- I
L

——

3 ek by v " .
.k.f»::."ﬂ: important thing that you need to know about * operator is that this operator can work
with numbers as both operands for multiplication and with a string and a number for replication
respectvely, but in the same expression, you cannot have strings as both the operands with a *

-

operator
For example,
2%3=6 zeultiplication - VALID
T3 =22 & replication - VALID

But the expression
i gl
is invalid. It will produce an error like :

33y -2-. b]-

types (for multiplication) or one
string type ond one number fype
{for replication). It cannot work
with both operands of string

Tracebach (most recent call 1ast):
File "cpyshellsd>®, line 1, in crodule> L_.__I_____;__”__ o
-:' ™ ..3., . o 1
TypeError: can’t sultiply sequence by non-int of type'str’
Thus we can summarize + operator as follows :
Tﬁtu Working of Python * operator
rﬁ:ﬂﬁ'm ' Example
| type Dpﬂ'ﬂ'ﬂﬂ"pa'fmﬂﬁﬂ by Ty
iplication
Tumbers | mulf:pﬁm e
~=% number replicati e
L Zmber , string | replication

=
-

O L

b =S
—

L .'—-.—-'-- ———— =
— TRl e T e
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all sequence types). These are i,

t 3.2 Membership Operators ) ;
5.3.2 Membership Op - strings (in fact for briefly. Let us leam aboyy the,

i fo
. There are two membership operators & S chapter,
| not in. We have talked about them 17t previo

operators in context of strings.

Recall that : |
substring exists in the given string ; False otherwise
in Returns Trite if a character or @

substring does not exist in the given string; False otherwig,
if a character ora

notin  Returns True

| i i ui
| Both membership operators (when used with strings), req

them are of string type, i.c.,

re that both operands used vy,

f <string> in <string>
r <string> not in <string>

8-
"ull' in nyzlln

“12" not in "xyz"

it Now, let’s have a look at some examples :

!l ' "a"  in "heya" will give  True
l "jap" in "heya" will give  [False
"jap” in "japan” will give  True
"jap" in "Japan" will give  False because j letter’s cases are different;

hence “jap” is not contained in “Japan”
"jap” not in "Japan” will give  True because string “jap” is not contained in
string “Japan”

N H123- not il1 "hEllO" '.\rill gi_'\,"e TI‘Ill.' [‘lufﬂu&;u leing "123" is nut Contajned in
string “hello”

' "123" not 1n 123457 will give  False because “123” is contained in string “12345"
The in and not in operators can also work with string variables. Consider this :

_ »>> sub ="help"
| >>> string ='helping hand
| ! >>> sub2 ="HELP'
>>>sub in string
True
>>>5ub2 in string
False
>»>subnot in string
False
>>> Sub2 not in string
True

|
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5.3.3 Comparison Operators

Python's standard comparison g
to strings also, The compari
character-by-character comparis

Thus, you can make out that

SONS using these operators are based
on rules for Unicode (e, dictionary order).

"8" == "a" will give True
"abc” == "abc” will give True
"a” |= "abc" will give True
A" 1= g™ will give True
"ABC" == “"abc" will give False (letters’ case is different)

- - |_ L] - &1 .
abc™ 1= "Abc will give Trie (letters’ case is different)

189

Perators i.e., all relational operators (<, <=, >, >=, ==, !=) apply

on the standard

Equality and non-equality in strings are easier to determine because it goes for exact character

matching for individual Jette

rs including the case (upper-case or lower-case) of the letter. But

for other comparisons like less than (<Yor greater than (>), you should know the following piece of

useful information,

As internally Python compares using Unicode values (called ordinal value), let us know about
some most common characters and their ordinal values, For most common characters, the

ASCII values and Unicode values arp the same.

The most common characters and their ordinal values are :

Table 5.3 Common Characters and their Ordinal Volues

Characters Ordinal Values
‘0 to A48 an 57
‘Al to 2’ 65 10 90
‘a1 'z’ 97 to 122

Thus upper-case letters are considered smaller than the lower-case letters. For instance,

PR will give  False because the Unicode value of lower-case letters
is higher than upper case letters ; hence *a” is greater

than ‘A’, not lesser,

"ABC > 'AF will give  True for obvious reasons.

"abe’ ¢= "ABCD' will give  False because letters of “abc” have higher ASCII

values compared to "ABCD".

. . ' ill give  True because strings “abed’ and ‘abcD’ are same il
abed » "abeD will gi first three letters but the last letter of ‘abeD’ has
lower ASCII value than last letter of string ‘abed’.

Thus you can say that Python compares two strings through relational operators using

Chﬂracte:-—by—charal:ler comparison of their Unicode values.
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e Character
single character and retums the
ey,

format :

-
=190
Value of o Singl

n Orlﬂ. ) lhﬂt takES 2

OrdinulfUnicc:—de
per following

t-in function &
code value. It15

- Determining

i Python offers 2 buil

ponding ordinal Uni

0rd(<single—character>}

with the help of 50M€ examples :

inal value of letter ‘A", You
dinal value (see below) :

Let us see how, | write ord('A”) and Python will reqy,

o To know the ord
corresponding of

ss>ord('A')
65

| But you need to keep in mind that
- even write an escape sequence enc
The opposite of ord(} function is chr(), i.¢. whileord() T
the chr{) takes the ordinal value ininteger form and retu

ordinal value. The general syntax of chr( ) function is :
ue is given in integer

requires single character string only. Yoy
s for ord() function. ay
eturns the ordinal value of a charagte
rns the character corresponding to !hai

ord() function
lased in quote

chr(<int>) # the ordinal val

| Have a look at some examples (compare with the Table 5.3 given above) :

R
|| »»> chr({65)
] lA.
>»> chr(97)
|al

5.4 STRING SLICES

As an English term, you know th i

4 e meaning of word ‘slice’, which
a i . . - s Wi m — L
same way, In Pytl.mnl. the term ‘string slice’ refers to a part of the stri eans — a pa ot of .In.'lhf
using a range of indices. e string, where strings are sliced

| That is, for a string say name, if we give name
| ' s fn:m|w
21;11:1&1:7; a;em:::tgeg;rs :Iti ]eg;al indices, Python will retu,rn];{;?cg
O e ars my_ ret t1-.n1ng the characters falling between
A w‘thr ingatn, n+1, n+2 ... tillm-1. Let
string namely wor:i th e Sambhs. Say .h -
storing a string ‘amazing’ i.e e have a

Part of a string contalning somt
contiguous characters from
string.

0
) 1 2 3 4 5
Wor a m a z i ;
= - j n
-5 - -3 :
o -2 -1
word[ @ : 7] will give F‘:m;ﬁhg'

the SHUNIE E
il 8531 vl 18 ol ;_llfzegs;sf.tarh!:lg from index 0 going up till
give |ama + 6 from indices 0 to 6, both inclusive)
=L Qletters from index 0 t 5
to3-1lie,0to2)
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word[ 2: 5]  will give 13540
. : (letters

word{=7 2 23] will give apyp from index 2 10 4 (ie, 5-1y)
(letters from, indices -7, . _5 4
index -3) * 7% 9, 4 excluding

word[-5 : -1] will give 3
g azin (letters from indjcps =54, 3, -2 excluding -1)

From above examples, one thing must be clear to yoy :

¢ In a string slice,

the character at last j
the result. astindex (the one following colon (:) ) is not included in

strin slice, ¥You g‘ive the Sli{'in iy 1
ln'ﬂ ; g R B iﬂ'lgEln the fCII‘InI(‘Hr' -inders - g

) cgimn ey J<last > . ].f, h ] y
SklP either of the b-“-sf" index or Ilisﬂ I’ylilﬂll will consider the limits of the strgng i.e.u;::vl:'rlssm'uug

begin-index, it will consider g th ; ol
oféi[he string. (the first index) and for missing last value, it will consider length

Consider following examples to understand thjs :

word[:7] will give  *amazing (missing index before colon is taken as 0
_ {(zero) )
word[ :5] will give ‘amazi’ ( -do-)
word[3:] will give ‘zing (missing index after colon is taken as 7 (the
length of the string) )
word[5:] will give ‘ng { -do-)

The string slice refers to a part of the string slstart:end] that is the elements beginning at start
and extending up to but not including end.

Following figure (Fig. 5.1) shows some string slices :

helloString[6:10) hellostring[6:]
encters [M[o [ 1] 1[o] |W[o[r[I1[d]  cwmcen [H]e]i[1]o] [W[o]r[1]d]
index l0 1 2 34506 7 8910 index 10 1 2 3 45678 9 10
(1 T T 0
first last first lost

helloString[:5]

helloString[3:.2
g arscers [HT o [T [T [] TW]olo]i]3

urscten [l [1[1]0] [wlolr[1]d]

6 10
fi first last
rs! lost

Figure 5.1 String Slicing in Python.

USing the same string slicing Ie;l.hnique, you will l:in-d that -
© for ﬁny index 1 _!{I,._: 4wl will give you original string s

This works even for negative or out of bounds.
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1. How are strings Internally stored ?

2 For a string s storing ‘Goldy’, what
would 5[0] and s[-1] retum ?

3. The last character of a string s s at
index lenfs) - 1, True / False ?

For strings, + means (1) ; * means (2} .
Suggest words for positions (1) and (2).

5, Given that

sl="spam”

s2="nl|"
What is the output produced by
following expressions ?
{a) " The Enights who say, ™ « 52
(5) 3"s1+2*3s2
{c) s1[1]

6, What are membesshlp operators? What

do they basically do ?

7. Dn what principles, the strings are

B.

?_.-

compared in Python ?

What will be the result of following
cxpressions ?

{a) "Wow Python" [1]
(b) "strings are fun.” [5]
(c) len(“awesome™)

(d) “Mystery“ [:4]

{e&) “apple” » “pineapple”
(1 "pineapple” ¢ "Peach”
{9) "cad” in*abracadabra®
(h} “apple” in"Pineapple*
(i} “"pine” in"Pineapple”

What do you understand by string
slices ?

Considering the same strings s1 and s2
of question 5 above, evaluate the
following expressions :

(a) s1[1:3)

(b) s1[2] +s2[:2)
() s1+s2[-1]

(d) s1[:3] +s1[3:]

o) s2[:-1] +52[-1:]

K4
Sfr ﬂl‘ '
COMPUTER SCIENCE WITH PrIgy, y y g
llr .
le. Consider the same g..
ve this withan cmmp, E“"“S !‘5
Leturp rd storing ‘amnzing L 7
namely wo .3 .
>>>mrd[3=]n""'°rd [:3) f
'zing "ama’ , D
n)uard[:?-]""""urd[a'] '
ing string [+ 3 =1] is ap str.;ns
‘amazin : way lo reverse -. n
. d[-7:] way laTevenea y el
»> wor‘d[-":’]l word [ (i = B0 ﬁ___ﬁ“’__!" pat an
T larl'IJZiﬂg . {Dr ¢
33> word[ :-7] +word[-7:] p2
amazing . o ' Fr‘i
You can give a third (optional) index (say 1) in string gliq
too. With that every nth clement will be tal_u:n S part of NG FUNC
qli-’:L* e, forword= ramazing’, look at following examples, STRL of
B AR - ’lr'o
1:6:2 It will take every 2md character on 3%
> ».r'nrd [ "'\-__] _ srarting from index = T iill index < ¢ [?ﬂ; d}' “roﬂ\'-*
‘mzn l-ﬂ‘ ol
any ¢
>>> word [-7:-3: a] Ir will rake every Ird character i';\ﬂﬁ mat) '[
‘az’ S— sparting from index = =7 to Index < 3 sery sll'inB Q
»y>word [ 1 -2] P m:,rth'lnﬁ 5
'glaa* ¥Ye  Fvery 20d character taken backuony F,Jhﬂﬂn methe
>»>word [ :-1] ke strir
‘ . Y Frvery character taken backwands, )
g Ia the follow !
Another interesting inference is : lhe meaning i

¢ Index out of bounds causes error with strings bul
slicing a string outside the bounds does not cause error,

or a string, va
et us now h

AES "HEIIE:..-—-—-—--. Will cause error because 5 ix invelid
print (s[5]) index-owt of bounds, for string "fidd’
Bul il you give
5= "Hello™
print (s[4 : 8])
print (s[5 : 10]) .
v
| L ) ~—______ Both limiis are outside the bound
the above will not give any error and print output as:

0
& - emply .*.:rin_,;

o One limit is outside the boundi
(lengeh of Hello is 5 and thus veid
indexes are 0-4)

Le., letter o followed by empty string in next line. T
reason behind this is that when you use an index, you 3
accessing a conslituent character of the string, thus
index must be valid and out of bounds index causes ero"®
;];_ETE 15 no character 10 return from the given index. Bu
i;:j:iﬁ_:élways returns a subsequence and empty sequer™
bnund; ;fqtl_lﬁnne. Thus when you slice a string outside =
bounds, | Stll can return empty subsequence and hen?
YIhon gives no error and returns empty subsequenc®
Truly amazing ;). Isn't jt 7,

.Ii‘:'e 34 Pythan's

—_—

Fin. capttal i ze
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s
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o .
5.8 Program that prtl;nts the r"”UMng —
C
- ™ Withoy, Using any nesteq loop
" L3N
LE X
Wiy,
string ="y Sample ryn of the program is as shown below :
e
pattEl"r'l =M f em | \ M
t B
for ain range(s) . Pty tring "
Pattern 4. String T
Print (Pattery) . :::'
l e
55 STRING FUNCTIONS AND METHODS
Python also offerg Many buﬂl-in i _
alr.;ad}' worked With one sycly mmh::;hlﬁns a_“d m's‘_ll‘-bds for string, manipulation. You have
about many other buil. OWerfyl oy {)in carlier chapters, In this chapter, you will learn
Every string object thay You cr u *'1INg methods of Python used for string manipulation.
do anything specifjc for this Ea[:L lln Python s actually N instance of String class (You need not
pulatihn methods thay are be-ir'.rg t;,;E:s:i ?Ll;:" for you - You know built-in). The string mani-
. . 4 below can e 5 1i . s i .
<stringObjects Method namas o PPlied to string as per following syntax ;
In the fu]]nwinp, table we

the meaning is intacy Le.

or a string variable
Let us now have

rring 1o “StringObject> a5 5
ave o replace string with 3 leg
2 string value),

»Youh

ring only (no
at holds

al string (j.e.

ation methods.

string.capital ize() I' Returns o copy of the string with its first character capitalized,
Example

33ty -Capitalize()
True'

>>>" 1 love my lndia‘.capitnlize{)

I love my India
|I'_‘—'———_______

l in the string where
turns the lowest index in the string w
Strlng.find(sub[, start[, end]]) ?Sul:ld within the slice range of start and end.
Returns -1 if sub is not found.
Emmp::: string = 'it goes as - ringa ringa roses'
>»> sub ='ringa
»>> string.find(sub)
13
5»> string.find(sub, 15, 22)
-1
33y string. find(sub, 15, 25)

19

angle brackets) but
 either a string literal
a look at some

the substring sub is

s bl o
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string.isalnum()

e if the ch

Tru
Retums reisa

numbers) and the
Example )
33y string = “?bclzsl'
y»» string2 = hellol
33> string3 = 1?345
»>» stringd =
»»» string.isalnun()
True
> stringz.isalnum(}
True
>3 stringB.isalnum{)
True
3 5tring4.isalnum()

False
P

aracters in th
¢ Jeast one ch

COMPUTER SCIENCE WITH pyy

aracter, False otherwise,

string.isalpha() ‘
1 one characler, False otherwise.

Example

isalnum)

»»> string.isalpha()
False

»»> string2.isalpha()
True

»»> string3.1isalpha()
False

>>> stringd.isalpha(’)
False

Returns True if all characters in the

(considering the same string values as used in examp

o

e string are ﬂ]phanumm

Phabe, N

string are alphabetic and there is at lm:i

string.isdigit() Returns True if all the characters

one character, otherwise it re
Example
(considerin

- & the same string valy
isalnum) b, VNICE

>>> string. isd ipit
False 0

23> string2.isdy it
False glt()

233 stping3.isd.
True 1git()
o Str'ingq.is

False “leit()

\

‘

as used in example of previou

le of previous function-

__—'—'-'-'-'.-l

in the string are digits. There must be 2
turns False,

Iﬂ:‘fi

5 ﬁ]ﬂfﬁm-|

| gtring-

string
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r:;z;;?;;I;Qer()

5

Returns True if all cased characters

at least one cased character, It retu n fhe string are lowercase. There must be

ms False othenwise,
Examplu

>>> string = *hellg
>>> string2 = "THERe
>>> string3 = 'Goldy
e string.islower(}
True

>>> string2, islower()
False

23> stringB.isluwerf}
False

;string.isspace()

Relums i i
e i3 . Tme if there are only whitespace characters in the string. There must
¢ at least one character. It retumns False othenvise.

Example

*»> steing =" ™ # stores three spaces
>>y string2 = " # an empty string

| String.isupper()

»»» string.isspace()
True
22> string2.isspace()
False

Tests whether all cased characters in the string are uppercase and requires
that there be at least one cased character. Returns True if so and False

otherwise.

Example
»>»> string = "HELLO"
»»> string2 ="There”
»»> stringd = "goldy”
>3> stringd = "U123" # character in uppercase
»»» strings = "123f" # character in lowercase
»»> string.isupper()
True
»>> string2.isupper()
False
»»> string3.isupper()

False
>»> stringd.isupper()

True
»3>> strings.isupper()

False
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7
= - lowercase. :
rerted to low ) ,
- , of the string mn‘-"’:i ralues as used in example of Previous
E Returns a €OPY ' 0, came string ¥ .
string.lower() o <idering the
Example (€ \ ,:
function - iSUpper
II 337 5tr1ng.luwer‘() )
'helld :I )
3> ctring2.lower( q
‘there' ~
373 string3.lower() ‘
‘goldy’ ;
s3> stringa.lower()
‘ulzd I
¥ strings. lower()
"123F
| e T i o prease.
| Returns a copy of the sfring converted to uppe |
strinE.UPpEf‘() . . e ced in cxump'le of previous
| doring the same string values as us
B Example (considering the
function - isupper)
353 string.upper()
| "HELLO
Rl s3» string2.upper()
; "THERE'
| »»» string3.upper()
| ‘GOLDY" o
| : »»> stringd.upper()
' 123 N
»»> stringS.upper() ;
'123F 1
I | »
I str 1
| string.lstrip([chars]) | Returns a copy of the string with leading characters removed. | 4
l f If used without any argument, it removes the leading whilespaces.
{4 1] One can use the optional chars argument 1o specify a set of characters to be L
I removed.
The chars argument is not a prefix ; rather, all combinations of its values (all
| possible substrings from the given string argument chars) are stripped when el
' they lead the string : |
Example l
l I | g i " -I
| || 4 Thu example for Istrip( ) requires a detailed discussion, hence we ar I'thl
Bl | giving example of lstrip( ) at the end of this table. F}L’-a
1Al tring.rstrip([chars])| Retu ) [rﬂi‘q
| string. P 1 1fL rnls a E‘}?P}’ of the string with trailing characters removed. ® he,
. ced v .
[\ el :1: wilhout any argument, it remaoves the leading whitespaces. Mlﬁ{
! ¢ Cha _—r g ) ey
i c:Iunr, argumient 1.r.j1 slring specifying the set of characters to be removed. | iy toy i
; £S5 argument is not a suffix; rather, all combinations of its values arc L g
giimple 'L |
| :
T i
4 The ox 1 ‘ ‘ |
giving i?‘fr‘rlf ll';:,- F‘ir'f"{ ) requires a detailed discussion, hence W€ 3 il%"li
vk Pie ob rstrip( ) at the end of this table. IL,.‘
__________-__-_-_________-_ ____'___.----. {
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Exomple for Istrip( ) function

22> string = "hel 10" "'“*‘T-‘Wlwmmh'ﬂh'. hence it remond
besding whironurs of the Hring

| >35> string.lstrip()

‘—.__'_____d-—-'

‘helle’
. Al ponaible yubssringy of given arpument the’ g
'r 2> string2 = There mihed with Lefi of (he uring -?:H,fﬁund. "
J 'There' n:-:mu. Pt s, |
— the kel et T, W © and their renad 1
, >3»> string2. lstrip[ ‘the' ) FRG 3 rasched, if any of these is found it iy Al
] "There' removed frem the left of the string 0
>>> string2.1stprg ; :
f . g 1P("The' ) The' Th, e’ Te', T, B, ‘™ and their 1
| re — mned R e marched, i any of these Ul
"\\r e Str‘ingz.lstrip('he') _,F."-l'o:f.ll.'im"l.ﬂ.fh\l'ﬂ the left of the sering |
. \ The” found | pence remound I
| There 4
o >>>» string2, . J
f Prﬂ'lﬂt:; [ ‘ ' g2 lstl"ip{ Te') \ No match in the lef of string found for “he', eh? 'J
here B e thuy same sring returmed .
I' b3 31 stringz.lstrip{'Teh'} ;
‘re’ BT Th ke Te', T, &% ‘¢ and their nenad i
. . Het T B, masched, if anv of thee ourd, i oivd I
’ > stringz.lstrip(hery N from the I o the g ! e Found & e |
[ re’ The” found | hemee remecned
I 3
f
.! On the same {ines, you'll be able to justify that
| o 01 -
¥ "saregamapadhanisa".lstrnp( tears™)
| ‘gamapadhanisa’
! >>> "saregamapadhanisa”.1strip( “races")
. 'gamapadhanisa’
|
- |4]h'i'
- Example for rstrip( ) function
Ues {ﬂ r '{\LTD\‘:\ ) ) ) . .
 when Mz The rstrip( ) works on identical principle as that of Istrip( ),

the only difference is that it matches from right direction.
Consider following examples. We know, vou'll be able to
understand if you have carefully read the reasons for lstrip( )

L. What is the role of these functions ?
2t (1) isalpha( ) (i) isatnum( )

(i) isdigit( ) (iv) isspace( )

Name the case related string mani-

examples.

Pulation functions. »»> string
3. How is islower( ) function different ‘helle’
i | fram lower( ) function ? . >>> string.rstrip()
<t I What is the utility of find( ) function 2 *hello
& 5. How is capitalize( ) function different >»> string2
from upper( ) Function ? ) "There'
8. How dg Lstrip( ) and rstrip( ) functions >»> string2.rstrip(ere’)

work ?




T
s3> string2.
TH

533 strin
'There'

rstrip('care’)

g2. rstrip(‘car’)

3> earS"
33> »saregamapadh
‘saregamapadhani'
+35 “saregamapadha

'saregamapadhani‘

anisa"-Fst"iF": "t

ni".rstrip( races” )

One more function that you haveu
of the string as the count of charac

len(<string>)

For example,

»33 string ='helld
45> len(string)
5

Consider following program that applies some of

have learnt so far.

5.4

Program that reads a line and prints its st

Number of uppercase letters
Number of lowercase letters:
Number of alphabets :
Number of digits:

rogram

line = input( "Enter a line :" )
lowercount = uppercount =8
digitcount = alphacount =9
for ainline:
if a.islower()} :
lowercount+=1
elif a.isupper() :
uppercount +=1
elif a.isdigit() :
dipitcount +=1
if a.isalpha() :
alphacount +=1
print ("Number of uppercase letters : "

print ("Number of lowercase lett
print (“Number of alphabets

print ("Number of digits :"

ced with strings
ters contained 1

COMPUTER SCIENCE WATH pypyo
.-h

)

is Jen() function which gives you the e,

n it. Recall that you use itas: ek

the string manipulation functions that yo,

aristics Tike

Saniple run of the program is .

Enter a 1ine : Hello 123, ZIPPY zippy ¥
Number of uppercase letters : 7
Number of lowercase letters : 11
Number of alphabets : 18

Number of digits :

=
"

3

s Uppercount)
o Brs 3 loweptuunt)
+"» alphacount)

digitcount)
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5.5  Program that reads g i, -

X ¢ and q subsirip
given SubSH’i”g in the ”J’]E, g. It shﬂu;d Il'if.'n d-'.sﬂfﬂ}" the number gf occlrrences U’f the

g™

lipe = input( "Entep line ;» )

sub = input( "Entep substr:lng ™)
length = lenfline}

lensub = len(sub}

start = count =g

end = length
while True :
l -
hej[,nm pos = line.find(sub, start, enq)
if pos I=.1 .
count +=1
start = pos + lensub
else :
break
if start 3= length :
break
print ("No. of occurrences of", sub, *:', count)
ial fid
e Sample runs of above program is :
enter line : jingle bells Jingle bells Jingle all the way
| Enter substring : jingle
No. of occurrences of jingle : 3
===== RESTART ===—==——z__ e
Enter Tine : jingle bells jingle bells jingle all the way
|| Enter substring : bells
| No. of occurrences of bells : 2
T~
) /]
k_J_';.'P STRING MANIPULATION Progress In Python 5.1
73
This ‘Progress in Python’ session works on the objective of practicing String manipulation operators
and functions,
i I-book — Progress in Computer ™
Please check the practicol compenen :
Science with Python and fill it there in PriP 5.1 under Chapler 5 offer D
et . practically doing it on the compufer.
b S
Ft-
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LET Us REVISE
e —

A

e P e

COMPUTER SCIENCE WITH Pivg,
{

\idual characters in contiguous memory locations,

dices.
n of a letrer in the string.

-« Up qumhh

Python strings are stored in memory by storing indiv
The memory locations of string characters are given indexes or f.n'
The index (also called subscript sometimes) is the numbered positio i,
In Python, indices begin 0 onwards in the forward direction up to length- ¢
backward direction. This is called rwo-way indexing.

For strings, + means concatengtion, *® means replication.

The in and not in are membership operators that test for o ; bwchdraeter s
. i crer- mparison
Comparison in Python strings takes place in dictionary order by applying chara 4 Parison ng,

|

substring’s presence in the string,

for ASCII or Unicode.

The ord( ) function returns the ASCII value of given character. 5 - |
The string slice refers 1o @ part of the string sstartzend] is the clement beginning at start and extending up (0 b g

including end.
The string slice with syntex sfstart : end : ] is the element beginning at start and extending up to but not Inchudny

end, taking every nth character.
Python also provides some built-in string monipulation methods like : capitalize( ), find( ), isalnum( ), Isalphyf)

Isdight( ), islower( ), isupper( ), lower( ), upper( ), Istrip( ), rstrip( ) etc. g |

g_olutd Problems

1.

-

What is a string slice 2 How is it useful ?

Solution. A sub-part or a slice of a string, say s, can be oblained using s [n : m] where n and mae

integers. Python returns all the characters at indices i, 1+ 1, i+ 2...m-1 e.Q.,

‘Well done* [1: 4] will give 'ell"
Figure out the problem with following code Sragment. Correct the code and then print the oulpul.

1. s1="must’
2. s2="try"'
3. nl=10
4. n2=3
5. print (s1 + s2)
6. print (52 * n2)
7. print (s1 +nl)
8. print (s2 * s1)
Solution. The prablem is with lines 7 and §,

¢ Line 7 - print 51+ n1 will cause error because s1being a string cannot be concatenated wid

a number nl,

statements will work :
(a) print (s1* n1)
(i) print (s1+ str(nl))
(c) print (s1+ s2)

co



nanden

ul.

Jf"‘i ?

4
o

e

Chapter 5 : STRING MANIPULATION

o
-

@ Line 8 - print (52 »
The corrected state,

i ] 3
i i

51) will cayge erro
rb y
ment will e | ecause two strings cannot be used for rep

ication,
print (s2 &+ s1)

try must

3. Consider the j‘o.’fawiu,g code +

string = input("Enter astr
count = 3
while True :
if string[@] == '3 .
string = string[2 :]
elif string[-1] ==y -

string = string [; 2]
else :

ing :")

count += 1

break
print (string)
print (count)

What will be the output produced, if the input is : (i) aabbec (i) aaccbb (i) abec ?

Solution,
(a) bbce (b) cc (c) cc
4 4 4

Consider the Jollowing code :

Inp = input( "Please enter a string ")
while len(Inp) <=4 :

if Inp[-1] =="7 : #condition 1
Inp=1Inp[@:3]+'c

elif*a’in Inp : #condition 2
Inp = Inp[@] + 'bb'

elif not int(Inp[e]) : #condition 3
Inp ='1+ Inp[l:] +'Z

else :

Inp=1Inp+'"
print (Inp)
What will be the output produced if the input is (i) 1bzz, (i)' 1a* (iii)* abe" (in)" Oxy’ (0)'xyz'?
Solution. '
(1) 1bzce
(if) 1bbee



i rem
(iif) endless loop because o will always

Wl endlessly.

(iv) 1= yce

(v) Raises an error as
! takes a string with multiple words

Iup[ﬂ] cannot be €0

5. Write a program tha ‘
forms a new string ol of i,

Solution.
string = input(
length = len(string)

mgnter a string " )

a=@
end = length
steing2 ="' #empty string
. while a ¢ length @
| ifa==08:
I string? += string[@] .upper()
a+=1

elif (string[a] ==''and string[a+1] !
string2 += string[a]
string2 += string[a+1] .upper()
a+=2
{ else :
string2 += string[a]
" a+=1
print ("Original String :*, string)
print ("Capitalized words String”, string

COMPUTER SCIENCE WITH PrTigy
X

2in at index 0 and condition 3 will be —

nverted to int.

and then capitalizes the first letter of each v,y ot

=":l H

2)

6. Wrile a program that reads a string and checks whether it is a palindrome string or not.

Solution.
string = input( "Enter a string :" )
length = len(string)
mid = length/2
rev=-1
for a in range(mid)
| if string[a] == string{rev] :
a+=1
| rev -=1
| else :

print (string, "is not a palindrome")

break
else :

print (string, "is a palindrome")

7. Wrile a program that reads q string and displays the
consenants, !

Solution.

string = input( "Enter a string :" )
length = len(string)

longest substring of the given string having just th¢

R TWr
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& Writeaprogram that reads g string

&« STENG MAMNIULATION

parlength = ma
naniuh = '
wih o=t
lensub = O
for ain rangr(]rn;th);
stringla) in'apgoy .
11 lensub » marlrnmh : tla] in Sy
Farxsub = guh
raxlength « lensyy
sub ="
lensub = g
clse :
Sub ee stringfa)
lensub = Irn(:ub}
3 4= ]
print {"Maximum length conionant «

SLbstring iy .-
print ("with* , rn.w}r-nmh,'qharanﬂ.;-}

L] l‘*Hqﬂr t'fll'-‘
e ""F‘I l'lf‘]hﬂ

s BANILD, end e * *)

and then frrints g pirimp that capetaleres o vry cther letter in the sirmgey.
asston becomes pAsSiOy, '

Solution

strinpg = input( “Enter a string )

length = len(string)

print ("Original string :*, string)

string2 ==

for a in range(o, length, 2
string2 += string[a)
if a < (length-1) :

string2 += string[a + 1).upper()
print (“Alternatively capitalized string := , string2)

F empty string

Write a progeram that reads email-id of a person i the form of a string and ensures that 5 belongs 1o domapn
Gedupillar.com. ( Assumption : No invalid characters are there in email-id).
Solution,

email = input( “Enter your email id :* )

domain = ‘@edupillar.com* .

ledo = len(domain) & ledo - length of domain

lema = len(email) g lema - length of email

Sub = email[lema-ledo 1)

If sub == domain :

if ledo != lema :
print ("It is valid email id")

elze : .
print ("This is invalid emall id - contains just the domain name. ™)

elee; -
print (*This email-id is efther not valld or belongs 1o some other Somaln. )




'qu Jaﬂﬁl‘lqap

nm SuiS8nqgs
uog 1noge sype; ospe Jadey snyp uoyidJ ur suondadxa pue SIOLD 4P jo

©ap} noA saa13 3] awres ay jnoqe syje; sardeyp sny “suondaoxa pue s.mn-';ig f;dsmn?jf T; ™
no£ 31 wer3oid anoA Snqop APAndagja ued nox “3urdSnqap parpea st SStgmmu.u.mHm LS u;
% 2P03 2 [AuUn 2po> a apidwodas pur way Audas (s)10112 Ay i’y iss nok i,
wawdoaaap Juunp ur daan 0) punoq are sioLa “Juiyiawos 10§ werdoad ajr A UsyAy
"aWONNO partsap

Tad se Suppzom apoo 031-101ID UR S1 UOI2LJSHES JASN JO UOLIM LI :.luo’puv :ug!lbﬂjﬁ!lﬂs 1a5n
JO aAndalqo sy1 123w 05 se os Alpanoaygo pauBisap aq pinoys a1eam)jos ay ‘sny g ‘ys “0“_‘" PalJsiies
s1Jasn ay) ‘uonnjos pazuajnduwios a1 £q paasas ase Jasn jo sjuawaxinbar o e gy swajqosd
1250 0) suopnios sayndwos aptaoxd 0) padoppaap are swaysds uoneuronn pasuaindiioy

NOILINAOYLN|

looy sabibngag Busn g9

¢ uriboid e Bngag o MOH tg
suondaax3g pue siou3 B9

¢ BuilBbngag s|EyM 29
uonanpanuy 19

FM"’U\U si_‘/\}_, ‘]

Swoibouy
buibbnqga(

19




6.2 WHAT IS DEBUGGING ?

6.3

6.3.1A Compile-Time Errors

COMPUTER SCIENCE WITH py1yo,
-

, ‘ m. An err
.move 'bugs from 'a Pfﬂgrﬂ OF cayy
sh means to re ht output, is @ ‘program bug’, Dy, oy

ng or in producing 1 Ived i
that the reason behind the bug gets resolve E.md thus b“BmaISE

Debugging in simple Engli .
disruption in program’s runmni
invalves rectifying the code 50
removed. '

i iques
In this section, we shall talk about general debugging techniq
and how you can debug code in Python.
Before we talk about debugging techniques, .
you to know the errors, error types, what causes them elc.
let us first talk about errors and exceptions.

IDERGOING T
Debugging refers 1 the pr
of locating the place of o
cause of error, and cg, o
the code accordingly, ‘ﬂm‘l

|

it is important for
So,

ERRORS AND EXCEPTIONS

Errors and Exceplions, both disrupt a program and stop its execution. However, errors and
exceptions are not the same. Let us first talk aboul errors and later we shall talk abg,

exceplions.

6.3.1 Errors in a Program

An error, sometimes called ‘a bug’, is anything in the code that prevents a program fron
compiling and running correctly. Some program bugs are catastrophic in their effects, while
others are comparatively less harmful and slill others are so unclear that you will ever discover
them. There are broadly three types of errors : Compile-tinte errors, run-time errors and logics!
errors.

oy ——

ST
-__.!."I" ;1 =1t 1|l:1q!t. )
-+ Syntax errors
<+ Semantics errors

Errors that occur during compile-time, are compile-time
errors, When a program compiles, its source code is checked
for whether it follows Lhe programming, language’s rules or
not. Two types of errors fall into category of compile-time errors.
1. Synlax Errors. Syntax errors occur when rules of
when a grammatical rule of Python is violated.

a programming language are misused it

— — e ——
i e e b — T ]
INFAX' pat ad

For example, observe the following two statements -

Syntax refers to formal nitt
governing the construction o
valid statements In a [angu2s®

X<-Y¥*Z
1fFX=(X*Y)

These two statements will result in synlax errors as ‘<’ i Pytho
<= Isnot an assignment operator in I}

and ‘= is the assignment operator,
. » Not a relational if i ck !
requires 2 colon () at the end of §, whi " missin;f;&gator. Also, if is a block statement
ove.

Therefore, the correct statements will be as follow
5:
X=Y*Z
1f Xz (X*Y) .
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2, Semantics Errors. ics F
2 Semantics Errors occur when statements are not meaningful. For instance,

the statement Sitaf pl.:‘:,,-s Guitar’ is syntactically and semantically correct as it has some meaning
but the statement ‘Guitar plays Sita’ js Syntactically correct (as

the grammar Is correct) but semantically incorrect. Similarly JLSEMANTICS [ TR
there . are Semt’mllcs rules of a Programming lﬂnguagc, Semantics refers to the set of
violation of which results in semantical errors. rules which give the meaning of

a statement.

For instance, the statement
X*Y=7Z

will res.u]it Ina semantical error as an expression cannot come on the left side of an assignment
statement.

6.3.1B  Run-Time Errors

Errors that occur during the execution of a program are run-time errors. These are harder to
detect errors. Some run-time errors stop the execution of the program which is then called
program “crashed” or “abnormally terminated”.

Most run-time errors are easy to id-:,-ntit'}' because program halls when it encounters them e.g.,
an infinite loop or wrong value (of different data type other than required) is input.

Normally, programming languages incorporate checks for run-time errors, so does Python.
However, Python usually takes care of such errors by terminaling the program, but a program
that crashes whenever it detects an error condition is not desirable. Therefore, a program
should be robust so as to recover and continue following an error.

6.3.1C Logical Errors

Somelimes, even if you don’t encounter any error during compile-time and run-time, your
program does not provide the correct result. This is because of the programmer’s mistaken
analysis of the problem he or she is trying to solve. Such errors are logical errors. For instance,
an incorrectly ‘m'.plm'u.-ntm! algorithm, or use of a variable before its initialization, or unmarked
end for a loop, or wrong parameters passed are often the hardest to prevent and to locate. These
must be handled carefully. Sometimes logical errors are treated as a subcategory of run-time

CITors.

0.3.2 Exceptions

Errors and exceptions are similar but different terms. While error represents, any bug in the
code that disrupt running of the program or cause improver output, an Exception refers to any
irregular situation occurring during execution/run-time, which you have no control on. Errors
in a program can be fixed by making corrections in the code, fixing exceptions is not that simple.

Let us try to understand the difference between an error and @‘[-:“:_::.__ .
exception with the help of real life example. 2 ===

While Error is a bug In the code
that causes irregular output or
stops a program from executing,
§ an Exceptlon is an irregular
is an ERROR. . unexpected situation pccuf’rin:
& ‘not that much amount in account’ is an EXCEPTION. during execution on which
& *ATM machine struck’ is also an EXCEPTION. peogrammer has o control

N - ——— e — e —

For instance, if you operate an ATM then
<> entering wrong account number or wrong pin number

¢ : DEBUGGING PROGRAMS &y
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data file and displays its COntent,

So you can th ; :

have no control on it e.g. YOU e Ell'mll:y' rect and Jogically CDrra.th too. Bl'nt when

screen. This prngram’s code 15 syntactic®™?.  does mot exist on disk ; this will EaUSe;.

this program thih file ‘h“t“}‘ o exception uccu;riiécpgggd PrOgram g,

EXCEPTION. So the progr in case a oceurs, the,

| one that has a cod® ?;t hal:'::]es f:; oy do the necessary action, the
exception handling ¢ e written ’ _

If a ::mgfam does jon handling "3'““;&1' t:Iten

| ill halt.

| in case of an exception’s o¢ct m Wi

masas

ra
ink of Exceptions in 2 Pm.;gode that opens @

Unhand!ed exceptions wiy g

bout how
aa python to halt execution,

In the following lines, W€ are giving
1 P}'mﬂn- Cr T T T
ey

'I.TanE!

exception handling routines arc written iR

Python — Basic Idea |
olves the use of try and except clauses In the following formy
ritten in the try block and the code [y

an exception is W
aised, is writlen in except bleck.

L Exceplion Handling in
Exception Handling in Python inv
wherein the code that may generate
handling exception when the exception is ¥

_ See below :
. try :
# write here the code that may generate an exception

except !

# write code here about what to do the exception has occurred

For instance, consider the following code :

These keywonds e
" Fy
| ewadto 7 print ("resultof10/5=", (1 The code thal may raie an el
h handle exceptions rnt (" » (10/5)) — fepd division may have divisor b4
in Python g p resultofle/0=", (10/0)) zero) is written in try block L
except :

print ("Divide by Zero Error| Denominator must not be zero!")

ﬁ' "l'\
This is excepl block; thi

The outpu i
put produced by above code is as shown below : s 3
. . will execute when
:e:uk °: 10/5 = 2 o
. esult of 10/0 = Divi
/0 = Divide by Zero Error! Denominator B‘
must not be zero!
i

| \
See, the expression (10 /0) raised :::drr"iﬂ"

i
which is then handled by except bl

- See, now the output
] £ produced does

is now what you dEﬁI‘I not shﬂu.v t.hE sc I
| ed under the exceptio ary red-coloured standard error mess*” 't

Python comes with n block
: many predefin '
common built-i s ed excepti Gomé
1 exceptions in Python are lis]:e; ?:T?;? known as built-in exceplions:
e6.]1.

I A
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r"_'_,__..———— Description
Raised when o i i3 ; . : .
FOFEmT without rea din’;“‘;y“:_jgf‘“ in functions (inpul( )) hits an end-of-file condition (EOF)
.-"""_-'—_—_ i .
= Ralfi?gd w}'lcr;_ lan I/O operation (such as a prinl( ), the built-in open( ) function or a
me of a file object) fails for an [/O-related reason, e.g., “file no! found” or “disk full”.
NameErTor Raised when an identifier name is not found.
[ndexError Raised when a sequence subscript ar index is ont of range, e.g., from a string of length 4
if you try to read a value of index like 4 or more i.e., string[4), string[5], string[-5] etc.
tiqll r-inse cexceplion as legal indexes for a string of length 4 are 0, 1, 2, 3 and -1, -2, -3,
only.
p— . .
jmporiError Raised when an import statement fails to find the module definition or when a from ...
import fails to find a name that is to be imported.
—-____ -
TypeError Balsed when an operation or function is applied to an object of inappropriate type, €.8.,
if you try to compule a square-rool of a string value.
ValueError Raised when a buill-in operation or function receives an argument with an
inappropriate value e.g., int(*z10*) will raise ValueError.
ZeroDivisionError | Raised when the second argument of a division or modulo operation is zero.
OverflowError Raised when the result of an arithmelic operation is loo large to be represented.
KeyError Raised when a mapping (dictionary) key is not found in the set of existing keys.

We are not going in further details of exceptions here.

64 HOW TO DEBUG A PROGRAM ?

Debugging involves correction of code so that the cause of errors is removed. But how do you
know what are the errors ? Well, the compile time errors (syntax errors and semantic errors) are
caught during compilation and for logical errors, you perform testing. Testing is done to verify
correct behaviour i.e., with some sample values (test cases) whose output is already known, the
code is tested — if it produces the anticipated output, code is correct and if it does not, there is

some error. Once you know the errors, you can debug your program.

Let us now learn some useful debugging techniques.

64 Debugging Techniques

Debugging a program is a skill. There are many traditional debugging techniques that you can

follow to debug your code. These are :

L Carefully spot the origin of error.
2. Print variables’ intermediate values.
3. Code tracing and stepping.

P —
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| i f Error f code if it is free f 0
1. Carelully Spot the Origin © yill run a line © Tom a, g
terpreter de h )
When Y““ run your cOdE‘, l-?;l:‘::lnul:; Errfor ]f the mnﬂlﬂg line of code has some Ermr Ex 1d|
‘ and semantic error, and Wi aumber and then prints its powers frop g " C

Consider the following code (hat inputs 2

. 1, a= int(iﬂpﬂt("E"

| 2. j’ Ilall
i 3. foridnrange(d):
4. print(j **1)

i reports
running the above code, Python
Upon 1 Sce, the interpreter reported error i lined

File "E:/temp.py”, 1line 4, in <mudu1e>/ But the real error does not lie in lined
" print(j**1)

tera numbel"" ) }

L TypeError : unsupported operand type(s) for s+ gr pow(): 'str and "int

But the statement

print(j **1)

gure out the real origin of the emer. |
I

| is syntactically and semantically correct. Then how to fi

When Python gives you a line number for the error, then :
() It means the error has manifested in this line.
i (i) Tts origin may be in this line or in the lines above it.

So, start looking backwards from the line of error, carefully reading the statements and youwl
find the real cause of the error, e.., for the above error, the real cause of error is in line 2, whez
rather than assigning the variable a, we assigned string “a” to variable j .

| 1. a=int(input("Enter a number"))

| 21 j = ”a" *—‘——_,_____‘_—__
| Error occurred because j was mistakingly

3. for : i
iinrange(4): ussigned string “a” in place of variable a
4. print{j**i)

So, we must correct line 2 as -
j=a

! And now, the code runs perfectly fine and gives output as
S

|
[
% i| 125
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2. Print Voriables’ Intermedigte Valyes
Dependi.ng upon your algnrilhms, the varj

riables’ values chan i
y t e during the execution. Sometimes
'i you get incorrect output but yoy cannot figure out what is Eausi E;:t In that it i d
idea to add many print( ) statements (1 ave N5 IL. In that case, it is a goo
Consider the follow mporatily) to inspect values of variables after exch stepe.g.,
"1 code that is trying to print some Fibonacci terms :
a=e
b=1
print(a)
print(b)
:’fhrl;,w“ for iinrange(s):
% C=a+b
print(c, end =~ "y
t! b=c
a=b
But it starts producing incorrect terms after printing some correct terms :
e
1
in of ey 1 2 4 8 16
Now to debug this code, it is a good idea lo temporarily add print( ).statements with some hint
string identifying variable, to check changing values of variables a, b and c, as this -
foriinrange(s):
. €=a+b
s and e print("c=", c)
n [i.l'lfi-‘Jz a=b

b=c The print( ) statements added to check on
Fl‘iﬂt("a =", a,end="") "__,'—“’-_ intermedivie values of varinbles a and b
=", a, =
print("b=", b)
Now upon running the code, you can carefully look at the output produced to figure out the
error :

a

1

c=1

as b=1

c= 2 As per Fibonacei logie, a s!mu{:.!' have ham I but it is2,
2 fE ‘/“ which means some problem with the assignment : either
d= =

the assignment statement is incorrect or the order of the
assignmen!t stateents is incorrect

€= 4
a=4 b= 4
C=B
a=8 b=8
c= 16




W - o u
Now carefully look at the code. You will fmr.if out ::;;Ting
incorrect : variable b first loses its value belore
a=b
b=cC
So correct this and the code now becomes |
a=0
b=1
print(a)
print(b)
for i in range(S) :
c=a+h
print(c)
= This change of onler of staternemis
a=b a/’d n-:‘ri'l!jmmtt the problent ard prnt
wC the correct B ihonacc tenms

3. Code Trocing
Another useful technique is code
executing code one line ata lime

tools or debuggers.

6.5 USING DEBUGGER TOOL

A Debugging tool or debugger is a specialized compute
test and debug programs writlen in a specific program

separate program or integrated with IDEs (Integrated Development Environment). Python
al?n provides a scparale debugger program called pdb. In this section, we shall leam to work
with both these types of debuggers. First, we shall learn to work wilh integrated debuggﬂrﬂf

Spyder IDE of Python and then we shall leamn to use pdb

6.5.1 Working with Integrated Debugger Tool of Spyder IDE
Spyder IDE provides a graphical front end to Python’s debugger pdb, thus makes it casier 10

use. This is called winpdb. Let us first learn to use this
we shall learn to work with Python's mmmand.basud

To debug your code through Spyder IDE's interactjve

1. Before you start with debuggi
eft n
visible. (see on next page) SEE process,
If, however, this pane is not visible,

View menu — Panes — Variab]

Or by pressing shortcut key Ctrl+Shiftsv

tracing. Code tracing means
and walching its impact on
variables. Code tracing is often done with built-in debugging

make sure that Variable Explorer P

- P
YOu can open it using command :

COMPUTER SCIENCE WITH PYTioy, A

rderof ll?e al‘ﬁig‘r‘lmt‘nt !htemﬂ\uh
it to yariable a, t.e., :

: iy e
|.‘h:_n!|__-'{__ ED WY

\—-u-o']
| W8P

Sp you can say that d:hu“{q
proadly means :
(o) Figure out the origin of
error in code
(b) Fix the erroneous code

{c) Review and rerun your code
to ensure that erroris fixed
Bt s - )

r program/software that can be used o
ming language. A Debugger can bea

— separate Python debugger program-

GUI debugger of Spyder IDE and 1at&f
debugger pdb. _

debugger, follow these steps ¢
ane &

e explorer
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'’ DEBUGGING

Y ' Progress In Python 6.1

Load a program that is producing some Grror or giving you incorrect output.

1. Figure out the problem in y

_ ' '‘our program using Spyder IDE's interactive GUI debugger.
2. Using pdb, pinpoint the e

frOT causing statements in your program and fix them.

. PI.EUSE l:hjeck the practical component-book — Progress in Computer o,
Science wilth Python and fill if there in PriP 4.1 under Chapter 6 after i i
praclically doing it on the computer. £

Pl e ST

LET US REVISE

PN — e |

W

t Debugging refers to the process of locating the place of error, cause of error, and correcting the code accordingly.

% Compile-time errors (syniax error and semantics errurs) refer to the crrors that violate the grammatical rules and
regulations of @ programming language.

" Runtime errors occur during the execution of a program.

“ Logical errors occur due to mistaken analysis of the problem.

U Irregular unexpected situations occurring during runtime are called Exceptions,
% Exceptions may occur cven if the program is free from all types of errors.

% Debugger is a (ool that lets you trace and execute code line by line.

% Python provides debugger named as pdb.

Sslved Problems

| —

- — -

1. What do you mean by Syntax errors and Semantics errors ?

Solution. Syntax errors are the errors that occur when rules of a programming language are violated.

Semantics errors occur when stalements are not meaningful.

=

Why are logical errors harder to locate ?

Sulution. In spite of logical errors’ presence, the program executes without any problems but the
output produced is not correct. Therefore, each and every statement of the program needs to be
Scanned and interpreted. Thus the logical errors are harder to locate.

What is gn Exception ?

Solution. Exception in general refers to some contradictory or unusual situation which can be
tncountered unexpectedly while execuling o program.
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Error
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Why is Exception Handling required ?

Solution. The exception handling is ideal fo
that program ends gracefully rather than a

What is the need for debugger tool?

; ; is big or the erroris not y
Solution. Debugger tools are very useful especially Ef '_J"' ﬂ;d:ﬂuse Ef problem. Debugger ri
becomes very difficult to manually figure out the ongin an T tools

: i tion and’its result " Nery
prove very handy and useful. They show us the line fbi; l’"i;;lzcn:'.‘ NC 315 result on Varigy,
interactively and help a programmer get to the root o P |

¢ processing exceptional situationsin a controlleq ,,,
brupt crashing of the program. %

OSSARY

e ————EE

Violaticn of syntax, semontics or problem-speciications.

Exception Occurrence of imegular, unreasonable, exceptional situgtions during runtime.
Code Tracing b.nr_uhng code one line ot g line while shumng the code line bCl-l'Ig executed.

ﬁ-;';i

5l',||ntl'lf

1. What are main error types ? Which types are most dangerous and why 7

rJ

. How can you handle an exception in Python ? Write sample code to
. Name some common built-in exceptions in Python,

Correct any false statements :
(a) Compile-time errors are usually easier to detect and (o correct than run-time errors.
{b) Logically errors can usually be detected by the compiler,

Differentiate between a syntax error and a semantics error,

Differentiate between a syntax error and a logical error in a program. When is each type of error likely
to be found ?

What is the difference between an error and exception ?
illustrate it.

When does these exceptions occur ?

(a) Type Error (b) Index Error (<) Name Error
What is debugging and code tracing ?

. What are these pdb commands used for ?

@b Bd @1 @h (gn (p
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e List 3
Manipulation

_I.T\ ’-‘(h"q, C\n‘\’{”(”

7.1 Introduction

7.2 Crealing and Accessing Lists
7.3 List Operations

7.4 Working with Lists

7.5 List Functions and Methods

INTRODUCTION

The Python lists are containers that are used to store a list of values of any type, Unlike other
variables Python lists are mutable i.e., you can change the elements of 3 list in place ; Python
will not create a fresh list when you make changes Lo an element of 2 list. List is a type of
Sequence like strings and tuples but it differs from them in the way that lists are nutable but

strings and tuples are imniutable.
This chapter is dedicated to basic list manipulation in Python. We shall be talking about
Creating and accessing lists, various list operations and list manipulations through some

built-in functions.
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72 CREATING AND ACCESSING LIST? + sequence of values belongin

tore - : '
thon that can 5 wing are some list L
A list is a standard dat_u tWh::,gh square brackets, €8+ following 5in Pm,:’- f
type. The Lists are depicted  retwithno nember, empty list \
it
[] st of integers N ink Lis
| (1, 2, 3] : iji_st of numbers {1ntgger‘5 and floating po ) rtf-."ngu p
[1, 2.5, 3.7, 9] g 145t of characters (f \:,:11"1,‘_'
| ['a" ' ¥ C'] . 8 list U'F mi)tEd value typES El" |
| (a', 1, 'V, 3.5, 'zerd’] 3
' [‘One', Twd, ‘Three'] # 145t of strings

: » thin g TR
ceed and discuss how to create lists, one thing ['EJI:;GE :

Before we pro ) i e, modifiable) ..‘-Wr'i
that must be clear is that Lists are rn.ui:tli:l:u[m ther words, Lists are mutable sequency, Pl
i.c., you can change r.-l-:“‘-'-‘“}“ of .1 listin {-" ’-‘ even after you Python lLe, you cap ﬂm: }1111 F
. the memory address of a list will not change able types of elements of a list In plags. oI"5’
' change its values. List is one of the two ﬂ'"-f  : all other | EE———— C
| Python - Lists and Dictionaries are mutable types # =3 .
data types of Python are immutable. .
o '1
7.2.1 Crecting Lists . f
g L. ots. That is, use square b
| To create a list, put a number of expressions in Stll‘“m_bmr‘kl;t_s E:una‘i Fursg'am e T"’d‘“"h
|' indicate the start and end of the list, and separate the items by € 2 pie: )
(2, 4, 6] ] :
_: [abc’, 'def] INfofmEl Do
[1, 2.8, 3, 4.0] " |
Lists can contaln values of mixsd
‘ (] . data types.
Thus to create a list you can write in the form given below : e e Yo
Co
L=[]
‘ L=[value, ...]
[ This construct is known as a list display construct.
- Consider some more examples :
|| & The empty list
o . - i (g
,' The empty list is [ ]. It is the list equivalent of 0 or'* and lil-‘@';il:"* /ﬁm \
like them it also has truth value as false, You can also g 7
create an empty list as : Usts are formed by pladni? T
comma-separated-list of eP* |
L ALSt() ssions In square brackets.
i i ==
| It will generate an empty list and name that list asL. e
| & Long lists
If a list contains many el . -
l y elements, then to enter such gplit it ac™
| several lines, like below : long lists, you can sp
' sqrs=[0,1, 4
! 135 22[5 1256 iags; 1362,425' 36, 49, 64, 81, 100, 121, 144, 169,
i y h; 2 ’ ) » 361, 488, 441, 484, 529, 576, 625 ]
otice the opening square bracket - - ot in
T and closin in
beginning and end of the list, g square brackets appear just
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R A list cann have an eleme |
["'I]l;qt, mentin i, whye, itself 1 g Jigy. g i
ul'! ] L1=[3, 4, [5, 6], 7] S Such a list is called nested list, e.g.,
L1 Is a nested list with fo,,
i ’-'lt‘ml'n. :
, Length of L1 is 4 as it coypns [5, 6] : "'i’t*dujl’i 6l and 7, L112] element is a list 5, 6]
- L l"““'l"ll. ' ’ g

(g Lists from Existing Sequencas
you can also use the built-in )js type obje
given below @ ¢

},\I L= lst{<sequences)
"'Hq..;

there <sequence> can be any ki oy
“I. f',l'l (e [ 'I}r ]\l"d {lf E\Ll;ul_lncv nb]‘[‘ft inc]ud » i
A creates the individual elements of the Tist from (1 ; Ing strings, tuples, and lists. Python
- "M the individual elements of en
s of passed sequence. If

cl 'tl . v e
creale lisis from sequences as per the syntax

l-‘? you pass in another list, the list function makes 5 copy.
=y Consider following examples ;
3> 11 = 1ist('hello’) o Lit11 i cuted from amorher seqaence -
3 11 e o string “helly®
ORI E TR T TRy hm”ﬂfﬂ:lﬂd&'ﬁrﬂ'fr‘fémm e
Eh‘hh ! h r By 1 ] 1 2 O J fndividua) .L-l:ml :rf::r ring i
»rt=(W,'%e,'r, 't '¥) iy |
~ »3» 12 = 1dst(t) PR L‘:LF;._': ewatted from cmotker sequence -
2312 It peneruted individial elements from the
il [W,'e, ', 't Y] individual efements of the pased tuple 1.
» ] 4 a
—| You can use this method of creating lists of single characters or single digits via keyboard input.
Consider the code below :
11=1ist(input('Enter 1ist elements:'))
enter 1ist elements: 234567
211 +— See. it created the elements of lise § wsing
[.2. 3,y g T ] cach of the characier input
g L] F ] ) 4 F
Notice, this way the data type of all characters entered is string even though we entered digits.
g To enter a list of integers through keyboard, you can use the method given below.
g Most commonly used method to input lists is eval(input()) as shown below :
2 oMYy 4—— atl( ) iries to (deniify tpe by looking ar
list = eval(input( "Enter 115t to be added:™)) th ghen epresion iR on nxt page

print ("1ist you entered :", 1ist)

# oo«
When you execute it, it will work somewhat like :
Enter 1ist to be added: [67, 78, 46, 23]
list you entered : [67, 78, 46, 23]
4 ) does not work in Python Shell. At that time, you can

Please note, sometimes (not always) eval(
fun it through a script or program 100.




The eval( ) function of Python
For example :
eval('5+8")

will give you result as 13
Similarly, following code fragment

y= eval("3*1e")

print(y)
n use it with input( ) too :

will print value as 30 ] S
] il
Since eval( ) can interpret an expression given as string, ¥’

varl = eval (1nput(“Enter value:"))
print{varl, type(varl))

Executing this code will result as :

Enter value: 15 + 3

18 <class "int'>
as 1B but also stored the result as int value., Thys

See, the eval( ) has not only interpreted the string “15+3"
with eval( ), if you enter an integer or float value , it will interpret the values as the intended types :

varl = eval(input("Enter Value: "))

varl = eval(input("Enter Value:"))
print(varl, type(vari))

print(vari, type(varl))

Enter va‘luf.-_: ?? Enter value: 89.9
75 <class "int'> 89.9 <«class ‘float'>

You can use eval( ) to i i
() to enter a list or tuple also. Use [ ] to enter lists’ and () to enter tuple values

varl = eval(input("Enter Value: ")) varl = eval(input("Enter Value: ')ii

print(varl, type(varl)) print(varl, type(vari)) |
Enter value: [1, 2, 3] Enter value: (2, 4, é. 3)” -
[1, 2, 3] <«class 'Tist's (2, 4, 6, 8) <class 'tuple's>

H .
owever, use of eval( ) may lead to unforeseen problems, and thus, use of eval( ) is always discﬂ%

7.2.2 Accessing Lists

Lists are mutable (editabl
) e) sequences havi i
access its individu | - nga PrOgTESSlOl'I of ele beawa 0
2 elements and certainly there is, But before mwin;f;ﬂm;:recemssusing individyu
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Chapter 7 = LIST MANIPULATIGN

gimilarity with Strings

Lists are sequences just like string
their individua] eleme

indexing in strings, In

dnner, | . :
0123.. and backwarg Indexing as Im elements are als indexed, ie,, forward indexing as
Bas-], -2, =3, ..., [See Fig 7.1 @]
st =y "5 -
Forward indgxing 0 1 2 3 “'PUUI'
- e~ 3 4 ESI10) = "0’ = ka1
bsnl—n G u\l Bsti[1] = ‘o = kgt1[a)
5 o = HafI2] = T = hisps]3)
3 -2 g Backwarg indexing Eet1[3] = "o’ = Ksty].2)
Bsttfd] = "u" = faraf-1)
{a) List Elements twg way indexing
D —_ 17 Lists mre stored in MeMOry exacty ke & 5, ExCopd
that because some of their ohjncts ar:ul?rper than
1 tl—l- True others, thoy store a referoncs 8l =ach Indax
2 '——_—_ “good" -\\ Inzinad of tingle characier ay in sinngs,
3 - 150 Each of the Indrvidual ilams of the fist are

stored somewhsre elso in memaory

{b) How lists are internally organized
Figure 7.1
Thus, you can access the list elements just like

you the element at ith index of the list ; List[a:b] will give you cle
b-1and so on.

Put in another words, Lists are similar lo strings in following ways :
< Length .
Function len(L) returns the number of items (count) in the list L.

© Indexing and slicing .
L[ i ] returns the item at index i (the first item has index 0), and

L[ i:j ) returns a new list, containing the objects at indexes between i and j (excluding

index j).

© Membership operators

sts | ‘ oIk ces.
i v ists just like ey work for other sequen
Both “in‘ and ‘not in’ operators work on Lists j ike th

That is, in tells if an element is present in the list or not, and not in does the opposite.
15,

H L}
& Concatenation and replication operators +and

’ Y ¥ i 1l
T tor adds one list to the end of ancther. The * operator repeats a list. We sha
e + opera E

be talking about these two operations in a later section 7.3 ~ List Operations.
alkin

you access a string’s clements e,g., List[i] will give
ments between indexes a to




+232

vaersing a List

ements ¢ a list ar¢ acces

a .
dividual clfﬂ;‘l"‘;ng examples * While accessing list elemep,
you pass in a negative | "
i W] python adds the length of
w,'1’, 04 IJsttutheindextogetmmmr,

Accessing Individual El

entioned, the in : o
isngh their indexes. Consider f

33> vowels = [,

1s[@] forward Index, That is, g,
;::- vowe g-element list L, L{-5] yy ;
1s[4] internally computed as -
33> vowe L{-5+6]=L[1},and 504,

W e
. nng

53> vowels[-1] o —

u
»»> vowels[-5]
a’ . ] r—leneth, — ft‘HS!h +1
. . dices (0 to lenglli 1o ! ‘o,
Like strings, if you give index outside the legal in Ihon( will raise Index Error (see below)

. . s s ts, Pyt
uptill 1) while accessing individual elements, &

= rar 'E' Iil .DI, 'u' ] ’
»»> vowels = [, '¢, 'L, 5 is nat legal index for vowels list. thus cannot
»>> vowels[5] — D o acewss individual elemient

Traceback (most recent call last):
File "¢pyshell#1>”, line 1, in ¢<module>
vowels[5]
IndexError: 1ist index out of range

Difference from Sirings

Although lists are similar to strings in many ways, yel there is an important difference in
mutability of the two. Strings are not mutable, while lists are. You cannot change individual
elements of a string in place, but Lists allow you lo do so. That is, following statement is fully
valid for Lists (though not for strings) :

L[i] =<element>
Fi i .
or example, consider the same vowels list created above, that stores all vowels in lower case

Now, if you want to change some
; of these vowels, you may wrj
’ ay write something as shown below:
>»> vowels[@] ='A' i

vy Sl ‘\;ﬂffrr, .ir,nlm”g"d the elemeny in i.'-"—:-l 0 '--'-‘_:'.‘?- . _ﬁ
['A, o, 1, o, 'Lf] Fﬂ?t::ff‘dd:?:fud fo “A") nio new e

] - -
35 \FOHEls[..;] ='F MUTABLE we Lists gre Lists are similar to strings in
kG many ways like indexing, slicing
['a, ', 1", ‘0, "l.l'} and accessing individual elements

but they are different in the
sense that Lists are mutable
while strings are not.

—— I

L Sty oyl . 275w

R
ecall that traversa] of a sequence Mean

traversing a [ist also S accessi
m 551N .
eans the same and & and pl‘OCcssmg each element of it. Thus

why sometimes i
e call a traye Same js the .
rsal as |oop; ool for it ; i
PIng over 4 + 1.¢,, the Python loops. That ¥
Sequence,

‘E Cor

list

7.]

fogram
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for loop makes it easy 1o i il
The Ytolraverse O'IWPDVHﬂwllminalist, as per following syntax :
for <item> in <List>:
process each iten here

For example,

following loop shows each item of a Jist L in separate lines -
L= [IP‘I YJ‘ 't.J 'h.; '0', II'I'] "
forainl :

print (a)

The above loop will Produce result a¢ d

T o

How it works

The loop variable a in aboye loop will be
loop-variable a will pe assigned ‘P in first it
iteration, a will get element ‘¥
If you enly need 1o use
and len() as per followi

assigned the List clements, one at a time. So,
eration and hence ‘P’ will be printed ; in second
and ‘y" will be printed; and so on.

the indexes of eleme
ng syntax :

nts to access them, You can use functions range( )

for index in rangeflen{L}):
process List[index] here

erses through a list using above format and prints each item of a
list L in separate lines along with its index.

7.1 Program o print elements ofalist{'q", ‘w', ‘e*, r*, 4" W Iin separare lines ulong with element's
bath indexes (positive and negative)

L = [.q'l "'JJ .E‘J .r'l 't.l '.l-"‘]
length = len(L)
forain range(length) :
print("At indexes", a, "and", (a - length),

“element :*, L[a])

Sample run of above program is :

At indexes 0 and -6 element : q
At indexes 1 and -5 element : w
At indexes 2 and -4 element : e
r
t
Y

At indexes 3 and -3 element :
At indexes 4 and -2 element :
At indexes 5 and -1 element :

Cl3"""Iiic1rflng Lists

You can compare two lists using standard comparison operators of Python, j.e.
Python internally compares individual elements of lists (and tuples) in lexicographical order.

is means that to compare equal, each corresponding element must compare equal and the
tWo sequences must be of the same type Le., having comparable types of values.

S =S !;Etc'



COMPUTER SCIENCE WITH muﬁﬂq

Consider following examples :
s>>11, L2=[1, 2, 3], [1, 2, 3]
>»>13=[1, [2,3]]

»»>L1l==12

True
»»>Ll==1L3
False
For comparison operators.:r, <, =, ) o erepr
comparable types , otherwise Python will §
: ideri ve two lists :
i considering the abo | .
Consider the following For first comparison, Pythion did not give any error as
o

the corresponding elements of two lists myg be of
<= {he

e both lists have w."uf's of sm:;:rt:::,z:;ﬂ e not of
For second comparison, as 1
o sLEJI. L3 comparable ypes, Python raised error

Traceback (most recent call last): a s
File “<ipython-input-180-84fdf598c3f1>”, line 1, in <mo

L1<L3 PR e 2
TypeError : ‘< not supported between instances c:-f_ int’ and "1list

Python raised error above because the corresponding second EIEI'[:IQI‘lfS .Df lists i.e., L][.ll and
L3[1] are not of comparable types. L1[1] is integer (2) and L3[1] is a list [2, 3] and list and

numbers are not comparable types in Python,
Python gives the final result of non-equality comparisons as soon as it gets a result in terms of .
arison. If corresponding elements are equal it |

True/False from corresponding elements’ comp
inds elements that differ. Subsequent elements

goes on to the next clement, and so on, until it |
are not considered (even if they are really big). See below:. |

Table?.l Non-equality Comparison in List Sequences

L Comparison Result Reason
(1, 2, 8, 9] <[5, 1] True Gets the resuly with the comparison of corresponding first
elements of two Jists
1<91s Trye

[1,2,89]<[1, 2,913 True Gets 11
’ € result with the compar; ding thir
elements of g lists panson of corresponding

8<¢9ig True
Iy

[1,2,89]<[1, 2, 9, 10] True
Gets the result wij '
§ th th s i I.hlrd
elements of tyg Jigs | O PATISON of corresponding
™ 8¢9 jg True
12,8, 91¢[1, 2,8, 4 ]
2 £, 8, 4] False Gets the result with
elements of two lists

e

the comparison of corresponding fourth
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, for comparison purpo,
’ lying al the '-“ﬂml;m:’r;o:f;r yihon intemally compares individual elements of two lists,
PP es that You have read carlier. Consider following code -
»ra=[2, 3] 558 51,
p>>b={2, 3] False
>»ec=['2', '3']
= >
: S 2-0] era Notice for comparisem purposes,
15'\'! »re=[2,3, 4] False < Sython ignoved the types of elements
QLE\'& >»»a==p *»>de=p uril compared values only
\ True v True
>va==c 5598 2 6
: False True

."';u: fuxs I"lfurn-f be eqrial, they et gy same number uf elements aud matching
Wiliees frecall jng andd float il rratching vafues gy considered equal)

There is also a cmp( ) function that

o can be used for sequences’ comparisons but we are not
covering it here.

73 LIST OPERATIONS

The most common operations that you perform with Jists include joining lists, replicating lists
and slicing lists. In this section, we are Boing to talk about the same,
Me| 731  Joining Lists

Kl Joining two lists is very easy just like you perform addition, literally ;-) . The concatenation
operator +, when used with two lists, joins two lists. Consider the example given below :

|

»>1stl=[1, 3, 5]
1]

»»>1st2=0[6,7,8]
»>> 1stl + 1st2

(1,3,5,6, 7 8] and ereates a new list
3 ' ] ¥ y +F

As you can see that the resultant list has firstly elements of first list Ist1 and followed by
clements of second list Ist2. You can also join two or more lists to form a new list, e,g.,

>>> 1stl=[18, 12, 14]
| 2> 1st2 = (28, 22, 24]

| >»» 1st3 = [30, 32, 34) */__-——— The + operator is wsed fo concatenate
| three individual Iists to pet o new

2> 1st = Ist1+ e combined list Ist,

> 1st

(10, 12, 14, 20, 22, 24, 38, 32, 34]

e R— b

T ——————

——

The + operator when used with lists requires that both the operands must be of list types. You
fannot add a number or any other value to a list. For example, following expression will result

into error -

list + number
list + complex-number
list + string
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;_ i hing
Consider the following examples See erron Fﬁ:.:adm}:lﬁ:‘"i:?”"
nd
»3> 1st1l=[18, 12, 14] other tha
»>> 1stl+2
Traceback (most recent call 1ust3n;0du1m
File "¢pyshell#a2>”, 1ine 1, in
LU i t
Ist1+2 ) ot "int") 0 1is
TypeError: canonly concatenate 1ist (n
»3> 1st1 + "abc”
t):
Traceback (most recent call 1a.s
File "¢pyshell#44»”, line 1, in <module>
lstl + “abc” ) >
e to lis
TypeErrar: can only concatenate 11st (not "str")
7.3.2 Repealing or Replicating Lists 3 |
pealing cate a list specified number of times, ¢o

Like strings, you can use * operator o repli

(considering the same list [st1 = [1, 3, 51)
The * operator repeats a list s pecifics

3> 1st1 * 3 — number of times and creates @ new fist
[1,3,5,1,3,5,1,3,5] RT—

Like strings, you can only use an integer with a * operator | Rt

J il when trying to replicate a list. When used with lists, the +
E , operator requires both the
|

|
operands as list-types; and the *

7.3.3 Slicing the Lisls
operator requires a list and an

|
. List slices, like string slices are the sub part of a list extracted
il out. You can use indexes of list clements to create Ijst slices as ime.gm' A Ao o = '
per following format : - |

seq=L[start:stop]

The above statement will create a list s
slice namely seq having el i
: : ements o i
| :;;:’;1; ?:::{Jr%l;.]}mp_l' Recall that index on last limi is ngot included i:stLL :’_“r“}’flexiﬁ';f*;
i .
nitsell, thatis, you can perform all Operations on it just like you pf frs ; "':"*"1 te )
; rform on lists.

Consider the following exam ple:

JI
|: 33> lst=[19, 12, 14, 28, 22, 24, 3p
| 2> seq=1st [ 3; -3) 3]

I 33> seq
I. [28,' 22 24 :""‘.—--—n- -
..s- s sala] « 2 ST
i 23 5eq \ Tri Lfstart: I
ing to mod;, :stop] creates a list shce
| [28, 28, 24] and iy ,;m,,ﬁ'ﬁ',;"};_s&"‘m of seifin place ; out of list L with elements falling
' g 85 a list i jjsely use the list sljce between indexes start and stop.
: not including stop.
eSSt

I-’-‘ I
i
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ot normal indexing, if the resultin

tion. Slices are treated as boy,, the Jise, Python ra

exceP . e I Nslead, ang (he .
ween the bﬂul'ld_ﬂrh‘..‘b. For the stop piven e “—"!.l-lll will sim
rounds) p}-‘u-.on simply returns (he elementg that § l;‘lt'yond ot Uit in
wilhoul raising any error, 2% bt

for example, consider the fﬂlluwjng ;

darics §

ises an IndexError
start and

Ply contain all items

a list slice (i.c,, out of [
ween specified boundaries, if any, ." 1
l 1

> 15t =116, 12,14, 28, 22, 24, 3, 35, 34)
»»> 1st [3:30)

4_'——-_\__'—__\—‘
(20, 22, 24, 30, 32, 34]

Giving Limi . (i1
Jiat, fmrm W wuy beyond the size of the

. Frturm elemeny from st falling I [ Hl
»»» 1st [ -15 :?] « " range I onmwards <3 \ : |
[13; 12, 14, 28, 22, 24, 39] T Giving lower bimis much Lenver, bt Python I ! |
Fetlrns elerneniy froem lin falling in range =15 omeurds <7 l l |
g —— \ |
»>1102,3,4,5,6,7,8] 1 |
Legal frugey range is 0.6 and -7 .. -| || l i
>>>L1[2:5] Ml
e |
hl'nﬂ' g »Ll1[6:10] T One limir iy out of bounds .-I ‘ |
1t
[B] T No error ! Python tetums o stifi-list as per Eiven range (| 1 i
»>>L1[18:20] < i)
T Both limirs are oul of bounds |
[] —— Python gives no error amd retyrms G emply sequence ay I| |
,: : no element of LY has index falling in range of 10 10 20. l| '
Lists also support slice steps. That is, if you want to extract, not RIS TS !
"*:’" L consecutive but every other element of the list, there is a way out O— |
O e . e chene a e ;2 . Llstart : stop: step] creates a list
- 1s. The slice steps are used as per following format : -
and the * the sfice Ste’l reeste P b slice out of list L with elements i
and seq=L{start:stop:step] falling between indexes stort f I t
_— Consider some examples to understand this. and stop, not including stop, i
- skipping step-1 elements in | il
RE
s>» 1st tferfff"_ e ——— il i
(18, 12, 14, 28, 22, 24, 30, 32, 34] il
I | |
Inelide every 2od element, e, skip | element i
sl »>1st[e: 10 : 2‘}\ inn between. Check resulting list slice i I ‘
e It . e fl
s Ila’ 14! 22J 39] 34] ‘_'-:-_-.-_'!--_7:-_-.-_-_---_-_-_-_-_:-_-_'.-'7'-:".'.-.-_-_et'-'-'-'-'-.‘."':‘-"--- illl
!
KT Include every s element, i ., skip 2 elements I
»ylstf[2:18: 3] in between '
[14, 24, 34]
; ! is gt 5 That is, from
¥~ No start and stop given. Only step is given e |1
g %3 lst[ 113] the entire fist, pick every 3nd element for the list slice.
(18, 20, 30]
: G
i onsider some more examples :
5 seq=L[- tzver‘y’ other item, starting with the first
Q=L[::2] #ge her item, starting with the sixth element, {.e., index s
4 Seq=|[5: :2] i get every other s




ou gi

a jon
following express!

Like strings, if ¥
List = [5' G, B, 11, 3]!

print ("Average of elements of slice 2:", avg)

Using Slices for List Medification

J Following examples will make it clear to you :

>»> L=["one", "two", "THREE"]

I'l ;;: Il-, "THREE"] @ Notice, what the list changes 0.
|J >>> L =["one", "two", "THREE"]

;' »5> L[@:2] ="a"
|
f »> L

[.-a-’ "TI-IREE-] %:l Notice, what the lig changes 19,

In ail the above examples, we have ass
| being assigned must be a sequence
'

ComPUTER'SCIENCE WITHIFYTHON .

the
Al reverse
R | Ry .
ve ﬁLiSlnﬂm wi“ teVEfSEI ol

1l 23> Listf::"-]@ Sex, ml'"-rrﬂ-ﬂrf o 1 .
) | ' -
[3, 11, 8, 6, 5] mbers. pisplay @

You can use slices to overwrite one or more list elements with one or more other elements.

>33 L[0:2]=[0,1] «—— __ assigning new values (o list slice

igne : SYUT
r'.fn aci_new values in the form of a sequence. The values
« a list or stnng or tuple elc.

Jist: e.g./ for.a lis fay

|':.'|!"- | -j

. ti'P rir':t"”"! Slﬁm d,f Hr:mi'r!us of firsy \ Bt

. . - 5. Program shoyly

| -~ en list of numo=s on indexes 510 12, TFOITEN S10UId alg,

! f 7.2 Exract o list-slices Lt U“.’ Eﬁ:;::c.-' clement of the ;TS'.'.b'N'wfiiﬂﬁls' every fourth dfmm."-u"» the st ¢

| | list-slice which F‘ﬂ"nmﬁ.ﬂt? n second list sfice that €@ B

v, e L't r.'.lh'spfﬂy |'h|{' ﬂ'll-'-l:'rﬂ'yf ﬂr Ph’ml‘ﬂts 5 "-1 1to 200, el Iu : J'] L
i The given list contains ””.'f'bqr's ot 4,15 16, 17, 18, 19, 20]

| 12, 13, 14, 22 7

| 1st=[1,2,3 4,5, 6 7,8 % 16, 13, 25

Il slcl=1st[5: 15 :2] ~|
slc2 = 1st[::4] -
sum = avg = ©
print (“5lice 1%)
forainslcl:

| sum+=a fe s

print (a, end="") Sample run of above programt 13 :
print () :
il : o slice 1
iyl print ("Sumof elements of slice1:", sum) 8 10 12 14 "
- l print ("Slice 2") sum of elements of slice 1: 50 7.
| sum =@ slice 2
| forainsle?: 15091317
V) sum+=a average of elements of slice 2: 9
i a,end="" |
‘ r ,' . :r;}nt ( ) Pu[JE
Al prin
He avg = sum /len(slc2) '
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"4 For example, following assignment is alsg valid,
»>> L1=[1, 2, 3] . : ! '
n, >>>11[2:] = 604" ¢——u_ String s also @ sequence b
. "-J,J_ »»» L1
e (1,2, 3,76%, "8, "a’) L3
LN . -
A But lf}l"’“ try to assign a non-sequence value to a list slice such as a number, Python will give an
error, i.c., i
323 L1[2:) w345 o——ou 43 is @ number, o @ Sequence
File ¢onennain™, lne 154 <modules
L1[2:] =345
Ty'pﬂ'frf'ﬂi': can Uﬁi}' .“1551*:“ an ltl"‘.]!!]{‘
But here, you should also know something, If you give a list slice with range much outside the
length of the list, it will simply add the values at the end X\
»r3 L1=[1, 2, 3)
» L1 [ 10 : 28] = “abcd~ +— T B0 rror avn though lisr afice limin ure ounide
33> L1 the lenpth. Now Pyihon will append the lettens
to the end of it L1
(1,2,3, 2", 'b", "¢", y - b [
X 74 WORKING WITH LISTS
Now that you have leamt to access the individual elements of a list, let us talk about how you
¥ can perform various operations on

lists like @ appending, updating, deleting ete.
Appending Elements 1o a List

You can also add items to an existing sequence. The append() me

thod adds a single item 1o the
end of the list. It can be done as per following format :

L.appendi 1T
Consider some examples :
o 1stl = [10, 12, 14]
¥ 1stl.append(16)

s 1stl _—— The cloment specifiad ar arpument 1o append() i
[10, 12, 14 16] L ) addad i the end of evisting Ly
[ 2 a

Upduﬁng Elements to o List

To update or change an element of the list in place, you just have to assign new value to the
element’s index in list as per syntax :
L[index] = <new value>
Consider following example :
>>> 1stl = [18, 12, 14, 16]
23> 1st1[2]) 2 24 «———
s 1stl

Staterment updating an clement (3rd eleneny -
having index 2) in the list

Display the list 10 sev the updated list,
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to remove an h'ldh"” iy
ent can be used
mbﬁluw, I

Deleting Elements from @ List :ots, The del staterm be used as per syntax giv
ove items from 1is dlice. 1tis 10
Youcanam m all items identified DY @ « dridex
r to remove ent 2
jtemn, O # to remove elem nts in1ist slice
del List [ (indi?:.l ¢stop> ] # to remove eleme
del List [¢start? -
Consider following examples * o, 11, 12, 13, 14, 15 16, 17, 18, 19, 20]
’ ’

7,8,9,
t= 1 2 3 dJ SJ E’ ’ Py . 15l
o»dstold % = o element af index 1011 Jist namely Ist

et S
>>> del 1st[18] &@ o See 11 got deleted- Compare with list abave

¥ » J12J13l1 ’15516’ ,1 ’ ¥
F rl
k"‘ﬂ”f kl“'l.'e"

— i :
>»> del 1st[10:15] f:,l::‘.:y a.r_\rr{:'anl,tﬂ-"f the result disp

»»» 1st =
(1,2, 3,4,5,6,7,8,9,10, 17,18, 19, 2 ]
| If you use del <Istname> only ¢.g., del Ist, it will delete all the elements and the list object 1o
| After this, no object by the name Ist would be existing. ‘ |
method to remove single element, not list slices. The pap( ) method
t and the pop method do pretty

indexes 10 to 15 in list

[11 2: 3! 4: 5J
layed below

!
| You can also use pop( )
removes an individual item and returns it. The del statemen

much the same thing, except that pop method also returns the removed item along wilh

deleting it from list. The pop( ) method is used as per following format :
# index optional; if skipped, last element is deleted

I
[
} List.pop( <index>)

Consider examples below :
»»»1st=[1,2,3,4,5,6,7,8,9, 18, 11, 12, 13, 14, 15,

preEg
ENCOUTAE -
_'_'___,_.‘—l

| Lt

While del statement can remaove

’ 16, 17, 18, 19, 20]
: 1-: >>> 1st.pop() a single element or a list-sfice
H 20 from a list, the pop{ ) an
| >>> 1st.pop(18) remove only single element, not
list slices. Also popl ) retruns the
deleted element too.

—- gy o —

'{ 11

The pop( ) method is useful only when dainhy
. yYou want to st

| element being deleting for later use, €.8. ore the

=

[

i item1=L.pop() # last item

i 1tem? = L.pop(e) #first item
! item3 = L.pop(5) # sixth item

. Y

: u#\ LISTS IN PYTHON - |

f P

|I Progress In Python 7.1

11ds PriP sessi v ] P pula
Ti : r 10n works on the Ub]ECﬁvE of racﬁl:ing List Manij tion Operators
- l i t -

:‘
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Making True Copy of a Lis)

gometimes you need to make a copy of a list and you generally tend 1o do It using assignment, e.g.,

;-[1, 2, 3] Trying to make liy
bea 4--"""'_'__—_Iuliub S
put it will not make b as a duplicate list of g -

» rather just like Python L:__r—-
does, it will make label b to point 10 where label a is pointing to, i.e., as b
hown in adjacent figure, b’

List

1t will work fine as long as we do not modify lists, Now, if
reflected in other because a and b are

»ra=[1, 2, 3]

you make changes in any of the lists, it will be
like aliases for the same list. See below -

»»>b=a

»>a[l] =5

»>a

(1, 5, 3] See, list b is alwo reflecting the

»»>b changed walue of list a

(1, 5, 3] —

. - | 8 —=

See, along with list a, list b also got modified. What if you want that the — ™
copy list b should remain unchanged while we make changes in list a ?

That is, you want bath lists (o be independent of each other as shown in
adjacent figure. For this, you should create copy of list as follows : bl
b=1list(a) o
Now a and b are separate lists. See below :
»»>a=[1, 2, 3]
»>»> b=1ist(a)
»»>a[l1] =5
22> d
(1,5, 3]
>»» b
(1, 2, 3]
>33

List 2

"“________,__ Now, list b is not reflecting the changed

value. List b is independent of list a

Thus, true independent copy of a list is made via list( ) method: assigning a list to another identifier just
\_Creates an alias for same list.

/

75 st FUNCTIONS AND METHODS

Python also offers many built-in functions and methods for list manipulation. You have already
Worked with one such method len( ) in earlier chapters. In this chapter, you will learmn about
many other built-in powerful list methods of Python used for list manipulation.

Every list object that you create in Python is actually an instance of List class (you need not do
anything specific for this; Python does it for you — you know built-in ). The list manipulation
Methods that are being discussed below can be applied to list as per following syntax :

<listObject>.<method name>()
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C v 1
242 ferring 19 clisli‘:::?la legal list (i.c., cither a list literal o o i
) p 3 1
' . - anles, we are = ace List Wi
In the following ©AMPEE 4o ve to TP e - sthods. \
the meaning, is intact i.¢u ¥ L manipulahﬂﬂ i
ist)- ae-in lis |
eoject (on hakds 11 . al some useful built-10 ,h
e roves e ..+ Tt is used as per follow:
o from the list 1613 per folloyip,
1. The index method - yex of firs matched iter
This function returns the INAe
formal :
List.index (<item>) ”
. - 1]’ 16, ]S, I
" example* o N He 113’ " lue 18, e1en I'Jr
Il he i l‘.TUfﬁn;:”:_ :'
»>> L1.index (13} e :;:L:H;I.;r,::i.r vafiee 18 @i e .
1 tin the list, it raises exceplion value Error (see below) |
i i ite i mn ’
However, if the given item 15 1O
List.index(33) . | |
Traceback (most recent call last): 1 |
i i dule>
Fi]e"-cipython-input-ﬁe-BEBFCQbe}:Sc:- , line 1, in<mo ‘
; 1ist.index{33)
i"r | valueError: 33 is not in list
' 4l
F | i 2. The append method |
A J' As you have read earlier in section 7.4 that the append( ) method adds an item to the end of the
bh % list. it works as per following syntax :
e
|i- | List.append(<item>)
iy = Takes exactly one element and returns no value
} i For example, to add a new item “yellow™ to a list containing colours , you may write :
? >3 colours = [ 'red, ‘green’, 'bluc']
|

>>> colours.append('yellow)

Wil »»» colours See the item got added ar e
b //_ end of the lisy

) ['red, 'green’, ‘blue', 'yellow)

The append( ) does not return

| ! the new Ii
| consider the following e E

xample ;  Just modifies the original. To understand i
His »»1st=[1, 2, 3]

> 1st2= 15t-append(n ) Trying 10 assign the resuly uf

t
i >>> 1512 *HAPpend() 10 anothrer list
il e
11 b3 15. % See, b2 | y
It >ist did mop e TP @5 append )

L 4
' [1,2, 3, 12] e

Cont

Th
Co

Differen

lis
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\ 3, The extend methed

The exterd() method is also used for adding multiple elements (given in the form of a list) to a list.
But it is different f) "U"_l append( ). First, let us understand the working of extend( ) function then
we'll talk about the difference between these fiw functions.

The extend( ) function works a6 per following format :

List.extend(<list>)
= Takes exactly one element (a tist type) and returns no value

That is extend( ) takes a list as an argument and appends all of the elements of the argument list
to the list abject on which extend( ) is applied.

Consider following example :
>»>tl=[a, ", '¢']
»>t2=["d, "e')

Extendd the bt 18, by acliding all

>»> tl.extend(t2) elements of 12

> tl See the elements of lint 12 are
e, ‘____._-—— aeldedd ap the end of list ¢
(&, '), 'c, 'd, e')

>3 12

ild' 'E‘] ({

The above example left list 2 unmodified, Like append(), extend() also does not return any value.

Fur lise t2 remaing unchuanged.

Consider following example :

Trying to ussipn the result of
Ist.extend() to anather list

»»>t3=tl.extend(t2)
>3 s Sve, (3 05 emipty as extend () did not retum any value. Bur
3 st 00 s extended with elements of fist 12,

Difference between append( ) and extend )

While append( ) function adds one element to a list, extend( ) can add multiple elements from a
listsupplied o it as argument. Consider the following example that will make it clear to you:

>»>t1=[1,3,5]

»>t2=(7,8 ] append( ) can take single object -
>»>tl.append(186) ) whetler single item or single sequence

(1,3,5, 10) —————— Notice when we try to give multiple
>»» tl.append(12, 14) argiments to append(), what happens?

Traceback (most recent call last):
]
File "<pyshell#4>", 1ine 1, in <module>

Notice the error reported
t1.append(12, 14) s i

TypeError: append() takes exactly one argument (2 given)




ost recent call last):

Traceback (m in <module*

File "(pyshellr.!?>“, line 1,

t2.extend(10)
'int' object is not iterable

cDMFUTER SCIENCE WITH PTTHI:)N .
=4

I- : erpfx int e
et 244 try fo entet mumﬁfjr:!f:'rch'u D
N Loy i (riotice 34
2141) L fom o9 v
3 Tl .append([12, witl add the l.‘a:‘ﬂlf?fd:‘f::;” s ome dement,
> tl = ﬁﬂ':“"_" he length of the list b e 4] s
1] Check ! Becanse el fy
[, 3, 5, 18, [12, i e 1
freatcdd a5 3 gl
e _///
T 1) canol audd & single element: i
s ekt :
tend(19) :.:::I'IJ'I-M a fusf as arguenit
»»> T2.exten - .
L

TypeError:
>>> t2.extend([12, 18]) *—__ !
»» B2 Frther Fﬂrrl':fn‘ fist value or d ! The append| ] can add 2 ﬂ"l’!
(7, 8, 12, 14] objert - elementtotheend cufaTis'u.p,d-,ne
- (20, 40] o extend( ) can add argumey.
»»> t3=[20, _._._________...—-"’"'—’ list’s all elements to the eng o
. »>» t2.extend(t3) « the list.
'J.' I ‘ > t2 ey After append( ), the length of (ha
(R 12, 14, 20, 49 Notice, extend( ) added the individual | ;
.F " Il, (7,8,12, 14, ] i .-f:-:::mrs o the list argument (3. 12, list will increase by 1 elemen
I | ’ { >>> len (t2) __._--::5".- which curlier had o eleenents las aow only ; after E’_‘tendl ), the length
rr | JII - PPy & elememts — including 2 elements of of the list will increase by the
: ! list 43 length of inserted list.
(i DTy
,. _,:J 4, The insert method
,'_'=1 The insert( ) methed is also an inserlion method for lists, like append and extend methods,
I However, both append( ) and extend( ) insert the elemenl(s) at the end of the list. If you want to

I exfend( ) are of no use, For such a requirement insert( ) is used.

i The inserf{ ) function inserts an ilem at a giv

b List.insert( <pos>, <items)

i = Takes two arguments and retirns no vafie,

| The first argument <pos> is the index of

f - <ilem> is to be added, {he element before which the second argumer!

’|."' Consider the following example:
[ > =, e, )

i 2> tl.insert(2, 'i'})

»tl

# inSEt Ele"‘Entl

[a, e, ', vy

Se elemeny i inserpd at jndey 2

I

I"at index 2.

insert an element somewhere in between or any position of your choice, both append( ) and

en position. It is used as per following syntax:

SF




nd mefog

you wats
end | o

,-'mm:

o
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for function Insert{ ), we can say that ;

1jst-1"5'3'"tw' x) will insert element x at the front of the list i.e., at index 0 (zero)

pist.dnsert(len(a), x) willinsert element x at the end of the list — index equal to length of
the list ; thus it is equivalent to list.append(x).
If index is greater than Jen(list), the object is simply appended.
If, however, md':'f" is less ll‘fln zero and not equal to any of the valid negative indexes of the list
depends on the size of the list), the object is prepended, i.e., added in the beginning of list e.g., for
a list t1=[a’, e, ‘i', v}, if we do :

s»» tl.insert(-9, k’) # valid negative indexes are -1, -2, -3, 4
x> tl
['k', "a’, 'e’, "1Y, "u'] # list prepended with element ‘k’

5. The POP method
You have read about this method earlier. The pop( ) is used to remove the item from the list. It is

used as per following syntax :
List.pop(<index>) # <index is optional argument

— Takes one aptional argument and returns a value - the item being deleted

Thus, pop( ) removes an element from the given position in the list, and return it. If no index is
specified, pop( ) removes and returns the last item in the list. Consider some examples :

> 1l
ll:'k",, |al-1 iei-' rii‘ 'pl, 'q', |ul]
>»>elel = tl. pﬂp( B) St Remove element at index Oie., first

»»>alel element and store it in elel

e @; The removed element

»tl
Tl Bl BT N W A F "_'_'—‘—-—-—_
[a','e', "1, P, 'q, U] List after removing first element

>>>ele2 = t1.pop()

3>

. >ele2 +————— No indox specified, it will remove
u the last element

»ofl

e, ]

', e, 'Y, P, g
The pop( ) method raises an exception(runtime error) if the list is already empty. Consider this :

2Wrt2=] # empty list

>>>t2.pop()
— . ‘
Trying to delete from empty list

Traceback (most recent call last): raises exception

File "¢pyshell#31>", line 1, in <module>

t2.pop()
IndexError: pop fromempty list



at if you know the valye OF thy
‘tion in the list 7 Wel|, P}'lhn“

6. The remove method

While pop( ) removes
element to be removed, but you do

| rai
] thought it in advance and made m{-ﬁ
I The remove() method removes the i

) following format :
. List.remove ( <value> )
i The remove( ) will reportan error if the
>>> t1=[a, e, 1, P, D ‘o, 'qd, Pl
'| »>>> t1.remove('a’)

an ele
[able the - = from the list. It is useq 3 pey
tOCCI-lrrc'ncE o |
(ment and does not retury anythiy,

sential argt .
s one €8 the list. Consider some exampleg,

— Take .
re is no such iterm n

ceof 0’ s remmaved from the list
et

| First occu
i > tl
I Ifl e P, ' ‘', 'q., Pl .
i »>> t1.remove('p’) First occurrence of 'pis remaved from the list
o »>tl — '

| ['E‘, 'ilJ 'CI'; 'a'_' 'qu 'p'] P— an element ."p'l""-h Is

| Trving U |
y ] ] ror.
I ‘.'E' 'R H-‘JJ Pﬂ‘!‘t’ﬂf 113 ”l!' fl.'if. FTISCY (o
i »»> tl.remo ( ) F. I

“ Traceback (most recent c'all laf‘.tJ: The pop method removes an!
'I'r File “<pyshells45>", line 1, in <module> individual item and returns i,

t1.remove('k') while remove searches for 3
I'l'l ValueError: list.remove(x): x not inlist item, and removes the firy

| matching item from the list,
ff' 7. The clear method Exidl

-
|

0 This method removes all the items from the list and the list becomes empty list after this
| function. This function returns nothing. It is used as per following format,

List.clear( )
For instance, if you have a list L1 as
»>L1=(2,3,4,5]

>»> Ll.clear() s—— it will remove all the iteins Jrom lise L1,
> L1

[ 1 «——— Nowthe LI is an empty list,

Unlike del <Istname> statement, clear( ) removes only
After clear(), the list object still exists as an empty

8. The count method

] the elements and not the list element
ist.

This function returns the coun
in the list, it returns zZero,

List.ccunt(-:item )

t of the item that

Itis used as per fol] you Passed as argument. If the given item isnol

owing format -

For instance, for a list 1 1 =[13,18, 20, 10, 13
>>> L1.index [18] * S <]
2 <
retums 2 gs yf, .
>>> L1.index(28 ) TETE are M itemyg ypirn value 18 in the Jist
0 <« |

|

I

. & s
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Why e \ists called mutable types ?
what are immutable counterparts of
Lists ?

what are different ways of creating
Lists ¥

what values can we have in a list? po
they all have to be the same type ?

How are individual elements of lists are
accessed and changed ?

How do you create the following lists ?
[g} [4, 5 b)

®) (-2 1. 3]

() [-9. -8, ~7. -6, -5)

(d) [-9. -10, -11, -12]

(0 [0 1. 2]

Ifa=[54 3,2 1, 0] evaluate the
following expressions:

(o) 2[0]
() al-1)

() ala[o]]

(d) afa[-1]]

(e) afafala(2] +1]])

Can you change an element of a

sequence? What if the sequence is a
string? What if the sequence is a list?

What does a + b amounts to if aand b
are lists ?

What does a * b amounts to if 2 and b
are lists ?

What does a + b amounts to if a is a list
amdb=57?

Is 2 string the same as a list of
tharacters ?

Which functions can you use to add
tlements to a list ?

'fﬂut is the difference between append( )
and msert{ ) methods of list?

is the difference between pop( )
4 remove( ) methods of list?

Lis the difference between append( )
2d extend( ) methods of list?

Mo does the sort{ ) work? Give example.
does list. clear( )function do ?

9. The reverse method

E}::—' ’;’T'l‘rit'l'_J feverses the items of the list. This is done
Place”, ie., it does not create a new list. The syntax to
use reverse method js :
List.reverse()
= Takes no argument, returns no list ; reverses the list ‘in place’
and docs nop return anything.

For example,

1
[Iel' |i|j |an |a|' .q.’ .p,]
?>> tl.reverse()

»otl <

[P, 'q,a, g, 1, ')
2> 12=[3, 4, 5]
>>>13 =t2.reverse( )

The raversed list

> 13 44— ] steres nothing as rovnef )
335 12 does mot retum anything
[5, 4, 3]

10. The sort method
The sort( ) function sorts the items of the list, by default

in increasing order. This is done “in place”, i.c., it does
notcreate a new list. 1L is used as per following syntax :

List.sort()

For example,
»>tl=['e, "1, q, 3, 'q, P
»>> tl.sort()
] a— Sorted list in default ascending ordor

a,e,'1,'p,'qd,'q]

Like reverse(), sorl() also performs its function and does
not return anything,.

To sort a list in decreasing order using sort( ), you can
write :
»>> List.sort(reverse = True)

[erE S

Please note, sort() won't be able to sort the values of a |
list if it contalns a complex number as an element,
because Python has no ordering relation defined for
complex numbers. !
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along with its index In the \isg,
1

pProgram 1o .
- 3 H
1st = eval{input{ enter 11

Jength = ].El'ln(lst)
min_ele= 1st[@]

min_index = e e
for i in range(1 1ength-1)

jf1st[i] <€ min_ele :
min_ele = 1st[1]

min_index = i
print{"Given 1istis: s

Fe i -
: | print("The min 3
‘: I print(min_ele, “at index"”, min jndex)

| - 11, -9, 111

enter list ¢ [2, 3, 4. ~2 6, ?,j. s, -

Given 1ist is : [2. 3. 4 -2'. 6, 1_-1: N
The minimum element of the given 115 :

-9 at index 8

' 7.4  Program 1o calculate mean of a piven list of numbers.
I rogram 1st = eval(input("“Enter 1ist : "))
length = len(1lst)

mean = sum =@
for i in range(®, length-1) :

sum+=1st[i]
mean = sum /length
print("Given list is : ", 1st)
print("The mean of the given list is :", mean)

Enter list : [7, 23, -11, 55, 13.5, 20.05, -5.5]
Given list is : [7, 23, -11, 55, 13.5, 20.05, -5.5]
The mean of the given 1ist is : 15.364285714285714

) :
7.5  Program to search for an element in a given list of numbers

1st = eval(input("Enter list "))
length = len(1lst)
element = int(input(”Enter el
ement to b e
foriinrange(a, length-1) : ¢ seanched for )
if element == 1st[1] ;

print{element “found at i
: at "o
break index", i)

rogram

else :

# else of fo
print(element, r loop

“not found in given list")
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sample runs of above progray, o being g
Blven bqlnw &
1ist ¢ [z, 8, 9, 11, -55, -11 :

i pntef element O be searched for .

f + 22, 78, 67)
mefouﬂd at index 5
1

-11
o s — g
- '."' . . m"?_—mg
ater 115F ° (2, 8, 9, 11, -55, .gy, 22, 78
M element to be searched for ; .,y ' ov 67]
E:; not found in given Tist

‘ ta count frequen :
7_6 Program | yola Biven elemeny i
V Lin a list of numbers

' 1st = eval(input(“Entepr list :»
21 length = len(1st) )

element = int(input ("Enter element ")) \
count =8
for i in range(e, length-1):
if element == 1st[i).
count+=1
if count==9 :

e ar—p——
i 4

e ——
- e

e e —
-
- —

print(element, "not found in given list™)
else :

—
e
pep——

print(element, "has frequency as", count, “in given list")

Sample run of above program is given below :

o

: Enter Tist : £1| 1| 1| 21 2- 3! 4- 2- 21 5! 5! 2: 2| 5]
| Enter element : 2

1-; 2 has frequency as 6 in given list \ l
)7 Program to find frequencies of all elements of a list. Also, print the list of unique elements in the list ‘
{ and duplicate elements in the given list.

.! gram

1st = eval(input("Enter list :"))
length = len(1st)
unig =[] # 1ist to hold unique elements
dupl =[] # 1ist to hold duplicate elements
count=i=9
while i < length :
jzj::rj—.tj,— et # count as 1 for the element at 1st[i]
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2 at ot 10 dupl Lfr 7
me -
1§ element not nunid and e1€ .
| -
i+=1 ‘ 11:
for jin range(1s le"gtm. e
if element == 1st(3] ) 3 ;
s
count +=1 _ for 1oop &n «
n i"ner IOOP :" count) L
else: :Hh':t" plement; -.Fr-equency' 1 & q
" e 2 -
print("E em
. J
if count == 1: "
ia. append(e1eme®) s
else: it 1emnnt) s
-appenc(® upl lists
dupl#:i:Zn element 15 found in uniq or dup .
else: 3
i+=1 2
print("original 1ist", 1st) hese print ) statements are it 4
print(“Uniqueelementslist", uniq) purt of while 100
" ments 1ist™, dupl) i
print( Duplicatesale e
I 2 |
P frer tist @ [2, 3, 44 5, 30 60 70 30 50 2, 7,1, 9 2]
© Element 2 frequency: 3 \
| Element 3 frequency: e;l
| =

3

Element 4 freguency: 1

Element § frequency: 2

Element 6 frequency: 1

glement 7 frequency: 2

glement 1 frequency: 1 1
Element 9 frequency: 1
original list [2, 3, 4, 5, 3, 6, 7, 3,5,2,7,1,9, 2]

unique elements 1ist [4, 6, 1, 9]
puplicates elements list [2, 3, 5, 7]
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yists are mutable sequences of Python i.e., you can change elements of a list in place.

1o create @ list, put @ number of comma-separated cxpressions In square brackets.
The cmpty Square brackets i.c., [ | indicate an empty list.
Lists index their elements just like SIrings, i.e., two way indexing,

Lists are stored in memory exactly like strings, except that because some of their objects are larger than others, they
store @ reference at each index instead of single character as in strings.

Lists are similar fo strings f" many ways like indexing, slicing and accessing individual elements but they are
different in the sense that Lists are mutable while strings are not.

Function len(L) returns the number of items (count) in the list L.

Membership operator in tells if an element is present in the list or not and not in does the opposite.

The + operator adds one list to the end of anoher. The = operator repeats a list.

List slice is an extracted part of a list; list slice is g list in itself.

L{start:stop] creates a list slice out of list L with efements falling between indexes start and stop , not including stop.
Common list manipulation functions are : append( ), insert( ), extend( ), sort( ), remove( ), reverse( ) and pop( ).

How are lisis different from strings when both are sequences ?
Solution. The lists and strings are different in following ways :
() The lists are mutable sequences while strings are immutable.

(i) In consecutive locations, strings store the individual characters while list stores the references
of its elements.

(i) Strings store single type of elements - all characters while lists can store clements belonging
to different types.
What are nested lists 7

Solution. When a list is contained in another list as a member-element, it is called nested list, e.g.,

1=(2,3, 4, 5]]

The above list a has three elements —an integer 2, an integer 3 and a list [4, 5], hence it is nested Jist.

What does eacly of the following expression conluate to ?
Solution. Suppose that L is the list

["' rhESE”, uarc" nuﬂ‘ ["rE'W'", “‘I"u'ﬂ'l"dsnl, “[hat", ".w-e"" "'W'iu", "'US-EH].

(a) L[3:4)
L[3:4][e]
L[3:4][e]1(1)
L[3:4][e][1][2]
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(h) “few inL (¢ “feu in L3)
(d)  [L[1]] +L[3] () LI4:]

7] | (n L[e::2)

| Solution. /
. (@) L[3:4] = [[“few, words]]

L[3:4][0] = ['Few, ‘words']

L[3:4][0][1] = 'words'
' L[3:4][0][1][2] ='T . fth
(/) False. The string “few" is part of a list whichisan elemen

an element of L.

i (¢) True. String “few” is p

! () [L[1]] =['are’]
' L[3]) = [ 'few, '‘words')
[L[1]] + L[3] = [are’, 'few, "words']

it is a neated fist

e list L, the literal string IS oy

art of list, which is at the index 3 of List L i..,, L[3].

it -;-i' (¢) [ 'that, 'we', will’, 'use’]
(1 n [ 'These', 'a’, 'that’, 'will’]
| ' j 4. What does cach of the following expressions evaluale to?
. Suppose that L is the list
! [“These”, [“are”, "a"], [“few”, “words”], “thal”, e, “will”, “use”].
r. i ()  len (L) (h) L[3:4] + L[1:2] (c) “Few" in L[2:3]
] (d) “few" in L[2:3] [@] (¢) "few" inL[2] (¢ L[2][1:]
|
|

(g) L[1]+L[2]

IJI Solution.
N (a) 7
"; () L[3:4] = ['that’]
il L[1:2] = [['are’, a']]
,{ L[3:4] + L[1:2] = ['that’, ['are, 'a']])
! (c) False. The string “few” is not an element of this range. L[2 : 3] returns a list of elements from
L->[['few’, "words’]], this is a list with one element, a list,
j (d) True.AsOthelementof L[2: 3] listisa list [“few”, “words”] which has a member “few"init.
| (¢) True. L[2] returns the list [“few’, “words’], “few” is an element of this list.

(N L[2] = ['few, words']
L[2][1:] = ['words']
(&) L[1]=[are, ‘3]
L[2] = ['few, ‘words']
. L[1] + L[2] = [‘are’, 'a, "Few, ‘words'
5. Lisanon-empty list of ints. Print the smalles| and largest infeger in L. Write the code without using alodp:

Solution.
length = len(L)
L.sort()
print ("smallest ", L[e])
print (“largest:*, L[length-l])
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rite the most appropriate list method 1o perform the following tasks,

(a) Delete a given element from the fis,
(©) Add an element in the end of the list,

(b) Delele 3rd element from the lis.
(d) Add an element in the beginning of the list.

(¢) Add elements of a list in the end of a list,
oution. (@) remove()  (b) pop() (c) append() (d)insert() (c) extend()

7
Golution.
pos = @
sum = @

while pos < len (L) :
sum = sum + L[pos]
pos = pos + 1
print (sum )

B.
Solution.
pos = @
sum =0

while pos < len (L) :
if L[pos] ¥2==1:
sum = sum + L[pos]
pos = pos + 1
print (sum )

9. Examine the following code :

numlist = eval(input(“Enter list:
pos =9
odds = evens = @
length = len (num list)
while pos < length :
if numlist[pos] X2 ==0:
evens = evens + 1
else :
odds = odds + 1
pos = pos + 1
if odds » evens :
print ("Balanced oddity")

(@) What is this pragram calculating ?

Given a list of integers, L, write code to add the integers and display the sum.

# start of list

# initial sum

# loop through entire 1list
# add current item to sum
# move to next item in ilst
# the answer

Given a list of integers, L, write code o calculate and display the sum of all the odd numbers in the list.

# start of 1list

# initially no sum

# loop through list

# this is an odd number
# 50 add it

# next item in list

# the answer

N

(b) What does the program for the list [1,5,2,3,6,6,9] ?

(€) What docs the program print for the list [2, 5, 2, 3, 6, 6, 9] 7 How can we fix this ?
Solution, (#) The given code is checking whether a list of numbers is ‘mostly odd’ ~i.c., whether there
are more odd numbers than even numbers in the list.

(%) Balanced oddity

() The code prints nothing. This is because there is only one print statement, the fix is :

if odds > evens :
print ("Balanced oddity")
else :

print ("Unbalanced oddity")
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= if they have al least one member .’ g

1 - w! ’rd J, “i® * H ¥ ‘h TN

10.  Given tuv lists, write a program thal ,l"r';‘;s l'nc;:!rr;::i?r but for the sake of the exercise, wrile j u;f:.;nh
N (] [y e ’

- ’ [
othenwise prints “Separaled ™, You may i

Solution. .
11stA = eval(input(“Enter 1ist1 :"))

1istB = eval(input(“Enter 11st2 : ))
lenl = len(1istA)
len2 = len(1istB)
for a in range(lenl) :
ele = listA[a]
if ele in 1istB :
print("Overlapped")
break
else :
print(~Separated™) ' _
11 Write a program to find the second largest number of a list of mumbers.

#1oop ends normally, not because of break

Solution.
1st = eval(input("Enter list :"))
length = len(1st)
biggest = secondbiggest = 1st[@]
for i in range(1, length):
if 1st[i] > biggest:
secondbiggest = biggest
biggest = 1st[i]
elif 1st[i] > secondbiggest:
secondbiggest = 1st[i]
print("Largest number of the list 1", biggest)
print("Second Largest number of the 1ist :", secondbiggest )
12, Wrile a program that inpuis a list of nmumbers and shifts all the zeros to right and all yon-zerg ntimbers Jo|
of the list, %

Solution.

1st = eval(input(“Enter list ;"))
length = len(1st)
end = length-1
print("Original 1ist - ", 1st)
i=p
while (1 <= end):
ele = 1st[i]
ifele =9 :
for j in range(i, end):
1st(j) = Ist[j+1]
else:
Ist[end] = g
end ~= 1
if 1st[i]l= @.
i4=1
Print(“zero shifted : ", 1st)

# though logically not fair

# if af ifti
ter shifting, 5 consecutive @ shifted to current place
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8.2 CREATING AND ACCESSING TUPLES

type of P:,FI.]'IO
d through pnrenlhe

uence of values helongln
und brackets, £.8., follqwing are %

tore a S€q
n that can 8
Atupleisa standard data cos 1.8 TO

type. The Tuples are depicte

tuples in Python : 1
P # tuple with no member; empty tuple
() ;
(1, 2, 3) # tuple of integer et

1,2.5,3.7,9) # tuple of numbers (integer
'E'ﬂ: b "C'). , # tuple of characters
’ &

es
(a', 1,0, 3.5, 'zerd) # tuple of mixed value typ m
J ¢ tuple of strings

(‘One’, 'Two', "Three')

1|| | Tuples are Immutable
(o : , ate tuples, one thing of Python ie, yoy
il [ll Before we proceed and discuss how tucrmle' F:“ulable (i.e., change elements nf.an:xu
| | that must be clear is that Tuples are 1m e pplain place. ~Pe I
i iy non-modifiable) i.e., you cannol change elements of a tup p

place.

8.2.1 Creating Tuples -
Creating a tuple is similar to list creation, bul here you need to put a number ol expressions i

parentheses. Thal is, use round brackets to indicate the start and end of the tuple, and separy,
the items by commas. For example :

(2,4,6)
('abc', 'def)
(1, 2.0, 3, 4.9)
()
Thus to create a tuple you can write in the form given below :
T=0()
T=(value, ...)

This construct is known as a tuple display construct.
Consider some more examples :
1. The Emply Tuple
Theempty tupleis (). Itis the tuple equivalent of 0 or", You can also create an empty tupleas:
T = tuple()

It will generate an emply tuple and name that tuple as T,

2. Single Element Tuple

Making a tuple with a single element is trick
brackets, Python considers it ava
>>t=(1)
>t
1 —— (1) was tregred gy an inte

] TCT expressig
ience | stores gy meger 1, not g tup} :Ir
Ly

be T . ) '
lue only, :: S.'CHUSE if you just give a single element in round

T




(4,) e ——

wpIES iTuple: are formed by placing a
+ long . ) comma-separated  tuple of
3 if a tuple .-_-nntams.n"lan} ulemli'nls, then 1o enter sych | .
wples, you can split it across se S given btluﬂng e e e g
F i ‘|.0 -

+ 64,81, 1ee, 121 144, 169, 19
] Fl ? 2
443, 484, 529, 576, 625 ) ’ S

veral lines, 3

sqrs = (e,1,4,9, 16, 25, 36, 49
256, 289, 324, 361, 400,

Notice the opening parenthe

] sis and closing Parenthesis appear Just
the tup C.

in the beginning and end of

1 Nested tuples

Ifatuple contains an element which

isa tuple itself then
anested tuple :

itis called nested luplee.g., following is
tl= (1, 2, 13, 4))

The tuple t1 has three eleme

ntsinit: 1,2 and (3, 4). The third ole
hence, t1 is a nested tuple.

ment of tuple tlisa tuple itself,

(reating Tuples from Existing Sequences

You can also use the built-in tuple type object (fuple( ) ) to create tuples from seéquences as per
the syntax given below

T=tup1e(<sequence>)

Where <Sequence> can be any kind of sequence object including strings, lists and tuples.
Python creates the

individual elements of the tuple from the individual elements of passed
Sequence,

If you pass in another tuple, the tuple function makes a copy.

Consider following examples :

> tl= tuple (‘hE]'ld) Tuple 11 is created from another sequency - a sring “hello®
>3 t1 — It generated individual elements from the individual

(Ihl' 'E'J |l|’ IllJ lal)

L=, e, e e, )

33y t2= tUP]-E[L)

Tuple 12is created from another sequence - a list L

°3>t2 — It generuted indnidual clements from the

(W, e, L 'v) individual elements of the passed List L
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e characters oF single digits via k%%d

g tuples of SiE!

this method of creatin
below :

tuple elements )

You can use¢
input. Consider {he code

+1 = tuple( input(‘Enter
ihe elemenis of mple 11

lements : 234567 _
Enter tuplee See, it created haracter npuls
> tl it using each ef the ¢
|I|"'d"5"I'T) . . .
GiZgiagian=e 8 ), even if you not put Parenthe:lls, lt;"]é c:za':e a tuple y,
’Ev r & mﬂ (4 m ut l Py
monly us PUl tuples is

See, wilh tuple() around input( o st com
individual characters as eleme 1
eval(inpul() as shown below :
"enter tuple t
", tuple)

nts.

d:"
tuple = eval(input( o be added:"))
print ("Tuple you entered :

ill work somewhat like :

when you execute it, it w
{21 4; l'a"} "hjkj]'“.l [3,41}

Enter tuple to be added:
"a", “hjkjlnj [314]}

Tuple you entered : (2, 4,
sure to enclose the tuple elements j,

If you are inputting a tuple with eval(), then make
parenthesis.
vork in Python shell. At that time, you cap

Please nole somelimes (not always) eval( ) does noth

run it through a scripl too.

8.2.2 Accessing Tuples
sequences having a progression of clements. Thus, other than

Tuples are immutable (non-editable)
editing items, you can do all that you can do with lists. Thus like lists, you can access its individual

elements. Before we talk about that, let us learn about how clements are indexed in tuples,

Similarity with Lists
Tuples are very much similar lo lists except for the mulability. In other words, Tuples are

.immu.!able counler-parts of lisls, Thus, like lists, tuple-clements are also indexed, i.e., forward
indexing as 0, 1, 2, 3,... and backward indexing as -1, -2, -3, ... [See Fig 8.1(n)] o
tuplel =("a", ‘e’ 7, o', v’ )
|
m 0123 4 tuple? [0] = "a’ = tupleT [-5]
.‘upfof; T i tuple? [1] = "e’ = {uple1 [4]
tuple1 [2] =I' = tuplet [-3]

I
5 -4 -3 -2 -1 < Backward |
d
rd indexing luple1 (3] = "o’ = tuple? [-2]
fuple1 [4] = "u’ = tuple1 [-1]

(o) Tuple Elements' two way indexing

0 — 17 Tuples are sl
redinm .
1 hat because ol ;mlirg,r_ exaclly like strings, except
Trua others, they siore g E'F objects are larger than
] 4

2 = "300d" Instead of single characler :sﬂ{lrr\esr:.::iﬁgsaIt ®8GA Index
'} — .
Q — 4 &g Each of the indivigyay tems of the (up|
L | uple are slored

Somewhere elsg |n memory

Figur
qure 8.1 (b) How tuples are internally organized
ize
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imll' 'I'[m CQ

us, other
its individs
din tuplss

ds, Tupls &
, My f.:cur‘:

-

ES
'z TUPL

-

o

g, you €31 2€CESS the Euple lome
Tuplfl'] will give you element ¢ jth inds Just like
= . 1 X - Yot
ato -1 and so on. Put in other words t:';r upl ;: list’s or a string’s clements e.g
ength. Functio ¢« "UPles are gjm; "¢ you elem Lo
o Leng n len(T) returns the € similar g |; ents between indexes

: indexing and Slicing number of jtemg (count) i

You acces B

S ——

T[i] returns the item at index j (th
3 ‘ y
T[l'-}] returms a new luple <ontaj K'
Tl : j = 1] returns a new -
index j. Just like lists,
o Membership operators. Both ‘in’ 5 d
nd ‘no

work for other sequences X tin' )
not in does the Ug';‘ﬂf::“h‘ That is, in tells if an u;:_i:i’ﬂlﬁh work on Tuples just like they
: site, 'menlt 1s present in the tupl
ple or not and

first item has index )
ng the ob : |
tuple containing ¢

jects veen | i
VLW bft.“ een i and jexcuding index j, |
Y nth item from index i to j, excluding il
|

& Concatenation and Replication
eat erators + and *, The + operator add tupl |
y perz s one luple to the

end of another. The * ope
operations in a later s peralor repeals a tuple. We shall be talki
s in a later section 8.3 - Tuple Operations e talking about these two

1-cessing Individual Elements

As mentioned, the individual ¢lem
. ents of a tuple are access iri
) S Cess iven i
square brackets. Consider the following Emmpr:leq i ed through their indexes given in

53 UDWE].S - (.all .eIJ ‘rl .O‘J .ul}

33y vowels[@]

a

533 vowels[4] While accessing tuple elements,

o if you pass in a negative index, .
python adds the length of the

»»y vowels[-1] wple to the index to get

v element’s forward Index.
»»> vowels[- 5] . ST i
Inl

ou passina negative index, Python adds the length of the tuple Lo the

Recall that like strings, if ¥ ‘
T, T1-51will be intemnally computed as:

index to get its forward inde

T[-5+ 61=T11], and soon.

v, Thatis, fora 6-clement tuple

yet there is an important difference in

Diference from Lists
You cannot change individual

ilar to lists in many ways ]
hile lists are.

mutability of the two. Tuples ar¢ not mutable, W 110 s

* ace, but lists allow you to do s

it w - 1 L] 1 1
clements of a tuple I P ; jsts (BUT not for

Although tuples are sim

That is, followiny statement is fully v ,

tuples). T - %‘f we have 3 list L AR lupl‘-‘ 4 et Tuples are similar 0 lists In
o g |many ways like Indexing slicing |
"

L[i] st (and accessing ind_.lmduj

. | {plements but they are different
is VALID for Lists. BUT ".Tnl s B L
jmmutable while fists are not. |
I -, B a = H____‘_.___-.--_f

T[i] = element - igem-as‘-iign“‘m‘ in _

is INVALID as you
immutable types.

cannot perf
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8.3
e
' \ p
" . ocessing cach element of j, Th
ersing a Tuple essing and Proces®
LRt ersal of a sequence means 3¢ ﬁw (ool for it, i.¢., the Python loops. The ¢ Jo
i Recall that travers .ans the same and same 15 H1E waple, as per following syntay - 3_]
| traversing a tuple also me? e or loop over the jtems in a tupie : 8. joir
. Joop makes it easy 1o trave cor
for <item> in <TUF-‘11"-‘> :here Co
each item .
e - m of a tuple T in separate fines ;
For example, following loop shows each item ©
T=(P,y,"t, "o, ')
forainT:
print (T[a])
|
| The above loop will produce result as : | Al
P : el
Y
t
1 h
0
[® n
i How it works
[/ The loop variable a in above loop will be assipned the Tuple clements, one at a time. So, |
| loop-variable a will be assigned ‘P* in first iteration and hence ‘P' will be printed; in second |
| iteration, a will get element 'y" and 'Y’ will be printed ; and so on. T
| If you only need to use the indexes of elements to access them, you can use functions range() Y
4|| and len( ) as per following syntax : T
| for index in range(len(T)):
i process Tuple[index] here
,- Consider program 8.1 that traverses through a tuple using above format and prints each item of

i a tuple L in separate lines along with its index.
| 8.1  Program to print clements of a tuple (" ’
: ple (‘Hello, “Isn't", ‘Python’, *fun’, *?" ) in separate lines alod

1 I- with element’s both indexes (positive and negative), g 'J 5 \'
I i ¢ r o
f LIogram T=(Helld, 'Isn’t’, 'Pythen’, "fun’, ‘7' )
f length = len(T) . I
J for a in range(length) :

print (At indexes' ' '
I $»3,and’, (a - length), 'element 1, T[a])

i At 'Endexes 0 and -5 element : Hello ;
i At indexes 1 and -4 element : Isn't

i | AT :indexes 2 and -3 element : Python
[. At indexes 3 and -2 element : fun
| At indexes 4 and -1 element : 7

Now that you know about tuple traversal, let us talk aboyt tuple operatl
: perations.

|
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53 TUPLE OPERATIONS 265 -
It o =
It, ost common .
dop “r]h.l The m Operations that
ST, les. In this secti You perf .+
: tuples. ection, we a : orm with ¢ . ik &
S}-max "4‘ fy P Te going to talk about the S;nﬁ.::- include joining tuples and slicing
§.3.] Joining Tuples '
Joining two luples is very casy j .
. Just like yoy . _
concalenalion operator, when used wilh) th'opfuﬂ?rm _m:ldmon, literally ;) . The + operator, the
Consider the example given beloy - ples, joins lwo tuples.
»»>tpll=(1, 3,5)
>»»>tpl2=(6,7,8)
»»> Tpll + tpl2 ;
a——— The + operator concatenare
(11 3; 5.1 E, 7, B} and creaies o HL'H(:':H‘;I:HM R g Pl
foU Can se i ' TOG .
Si:mnlqc:fj;:uirigt{ U"I- rl'-m.;ltanl tuple has firstly elements of first tuple Is¢1 and followed by
S50fs uple Ist2. You can also join two or more tuples to form anew tuple, e.g.,
>»> tpll = (10, 12, 14)
»»> tpl2 = (20, 22, 24)
»»>tpl3a= (30, 32
P ( » 34) H__________— The + operator is used to concatenate
. »>» tpl = tpll + tpl2 + tpl3 theee individual tuples 1o get o oew
it a f | 3 tpl comibined tuple ipl
od _mm"--'”: (10, 12, 14, 28, 22, 24, 38, 32, 34)
» IN Setond
The + operator when used with tuples requires that bath the operands must be of tuple types.
tions rangel You ca.rmnt add a number or any other value toa tuple. For example, following expressions will
resull inlo error :
tuple + number ]
tuple + complex-number ERROR
tuple + string == =
s eachiten® tuple + 1ist
] Consider the following examples :
rate lings o Sev errurs gnmmn'v:f when amyihing
l ! 33> tpll = (1@, 12, 14} other than @ tuple is adided to a tuple

|
]

/

most recent call last):
1ine 1, in ¢module>

s> tplli+2

Traceback (
File "cpyshell#42>",

tpli+2
TypeError: ca

n only concatenate tuple (not "int") to tuple

>3 tpll + “abec”
call last):

ost recent
Traceback (m 1ine1, in ¢module>

File “¢pyshell#a4>"s
tpll + "abc"
TypeError: can only conc

atenate tuple (not vetp®) to tuple
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nother tuple containing only gp,

A single value In () Is treateqd n:

IMPORTANT
Sometimes you need to cuncnlcn‘
£ element. In that case, if you wrile

ate a tuple (say tpl) with a
statement like :

»>> tpl + (3)

. . like : 'single value not as tuple, That L

Python will return an error | h‘.

expressions (3} .and (" .

Traceback (most recent call last): O ¥) m:

File "¢pyshell#14>”, linel, in <module> octa aod P et |

| E -
tuple + (3) of tug!q‘. with single El'f“_'_“‘- | 1

ple (not “int") totuple  ———ETETRTIESS

TypeError: can only concatenate tu
a number enclosed in () is considered number only. To ma,
l er the only element, i.e., make it (3,), Noy
ate the two tuples.

L The reason for above error is that
i it a tuple with just one element, just add =
Python won't return any error and successfully concale!

a comma aft

| >»> tpl =(10, 12, 14, 20, 22, 24, 39, 32, 34)

!. Single element ruple

»3>tpl+ (3,) «— |
(10, 12, 14, 28, 22, 24, 38, 32, 34, 3)
~ Repealing or Replicaling Tuples

Like strings and lists, you can use * operalor lo replicate a tuple specified number of times, e,
if tpll is (1, 3, 5), then

535tpll #3 4—m The * operittor repeats a tuple specifies
number of timtes and creates o new tuple
(1,3,5,1,3,5,1, 3,5)

[o—

8.3.2 Slicing the Tuples
When used with tuples, the +

Tuple slices, like list-slices or string slices are the sub parts of operator requires both the,
the tuple extracled oul. You can use indexes of tuple elements operands as tuple-types; and
to create tuple slices as per following format : , 'the * operator requires a tuple,

and an integer as operands.

seq=T[start:stop] = ==

The above statement will create a tuple slice namel
start, start+1, start+2, ..., stop-1. Recall that index o
The tuple slicc is a tuple in itself that
o on tuples.

¥ seq having clements of tuple T on indexes
. n last limit is not included in the tuple slice:
1S you can perform all operations on it just like you perform

il Consider the following example :

4 >>>tpl= (10, 12, 14, 20, 22, 24, 30, 32, 34)
>»>seq=1pl [ 3:-3]

A >>>seq

! (28, 22, 24)




L5, eg.,

5, the +
th the,

ate

=

ndf-\ﬁ

o slic®
t-,rfl:'rm

g : TUPLES

For normal indexing, if the resy
python raises an IndexErrg,
poundaries instead, and the ro

lting
ndex jg :
eXceplion. q: Outside the tuple,

i 5Ll|t ‘l,\r' e dre '.I.'E.'_‘led
petween the boundaries, For yp,, srnll} MBIy contain al) jrapm,
and sty 8

tuple limits in a tuple slice, P}'U’lﬂn 53 P given be ‘ond
t fall between specifi imply ret Y
tha pecified boundﬂl‘ies if ums the elements o)
[l | stop,
For example, consider the follows ny. op, not Including stop,

ng : ey 1

‘Tstart:stopfereates a tuple slice |
out of tuple T with elements
falling between indexes stort

53> tFl =(18J 12, 14, za; 22, 24, 3p 32

>»>tpl [3:30] e—n "7 7% 39)

(28, 22, 24, 30, 32, 34) fﬁﬂﬂﬁi’-}ﬁ'fﬂii,l;‘ﬁ}lﬁ“f e ol i 4

= [‘15 :?] uple falling in range 3

(13' 12. 14, 26, 22] 24) 39) G"“‘"Efﬂi\‘?i’ 5 |
fom m;-f;- Mfr;:rf el lower, but python retums elements

] g int range - 15 powands < 7

Tuples also support sli g

mh}lr L‘I‘Eﬂ".l.’ﬂl E{I'_ lh:.’ lhml flcps l“f‘- That is, if you want to extract, not consecutive but every
: uple, there is a way out - the stice steps The slice step d

following format : e o R st St

seq = T[start:stop:step]
Consider some examples to understand this,

»»> tpl

(1@, 12, 14, 20, 22, 24, 39, 32, 34)

»»>tpl[e:18: 2“’]——\ Tnelude every 2 element, ie., skip 1 element

in between. Check resulting tuple slice

(10, 14, 22, 30, 38) ¥

.....
L S

b tpl [ 2:10: 3‘}-——_-\ ferclude eveny 3nd eloment, e, skip 2 clement in betwoen

(14, 24, 34)

3“]-___\\ No start and stop gien, Onhy step is piven as 3

hat is. from the entire tuple, pick every Inl elemet for ihie tuple

»»>tplf::
(10, 20, 30)
Consider some more examples :
seq=T[::2] # pet every other {tem, starting with the first
eq=T[::

ith the
her item startingwit
seq =T[5::2] # get every ot 1 Tk
# sixth element, 1.6+

rators with tuple slices too. For V

’ - * ope y

You can use the + and .% has values a8 2.4578 9,11, \T[start : stop: step] creates a |
example, if a tuple namely TP " tuple slice out of tuple T with!
12, 34), then : e * aperation has multiplies the | ylaments  falling  between
— ) ‘/ f;::i;,;'-ﬂ' anaf mot the Jrh‘.” I'IJFIE hnd“gs mﬂ .l;tdw:r‘é’;u;?;
Tp[2:5]* 3 including stop, skipping step-d

»> Tp[2:5] ¢ 7,8) elements in between.
(5,7,8,5, 7,822 % e

dded the
he + Df‘l'mmr |'r.ﬂ'!.ﬂ
>>> Tp[2:5] + (3, 2) Here. ! ‘rgraml'"‘”kﬂm

fyem (U
(5,7, 8,3,4) ¥
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i having o wrile tOdL‘ with ID{\P:: forit. For mmpamg t\.‘-u
I“S“'Elhnut ?r“orq i S 2 = = elc. I'nr.mmpanmn P“'Pw«,,
n;on dnl_f:] clements of two tuples, applying all the COMparigg,

vi :
I llowing code

two tup

les sing comp?

tupies, ) oE
'I:hun internally compares i

3 that you have read carlier.

rules that )

pyran(2)3)
},>h = (2] 3}

,)’ a =E h
E ]
" Foe tuw tuples o be equal, they mml..h.n\-
e (127, 13) same number of elements and ::mmm,fl
wilues (revull Int and float with maiching
i yalwer are considerad equal)
False
yzaxb
False
»>>d=(2.0,3.0)
yrd>a - Novice for i L':-:"\f)np.q o,
Mthom ignoead the npa of ele-
Fa'se mrendy aesd eoemparad walue only
»rt==a
True

»re=(2,3,4)

mrace

True
You can refer to table 7.1 that discusses non-equality comparisons of two sequences. Elements
in tuples are also compared on similar lines.

Unpacking Tuples

Creating a tuple from a set of values is called packing and its reverse, ie, creating individul
values from a tuple's elements is called unpacking,

Unpacking is done as per syntay :
<variablels, <variable2», <variable3y, _= t

where the number of v
tlements in the tuple.

For example, if v have

anables in the left side of assignment must match the pumber o

a tuple as ;
t o {11 21 ‘AIJ .E)

The length of above

Now to unpack it, tuple tis 4 as there are four elements in it.

We can write -
“X,y,2=¢
'\ You may even enclosed the variables on LHS

in parestheads Jr will Fow you sare reauldt,

Deletir

-




lements

jvidual

. 5
yE TUPLE

python will now assign each of

a_ﬁisnment operator. That jg }'olhu elements e

g . U ca ) ple ¢
snmgwhﬂt like : N now indiy to t

: he vari
idually pri ¢ variables on the left side of

nt
print ) the values of these variables,

print (x)
print (v)
print (z)

The above code will yield the
res :
\ ult as :
2
IAl
lBI
As per Guido van Rossom, the creator of Python |
anguage —

l.lpi'[‘ U!I‘pﬂfkfng rr:quitcs tha e list o r mbero)‘
“T t the list rari
: 2 i ; rm iables on the IL‘ﬁ has the some nu

Deleting Tuples

The del statemen oy is use
ent of Python is used to delete elements and objects but as you know that tuples

are m'!mulablf.', wlhlch also means that individual elements of a tuple cannot be deleted, i.e., if
you give a code like :

>>>» del t1[2]

Then Python will give you a message like :
Traceback (most recent call last):

File "<ipython-input-83-cad?blca&c-zs:", line 1, in ¢<module>
del t1[2]

TypeError: *tuple’ object doesn’t support item deletion

But you can delete a complete tuple wilh del statement as :

del <tuple_name>

For example,
>»> t1=(5, 7, 3, 9, 12)
» tl
(s,7,3,9,12)

>>> del t1 @

»>> print (t1)

last):
t recent call " ¢module>

Traceback (mos t_gg-aaf‘."Bﬂ@?BHE” 1ine 1, in

File "(ipy’thol‘l-iﬂpu See Dﬁl‘f Lsing del statement o d mp]f, I'f_l.!]u iry i

rint(tl) / recess/ print it, Fython gives €T @ the tuple has
. s {5 not defined becr deleted und this objects exdsts no More
is

NameError: name ‘tl
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THODS "
E ions and methods for tuple manipulation, You
|: b

. aclier chapters. In this section, yoy w2V
) in carlier + You wij
i l:l:::lp:sl;gullwds of Python used for tuple mani
et:’ 11

. pulag
-in pov | built-in tuple manipulation methods. On. gy
seful bultlt=

e, i.e., the count of elements in the tuple,

.*I il |_The|‘

- f the lUp
i This method relurns length ©

fl Syntax:
| len(<tup1e>} .

| nr rger.
| Takes tuple name a3 argrment and returns an infeg

| — Takes h

N Example : . .
ll] >>> employee = (*John', 10800, 24, sales')
»»> len(employee)

44 ~ The Jeni ) retums the count of elements in the wple

2. The mox( ) method

This method retumns the element from the tuple having maximum value.

Synfax :
il
j‘ max(<tuple>)

i} --11 — Takes tuple mame as argument and returns an object (the element with
i maximum value).
i; Example -
1 >*>tpl = (10, 12, 14, 20, 22, 24, 3@, 32, 34)
»>> max(tpl)

g

M value from tuple il is 1 furmed

2> tpl2 = ("Karan", “Zubin®, "Zara", "Ana"

I' i

i' ﬂl >>> max(tpl2)

S ‘Zubin’ 44— i

'Jf Maxintunt value front tuple ipl2 is returmed
N You can use max : :

| 'Ll[ 2pplied on Sequargge{:?-]ims 00 to find maximum element from a list, Please note that max}
MM €ontains values of sam I le tuples/lists etc. will return a maximum value ONLY IF the seq#e"®
* LJ will give you an ermrel) pe. Ifyour tuple (or list) contains values of different datatypes the™
I lﬁr (@) »>ap- ‘g : ating that mixed type comparison is not possible :

! II - ] = "1Ir
L >>> nax(a) 0 1% (3,4], (3,4) )

T
raceback (most recent call last):

il File "¢j

A P}'thon-in ut=-

i max(ab) Put-54-fd79f7408ddas", 1ine 1, in <module>
! ' TypeErrop;

] ) ] ﬂot Su
PPorted between instances of 'str* and 'float’

¥
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on, Yo

; _ Ava
oy \\']" IE.-‘,] ¢

.ipulm;on_ Ll::

» that max()

he sequenc®

ypes then, it

3 The min( ) method

. The count( ) function unt of 3 ™

g1 TUPLES

(b) »>»>ab=([3,4],

3
»>> max{ab) ( )

This method returns the ¢le
Syntax :
min{<tuple>)
— Takes tuple name

Example :

»»> tpl = (18, 12, 14, 20, 22, 24, 39, 32, 34)
>>> min(tpl) J

18 Max
“ — Maximum vulue from viple tpl i returnd

as argumen|
iand rety ;
s an object (e element with minimum valice)

»»> tpl2 = ("Karan", "Zubin","Zara", "Ana")
»»>»min(tpl2)

L ! .
Ana Mo valise from tiple 1p12 b returmal

Like max( ), for min( ) to work, the elements of tuple should be of same type.

4The index( )] method

The index( ) works with tuplesin the same way it works wilh lists. That s, it returns the index of

an existing element of a tuple.
Itis used as :

<tuplename> . index (<item>)

Example :
»>t1=1[3,4,5, 6.0]

»>> £1.index(5)

9 pli-:ln.

i Error exce
in tuple, it raises ValueErmo

. xist
But if the given item does not €

the coum®
The count( ) method returns ant() function 3%
(list/tuple). You can use the €0

iect?)
arrn:l.>.r:::lunt(‘:f’b:"?c -

<sequence n




6. The tuple( ) method
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Example : o 11,72)
sy t1m (24 2, Rt
333 £1.count(2}

oceUrrencye of element 2 in given

3 H___—:—'——-— Tl'll'ﬂ' gt 5
tuple , henee count() retim 3 fere

55> t1.count(7)

S, 7; 4, 8, %

2
33) t1.count(11)

1

For an element not in tuple, it returns 0 (zero).

This method is actually constructor method that can be used to create tuples from differen
t

types of values.
Synlax :
tuple{<sequence>)

— Takes an optional argument of sequence type; Returns a tuple.

— With 1o argument, it returis empty tuple

Example :
& Creating emply tuple & Creating a tuple from a list
» : -
”? tuple() >>> t =tuple([1,2,3])
>t
& Creating tuple from a string (1,2,3)
>»> t = tuple(“abc" ]
“ ple(“abc") < Creating a tuple from keys of a dictionary
i )}} - MR ey
. }}}E tuple ( {1:"1", 2:"2"})
(1, 2)

As you can notice tl
1at, Python has consid
tuple. But one thi nsidered only the keys of the icti
ng that v ) . 1e passed dicti ' ate
g that you must ensure is that the tuple() can reczive 1rgu:n::tﬂcr§ 5qu0 S:nce
(9

types only, i.c., eithe i
. L, rastrincorali - s
an error. See below : g oralist or even a dictionary. Any other type of value will Jeadt0

o B

Tracebac
= k (most recent call last): W
«h Pyshell#1>", 1ine 1, in ¢<modules with tuple( ), the Ir[tﬂ";,j
T} must be a sequentt type |
astring oralisterd dinloﬂﬂ'=

TypeErrop: *
ror:‘int’ object is not iterable ]

The tuple( )
and [ist( )
passed se |/ are constructors ti : . oy from
possible, ;:lU]E;n.:e: Th'|5 feature can be expl - let you create tuples and lists mspl‘dlwh -[ ot
ollowing inform ploited as a trick to modify tuple, which othe

ation box talks about the same.

e
el

fjniﬂ

. g\w‘;

14

s
1

10,
1],
12,

13,

wi
Wi

(c]



1 Why

.
-

L

1,

.

n

i

o

.:"" 8.1

L\

qre tuples called immutable types ?

1;__‘1 are mutable counterparts  of
B

toples ? :
what are different ways of creating
guplﬂs ? .

what values can we have in a tuple ?
no they all have to be the same type* ?
fow are individual clements of tuples
sccessed 7
How do you create the following tuples ?
(s) (4,5,6)

5y (-2, 1, 3)

) (-9, -8, -7, -6, -5)

# (-9, -1e, -11,°-12)
{ﬂ (EJ 11 2}
Wa= (9 4, 3, 2, 1, 0) evaluate the
[ollowing expressions :

() afe]
(% a[1]

() ala[e]]

(@ ala[-1]]
() afafaa[2]+1]]]
a2 you change an clement of a

**quence ? What if the sequence is a

dictionary ? what if the sequence is a
tuple 2

[

What does 2+bamount toifaand b
2 tuples ?

whﬂl dDE‘S a"

ba ifaand b
ate tuples ; _rnmmt to

Wh
i A does 3 4 amount to if a is a
“Heand b o g o

3 strip

th
L'Iatatte:sg ¢ same as a tuple of
Qn
tupl:zli]ihwe an integer, a string, a
i nt -
"2 tuple ?f‘gms and a tuple of strings

Tuples are immutable counterparts of lists. If you need 10 modify
the cantents often of sequence of mixed 1ypes, then you should
B0 for lists only. However, if you want ta ensure that a sequence
of mixed types is noy accidently changed or modified, you go for
tuples, But sometimes you need to retain the sequence as tuple

and still need to modify the contents at one point of time, then you
€an use one of the two methods given here.

(o) Using Tuple Unpacking
Tuples are immutable. To change a tuple, we would need lo

firstunpack it, change the values, and then again repack it :
tpl = (11, 33, 66, 99)

1. First unpack the tuple :
a,b,c,d=1tpl

2. Redefline or change desired vaniable say, ©
c=77

3. Now repack the tuple with changed value
tpl=(a, b, c, d)

[b) Using the constructor functions of lisls and
tuples i.e., lisl{ ) and tuple( )
There is another way of doing the same as explained below -

>>>tpl = ("Anand”, 35088, 35, "Admin")
33> tpl

(*Anand’, 35000, 35, ‘Admin')

1. Conven the tuple to list using list() :
»>>1st =1list(tpl)
> 1st
[ 'Anand’, 35000, 35, 'Admin')

2. Make changes in the desired element in the list
>»>1st[1] = 45000
> 1st
['Anand’, 45@88, 35, 'Admin’]

3. Create a wple from the modified list with wple()
»»>tpl = tuple(lst)
»>>tpl
[‘Anand’, 45800, 35, 'Admin’]

\l'.m'l the trick simple? ©
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__ ProgressIn P““ion :
A

NIPULATION

) A
4 TUPLES HANDLING AND M

= rr'ﬁ
i, pril session &

nent-book — Progress in Compuler D
)

Jated to Tuples handling and Manipulatioy, |
: | 3.

R

ms at st rengthening skills rc

Th

clical compo
Pleose check the pracl! it there in PriP 8.1 under Chopler 8 alfer

r i 1, Python and fill
G science wilh 7Y pruclicully doing it on the computer.

Sunrddd

nd of our chapter. Let us quickly revise what we haya leamy
W

with this we have come 0 the e

far.

LET Us REVISE
_______..-_

e sequences of Python i.e., you cannot change elements ef a tuple in place.

Tuples are immurtabl
expressions in round brackets. . )

To create @ fuple, put d number of comma-separated

The empty round brackets ie., ( ) indicate an emply tuple.
just like strings or lists, i.e., twWo way indexing.

Tuples index their elements
like strings, except that because some of their objects are larger then ofex

Tuples are stored in memory exactly
they store a reference at each index instead of single character as in strings.
s in many ways like indexing, slicing and accessing individual elements and thye

e e e

Tuples are similar to string
it immutable just like strings are.
'i ! % Function len(L) returns the number of items (count) in the tuple L.
Membership operator in tells if an element is present in the tuple or not and not in does the opposite. :

o

| The + operator adds one tuple to the end of another. The * operator repeals a tuple.
j % Tuple slice is an extracted part of tuple; wple slice is a tuple in itself.
T{start:stop] creates a tuple slice out of twple T with elements falling between indexes start and stop, nol irckS

i stop.
[
% Common wple manipulation functions are : len( ), max( ), min( ), and tuple( ).

I|I
' \

_,|'_| Seolved Problems _

| _—

f 1. Howa ; ,

'!'ll Solutjm tuples different from lists when both are sequences ?
_ ’I \ '@D'Il1'i1me tuples and lists are different in following ways :
p'f o @ tuples are immutable sequences while lists are mutable.
I5ts can grow or shrink while tuples cannot.




RS
] , say that @ tuple is an ordered ist of objects ?
mﬂ -

st A tuple is an ordered list of objects. This is evidenced by the fact that the objects can be
>

: med
q.:lllti‘“: through the use of an ordinal index and for a given index, same clement is retu
- M

Ty

ot n‘“‘l o
‘_i\‘t'r} t

e code IS trying to create a tuple with a single item. But when we try to obtain the length of the tuple
olloe e

cices €rTor. Why? What is the solution ?
i k, -
b putle (6)

»rt=

»>> len(t) y

sraceback (most recent call last):

File =¢pyshell#8>*, 1ine 1, in <module>
len(t)
TypeError: object of type 'int’ has no len()

colution. The syntax for a tuple with a single item requires the item to be followed by a comma
- ‘ ’
15 shown below

t = (".‘l",}

Thus, above code is not creating a tuple in t but an integer, on which len( ) cannot be applied. To
create a tuple in twith single element, the code should be modified as :

»rt=1(6,)

»>> len(t)

i What is the length f’f the tuple shown below ?
t=((((a) 1), ', 'd), 'd, 2), "¢, 3)
Solution. The leng;th of this tuple is 3 because there are just three elements in the given tuple. Because
a aareful look at the given tuple yields that tuple ¢ is made up of :
t1="a", 1
12 =t1, "b", "c"
13 = t2, "d", 2
t=(13,%", 3)

S Can tuples be nested.?
Solution, Tuples can contain other compound objects, including lists, dictionaries, and other tuples.
Hence, tuples can be nested.

6,

Civen g tuple mamely cars storing car names as elements :
('Toyota® » 'Honda', 'GM', 'Ford’, 'BM4" » 'Volkswagon', *Mercedes® » 'Ferrai*,
“‘rﬂ.h' a proy

rant to print names of the cars in the index range 2 to 6, both inclusive.
The Output shogld

‘Porshe')

also include the index in words as shown below :

One Honda
Two GM
Solllﬁ{m_ )
car = M Y (R []
" » (Toynta,Honaa','cﬂ,'an,'w,vﬂlksmgnn,Hercedes', Ferrary'

3 ;PﬂrShE‘)
on x o ("2€ro”, "one*, “To", “Three”, "Four®, "Five”, "Six", “Seven~, "Eight™, “Nine")
Xin range(2,7):

Print (Number[z] » cars[x])

-
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some clemenls. Replace first four elementg of lisy

Wil .
ki ¢ list before and after the list is modified, ‘"‘.‘f'lq.

wy, There is alis

- -r' db ! ,
R bepke T M  single staleurerti. Print i
¢ _ﬁmrrfrmrms of the puple 111 SIS
[ution. ) N 3 y |
50 T=1(1 2% "a", :re- agpe”, "some”s »aumbers”, "coming®, fFrom”, "tuple"]
- ["hella" sthere !
. i Itl?'aefnre unpacking the 1ist is )
prin
print (L) - |
, L[11, L[{2], L[ i I..
pluE.’?r‘lt ("[After‘ unpacking the list 15"}
print (L) e ) « the square brackets of second line ¢
i o artestion, if we change q _—
8. In the answer code of previois -‘ mchr% i{'
as
Py A,
What would be the impact of this change ?
Solution. It will sl O CC Decause NOW Lisnota izt b]ut a tuple (because brackes Ehilnst‘dl
tuple is immutable, hence item assignmenls are not possible. A

So, Python will display like :

gefore Unpacking the list is
(helld, ‘there, ‘are, ‘some’, ‘numbers', ‘'coming, 'from’, 'tuple')

Traceback (most recent call last): )
File "C:/Python36/Pythoniark/prog.py”, line 5, in <module>

L[e], L[1], L[2], L[3] =T
TypeError: 'tuple’ object does not support item assignment

9. Write a Python function secondLargesi(T) which takes as imput a tuple T and returns the second larges
element it the tuple, You can use any of the standard Python functions to obtain your resul. f

Solution.
T = (23, 45, 34, 66, 77, 67, 78)
maxvalue = max(T)
length = len(T)

. secmax = ©
Iy for a in range(length) :
[ if secmax < T[a] < maxvalue :

{ secmax = T[a]
print ("Second Largest value is :

"

, secmax)

10 Write a function getPowers(x) that returns a luple containing x, x%, x> and x*. Read five integers fo® g
user, and for each integer read, print that value raised to the poiers 2, 3 and 4. %
Solution.
for n in range(5) :
X = int(input("Enter Number :"))
T=(x, x**2, x**3, x**4)
print (number, “raised to powers 1, 2, 3, 4 :=", T)

My ¥

Type

'|.-.‘I-.n

10,

Type |
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a1 Introduction

g2 Dictonary — Key: Value Pairs

93 Working with Dictionanes

94 Dictionary Functions and Methods

91 INTRODUCTION

You must have realized that Python offers many different wavs to organize

bunch of values in a single “variable”) of data items, such as strings, lists, dictionaries, tuples etc.

Of these you have already worked with strings, lists and tuples in previous ch
me to work with other collection lypes
dictionaries,

L]
|
i
|
collections (i.c., a |
apters. Now is the
So, in this chapter, we shall be talking about

In this chapter, you shall be le
dictionary,

pu rfn m on

arning about how data-items are organized in a Python |
how yvou can access items from a dictionary, various operations that y

ou can
a dictionary and various related functions and methods.

— I
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e called 2 dictionary. DidiOnaﬁ“

rpes i ; iist. Rather than havin .
Among the built-in P}-thorfl dﬂ;;: :?”F: in . but with a Dl":t]i::nariﬁ Tt foa:uiu“
s 51 : another 1y of coliechithh "= =, . ‘SF]' i . : .
are :;mllzg ‘:?; ;;ch}dr;cla-imm (just Jike in 1ists .« are a collection of some key-value pairs
associa ¥ \

" = ni
" atis, P rthon dichio e s ‘
nd a “value of that key . Thatis, I') jish dictionarics you can search for q Word',

g ; iy
sl T8 _ Juist lke 10 Enghist it 3 r g
Do not get confused, just read on j peaning ﬂ:._smﬂh-d qwith it D the _mm' manner, P!l"l’lm;
meaning, because for €1 s a < d nssociated values (jug i

ch word, there ! i

] 4 oy diclion

dictionaries have oM keys (just fike E 'Shs'ﬂ l‘ )‘;r coenyf ward).
English dictionartcs Jtave ass 1

ocialed meanings
ainers Lhat assocl

ale keys 1O alues. This DICTIONARIES
) lists, you must rem

ember the Dictionaries  are  mutaple
he list, but wilh the case of unordered  collections .,,-,u;
ent

H elements in the fo

X d tll'lL1 GIEIT! m ef 5
the Rcy to fin cebayalie ol that T
keys to values.

AIRS
A ; i vgrgmﬂﬁ' typ

5;[‘.E

aries have words) an

Dictionaries are cont
is, in a way, similar to lists. Ir
index value of an element from t
dictionaries, you'll have lo know
in the dictionaries.

All this will become clear lo you

following sections.

while you g0 through

Creating a Dictionary
To create a dictionary, you need to include the key : valle p

syntax :

airs in curly braces as per following

¢dictionary-name> = { <key>:<value>, <key>:<value>... }

Following is an example dictionary by the name teachers that stores the names of teachers askeys
and the subjects being taught by them as values of respective keys.

teachers = { "Dimple” : "Computer Science”, "Karen" : "Sociolopy",
"Harpreet” : "Mathematics", "Sabah" : “Legal Studies” }
Notice that
© the curly brackels mark the beginning and end of the dictionary
2 L] d - 1 l ’
& each fznlr} (Key: Value) consists of a pair separated by a colon ~ the key and comes
ponding vrlue is given by wriling colon (;) between them
¢ the key-value pairs are separated by commas () |

As v
you can see that there are four key : value

dictionar : - airs i ' oy
r;;t;!cmar?r. ’ Following table illustrates l?;, Ln above Internally, ~ dictionarics L/
ionships in above dictionary feachers e key-value indexed (ie, arranged) ml'l‘.itI
- basls of keys. & ,:;.-g
Key-Value pair l = '
"Dimple” : "¢ €y Value
" nmPU'CEP 5 ] » i
“Karen” : "Sociel e Disple” “Computer Science”
L] ugyill - el
"HEFPI‘EE‘t' H u"h Kar‘En" o | "
* thEmati " - 50'210103}’
“Sabah" ; *_agal . = | _Harpreet” i "
______ggt‘_qui“ = Mathematics”
. d " i [
“‘-—~—h—-____ "Legal Studies
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-”, de
& q= {2 7 ALLS an empty gycey
dic thhs = { 'Jaﬂuaf‘y" : 31. -Fabmawu
pays "June” : 38, “Jy)y~

some more dictionary dﬁlaraﬁom .
r -

°Nary with no elements
‘28, March*: 3y - -
* 31, "Augyst- s AL
"October” : 31, “November~ . 3

nt = {"Finch™ : 18, "Myna" : 13, “Par
pirdCoY “Hornbill" : 15, "Peacock”

9, "December- . 31}
akeet" : 15,

15) Moy Rm—

y can easily identify the key

: $ and corr :
v YO - . X tspondin Dictionaries are also called
Nc;:lrs from above given dictionarics, . |3ssociative arrays or mappings
a . .'
¥ » thing that you must know is that keys of a dictionary {Or hashes,
ust be of immutable types, such as : — : e — ]
m

- The keys of a .

wihon strin ¥3 ol a dictonary
Oﬂl}::;r & mﬂ!tbutt'l'ir'l'rm.nabi.et)-pas,l
o anu ’

o a tuple (containing only immutable entries).

If you try to give a mutable type as key, Python will give you an error as: “unhashable type” .
ooy 'b-clmv .

»»» dictd = {[2,3]:"abc™)

Traceback (most recent call last);

File "<ipython-input -63-4??d-‘.ﬂ?bcac3>, “line 1, in <module>
dict3 = {[2,3):"abc"})

TypeError: unhashable type: *list* @

IMPORTANT The above error TypeError : unhashable type always means that you have tried
to assign a key with mutable type and Python dictionaries do not allow this,

122 Accessing Elements of o Dictionary

While accessing clements from a dictionary, you need the key. While in lists, the elements are
accessed through their index ; in dictionaries, the elements are accessed through the keys
defined in the kev:value pairs, as per the syntax shown below :

fdittinnary—name} [ <key>]
Thus 1o acce

ss the value for kev defined as “Karen” in above declared teachers dictionar}-. you
Will wrige - )

») teachers[“*Karen"]
d Python will return
50cinlngy

Sim;
Milarly, following statement

bl s
" 7 Print ("Karen teaches”, teachers[Karer'])
Lgive Output as -

I' "en teaches Sociology
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coss only

s YO a€ . 5
o eare brackets gives Yt - :

while giving b insile :f}::::u. Tentioned keys munnurjl:r:i} :dmoﬂ:;ﬂze;mhmm

e 8 responding ) it print !
(18] ”“. \:1Im cf‘:-;:;tv '.\'iﬂ'-:“" any suare brackets P pondlngval.ue,%sunﬁ;%_
the ;hc“:‘;_la?"ﬁn- contents of (he dictionary- : - o
fisplays the
displa) " .

s Jor following exampie - -y .
Conside i miowel3" ? uge, mioweld” : 0", "Vowels" - "LI"'}

H ’

yypde {"Ucwll“ . a", yawel2"
couttents of dictivmary d ; Notice the

Jisplaving the alod
/ / lliilj';_::ﬂ:"' fr-};.\ sloniw elenents in different order

f}lrl'l'llihﬂ:l' i
e, Vowell' 12’}

conitiing fiw ke 4

nalue puin 333 i 5y

{vowelS' f, "Voweld' : ‘o, 'Vowel3 : 1, vowel
Priming the cuntents of dictionary d ; Notice the
order of elements is different from input onder

s3> print (d) ‘ o o
{vowel5 : "W, 'Voweld' : o, 'Vowel3' : 1§, 'Vowel2': &, Vvowell' : '3’}

>? d[.vowen.”] e clements using their

i Avcessng v Yl b . i )

2 @ kevs 2 “Voneld “ gnd Vel Notice th?t keys given here arg
are the keys el 1o access in quotation marks ie., zre of

corresponding values, string type.
: A |

533 d[ "Voweld"]

Q

xamples, we can say thal key order is not gua ranleed in Python. This is becausein
arice, the clements (key : valie pairs) are wunordered ; one cannot access elementas |
Jue is through key. Thus we can say that keys act '

As perabovee
Python diction
per specific order. The only way fo access a va
like indexes to access values from a dictionary.

Also, altempling to access a key that doesn’t exisl causes an error. Consider the following

statement that is trying to access a non-existent key ( 13) from dictionary d.

»»>d[13]

Traceback (most recent call last): )
I. File "¢<pyshell#7>", line 1, in <module> In Python dictionaris, ©¢
! /| dKeyError : 13 elements [key : value pairs) 3%
{0811 : unordered; one cannot access

[13] elements as per specific ordet

I 3 L]
. The above error means that before we can

I access the value of a particular key using Key Value
J X I'Essi - I i . 1
i Pression such as d[“13”], we must first "goose” ——— | ——3
it ensure the key (13 he iate .
it 1/ (13 here) exists in the dictionary.
h . “lern” -—7j— —_3
Like
|] Ist elements, the keys .
(| dictionar , the keys and waltes of a *hawk" ~—+— —_1
I -

| I‘ Fellow Y are stored through their references.
ng Fig. 9.1 illustrates the same for a

dictiona
:-Y [u "o, 0 ", i b
8oose” : 3, “ten” : 3, “hawk 1) Figure 9.1 References of keys

|
]plIJI Bl'ld -.ra'l.uﬁ
are stored in a dictionary
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,{:‘fff“’””'-” als ans the same and ga Bang . e
©S i 29me g ) NG eacl
for loop makes it casy 1€ log] o R ele
The i Y lo lraverge or | I for i
syt 0P over |y 4

ment af jy,

sie, the p Thus tray

ython loops, ersing a

- 2 -‘I Irr -
for <item> 1n <Dictionary, . & dichionary, as per fullowing
process each item hepe

The l00P variable <items> yj|| be
aré ﬂSSignEd indexes of s'lnl”'qs o
bﬂ'd}r of the ﬁ:r fm]p_ '

Consider following example th

al will il
o us ;
with three keys —a number, a string, trate thi

ﬂﬁﬂignud t
¢ fist .hc keys of <Dicti
515 while tra Onary> gne b

versing the ¥ one, (just like, they

m), whi
3 which ¥ou can use inside the

S process. A dicti
A tuple of integers, A dictionary namely d1 is defined

dl={ 5 :"number",\
. “5tr' - " \
ing",\ Recall that yg break a sture

(1,2) : "tuple”} fuses, you cun wse *\* g gh

Memtfeapression i multiphe
e end of plisical fine

|1Flra‘|L 5 ll L& 1.].{ & C Ili, C T 5
" L I ADOVY I.h I.“.n al you dl w l'lll." .rﬂ I
TS []Dp ds |

for key indl :

print (key, ":", d1[key]) a : string
. . (1, 2) : tuple
The above loop will produce the output as shown here, 5 : number

How it works

The loop variable key in above loop will be assigned the keys of the Dictionary d1, one at a
time. As dictionary clements are unordered, the order of assignment of keys may be different
from what you slored.

which has been assigned one Key at a time, the corresponding, value is

Using the loop variable,
he loop-body using through statement :

printed along with the key inside L
e jp will wecess value from dictivmary !
print (key, “:", d1[key]) for given ey,
d “a’ in first iteration and hence the key

- ble key will be assighe :
o key will get element (1,2) and its

d;in second iteration,
50 0N,

ar. You can use a for loop to ge
alues inside the loop-body.

As per above output, loop-v
“a” and its value “string” will be printe
Value ‘tuple” will be prinlud along with it} and '
all collections is simil
ccess corresponding v

t hold of

So, You can say that traversing
indexes or keys and then print 0r 3
ur [riends and then print it.

lpreet” : 5734521,
"gampree” : 4673215}

dictionary or ali yo

. 7654321, "D1
H 32415571

9.1  writea program to create d phone

w . 1234567, "Steven

. - LL \..' (1]
Doram PhoneDict = { "Madha 632175 rqurughan

"Rabi,‘fa" .

for name in PhoneDict
print (name, e PhnneDict[name]]
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The output produced by above program will be :

| Dictlonaries are . uny

.--ir Rabiya i | of elements, the 2ot
| Murughan : 324}:{2; elements s net
| madhav : 123 latdar vou stored e i)
| pilpreet : 6734521 LY ‘.""‘"th!
| steven : 7654321 o=y SSESAN

|| sampree : 4673215 .

i riable name got assigned the keys

utput, that the loop va : . Ered the
e e c;' Ez For the first iteration, it got l%'ne_key . Rabiya”, for the
a time. and so on. Since the dictionaries are unordeyeq
s the order you stored the elements i,

As you can make
dictionary PhoneDict, one at ¢
second iteration, it was assigned "Murughﬂfl

set of elements, the printed order of elemenls is not same a

2, A ing Keys or Values Simultaneously .
9.2.28 Ccessing ¥ you may write <diclmnary>-keys( ) and to see al]

To see all the keys in a dictionary in one go, it
valnes in one go, you may write <dictiona ry>.values( ), as shown below (for the same dltunnary

d created above) :

>>> d.keys()
dict_keys([ VowelS', Voweld', 'Vowel3', Vowel?', Vowell'])

>»>d.values()
dict_values(['V, 'd', i, ‘¢, 'a'])
As you can see that the keys( ) function returns all the keys defined in a dictionary in the form of
a sequence and also the values( ) function returns all the values defined in that dictionary in the

form of a scquence.
You can convert the sequence returned by keys( ) and values( ) functions by using list( ) as

shown below :

>>> list(d.keys())
['VowelS', 'Voweld', 'Vowel3', "Vowel2', 'Vowell' ]

>>> list(d.values())
['u’, "0, 'i', e’ 'a']

9.2.3 Characteristics of o Dictionary
D-ict.innarius like lists are mutable and that is the only similarity they have with lists. Otherwis&
dictionaries are different type of data structures with following characteristics :

1. Unordered Set
A dictionary is a unordered set of key : value pairs. Its values can contain references toany b

of object.

2. Not a Sequence
Unlike a string, Ii icti ; T
] string, list and tuple, a dictionary is not a sequence because it is unordefildad_
e emen_ts..'f'he sequences are indexed by a range of ordinal numbers. Hence, they aré 855
but a dlchonary is an unordered collection, k'
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'Indﬁ"ed by Keys, Not NU"ﬂbers
3 Dicﬁoﬂm‘iES are iﬂdExed B

gince Strings and numberg ar:

|

' contains imm _
{ tuple utable Objects i
|

5 key"- But the values iy, , dict
10napy,

dictionary.

Following dictionary b
) used a5
s3> dictl = { Mixed within one
?31 .'"-':'lule for key g, 1. a1
(4 .5 a. vetora String-as o onke

(3, )t "Value fop 5 o, 3-key~
and for fup" . 7 -as-.;.,.;my.JI

y 1",

}

»>> dict1[0]
Value for key @ +—— Key of Integer pype

> diCtl[ (4, 5]] Tuw uuys of writing Ley of huple
L rl‘ﬁ'-'ﬂ'.lp:.rm be g
Value for a tuple-as-a-key gt m:::::rm_

»»> dict1[4, 5] [ForEmmm——

The keys of a dictionary must be
of immutable types such as
numbers or strings. A tuple can
»>>dictl["3"] also be a key provided it

\ contains Immutable elements,
Value for a string-as-a-key A dictionary value can be any
object, though.

"Value for a tuple-as-a-key

4. Keys must be Unique

Each of the keys within a dictionary musl'l:.r
: duplicale keys 1

¢ unique. Since keys are used lo identify valuesina

n a dictionary-

consider the same BirdCount dictionary

dictionary, there cannot be

s can have same paltees, €8

However, two unique key

declared above : p——

Ty HITIUE keys o
“ .16 "Hurnbill' : 15, wpeacock” : 15}
10

" 13, "H}'I'Ia ¥ lue ]J-

BirdCount = { "Finch - pave same V2

wpornbill” @

Notice that two different key place”

' "n
value of 2 certain key !
e

% Mutgble ple. We & change "
Like lists, dictionaries are 2 ﬂ":snper‘s mtax:
uging the assignment statement

cvalue?

<dictionary>[ ckey>] =




CoOAPUTER

dietl defined above

- '
For example, consider the dictionary

s> dletl[" ] Vlue for Aey =5 ¢ Quasiged wing

wvalue fora string-as-a-key  string” / N el atatemer

»>> dictl["3"] = *changed tone

»»> dict1["3"]
‘Changed to new string'
air to a dictionary using

You can even add a new keysvalue p
we. If the

But the key being added should be uniq
changed as in the assignment stalement above.

>3> dict1["new"] = "a new pair is added”

»»>dictl

{ 8:'Value forkey @, 1 : "Value
_tuple-as-a-key', '3 : walue for astring-

'new : ‘a new pair is added’} ;@\
L - .“

6. Internally Stored as Mappings
Internally, the key:value pairs of a dictionary are
internal function (called I'-.lhh-l'mwlinn‘]. This way ©

alue for a

for key 1, (4,5):V
‘and for fun' 7,

as-a-key,

Keys Hash function Stored values
Key2
ey l Vaiue1 1

Keyd

Figure 9.2 Internally Keys being mapped to Values

9.3 WORKING WITH DICTIONARIES

d'ﬂ:..r b"l.‘irlf.'.‘i of dictionaries, let us discuss about various operations that you can perform o0
ictio . . : . T o
ionaries, such as adding clements lo dictionaries, updating and deleting elements of

dictionaries. This section is dedicated to the same

9.3.1 Multiple Ways of Creating Dictionaries

You hav FTp :
1ave leamt to create dictionaries by enclosing key: value pairs in curly braces. Ther® are

other ways of creating dictionaries too that we Eoing to discuss here

1- - : = ~ = :
Hash-function is an internal algorithm to map and link a key with a stored value

SCILMCE WITH PYTHON -y

a simple assignment statemey,

key already exisls, then value is simply

associated with one another with some
{ linking is called mapping. (Fig. 9.2)
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o i ictiona

S jaing @ & &

! "w t!'lis n‘tl_‘thDd all the ke

}F:Va!ur_l a'
ll In” s and enclosed in Pairs o

C.'Url}r bra:es_
have already worked with

 dictigp,
a * wri
Y are wrigen collectiye
! r|c.|.15h this method, e.g., followi

S Methog, A
Al the g
ng di‘-‘-‘linnar}- Eu::-le?:tmmr
employee = { name' : *Jony, 'salary : 154
. aa
s L:e‘f!‘"'ﬂlue Pairs 1o an Emph_.: Dicti
«« method, firstly an empty dics
(his method, Pty dictionary
Iot;e pair at a time. 1S ereated and i
o To create an empty di‘:tiﬂnal’}', there are fuo
[ - Ll . - “'
(i) by giving dictionary contents i empty curly b
P 0 ¥ braces as shown below «
(i) by using dictionary constructor dict() as shown below :
Employee = dict() o
o Next step is to add key : value pairs, one at

ly, separated by

ies cre
Created so e have been created

e . o
Yeeisalsg being created the same way ;

2 'ﬂge‘ 124 }
uu'“‘-‘n!.

on Dl‘l"
51 Inp]}'

n keys and values are added loit

a:,-s H

a time as per synlax given below :
E <dictionary> [<key>] = <values
1 S0mp

For example, in the adjoining statements we are first adding a | Employee['name’] =‘John'
key: value pair of ‘name’: "John", next statements adds value

Employee['salary'] = 18@0@ |
10000 for key ‘salary’ and the third and last statement adds ~ Employee['age’] =24
palue 24 for key ‘age’.

This method of creating dictionaries is used to create dictionaries dynamically, at runtime.

1 Creating @ Dictionary from nome ond value Pairs
Using the dicl( ) constructor of dictionary, you can also creale a new dictionary I.'I'Illml'i?_lll"l {Imrn
specified sct of keys and values. There are multiple ways to provide keys and valiies to dict()
construclor. . : #ore
(i) Specify Key : Value pairs as keyword arguments 1o dict() function, Keys as arguments
i) Specilty : 2 (aka .eys of Slring type.
and Values as their values. Here the argument names are taken as keys 0 < OP

Thet |y 07 pivent us arglanenis, NOTICE the keys are n,ﬂr
B visy = .
ﬂl'tfﬂ:;":] in quofes here the yalies 8¢ g afier = $ig)

Employee = dict(name = “John', salary = 10008, age )

] : me
Spe, Mythan automatically com erted @rp

/ sames 1o Strng OTE kevs
yrim on Ay Employee

i Yol hﬁl } - " & t ,Du
; ' gt 1 24, 'NAME * 48 R Fpp— airs in this formal, ¥
nts of {'salary : 10000, 28€ 4 ey s value pairs. To give key: Talue P
' i - te - ,
(i) Specify comma-separa o below : -
. . 5 as shown
need to enclose them in curly brace . 24}

. 10000, '38¢
o s3ghit, salary
" Employee = dict{{'name - *John’,
are e

é %3 Emplnyee -
{'salary : 10000, '3B€ *

24, ‘name’ * *john’}




. i-E-r “tuples'
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ately. In this methog
(iii) Specify keys separately and mmspandingzvlh;e: ::i::m :a pi i tl-u:hm
and values are enclosed separately in parentheses® an ty)
function, which is then given as argument of dict( }'.
Irua all the and
All the keyy are given veparately enclosed In () and all Flatt group eonta el
. group containg all values in same opg,,
ﬂmmrzﬂi;:n:ﬁ:?ﬁﬂ;ﬁ?ui!u:rrﬁﬂ that of correspanding keys. P
as argument of dict( ) comstructor

»>> Employee = dict( zip( (‘name’, 'salary’, 'age’), ("John', 10900, 24) )

»>> Employee @

{'salary : 10000, 'age' : 24, 'name' : ‘John'}

The zip function clubs first value from first set with the first value of second set, second valy, from
first set with the second value of second set, and so on, ¢.8., in above example, ‘name’ { Clubbeg
With ‘John', ‘salary’ with 10000 and ‘age’ with 24. Using these clubbed valyes,

' the dic)
constructor method creates key : value pairs for the dictionary.

(i) Specify Key: Value pairs separately in form of sequences. In this method, ope list

tuple argument is passed to dict( ). This argument (passed list or tuple) contains Hseltupe
individua) key : value pairs.
That s, a key : value

Pair is specified in the form of a list and there are as man
outer list as there

are key : value pairs in the dictionary.
Consider the following example :

y lists as items of thy

See, there is one list hpe argument passed to dici( ) Construcior,
This list argument, in tum contains all key:value pairs ay liggy
(3 list type eniries in one list here.)

>>> Employee = dict([['name, *Johrt], ['salary *, 10009], ['age, 24]1)

>>> Employee @
{'salary ; 1@e8e, ‘age’ : 24, "name' :"John'}

You can also pass a tuple containing key : value pairs as list-element or tuples as elements. S
following examples :

The dict{ ) method is

Provided tuple argument. The passed tuple
containg list-element

s of key, values (3 list entries in one tuple
>>> Empl2 =dict(( ['name’,
>>> Empl2

{'salary : 108080, 'age' : 24, 'name' : 'John' }

"John'], ["salary', 1eeea], ['age’, 241))

[NoTE g

The dict( ) method is provided tuple argument, Important. Using l"ﬁ“"#

e e o e+ et
: tional method of endosig ¥
e L (i { }. Thus, It should be P
>>> Empl3
{'salary : 18000, 'age' : 24, 'name’ : ‘John'}
>5>
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; \dding Elements to Di,;;ﬁ,::,,.":“,"r

lue al
; the key being addeg Palr) to 5 g;
w, BUI e muy Drllr:r u
,;.n‘l’ dy exists, then this statemen will cl-:;t exist |n d;mnm:.:,n fn'd"”ﬁﬂmmt as per following
ddrd to dil:hnnar}r. ge I-he ?ﬂuEDfn[’unE k;::;h! I.'Ln_lquh If the k‘y
: no
(dictionary? [<key>] = cvalye, Ry willbe

consider the following example :

,»>» Employee = {“name’ ; ‘Johy, 'salary : 1ppgg
5> Employee['dept'] ='Sales’ 828, ‘age ; 24

y>> Employee o New entry odged

{'salary : 10009, 'dept': Sales!, ‘age' 1 24, tpages. “John'}

ry. Program 9.2 uses such a dictionary.
nesting of dictionaries. But one thing you
n store a dictionary as a value only, inside a
you know the reason - only immutable

Storing a dictionary inside another dictionary is called
must know about nesting of dictionaries is that, you ca
dictionary. You cannot have a key of dictionary type ;
types can form the keys of a dictionary,

9.2 A Dictionary contains details of two workers with their names as keys and other details in the form of
dictionary as value. Write a program to print the workers® information in records format.

e Employees = {Johr' : {age’ : 25, 'salary : 20008}, Diya : (age : 35, 'salary : 56000))

for key in Employees :

L] L L r Hﬂfﬂ'ﬂ .'Im'lhf
print ("Employee”, key, ':") | — ﬂnrﬁﬂf“m” o
print (‘Age :', str( Employees[key]['age’] )) ,-m,' ot dliticaries. miores as wliaet

print (‘Salary : ', str( Employees[key]['salary] ))

. Employee John :
Age : 25
Salary: 20000
Employee Diya :
Age : 35
Salary: 50000

s in a Dictionory
hat we did just
following syntax :

93.3 Updaling Existing Element
UPdaﬁng an element is similar to W
“i“'mg key using assignment as per

dictionary>[<key>] = <value?
Consider following example :

g I . lwl
>>> Employee = {'name’ : 'JOhN s salary

>>> Employee['salary'] = 20000
>>> Employee
{'salaryv - 2paea . 'age’ : 24,

now. That is, you can change value of an

'3 gE' : 24}

lnam' = 'J l:ﬂ'l"'}

F-J'gfnu can add new elements (key ; 1 5!@!

b
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L exist in the dictionary ] ries, the upd {
the key mus . ., in Dictionaries, the updation yng
. m?ke A e will bc}added 1o the dictionary “ addition of elements are simijly, ’
otherwise new enlry - toy:value pairs, you 630 create in syntax. But for addition, the -
Using this technique of adding l‘_?;l'e by accepting input from key must not exist in the (
dictionaries interactively at runil dictionary and for updation, the
user. key must exist in the dictionary, \
> . e U
Following program illustrates this. : Elhf
: ition winner students as Keys ang
P_ 9.3  Write o program to create a dictionary containing names e ;
Il number of their wins as values. ;
mmm "
n = int(input{*How many students )
CompWinners = { }
for a inrange(n) : . )
key = Input ("Name of the student :7) )
value = int (input("Number of competitions won : )) "
CompWinners[key] = value folle
print ("The dictionary now is :") - .
print {CompWinners)
The
The sample run of above program is : co
How many students 7 5§ :
Name of the student : Rohan {
Number of competitions wen ! §
Name of the student : Zeba ’
Number of competitions won @ 3 2
Name of the student : Nihar 3
Number of competitions won : 3
Name of the student : Roshan (
wumber of comperitions won @ 1 H}'E
Name of the student : James
Number of competitions won : 5 5
The dictionary now 1is :
(Nihar' : 3, Rohar' : 5, Zeba' : 3, Roshar' : 1, ames' : 5) T
9.3.4 Deleling Elements lrom a Dictionary K
There are hee methods for deleting elements from a dictionary. HUW
i) To delete a diclionary clement or a diction; ' . OXisy
gmmand ry a dictionary entry, f.e.,, a keyvalye pair, you can use del | .
. «
The syntax for doing so is as given below : Fo
t
e
del <dictionary>[ <key>] 5,
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conSid"r the following example :
;)?Empla
»»>del empl3['age’]

»> empl3 g See, the dictionary now has
{'salary’ : 16000, ‘name’ : “John'} that eniry removend

gut with del statement, the key that you are

herwise Python raises e giving to delete must exist in the dictionary,
u‘ E ‘- % ]

Xception (KeyError), See below :
+>> del emp13['new’] a— Trang to delete a non-existent key

Traceback (most recent call last):
File "<pyshell#22>", line 1, in ¢<modules
del empl3['new]
KeyError : 'new

(i) Another method to delete ¢

lements from a dictiona is by using pop( ) method as
following syntax : Iy Is by using pop per

<dictionary>.pop(<key>)

The pop( ) method will not only delete the key:value pair for mentioned key but also return the
corresponding value. Consider following code example

>>»employee
{'salary : 10200, 'age' : 24, 'name’ : 'John'}
>>>» employee.pop(‘age’)

24 1\___‘_____‘_’___ value shoun here for the element deletad

>>> employee

‘___'___,_..-——— Element deleted from dictionary
{'salary : 1@@@8, ‘name’ : 'John'}

If you try to delete a key which does not exist, the Python returns error. See below :

>>> employee.pop('new)

Traceback (most recent call last):
File "<pyshell#38>", 1ine 1, in <module>
employee.pop('new)
KeyError : 'new
pecify what to display when the given key does not

- 'ou to s
However, pop( ) method allows you to This can be done as per following syntax :

exist, rather than the default error message.
<dictionary>.pop(<key>, <in-case-of -error-show-me>)

For example :

>> employee.pop('new, Not Found®)
"Not Found

]

—

i -message.
See, now Python returned the specified message in place of error-messag
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9.3.5 Checking for Existence of o +h dictionarles as well. But they can cheg,
resent in a dictionary (called revery,

operators In
}::u;iﬂ;sn:;::zifpk; o Chc;kd:o;n‘:lt}f: E(rs:ifli:fmem B is based on reverse lookup
lookup), you need to write proper € - ous ) Wt atatestion
To u:e n}membcrﬁhlp operator for a key's presence ina Y y tas
per syntax given below :
<key> in <dictionary>
ckey> not in <dictionary?
— Thein operator will retum Trueif
— The not in operator will retum
otherwise False,

Key

didiﬂnar}'r

iven key is present in the dictionary, otherwise False,

th
°8 y is not present in the dicﬁm,y'

True if the given ke

Consider the following examples :

>>> empl = {"salary : 10008, ‘age’ : 24,
>»>'age' in empl

‘name' : 'John'}

True
»»>'John' in empl
False
]
;H ISR i:m_f.}--—-— “lohn® is not a key, hence Python returned False, as in only
s checks in keys of the dictionary.
»»>‘age' not in empl
False

Please remember that the operators in and not in do not apply on values of a dictionary, if you use
them with dictionary name directly. That is, if you search for something with in or not in
operator with a dictionary, it will only look for in the keys of the dictionary and not values, e.g.,

> NoOoTE 3’
»» dictl f_} DTE.

{'age': 25, 'name': 'xyz', "salary': 23450.5}

The In and not In operator check

1 L]

>>>'name” in dictl See, it rerurned False if you tried 1o for membership only In keys of
True a— search for a value in a dictionary using the dictionary and not in values.
»>»>'xyz" indictl it rr=er]
False

However, if you need to search fora value in a dictionary, th :
sUIeny L
<dictionary_name>.values(), i.c, 24 you can use the in operator with
»»>'xyz* indictl.values()

True e——— Using <dictiona
ry>.values
for a value using in ﬂ‘Pl.'l'ﬂ.for_r”r you can look

' 9.3.6 Pretty Printing a Diclionary
You generally use print function to print a dictionary in
. Winners = l’Nihﬂr’Z 3, 'Rohan’ : 5, ‘Zeba’ 3' .Rnshg: 1'?::‘121,2&' i.f}'ﬂu havea d.ll:ﬂﬂnal?:;
. print it, Python will give result as : :5) and if you give a print()
;3; prin't{Hinner‘SJ a—— This is default way of printing dictionary in Python
{'Nihar*: 3, 'Rohan’: 5, 'Zeba': 3, 'Roshan': 1 'James': § }
s dy ' .




L
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1
f above style of printing dictionary, you can still make out the keys and values, but if the

fro® 2 s large, then shouldn’t there be any way of printing dictionary in a way that makes it

dicﬁﬂ:::fiable and presentable ?

yell there certalnly is a way. For this, you need to import json module by giving statement
Ilﬂ ort json (recall that in a program the import statement should be given at the top.)

Jnd then you can use the function dumps() of json module as per following syntax inside print( ):

jsnnjumpsudictinnar‘y name>, indent = <n3)

N Thisnisarumber

ple, consider following result

For gxam
y3» print(json.dumps(Winners, indent = 2))
{
=Nihar" i 3, Dictionary name
*Rohan”: 5,

"Zeba": 3, . &

“Roshan”: 1 '\r’)'"“f“' pairs in separate lines and 2 spaces in front of every
os 4, line becawe you gave value 2 for indent { indent = 2)

"James": 5

}

737 Counting Frequency of Elements in a list using Dictionory

Since a dictionary uses key:value pairs to store its elements, you can use this feature effectively if
you trying to calculate frequency of elements in sequence such as lists.
You can do this as :

® Create an empty dictionary

® Take up an clement from the list List (first element 1st time, second element 2nd time and so on)

® Check if this element exists as a key in the dictionary :

1f not then add {key:value} 1o dictionary in the form { List-element : count of List-element in List}

Following program illustrates this. But before we move on to the program code, it will be good
if we talk about an interesting and useful function split() that you can use with text to split it in
words, ( it will come handy especially if try to find frequency of words in a sentence or in a text
file). The split( ) works on string type data and breaks up a string into words and creates a list
out of it, e.g.,

>?> text = "This is sample string” >>> text = "one, two, three”
>»>words = text. split() >>> words = text.split(®, ")
>>> words 32> wards

["This®, 'is*, *sample’, 'string'] [‘one’, "two’, "three’]

L. e e e L —

Code on he individual words o Hthe basis of defeult separator while space from the strin tex , and Code '

L"" fhe ﬁlhmﬁﬂml words on the basls of given separator (), The result &s stored @ list namely worde. |

By default split( ) breaks up a text based on white spaces, but you can give a separator character
€8, see sample code on the right above. Now consider the following program.
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cyof a list-elements using a dictionany.

9.4  Program to count the frequen
,r counting frequencies in 1isy

ogram  import json - [‘this®, 'is', "a', “super’,

sentence = “This is a super idea This\ " tidea', ‘This', ‘idea’, ‘will®,

ideawill change the idea of learning” ‘change’, ‘the', ‘idea’,

words = sentence,split() ! ‘of', ‘learning']

- {

d {} ‘_—-‘__'-'"'5__- I]..Th‘"h‘r‘" r“.b‘u i\IP‘JJ i "ThfS“: z .

fnr one in mr\-ds: ..r*r-.l'_f'n.-urnna*l | ﬂi sl'l: 1 , “' - -
key = one AL (hey - oount-of-hey) "a™: 1, Mﬂdhm
{f key not ind: o dictiomary “super”: 1, in dictiomary,

count -mrds.count(kny}‘_J :idea::: 3,
d[key] = count “wi 11 :"{..
change™: 1,
“the": 1,
“of": 1,
"learning™: 1

—

print(~Counting frequencies in list\n", words)
print(json.dumps(d, indent =1))

The output produced by above code is }
shown on the night:

=

9.4 DICTIONARY FUNCTIONS AND METHODS

| ——

Let us pow talh about vanous builtsin functions and methods provided by Python lo
manpulate I‘:.'Ihﬂn dictionarnios

e —

1. The len( ) method
'Ihn method returns length of the dictionary , Le. the count of elements (Aey:value pairs) in the
dictionary. The syntas to use this method is given below : ‘
len(<dictionarys)

= Takes ductionary mame a argument and returns an integer.
Example :

*employee « ('nume’ : Johr, ‘salary’ 1 10000, ‘age’ : 24}
J‘))lbﬂ‘[ﬁ"plﬂ}'n'}
3 ‘-—-—-—________.__

The bemt § retuns the coung of

key vulue painy from the dictionary

d¥employee|'cept’] «*Sales'
?3>1en(employee)

4
h—"‘“'—--_ e, afier adding g new ey, the

length of dictionary changed

|
|

2. The clear( ) method

This method removes a

i s -
Post this method. T1,e tems from the dictionary and the dictionary becomes empty diction®¥

syntax to use this method s given below :
<d1:t1mary).c1gar{}
= Takes no arg

ument , relirns no value

[ o
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wmp ) i L]

»> Employee = {'name John, Salapy

»»> Emplnyee.clear() * 19000, age ; 24)

»»? Employee .

{ } % S, e e df{'ﬁunuq- i cmpry
mdﬂrxﬂei‘gﬂ iﬁtﬁt :11 011 e hedic st deleteg o)

owever, you w Clete the g Y &S all the elemenc : ide the di:
IL‘h t remains, then You ¢ e iy self that dijgy; Ll'nu.x'ls i iha dlctmnary.
objec ’ N Use gg) sta ®Ment alone . Sictionary i also removed and no
For example : SWithd '

»2 Employee = {'name' .

Johp'

> Salary .
»»>del Employee \
»>> Employee

Fwill defore the COMplere The tlear| femoves all the

d'"'“"‘"ﬂf elements of 5 dictionary ang makes
1} empty dictionary while de)
Tra:ebick (most chent cal] last), See, o Employee Statement remoue, the compicte
File Pyshell, » line 1, 1in ‘module, etiect vy eristy. dictionary a4 an object. After de|
Employee " satement with 5 dictionary name,
g ' \ that dicunn:n.r object ng more

NameError ; Name 'Emp) oyee is ngt defineg eXists, not eyen empty dictionary,

3. The get{ ) method
With this methoeg, y

Oucan get the jteyy w
not present, Python by defau) giv

default argumen, as per fnllmwing
<dictiunar~y> -get(

ith the giv

LS error, but

Symax :

kKey , [ default 1)

Takes key as essential argument and re
when key does not exisl, it re
relurns defayly argument ,

Example .

en key, similar tq dictianary | key 1 If the key is
you can Specify your awn, message through

tirns corresponding valye jf the k

CY exists or
turns Python's Error if default

argument is missing otherwise
>*> empl1

{'salary . 1eee8, 'dept’ : 'sale

2> empll.get (‘dept’)
'Sales’

s', 'age': 24, 'name’ "John')

if key exists i dicliona

See it retumeq value for given hry if key II:.N‘iSiS.IH‘I'ﬂ:}[:EHI S
argument, which does not exist in the dictions Iy,

>>>empll.get(‘desig) |

Traceback (most recent call lait}q;mdule}

File "¢<pyshell#50>", 1ine 1, in
empll.get('desig) sinnd
NameError: name ‘desig’ is not de

ry- If you only specify

the kl:-}' as
on will retum Crror :

T message as second argument :
1 5pecif}' your own custom erro
In place of error, you can also
0" tll)

>>> empl1. get('desig, "Not ye =

Not yet! ig, "error!1 Key not foun

>>>empli.get('desig,

‘Error] | Key not found
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4. The items| ) method
This method returns all of the items in the dictionary as a sequence of (key, value) tuples. Note
that these are returned in no particular order.
¢<dictionary>.items() - .
- Takes no argument ; Returns a sequence of (key, value) pairs

Example :
employee = {'name’ : "John', "salary’ : 18009, ‘age' : 24}
myList = employee.items()
for x inmylList :
print (x)

The adjacent code gives output as:

( 'salary', 10000)
('age', 24)
¢ ‘name', 'John' )

As the items() function returns a sequence of (key value) pairs, you can write a loop having two
variables to access key value pairs, e.g., ) .
The adjacent code gives outputas:
empl = {"age': 25, "'name’: 'Bhuvan’, 'salary': 20000}
seq=empl.items()

for ky, vl in seq:

print(val, key)

25 age
Bhuvan name
20000 salary

This loop has two iteration variables ky, vl because the function items( ) returns a list of tuples
and ky, vlis a tuple assignment that successively ilerates through each of the key-value pairs in
the dictionary i.e,, each key-value pair is assigned to loop variables ky and vl at a time.

5. The keys( ) method

You have already worked with this method. This method returns all of the keys in the dictionary
as a sequence of keys (in form of a list). Note that these are returned in no particular order.

<dictionary>.keys()

= Takes no argument ; Returns a list sequence of keys

Example :

»>> employee

{'salary : 10000, 'dept’ : 'Sales’, 'age’ : 24, 'name' : John'}

>>> employee.keys()

['salary, 'dept’, "age’, 'name’]

6. The values( ) method

This method returns all the values from the dictionary as a sequence (a list). Note that these are
returned in no particular order. The syntax to use this method is given below :
<dictionary>.values()

— Takes no argument ; Returns a list sequence of values
Example :
>23 employee
{'salary : 10@e@, 'dept’ : 'Sales’, "age' : 24, 'name’ : ‘John'}
>»>employee.values()
[10000, 'sales’, 24, 'J0hn')
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1. method merges key : value pairs from the new dictio
lacing as needed. The items in the ne

oy ite ms already there with the same key
The syntax to use this method is given below -

ar rep

nary into the original dictionary, adding

w dictionary are added to the old one and override
s.

e 0B Ty This dictionary's items will be taken
i <dictionarys.update ( <other-dictionary>) for updating cther dictionary.

Example :

, f dictionary >>> employeel = {"name’ : ‘Johr, ‘salary : 18000, "age' : 24}
. M u;ﬂﬁd&fﬂ’l the >22 employee2 = {'name’ : 'Diya’, ‘salary’ : 54000, 'dept’ : ‘Sales’}

3 have
Mddmw,}. \ >3 Emplnyeel.update(mplu}_.reﬂ}
eSS .

1 having the same ke
1. of ke mame’ and “salary’

>>> employeel
{'salary : 54880, 'dept’ :'Sales’, 'name' : 'Diya', 'age’ : 24}
20> Emplgyeez

{'salary : 54008, 'dept’ : 'Sales’, 'name' : 'Diya’}

e
S

9.1

1 Why are dictionaries called mutable
types ?

| 2 What are different ways of creating
dictionaries ?

' 3, What values can we have in a
dictionary ?

' 4 How are individual elements of
dictionaries accessed ?

| 5 How is indexing of a dictionary ° .

different from that of a list or a string ?

6. Which of the following types qualify to
be the keys of a dictionary ?

(a) String  (b) tuple (c) Integer
(d) float () list
() dictionary
7 Gn you change an element of 2
sequence or collection ? What if the

tollection is a dictionary ? What if the.

Sequence is a string ?
b What do you understand by ordered

collection and wnordered collection 7.

Give examples.

1, txisting dictionary ?
| Qi you rempve key:value pairs from &
‘-~ lctionary ang if so, how ? :

* How do you add key:value pairs 10 m_

Y 4

With this we have <0
quickly revise

MANIPULATION

This method is equivalent to the following Python statement :

for key in newDict.keys() :

inewDict is employee2 here

dictionary[k]=newDict[k]

DICTIONARY HANDLING

Progress |n Pw]'mn 0.1

This PriP session aims at strengthening skills related to
Dictionary handling and manipulation.

Sen RS

me to the end of our chapter. Let us

what we have leamnt so far.




COMPUTER SCIENCE WITH PYIHOy o >
300

VISE
LET_Us RE

. ir that associate keys fo values,
' Q Dictionaries are mutable with elements in the form of a key: value pa

% The keys of a dicriionary must be of immutable types. hashes
jati i rashes,
% Dictionarics are also called associative arrays or mappings or

: ccess element as per
| In Python dictionaries, the elements (key: value pairs) are unordered ; one cannot a Per specific order,

Keys of a dictionary must be unigue. _
Dilm:arlrs can b,:' created in multiple ways — through () and through dict() ¢ U”-""mffhﬂ.r-
In Dictionaries, the updation and adidition of elements are 5.|'nn'.!m_' in syntax. But for addition, the key must po; exiy
in the dictionary and for updation, the key must extst i the dicrionary.

To delete an element, you con cither use del statement or use pop( ) method.

Some useful dictionary methods and functions are : len(), clear(), get(). items(), keys(), volues() and updaref),

- -

@

&

The membership operators in and not in only work with dictionary kews,
The clear( ) function removes all the items from dictionary but the dictionary vhject exists as an empty dicti onary.,
The del <dict> statement removes a dictionary object along with its items. After this, there exists no dictionary objec,

&

e

&

Solved Problems

' L How are dictionaries different from lists 7

Solution. The dictionary is similar lo lists in the sense that it is also a collection of data-items just
like lists BUT it is different from lists in the sense that lists are sequential collections (ordered)and
dictionaries are nou-sequeential collections (unordered).

In lists, where there is an order associated with the data-items because they act as storage units
for other objects or variables vou've created, Dictionaries are different from lists and tuples
because the group of objects they hold aren’l in any particular order, but rather each object has
its own unique name, commonly known as a key.

M

Houw are objects stored in lists and dictionaries different ?

Solution. The objects or values stored in a dictionary can basically be anything (even the nothing
t}-p(- dEfil'led a5 Nﬂl‘lr:'r bul ke}*s can m'l]_l.' be immulable l}'PL"Ul1iEClS. eg. 5trings, mp]gs,
integers, ctc. |

3. When are dictionaries more useful than lists ?

Solution. Dictionaries can be much more useful than lists. For example, suppose we wanted 10
store all our friends’ cell-phone numbers, We cauld create a list of pairs, (name of friend, phont
mfmbcr], but once this list becomes long enough searching this list for a specific phone nuﬂ‘jb?r
will get time-consuming. Better would be if we could index the list by our friend’s name. This®
precisely what a dictionary does.

Can sequence operations such as slicing and concatenation be applied fo dictionaries 7 Why ?

Solut - et 2

d.:-:l ‘o7 No, sequence operations like slicing and concatenation cannot be i'.PPl;:g ¢

a; 'lﬂnar?e.s. The reason being, a dictionary is not a sequence. Because it is not maint3 .
Y specific order, Operations that depend on a specific order cannot be used. {
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5

7.

Why can'f Lists can be used as keys ?
Solution. Lists cannot be used as keys in a dicli
: s in a diclionary be .
dictionary can have only keys of immutable l}";:;l'} because they are mutable, And a Python
If the addition of a new key:value pair causes the siz -
occurs. True or false ? ¢ size of the dictionary to grow beyond its original size, an crror

Splution. False. There cannot occur an error because Dicli . ,
. ause Dictionaries be
can grow or chrink on and as-needed basis. ries being the mutable types, they

Consider the follewing code fragments. What outpuls will they produce ?
()  abict = {'Bhavna':1, “Richard":2, "Firoza":18, “Arshnoor":20}

temp = @

for value in aDict.values() :
temp = temp+value

print(temp)

aDict = { 'Bhavna':1, "Richard":2, “Firoza":18, *Arshnoor™:28}

(i)
temp = "
for key in aDict:
if temp < key:
temp = key
print(temp)
(i1r) aDict = { 'Bhavna':l, "Richard”:2, "Firoza":10, “Arshnoor™:20}
k = "Bhavna
ve=-l
if k in aDict:
aDict[k] =¥
print(aDict)

Colution.
(1 33 (ir) Richard

(i { ‘ghavna’: - 1, ‘Richard’ 12, - 108, *Arshnoor' @ 20 }

‘Firoza’
ionary but to check for he presence of @

The mentbership eperators only work with keys of a dict value in a
dictionary, you need o write @ coile.

Write a Python program that pakes a value ane
nol, If it f-::, it shoudd print the correspormdiny hey otle

{ checks whether the given value fs part of given dictionary or
ertpise print an crraor message.

3 :"Three”, 4 +"Four”, 5 :"Five"}

Solution. )
dictl = {0 :"Zero", 1 »One”, 2 :"TWo s
ans = "y"
while ans == 'y" or ans == Y

val = input("Enter value:")
print(“value”, val, eiid=*")
for k in dictl :
if dicti[k]== val:
print("exists at”,
else :

print(~not found”) )
ans = input(“Want to check more values? (y/n) :*)

k)
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302 . "Rymr' and *Zeba” in three subjecls are avallable in f""":ﬂlng i

15 =5Sunitis

9, Marks of three sh.!.lr.ffﬂ
dictionarics respectively :

die{1:48,2:79
dz={1:40,2:50
d3={1:76,2: 8%

3 ; 78}
3 ; 68}
3 : 98}

ks details along with student names and then prints the Output gy
1ar

Creale a nested dictionary that stores then

shown below : ]
HName \
Ryna
subject (key) - Marks (value)
1 48
3 50
3 &6e
Hame
Zeba
subject (key) Marks(value)
1 78
2 8o 1
3 EL G _
Name '
Suniti P
Subject(key) Marks(value) Ma
1 40 Nes
2 7@
3 78 =
Solution.
dl={1:46,2:7e, 3: 70} H
d2={1:4B,2:53,3:EB} . 5¢
d3={1:78,2: 80, 3 : 98} .
d4 = {"Suniti® : d1, "Ryna" : d2, "Zeba" : d3} T?pl
for x in d4.keys() :
print {“"Name") 1
print (x) .
print (" Subject(key)", '\t', "Marks(value)") 3
for y in d4[x].keys{) :
print (" ", y, "\t\t', da[x][y]) 4
print()} 5
Consider a dictionary my_points with single-leter k i
_ 5 eys, cach followed by a ling the
coordinales of a point in an x-y coordinate plane, f 8 2-elegent tupie represerig °
my_points = { 'a' : (4, 3), 'b' : (1,2), '¢' : (5, 1)) 7
I"lr -f 1 i ) cihie
; rife n pr:lgmm to print the maximum value Srome within all of the values tuples at same index . B
or exampie, maximunt for 0% index will be computed from valyes 4 i i index it
the value-tuple. d Land5, ., all the entries at Ofh ind 9
1y
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Print the result in following format :
Maximum Value at index(my_points, 8) =5
Maximum Value at 1"“"<"‘¥_P0ints, 1) = 3
golation.
ry_points = (¢ 1 (4, 3), 0 : ..
highest = [8, @] (1, 2),'¢ 1 (5, 1)}
init =0
for a in range(2) :
init =@
for b in my_points, keys():
val = my_points[b][a)

i'F 1I'Iit am B
highest[a] = val
init 4= 1

if val » highest[a] :
highest[a] = val
print ("Maximu= Value at index(my_points, *, a, ") =", highest[a])

GLOSSARY
Dictionory A mutable, unordered collection with elements in the form of a key:volua pairs that associote keys to volue,
Mapping Linking of o key with o value through some internal function (hosh function).
Nesting Having on element of similar type inside onother element,
Lookup A dictionary oparation tha! tokes o key ond finds the comesponding value.
ﬂs sisnmen f 5

Type A : Short Answer Questions/Conceptual Questions

. Why is a dictionary termed as an unordered collection of objects ?

. What type of objects can be used as keys in dictionaries 7

. Though tuples are immutable type. yet they cannot always be used as keys in a dictionary. What is the
condition to use tuples as a key in 3 dictionary 7

. What all types of values can you store in : (a2) dictionary-values 7 (b) dictionary-keys ?

Can you change the order of dictionary’s contents, ie., can you sort the contents of a dictionary 7

In no more than one sentence, explain the following Python error and how it could arise:

TypeError: unhashable type: "ist’
Can you check for a value inside a dictionary using in operator? How will you check for a value inside

a dictionary using in operator 7 o
- Dictionary is a mutable type, which means you can modify its contents 7 What all is medifiable in a
dictionary ? Can you modify the keys of a dictionary ? .
% How is del D and del D[<key?] different from on¢ another if D is a dictionary ?
m del «dict> statement 7

How is clear{ } function different fro

fod o =

e

:'J..

=1
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01 nTRO DUCTION

In general terms, as you see in many junior level activities, sorting means — from a pile of
mixed objects, picking and placing identical objects into separate groups. But in computer
terms, sorting has different meaning. Computers often deal with sequences having multiple
tlements, Sorting in computer terms means arranging these elements in a spedific order €.4. in
f-"it'!'easi.ng order or decreasing order. In this chapter, we shall discuss what sorting means in
©mpulter terms and two techniques of doing it — bubble sort and insertion sort.
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i ecific order — ascendin
- ler terms means arranging e ill-:‘st:nscl; if you have sequence asS -
e Cﬂde“ descending or decreasing order. For e
inma_si,ng order or

—

S51=[4,6 2616

ading order will be: Sorting. In computer term,
CE

refers Lo arranging elementy ||“'
speclfic order — ascending o
descending.

then sorted sequence in as
(1,2 4,5, 6, 8]
and in decreasing order, it would be :
8, 6,5 4,2, 1]
You have used ‘sorting techniques’ 1.1nkm_:lmngly.‘
want to keep a pile of containers with different sizes,
container first, then smaller than it into il:. further smab )
smallest container in the last, This is sorting only, (see belov

UUUUE'M

Similarly, when you arrange your books in the order of their thickness, it is also sorting.

There are multiple ways or techniques or algorithms that you can apply to sort a group of
elements such as selection sort, insertion sort, bubble sort, Ireap sorl, quick sort etc,

In this chapter, we shall talk about two sorting algorithms - bubble sort and insertion sort,

indirectly in your day to day life, eg,, if you
what do you do 7 You put the bigges
ller into it and 50 on and you put the

BUBBLE SORT

The basic idea of bubble sort is to compare two adjoining values and exchange them if they are
not in proper order. To understand this, have a look al figure 10.1 (on next page) that visually
explains the process of fubible sorl. For instance, in following figure (Fig. 10.1) unsorted array is

.bemg sorted in ascending order using bubble sort. In every pass, the heaviest element settles as
ils appropriale position in the botlom,

m'jﬂriﬂqm BUBBLE SORT IN LINEAR LIST

G e WL AaD

1. Forl=LTOU
2, Ford=LT0[(U-1)- 1]
¥ need not consider alread

Y settled h
# that is why (u-1) -, eavy elements

3. if AR[3] > AR[1 + 1] then
# swap th
;_ temp = AR[3] P the values

AR[1] = AR[J +1]
AR[J + JI zte“’p
Eendof if

# end of innep loop
« END,
# end of oyter loop

Repeai‘. Repeat Repeal

Repeal
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Figure 10.1 Bubble sort.

305
adjacent elements bej :
Two ad) being compared are shown in shaded baoxes.
.
» 13
B e BB OB OB
= 35 l“ﬂ 19 19 1% 12
3|19 19 24 |4 2 2 z
i 2 2 2 | swap "
== 2 24 1T 17
517 17 17 | sw2p
pS 17 17 24 2
r ) L4 1‘*‘9
6 : _ 4 4 4 4 lv |22
,&g;:l repeatng the same process (heaviest comes 2t homom)
12 3
Swap 5 5 |
[ l 13 II'..M 13 13 -53 ' 153
= [ 19 19 | ¥-hange gt 2 2 2
I 2 214 . 7]
19 17 17
| 17 17 | swap 1
17 |v 19 11 gwan 4
4 4 F 4 v e |
24 4 24 e 74 [m l 4 I
" _ FEavies:
5 |n¢::hange 5 A 5 5 | A 5 |
13|+ 13 1 swap 2 2 aos 2]
| 2 210 13 |4 13 g - 133 ]
87 2 [arjerocame s Poston)
¢ £ | swap = |
E 4 4 v e B
19 19 19 19 (rrd 19 |
24 | 24 24 24 heavest)
4
e 1 1 * :
| no change S . =
13 13) » 13 4
| swap
E r : 4 |v "L
(17 [17] 17 17
10 19 19 19
24 24 24 (next heawest) | 24
2 Im:hmpu Z 4 2
5 5 | |swap -
a2 4 4 |v 5
& 13 13 L
A RT; 17 17
19 19 L
24 24 2

We can now write code for bubble sort as shown in algorithm on previous page. Notice we have
kept in mind that since one heavy element settles at its right position in one complete iteration,
next time, we need not compare that element. That is, after first complete iteration, we can have
1less number of comparisons in next iteration (as 1 heaviest element has settled in the end) ;
after second complete iteration, we can have 2 less number of comparisons in next iteration (as2
heavy elements have settled in their correct position by now) and so on.

Falluwing program shows -thon code for the same, the bubble sort technique.
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[ | 10.1 Program to sort a list using Bubble sort.
alist=[ 15,6, 13, 22, 3,52,2] 4+ — Wehawr taken @ pre-initlalizeq 1y, Voo
rogram

print (“original 1ist is :*, aList) €an v input @ list prior 10 soaging
n=len(aList)
# Traverse through all 1ist elements
for i in range(n):
# Last i1 elements are already in place

& — This expression u‘l'.H eTHure fﬁqr e dg
for j in range(e, n-1-1): g?m;ﬁrl'::;ﬂfﬂ:'l"ﬂmmu that gy ™
a 1 a fn
® traverse the list from®@ to n-1-1 ready COMECT Pasitiny,

# Swap if the element found is greater
# than the next element
if alist[§] > alist[§+1] :
aList[j], alist[j+1]) =aList[{+1), alList[j]
print ("List after sorting :*, aList)

The output produced by above code is like.

original list is : [15, 6, 13, 22, 3, 52, 2
List after sorting : [2, 3, 6, 13, 15, 22, 52]

Colculoting Number of Operations

Let us now consider number of operations taking place in above pProgram.
operations is an important aspect lo know as more number of Operations means m
CPU time. Two Programs with different logic can deliver the same output but the
will accomplish the task in lesser number of operations,

To calculate number of operations taking place in abov

Numbey 5
ore Usage of
efficient one

€ program, let us keep the things simple;

< We'll consider 1 aperation per statement that will include assignment, comparison STap e,
[Please note companson and swap may take more than ] Operation to perform but we are
considering it as 1 operation for simplicity sake and understanding sake]

Now consider this first :

1. alist = | 15, 6, 13, 22, 3, 82, 2)

#Nn=7 here Inp-lnp'ﬂﬂ“ﬂ“ﬂ
- print ( “Original list 45 :=, alist) op ]
+ N = len(aList) Top il

. ?-:"" i1n range(n) : < 1 op at a time (repeats 7 Umes :0 0 6) J
F Last § elements zre already in place so E&%

for 3 in range(e, n-1-1) - 1.2 81 2 bmo (repeats 8 e 1* trme, 5 tmea 2= Bma & 1 |
if alist[§] » alist[+1] .

Tl'luitr‘lmnls_i_""‘l—?—.—i- Aist(]), alist{f+1] u alist[1+1], aList[4) Towpor ]
ol Inner foop | 8. print (“List after sorting :*, alist)
-

w1
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So total number of operations taking place in above code can be calculated as ¢

-

Operations in Line 1 + Line 2 4 Line 3
+ Operations in Lines 4.7 (for loop)
+ Operation in Line §

23 ;Jpl:rmlinns
=7 (to be calculated) -.Eqn. (1)
= 1 operation

Let us calculate operations in Outer for loop :

Outer for loop repeats # times [for n as 7,itis re
So total number of operations in outer loop,
Operations in Line 4..7 x 7 times

=Line4=10p

pealing 7 times)
for loop are :

=Line 5.7 = Inner for Loop

Inner for loop is repeated (11 =i —1) times

(so 6 times first time, 5 times sccond time, 4 times third tine and so on)
=Line5=10p
+Line6=10p

+Line7=10p=3ops iR
Inner for loop performs 3 operations in single iteration
So outer for loop operations are :
1st iteration (i = 0)

=1 op (Line 4) +3 ops (Line 5-7) x 6 times =19 ops

inner for loop |

2nd iteration (i =1) =1 op (Line 4) + 3 ops (Lines 5-7) x 5 times = 16 ops
3rd iteration (§ =2) =1 op +3 ops x 4 limes =13 ops
4th iteration (i = 3) =1 op +3 ops x 3 times =10 ops
Sth iteration (i = 4) =10p +3 ops x 2 times =7 ops
6th iteration (i = 5) =1op +3opsx 1 limes=4 ops
7th ileration =1op+3x0times=1op
Total ops in outer for loop =70 ops
So putting this value in reference eqn. (1) given above
Total operations = 3 ops + 70 ops + 1 op = 74 ops
One above given Bubble sort program takes approximalely 74 operations when n is 7

for n =8 it will be about = 96 ops |

for =9 it will be about =121 ops
forn=6 it will be about = 55 0ps |
form=5 it will be about = 3% ops

A |
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e Let us co
his way will be cumbersome. Le ncentrate on ¢,

So with larger values of n it in
- r " . I
nd Swappings as these are major operations taking p

Calculating number of operations t
operations taking place — Comparisons a '
Total number of comparisons in bubble sort 15

i [N-1]+{N-2}+{N—3}+(

Let us see how we have reached at this number
mentint

N-4)+(N=3) - (2)+()=N(N-1)/2ie, =N
The outer loop iterates once for each cle he given sequence i.e., N times, where N the

number of elements in the given sequence. |
—1 times for first iteration of outer loop, N -2 times for

for third iteration of outer loop and this process continue,
ve are trying to place the largest elemen ™

The inner loop iterates N
iteration of outer loop, N -3 Limes

& For the first iteration of the outer loop, when ¥ : the la
its correct position , N - 1comparisons takes place [the first comparisonis made between |

the first and second elements, the second comparison is made between the srmndthand third
clements, and so on until the (N ~1)" comparison is made between the (N =1)" and the

N element.]
& For the second iteration of the outer loop, there is no need to compare against the Jast’

element of the list, because it was put in the correct position on the previous pass,
Therefore, the second iteration requires only N = 2 comparisons. ;
o Similarly the third iteration requires (N - 3) comparisons, and so on. '

Thus,
Pass Comparisons
1 N-1
2 N-2
3 N-3
N-1 1

This gives us total number of comparisons as :
(N-D)+(N=2)+(N=3) +(N=4)+ (N =5).....(2) + (1) = N(N = 1) /2= N2
The number of swapping will vary depending upon the elements of the sequence :

¢ In the best case, i.e, when all the elements of the sequence are already sorled (i in
desired sort order), no swapping will take place.

=n’ comparisons + 0 swappings = N? ops
) Hg*.s'f:ver. in the worst case, i.e,, when all elements are in opposile order, every comparisd
will result into a swapping.
= N* comparisons + N? swappings = 2N ops
In gen(:::al, we determine the efficiency of a program using the highest degree term inté
expression for number of operations. [The lesser degree terms do not really matter]

S0, programs with lesser degree in number of operations are considered more efficent
program than programs with higher degree.

e EEEEEEEE—— o
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Now that we have talked aboyut py _
.jgnrimms. let us quickly recap how b::;: iﬂﬂﬁﬂnm and effidency of a bubble sort
Look at the figure below that shows the working of Bubble sort, i.c.,, it shows the array after

every pass and changes after ey .
pass are shown with colour, ETY swap takes place. The elements being compared in every

313

" nrigiﬂ]] 11.“ is : [15| E. 13, 22. 3‘ 52. 2]

..--Jteration 1 of outer loop ---- —1teration 4 of outer loop —

| st after pass 12 6,15, 13, 22, 3, 53, 25 List after pass 1 : [3, 6, 13, 2, 15, 22, 52)
| ufstafter pass 2 ¢ [6, 13,15, 22, 3. 53, 23 List after pass 2 : [3, &, 13, 2, 15, 22, 52]
uist after pass 3 3 [6, 13, 15, 22, 3, 52, 2) List after pass 3 : [3, 6, 2, 13, 15, 22, 52]
List after pass 4 : (6, 13, 15, 3, iz, 52, 27 |
List after pass 5 : [6, 13, 15, 3, 22, 52, 2) —Iteration 5 of outer loop —-
§ List after pass & : [6, 13, 15, 3, 22, 2, 523 List after pass 1 : [3, &, 2, 13, 15, 22, 5]
Lil _treritioh. 2 oRlolret icop, ——s List after pass 2 : [3, 2, &, 13, 15, 22, 52)
[ tist after pass 1 ¢ [6, 13, 15, 3, 22, 2, 2]
List after pass 2 : [6, 13, 15, 3, 22, 2, 52) IS CionibIuTAESESbAIRCE ==
. uist after pass 3 : [6, 13, 3, 15, 22, 2, 52) °  tistafterpass1: (2, 3, 6, 13, 15, 22, 52]
|1 List after pass 4 ; (6, 13, 3, 15, 22, 2, 52)
|| List after pass 5 : [6, 13, 3, 15, 2, 22, 52]

l'- —1Iteration 3 of outer loop —-
. List after pass 1 : [, 13, 3, 15, 2, 22, 52)
List after pass 2 : [6, 3, 13, 15, 2, 22, 52]
List after pass 3 : [6, 3, 13, 15, 2, 22, 52)
List after pass 4 : [6, 3, 13, 2, 15, 22, 52]

fl,f"\.l|
~/ SORTING WITH BUBBLE SORT
LpiP ngre&s In Pyt]'mn 10.1

This PriP session aims at practice of sorting with Bubble Sort.

3 Please check the proctical cnmpnnenl-?:nuk - Progress in Computer
i." Science with Python and fill it there in PriP 10.1 under Chopter 10 after
| practically doing it on the computer.

e i Ll

104 INSERTION SORT

ass teacher after she has collected your answer sheets ? To

Have you every observed your ¢l
he order of your roll numbers, what does she do often ?

arrange all the answer sheets in‘t
Doesn’t she do something like this :
| - Ing them it needed. Then take the third sheet
Take first two sheets and put them In correct order —swapping
and put it in the correct position of previously arranged sheets ; then take fourth sheet and do the same,

~and 50 on. :
|

- She repeats It until all the answer

L °®

sheets are arranged in the desired order.
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{ arranging things is called ? Well, thisis insertion sopy, Evey
rocess of &

u know what this p 5 Wy, mostly.

Doyo ried thi :

. ten 50 : one INSERTION
F|ﬂ}1ng cards ar¢ of . [ orithm that bul]dsasoﬂe‘d-'lst e _“_“ _ ~5°’5‘L
Insertion sort is a sorting 216 ried list. It wirmall}'dl""“?{“ﬁ Insertion sort s ,

{ a time from Lhe unso § p-list and unsorted algorithm that builds ,
elementdil - sub-lisls : sorted sub . d the list one element ¥
list of elements in IWO 50 T insorted sub-list an h dli 2 2 time frop,
sub-list. Initially the entir takes one element from Lhe the unsorted lst by Inserting

element at its correct positin |,

mpty. Then it ition in the :
sorted list.

i t posi

-~ corts it into the correct P
o it is not very cfficient on large
rling technique for small datasets.

sorted sub-list ise

unsorted sub-list an
sorted sub-list. Although

datasets, it is an efficient s0
Let us see how it works :
The colored line divides the sorte

-—--_"'-1.._

d and unsorted sub-lists : on the left of tlorcd line is the
e s Jlist. Initially the sorted sub-list is empty (
i the right is the unsorted sub hst_ ' : e
?:mefniuiﬁ-lilts}t:nnddliz entir(,f; list is part of sorted sub-list. [Notice sorted part is shown shadeqd
C

while unsorted part is shown as white] (sec below)

Initially the sorted sub-ist Is & the 155 | 12 [14.25 16.3 11 13.4
entire list is part of sorted sub-list

vill pick one clement at a time and insert in into correqt

Let us now see how insertion sort v '
ing picked is shown as encircled :

position in sorted part. The clement be

[ 12 [1azs|1ea] 11 | 134

J

now contains 1 element only. Now take next element
and compare it with elements in sorted part and insert

155!@ 1425 183 [ 11 [ 134
Arrow poinls at the correct positon for chosen

< Single clement Is always sorted. So the sorted sub-list

it at correct position, shifting elements if needed.

glement {12 in this case) in sorted par . )
( ) pa Curren! element is shown encircled

155] (12 [1425] 183] 11 134

U Shift 15 5 to nght and insert 12 al 15.5's earlier posilion

12 [ 155]{423] 163] 11 | 134

\_/ shift 15 5 to right and insert 14.25

a1 15 5's earlier position

16.3 is al its correc! pesition so no shifti
but 16.3 becomes part of sorted sub—lis::g

12 15.5'@ 183 11 | 134
J

12 |1425) 155[(16.0)| 11 [ 134
J RJ

12

t425] 155 [ 163] (D[ 124

IV
Shift afl elements >

1 =3 than put cum
12 |14, , . to right by 1 position and then
425|185 | 183 | olemont ( 11) et ts corract posiion
ﬂ 1] 12 [1428] 155
1|12 |4 Shift all elements > current elemen
34 | 1425| 185 183 Done. Sorteq: to right by 1 ﬁmmww

- alement (13.4) st lts




WPSBUdode for s?rling 4 8equence A using insertion sort W
a5 given Pelow- Notice that loop is started from 2nd element
wards (i, index 1 onwards) because left g it L B

i - is singl
clement sub-list and a single element Jst i always S-Drtedg e lsscidon sort  pisses throvgh
forim=1lton i 4 the array only once.

=T --L—'.-.-'r:rur—':ﬁa-
key=A[1], =1-1 —

'é while(j > @) and (A[1] > key)do |
'2 | Ald+1] =A[])

? j=q-1

= A[J +1] = key

python code for the same will be as listed in following program :

10.2 Program to sort a sequence using insertion sort.

alist = [15, 6, 13, 22, 3, 52, 2)
pgam print ("Original list is :", aList)
for 1 inrange(1, len(alist)) :
key = aList[1]
j=1i-1
while j >=@ and key < alist[]] :
alist[j+1]=alist[j] #shift elements to right tomake room for key
j=3-1
else:
alist[j+ 1] = key
print ("List after sorting :", alist)

Output produced by above program is as shown below :

[

| original 1list is : [15, 6, 13, 22, 3, 52, 2)
| List after sorting : [2, 3, 6, 13, 15, 22, 52]

Number of Operations
As we mentioned during bubble sort discussion that two costly operations are comparisons
Let us concentrate on these two costly operations while considering

and swapping/exchanges.
sertion sort, Look at insertion sort code given below with highlighted

number of operations inin

comparison and exchange operations.

for i in range(1, len(aList)) :

key = aList[i]

j=i-1

while §>=0 and key < aList[]] :
alist[j+1] = aList[]]
j=3-1

else:
alist[{+1] = key

# Comparison operation
# Exchange operation

: ERSTANDING SORTIN

= aT—mews =

i S —
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rions that Jffect the efficiency of insertion sort in terms of number of operations .
The Oper re;

(i) the comparison operation in the inner 10op: and
1

(i) the exchang¢ pperations in the inner loop-
number of 0per.1linn5 of insertion sort with respect to each of - hv
0

alculate ‘
e sequence having N number of elements.

operations for a

() The number of comparisons ! -
If you carcfully gO through the code, you will find that :

& during the first iteration of the outer loop, in the inner loop, there is 1 comparisop .
& during the cocond iteration of the outer loop, there are at most 2 comparisons .

© during the r loop, there are at most (N - 1) comparisong

(N - )™ iteration of the oule

Thus, maximum number of comparisons :
2=(N*-N)/2< N?

f(N=-2+(N-1)=(Nx(N-1)/2

1+2+...

That means there can be maximum = N* comparisons in insertion sort.

(i) The number of exchanges :
If you carefully go through the code, you will find that :
& during the first iteration of the ouler loop, there is at most 1 exchange ;

¢ dunng the <econd iteration of the outer loop, there are at most 2 exchanges ; [

© during the (N - 1™ iteration of the outer loop, there are at most (1) exchanges.

{ Thus , maximum number of exchanges ¢
1424 +(N-2+(N-1)=(Nx(N=1))/2=(N* =N)/2< N?

That mea e ¢ 3 ' ! [
ns there can be maximum < N* exchanges in insertion sort.

L]
Note that the number of comparisons and exchanges

¥ {.J"'Pm":& on the sequence to be sorled, that is insertion sort |
) . is sensitive to the inp ‘quence
. put sequence. |
There are wsibiliti
-, ; ;an. 3 possibilities ; )
i sertin In il.m best case, the sequence has all the elements "
-2 ﬁnw :}?! contents cf following amy Clesired sost order.
er the second iteration of B < > W »
smj he secnd kot o “lfhﬁl:;k :r:. t}:; W n:ra't ctase. no element at the correct Pﬂ'ﬂhm
3. Contidering the following key set : 42, <1 oy cgmplew]}r el e :
n the average case, the sequence will have 2 mi*

28, 74, 11, €5, 58, use insertion sort to
sort the data in ascending order and
inﬂiu_ te the sequences of steps
fequired,

ul Ly - -
ese two : some elements are correct position
some are not.
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In the best case when the sequence i ‘The Insertion sort algorithm Is
sorted order, there wil] be = s already in desired \ e

' : fred
. maximum N -1 n ‘efficlent for small $
comparisons and exchanges (i.e, N umber of

-1 isequences but with Increase in
ops). e of thesequence t becomes
In the worst case, there will maxim ‘costller in terms of number
¢ < N?) of compari N Hm possible number %uptr:tlum. -
( parisons and Exchangcg (ie, < N2 UPE]. e |

Calculating number of operations is always beneficial for determining the efficiency of an

algorithm, especially in cases where we have an option to choose from two or more algorithms

that can perform e task. Studying efficiency of algorithms is a specialized study field of

computer science, which you will learn about if':,'au take up ‘Computer Science’ major in your
B

higher education. Here, just having an idea about number of operations an algorithm performs,
is sufficient for you. ;).

soplications of Bubble Sert and Inserion Sort

Bubble is one of the simplest and easiest to implement sorting algorithm although it is not

considered an efficient sorting algorithm. Even for smaller datasets, insertion sort has provento
be more efficient than bubble sort.

So, what does that mean ? Is bubble sort only a learning tool or has it got any practical application

too in today’s world when machines have excellent configurations and are capable of handling
huge datasets.

In a rare situation where one has to sort a datase! which is contained i1 a file on tape, bubble sort can
be the best option for sorting. Tape, as you musl be knowing, lets you read data in sequential |
manner only (vou need lo read all previous records in order to reach a particular record). With
bubble sort it is casier to sort as two successive records are to be read and compared at a time

and even if one has to swap, then rewinding is not much. Though this situation is a rare
situation but for such situation bubble sort is the ideal choice

Insertion sort, on the other hand, has been a preferred choice for sorting small datasets. 1t is
easy to implement and at the same time, it does not require additional memory; it can be fast if

the data is almost nearly sorted, which is great. You have read about practical usage of insertion

sorting in sorting of answer sheets or for arranging clothes in the order of their size in
showrooms, etc.

- p SORTING WITH INSERTION SORT
~f

Progress In Pytlﬂnn 10.2

This PriP session aims at practice of sorting with Insertion Sort.

| Please check the practical component-book — Progress in Computer !
.1 Science with Python and fill it lhere in PriP 10.2 under Chapter 10 after D |
. practically doing it on the computer.

oL a Ll
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COMPUTER SCIENCE WITH PYTHON [y

LET US REVISE

ed order.
elements in a specifl
he array “m"gd,“warrnorlnpmpcrurdm This procesy |,

ns arrunging |
an grray med -ompared and ¢

«, Sorting of
a, In bubble sort, the odjoining values arc
y is sorted.

repeated until the entire arra
&, In Insertion sort, each successhe element Is picked &

e

ke ing order using (i) Bubble Sort (ii) Insertion Sort,

-_—

?-Ilnd Pr-LJtH‘ B sEEEEEEEEE— \

| Gicen an array: 89,20, 31, 56, 20. Sort this array it ascend

Solution. Given array is 89, 20, 31, 56, 20
(if) Insertion Sort

(i) Bubble Sort
1 89, 20, 31, 56, 20 1 89, 20, 31, 56, 20 l
II 20, 89, 31, 56, 20 11 20, 89, 31, 56, 28
111 20, 31, B9, 56, 20 (Em»h:l1 ;I‘zmanlst:abild 111 20, 31, B9, 56, 20 |
v , 31, 56, 89, 2 thal they aro e,
N e | bl o e 2000, 86,3
» 96, 20, next pass.) , 40, 31, 56, B9

VI 20, 31, 56, 20, 89
vil 2@, 31, 56, 20, 89
vIII 20, 31, 20, 56, 89
IX 20, 31, 20, 56, 89
X 20, 31, 20, 56, 89
X1 20, 20, 31, 56, 89

(As you can see that Bubbl-.-.Snrl is taking up more number of operations (as more iterations)
than insertion sort to sort this same array (a very small array, though)

1

Given the following sleps to sort an array, which sort is this ?

B2 4 16 12 8
4 K2 16 1 8
4 16 82 1

3 16 R B2 :
. 2 16 32 82

Solution Bubble sort.
Which of the follotwing sorti i
§ sorting methods will be the best |
) ' : ’, l I - ]
efficienty, considering the fact that the sequence size is n-’;f”:::";:éﬂ;wf'f"“'ss foney o e on g nie ?
Jarge

(A) Bubble sort (B) Inserti
| Solution. For smaller sized o
compared to bubble sort.

T

sequences, the
re are lesser number of swappings in insertion sort a3

4. You are asked to sort 15 ra
ndomly generated nu
mbers. You should
prefer

(A) Bubble sort (B) Inserti
s ' - rtion sprt
slution. Insertion sort is a better choice for small sized
i sequences
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UNDERSTANDING SORTING

A) Bubble sort

colution |

unsider the follow fist:132,33,5,2, 14, <1, 22, 39, 34

of the ﬁ,”m.ing Is @ view of a sor! in progress (afier o Sew

nsertion sort

ilfsﬂ'rﬂ hat uSl.'d .

(o) [ 2 -9, 5,14, 22, 32, 33, 34, 39)
jon. (@) Bubble sort
;mf will the following

golut

of the maintenance work, you are ety
" F U grder, al the end of cack day. The 4,

al choice will be

(b) [ -9, 4,2, 5,14, 33, 22, 39, 34, 32)

(b) Insertion sort

usted with the work of

(B) Insertion sort

9]

319'?.

rearranging the library books in a shelf in

16

19

11

15

10

solution. Elements being compared are shown in black shaded cel ls.

First pass
16 19 1 15 10
No swapping —
16 19 1 15 10
L
Second Pass
16 19 1 15 10
16 9 | @ | 15 10
: i, ST 7
ie,
1 16 19 15 10
Third Pass
1 16 19 15 10
1 16 19 2 i
1 15 ¢ 16 19 10

In whicp, situation, would you prefer bubble sort over insertion sort ?
Salution, Bubble sort would be ideal sorting technique for situations where data can be read only

?qufmﬁa“}' (e.g., data stored on magnetic tapes). As bu

“‘l]_l h suitable fﬁr such a simﬂﬁclﬂ. Butl ﬂUWﬂda}Js:

passes) of the above list. Identify the sorting

list look like after 3 passes of insertion sort algorithm ? Show the list afier every pass.

bble sort also compares two adjacent records,
such a situation is rare.



