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OKAY! T'M GoING
1o WACK THE
vaTaease !

YEAHHK !

WHOA, THIS
LOOKS WARD

Movies and TV shows always make hacking look exciting with furious typing and meaningless
ones and zeros flying across the screen. They make hacking look like something that you have to
be super smart to learn. They make hacking look like magic.

It’s not magic. It’s based on computers, and everything computers do have logical
principles behind them which can be learned and understood. Even when you don’t
understand or when the computer does something frustrating or mysterious, there is always,
always, always a reason why.

And it’s not hard to learn. This book assumes you know nothing about cryptography or
programming, and helps you learn, step by step, how to write programs that can hack encrypted
messages. Good luck and have fun!



100% of the profits from this book are donated
to the Electronic Frontier Foundation, the Creative Commons, and the Tor Project.



Dedicated to Aaron Swartz, 1986 — 2013

“Aaron was part of an army of citizens that believes democracy
only works when the citizenry are informed, when we know about
our rights—and our obligations. An army that believes we must
make justice and knowledge available to all—not just the well born
or those that have grabbed the reins of power—so that we may
govern ourselves more wisely.

When | see our army, | see Aaron Swartz and my heart is broken.
We have truly lost one of our better angels.”

-C.M.



ABOUT THIS BOOK

There are many books that teach beginners how to write secret messages using ciphers. There are
a couple books that teach beginners how to hack ciphers. As far as | can tell, there are no books to
teach beginners how to write programs to hack ciphers. This book fills that gap.

This book is for complete beginners who do not know anything about encryption, hacking, or
cryptography. The ciphers in this book (except for the RSA cipher in the last chapter) are all
centuries old, and modern computers now have the computational power to hack their encrypted
messages. No modern organization or individuals use these ciphers anymore. As such, there’s no
reasonable context in which you could get into legal trouble for the information in this book.

This book is for complete beginners who have never programmed before. This book teaches basic
programming concepts with the Python programming language. Python is the best language for
beginners to learn programming: it is simple and readable yet also a powerful programming
language used by professional software developers. The Python software can be downloaded for

There are two definitions of “hacker”. A hacker is a person who studies a system (such as the
rules of a cipher or a piece of software) to understand it so well that they are not limited by the
original rules of that system and can creatively modify it to work in new ways. “Hacker” is also
used to mean criminals who break into computer systems, violate people’s privacy, and cause
damage. This book uses “hacker” in the first sense. Hackers are cool. Criminals are just people
who think they’re being clever by breaking stuff. Personally, my day job as a software
developer pays me way more for less work than writing a virus or doing an Internet scam would.

On a side note, don’t use any of the encryption programs in this book for your actual files.
They’re fun to play with but they don’t provide true security. And in general, you shouldn’t trust
the ciphers that you yourself make. As legendary cryptographer Bruce Schneier put it, “Anyone,
from the most clueless amateur to the best cryptographer, can create an algorithm that he himself
can’t break. It’s not even hard. What is hard is creating an algorithm that no one else can break,
even after years of analysis. And the only way to prove that is to subject the algorithm to years of
analysis by the best cryptographers around.”

This book is released under a Creative Commons license and is free to copy and distribute (as
long as you don’t charge money for it). The book can be downloaded for free from its website at

feel free to email me at al@inventwithpython.com.
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Chapter 1 — Making Paper Cryptography Tools

Cuaprter 1

MAKING PAPER
CRYPTOGRAPHY TOOLS

1

Topics Covered In This Chapter:

What is cryptography?

Codes and ciphers

The Caesar cipher

Cipher wheels

St. Cyr slides

Doing cryptography with paper and pencil
“Double strength” encryption

“I couldn’t help but overhear, probably because |
was eavesdropping.”

Anonymous
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What is Cryptography?

Look at the following two pieces of text:

“Zsijwxyfsi nigqjsjxx gjyyjw. Ny
nx jnymjw ktqqd tw bnxitr; ny
nx anwyzj ns bjfqym fsi anhj ns
utajwyd. Ns ymj bnsyjw tk tzw
qnkj, bj hfs jsotd ns ujfhj ymj
kwznyx bmnhm ns nyx xuwnsl tzw
nsizxywd uqfsyji. Htzwynjwx tk
lgtwd, bwnyjwx tw bfwwntwx,
Xqzrgijw nx ujwrnyyji dtz, gzy
tsqd zuts gfzwjgx.”

“Flwyt tsytbbnz jqtw yjxndwri
iyn fqq kngrqt xj mh ndyn
jxwgswbj. Dyl jjkxxx sg ttwt
gdhz js jwsn; wnjyiyb aijnn
snagdqgt nnjwww, xstsxsu jdnxzz
Xkw znfs uwwh xni xjzw jzwyjy
jwnmns mnyfjx. Stjj wwzj ti
fnu, gt uyko qqsbay jmwskj.
Sxitwru nwngn nxfzfbl yy
hnwydsj mhnxytb myysyt.”

The text on the left side is a secret message. The message has been encrypted, or turned into a

secret code. It will be completely unreadable to anyone who doesn’t know how to decrypt it
(that is, turn it back into the plain English message.) This book will teach you how to encrypt and
decrypt messages.

The message on the right is just random gibberish with no hidden meaning whatsoever.
Encrypting your written messages is one way to keep them secret from other people, even if they
get their hands on the encrypted message itself. It will look exactly like random nonsense.

Cryptography is the science of using secret codes. A cryptographer is someone who uses and
studies secret codes. This book will teach you what you need to know to become a cryptographer.

Of course, these secret messages don’t always stay secret. A cryptanalyst is someone who can
hack secret codes and read other people’s encrypted messages. Cryptanalysts are also called code

breakers or hackers. This book will also teach you what you need to know to become a
cryptanalyst. Unfortunately the type of hacking you learn in this book isn’t dangerous enough to
get you in trouble with the law. (I mean, fortunately.)

Spies, soldiers, hackers, pirates, royalty, merchants, tyrants, political activists, Internet shoppers,
and anyone who has ever needed to share secrets with trusted friends have relied on cryptography
to make sure their secrets stay secret.

Email questions to the author: al@inventwithpython.com
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Codes vs. Ciphers

The development of the electric telegraph in the early 19" century allowed for near-instant
communication through wires across continents. This was much faster than sending a horseback
rider carrying a bag of letters. However, the telegraph couldn’t directly send written letters drawn
on paper. Instead it could send electric pulses. A short pulse is called a “dot” and a long pulse is
called a “dash”.

Figure 1-1. Samuel Morse Figure 1-2. Alfred Vail

April 27,1791 — April 2, 1872 September 25, 1807 — January 18, 1859
In order to convert these dots and dashes to A ©= T =
English letters of the alphabet, an encoding B ——eoeoe U o=
system (or code) is needed to translate from C —eo—o V eee—
English to electric pulse code (called D —ee Woe——
encoding) and at the other end translate E : oo é : : .___
electric pulses to English (called decoding). G =me—u 7 em—oe
The code to do this over telegraphs (and later, H eeoeoe
radio) was called Morse Code, and was | eoe
developed by Samuel Morse and Alfred Vail. ] e — 1 o————
By tapping out dots and dashes with a one- K —e— 2 00— ——
button telegraph, a telegraph operator could L e—eo 3 ese——
communicate an English message to someone M == 4 eeee—

. . N =—e 5 eeeooeoe
on the other side of the world almost instantly! 0 ——— 6 —eoes
(If you’d like to learn Morse code, visit P em—m—e 7 ——oee
http://invpy.com/morse.) Q ——e— 8 mmem—oe
R e=me ) eme———
S o000 0 —— — ——

Figure 1-3. International Morse Code, with
characters represented as dots and dashes.
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Codes are made to be understandable and publicly available. Anyone should be able to look
up what a code’s symbols mean to decode an encoded message.

Making a Paper Cipher Wheel

Before we learn how to program computers to do encryption and decryption for us, let’s learn
how to do it ourselves with simple paper tools. It is easy to turn the understandable English text
(which is called the plaintext) into the gibberish text that hides a secret code (called the
ciphertext). A cipher is a set of rules for converting between plaintext and ciphertext. These
rules often use a secret key. We will learn several different ciphers in this book.

Let’s learn a cipher called the Caesar cipher. This cipher was used by Julius Caesar two thousand
years ago. The good news is that it is simple and easy to learn. The bad news is that because it is
so simple, it is also easy for a cryptanalyst to break it. But we can use it as a simple learning
exercise. More information about the Caesar cipher is given on Wikipedia:

To convert plaintext to ciphertext using the Caesar cipher, we will create something called a
cipher wheel (also called a cipher disk). You can either photocopy the cipher wheel that

circles and lay them on top of each other like in Figure 1-8.

Email questions to the author: al@inventwithpython.com
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Figure 1-4. The inner circle of the cipher wheel cutout.
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Figure 1-5. The outer circle of the cipher wheel cutout.

Don’t cut out the page from this book!

Email questions to the author: al@inventwithpython.com
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Figure 1-6. Cutting out Figure 1-7. The cut-out circles. Figure 1-8. The
the cipher wheel completed cipher
circles. wheel.

After you cut out the circles, place the smaller one in the middle of the larger one. Put a pin or
brad through the center of both circles so you can spin them around in place. You now have a tool
for creating secret messages with the Caesar cipher.

A Virtual Cipher Wheel

There is also a virtual cipher wheel online if you | (Ermsrr—
don’t have scissors and a photocopier handy. &
Open a web browser to

version of the cipher wheel.

To spin the wheel around, click on it with the
mouse and then move the mouse cursor around
until the key you want is in place. Then click the
mouse again to stop the wheel from spinning.

Click wheel to rotate.

Figure 1-9. The online cipher wheel.



8 http://inventwithpython.com/hacking

How to Encrypt with the Cipher Wheel

First, write out your message in English on paper. For this example we will encrypt the message,
“The secret password is Rosebud.” Next, spin the inner wheel around until its letters match up
with letters in the outer wheel. Notice in the outer wheel there is a dot next to the letter A. Look at
the number in the inner wheel next to the dot in the outer wheel. This number is known the

encryption key.

The encryption key is the secret to encrypting or decrypting the message. Anyone who reads this
book can learn about the Caesar cipher, just like anyone who reads a book about locks can learn
how a door lock works. But like a regular lock and key, unless they have the encryption key, they
will not be able to unlock (that is, decrypt) the secret encrypted message. In Figure 1-9, the outer
circle’s A is over the inner circle’s number 8. That means we will be using the key 8 to encrypt
our message. The Caesar cipher uses the keys from 0 to 25. Let’s use the key 8 for our example.
Keep the encryption key a secret; the ciphertext can be read by anyone who knows that the
message was encrypted with key 8.

THE S ECRTET PASSWORTD
N T A A A A A
BPM AMKZMB X I AAEWZL
|l S R O S E B U D
R O A
QA ZWAMIJCL

For each letter in our message, we will find where it is in the outer circle and replace it with the
lined-up letter in the inner circle. The first letter in our message is T (the first “T” in “The
secret...”), so we find the letter T in the outer circle, and then find the lined-up letter in the inner
circle. This letter is B, so in our secret message we will always replace T’s with B’s. (If we were
using some other encryption key besides 8, then the T’s in our plaintext would be replaced with a
different letter.)

The next letter in our message is H, which turns into P. The letter E turns into M. When we have
encrypted the entire message, the message has transformed from “The secret password is
Rosebud.” to “Bpm amkzmb xiaaewzl ga Zwamjcl.” Now you can send this message to someone
(or keep it written down for yourself) and nobody will be able to read it unless you tell them the
secret encryption key (the number 8).

Email questions to the author: al@inventwithpython.com



Chapter 1 — Making Paper Cryptography Tools 9

The secret Passwom[ is Rosebud.

Bpm amkzmb xlaaewz! qa Zwamijcl.

Figure 1-10. A message encrypted with the cipher wheel.

Each letter on the outer wheel will always be encrypted to the same letter on the inner wheel. To
save time, after you look up the first T in “The secret...” and see that it encrypts to B, you can
replace every T in the message with B. This way you only need to look up a letter once.

How to Decrypt with the Cipher Wheel

To decrypt a ciphertext, go from the inner circle to the outer circle. Let’s say you receive this
ciphertext from a friend, “lwt ctl ephhldgs xh Hldgsuxhw.” You and everyone else won’t be able
to decrypt it unless you know the key (or unless you are a clever hacker). But your friend has
decided to use the key 15 for each message she sends you.

Line up the letter A on the outer circle (the one with the dot below it) over the letter on the inner
circle that has the number 15 (which is the letter P). The first letter in the secret message is |, so
we find | on the inner circle and look at the letter next to it on the outer circle, which is T. The W
in the ciphertext will decrypt to the letter H. One by one, we can decrypt each letter in the
ciphertext back to the plaintext, “The new password is Swordfish.”

Il w T C T L E PHHLDG S
A A R I R
T HE NE W P ASSWORTD
X H HLDGSUXHW
o bbbl
I S SWORUDTF I SH

If we use an incorrect key like 16 instead of the correct key 15, the decrypted message is “Sgd
mdv ozrrvngc hr Rvngcehrg.” This plaintext doesn’t look plain at all. Unless the correct key is
used, the decrypted message will never be understandable English.
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A Different Cipher Tool: The St. Cyr Slide

|
'
g

[AlB[c[D|E[F[GIH[I[I[K[L[M[N[O[P]Q[R[S[TIU[VIW[X]Y[Z]

01234 |5/6|78]19/10{11|12/13|14|15|16(17|18|19|20|21|22|23]|2425

A/B|C/DEF|GIHI J|K/ILIM|NJOP|IQIRIS TIU|VIWIX|Y Z

BN Cc/D[E[F[GIH[I[I[K[L[M|N[O[P]Q[R[S[TIU[V]W[X]Y][Z]

Figure 1-11. Photocopy

these strips to make a St.

Cyr Slide.

There’s another paper tool that can be used to do encryption and
decryption, called the St. Cyr slide. It’s like the cipher wheel
except in a straight line.

Photocopy the image of the St. Cyr slide on the following page (or

strips.

Tape the two alphabet strips together, with the black box A next to
the white box Z on the other strip. Cut out the slits on either side of
the main slide box so that the taped-together strip can feed through
it. It should look like this:

© 12 3 4 5 6|7 8 91011[12]13]1415/16/17]18]1920/21[22]23]24]25
ABCDEFGHTIIKLMNOPQIRISITIUIVIWIX]Y[Z

—7 o | TV Xy zBE co e FGHIT[I[K[L M NTo[P[QIRTS vwx/vy[z

Figure 1-12. The completed St. Cyr Slide

When the black box A is underneath the letter H (and the number
7), then to encrypt you must find where the plaintext letter is on
the long strip, and replace it with the letter above it. To decrypt,
find the ciphertext letter on the top row of letters and replace it
with the letter on the long strip below it.

The two slits on the larger box will hide any extra letters so that
you only see one of each letter on the slide for any key.

The benefit of the St. Cyr slide is that it might be easier to find the
letters you are looking for, since they are all in a straight line and
will never be upside down like they sometimes are on the cipher
wheel.

A virtual and printable St. Cyr slide can be found at

Email questions to the author: al@inventwithpython.com
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Practice Exercises, Chapter 1, Set A

Don’t ignore the practice exercises!

There isn’t enough room in this book to put in all the practice
exercises, but they’re still important.

You don’t become a hacker by just reading about hacking and
programming. You have to actually do it!

Doing Cryptography without Paper Tools

The cipher wheel and St. Cyr slide are nice tools to do encryption and decryption with the Caesar
cipher. But we can implement the Caesar cipher with just pencil and paper.

Write out the letters of the alphabet from A to Z with the numbers from 0 to 25 under each letter.
0 goes underneath the A, 1 goes under the B, and so on until 25 is under Z. (There are 26 letters
in the alphabet, but our numbers only go up to 25 because we started at 0, not 1.) It will end up
looking something like this:

>
W
@)
O
m
o
2 N0)

H I
7

00]
[{eJyan
[EY
o
[EY
[EY
[EY
N

N o P Q R S T U \Y W X Y z
13 14 15 16 17 18 19 20 21 22 23 24 25

With the above letters-to-numbers code, we can use numbers to represent letters. This is a very
powerful concept, because math uses numbers. Now we have a way to do math on letters.

Now to encrypt we find the number under the letter we wish to encrypt and add the key number
to it. This sum will be the number under the encrypted letter. For example, we encrypt, “Hello.
How are you?” with the key 13. First we find the number under the H, which is 7. Then we add
the key to this number. 7 + 13 = 20. The number 20 is under the letter U, which means the letter
H encrypts to the letter U. To encrypt the letter E, we add the 4 under E to 13 to get 17. The
number above 17 is R, so E gets encrypted to R. And so on.

This works fine until we get to the letter O. The number under O is 14. But when we add 14 + 13
we get 27. But our list of numbers only goes up to 25. If the sum of the letter’s number and the
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key is 26 or more, we should subtract 26 from it. So 27 — 26 is 1. The letter above the number 1 is
B. So the letter O encrypts to the letter B when we are using the key 13. One by one, we can then
encrypt the letters in, “Hello. How are you?” to “Uryyb. Ubj ner Ibh?”

So the steps to encrypt a letter are:
1. Decide on a key from 1 to 25. Keep this key secret!
2. Find the plaintext letter’s number.
3. Add the key to the plaintext letter’s number.
4. If this number is larger than 26, subtract 26.
5. Find the letter for the number you’ve calculated. This is the ciphertext letter.
6. Repeat steps 2 to 5 for every letter in the plaintext message.

Look at the following table to see how this is done with each letter in “Hello. How are you?”” with
key 13. Each column shows the steps for turning the plaintext letter on the left to the ciphertext
letter on the right.

Table 1-1. The steps to encrypt “Hello. How are you?” with paper and pencil.

Plaintext Plaintext + Key Result Subtract Result Ciphertext

Letter Number 267 Letter
H 7 + 13 =20 =20 20=U
E 4 + 13 =17 =17 17=R
L 11 + 13 =24 =24 24=Y
L 11 + 13 =24 =24 24=Y
o] 14 + 13 =27 - 26 = 1=B
H 7 + 13 =20 =20 20=U
0] 14 + 13 =27 - 26 = 1=B
W 22 + 13 =35 -26 =9 9=
A 0 + 13 =13 =13 13=N
R 17 + 13 =30 -26 = 4=E
E 4 + 13 =17 =17 17=R
Y 24 + 13 =37 -26 =11 11=L
o] 14 + 13 =27 -26 =1 1=B
U 20 + 13 =33 -26 =7 7=H

Email questions to the author: al@inventwithpython.com
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To decrypt, you will have to understand what negative numbers are. If you don’t know how to

To decrypt, subtract the key instead of adding it. For the ciphertext letter B, the number is 1.
Subtract 1 — 13 to get -12. Like our “subtract 26 rule for encrypting, when we are decrypting and
the result is less than 0, we have an “add 26” rule. -12 + 26 is 14. So the ciphertext letter B
decrypts back to letter O.

Table 1-2. The steps to decrypt the ciphertext with paper and pencil.
Ciphertext Ciphertext - Key Result Add Result Plaintext

Letter Number 267 Letter
U 20 - 13 =7 =7 7=H
R 17 - 13 =4 = 4=E
Y 24 - 13 =11 =11 11=L
Y 24 - 13 =11 =11 11=L
B 1 - 13 =-12 +26 =14 14=0
U 20 - 13 =7 =7 7=H
B 1 - 13 =-12 +26 =14 14=0
J 9 - 13 =-4 +26 =22 22=W
N 13 - 13 =0 =0 0=A
E 4 - 13 =-9 +26 =17 17=R
R 17 - 13 =4 =4 4=E
L 11 - 13 =-2 +26 =24 24=Y
B 1 - 13 =-12 +26 =14 14=0
H 7 - 13 =-6 +26 =20 20=U

As you can see, we don’t need an actual cipher wheel to do the Caesar cipher. If you memorize
the numbers and letters, then you don’t even need to write out the alphabet with the numbers
under them. You could just do some simple math in your head and write out secret messages.

Practice Exercises, Chapter 1, Set B

Double-Strength Encryption?

You might think that encrypting a message twice with two different keys would double the
strength of our encryption. But this turns out not to be the case with the Caesar cipher (and most
other ciphers). Let’s try double-encrypting a message to see why.
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If we encrypt the word “KITTEN” with the key 3, the resulting cipher text would be
“NLWWHQ”. If we encrypt the word “NLWWHQ” with the key 4, the resulting cipher text of
that would be “RPAALU”. But this is exactly the same as if we had encrypted the word
“KITTEN” once with a key of 7. Our “double” encryption is the same as normal encryption, so it
isn’t any stronger.

The reason is that when we encrypt with the key 3, we are adding 3 to plaintext letter’s number.
Then when we encrypt with the key 4, we are adding 4 to the plaintext letter’s number. But
adding 3 and then adding 4 is the exact same thing as adding 7. Encrypting twice with keys 3 and
4 is the same as encrypting once with the key 7.

For most encryption ciphers, encrypting more than once does not provide additional
strength to the cipher. In fact, if you encrypt some plaintext with two keys that add up to 26, the
ciphertext you end up with will be the same as the original plaintext!

Programming a Computer to do Encryption
The Caesar cipher, or ciphers like it, were used to encrypt secret information for several centuries.

Here’s a cipher disk of a design invented by Albert Myer that was used in the American Civil
War in 1863.

Figure 1-13. American Civil War Union Cipher Disk at the National Cryptologic Museum.

If you had a very long message that you wanted to encrypt (say, an entire book) it would take you
days or weeks to encrypt it all by hand. This is how programming can help. A computer could do

Email questions to the author: al@inventwithpython.com
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the work for a large amount of text in less than a second! But we need to learn how to instruct
(that is, program) the computer to do the same steps we just did.

We will have to be able to speak a language the computer can understand. Fortunately, learning a
programming language isn’t nearly as hard as learning a foreign language like Japanese or
Spanish. You don’t even need to know much math besides addition, subtraction, and
multiplication. You just need to download some free software called Python, which we will cover
in the next chapter.
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CHAPTER 2

INSTALLING PYTHON

Topics Covered In This Chapter:

o Downloading and installing Python
Downloading the Pyperclip module
How to start IDLE

Formatting used in this book
Copying and pasting text

“Privacy in an open society also requires
cryptography. If | say something, | want it
heard only by those for whom | intend it. If the
content of my speech is available to the world, |
have no privacy.”

Eric Hughes, “A Cypherpunk’s Manifesto”, 1993

The content of this chapter is very similar to the first chapter of Invent Your Own Computer
Games with Python. If you have already read that book or have already installed Python, you only
need to read the “Downloading pyperclip.py” section in this chapter.

Email questions to the author: al@inventwithpython.com
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Downloading and Installing Python

Before we can begin programming, you’ll need to install software called the Python interpreter.
(You may need to ask an adult for help here.) The interpreter is a program that understands the
instructions that you’ll write in the Python language. Without the interpreter, your computer won't
understand these instructions. (We'll refer to “the Python interpreter” as “Python” from now on.)

Because we’ll be writing our programs in the Python language we need to download Python from
is a little different depending on if your computer’s operating system is Windows, OS X, or a
Linux distribution such as Ubuntu. You can also find videos of people installing the Python

Important Note! Be sure to install Python 3, and not Python 2. The programs in this book use
Python 3, and you’ll get errors if you try to run them with Python 2. It is so important, | am
adding a cartoon penguin telling you to install Python 3 so that you do not miss this message:

Be sure to
install Python 3,
not Python 2!

Figure 2-1. “Be sure to install Python 3, not Python 2!”, says the incongruous penguin.

Windows Instructions

Download link to go to the download page, then look for the file called Python 3.3.0 Windows
Installer (“Windows binary — does not include source”) and click on its link to download Python
for Windows. (If there is a newer version than Python 3.3.0, you can download that one.)
Double-click on the python-3.3.0.msi file that you’ve just downloaded to start the Python

installer. (If it doesn’t start, try right-clicking the file and choosing Install.) Once the installer
starts up, click the Next button and accept the choices in the installer as you go. There’s no need
to make any changes. When the installer is finished, click Finish.



18 http://inventwithpython.com/hacking

OS X Instructions

The installation for OS X is similar. Instead of downloading the .msi file from the Python
website, download the .dmg Mac Installer Disk Image file instead. The link to this file will look
something like “Python 3.3.0 Mac OS X” on the “Download Python Software” web page.

Ubuntu and Linux Instructions

If your operating system is Ubuntu, you can install Python by opening a terminal window (click
on Applications » Accessories » Terminal) and entering sudo apt—-get install
python3. 3 then pressing Enter. You will need to enter the root password to install Python, so
ask the person who owns the computer to type in this password.

You also need to install the IDLE software. From the terminal, type in sudo apt—-get
install idle3. You will also need the root password to install IDLE.

Downloading pyperclip.py

Almost every program in this book uses a custom module | wrote called pyperclip.py. This
module provides functions for letting your program copy and paste text to the clipboard. This

This file must be in the same folder as the Python program files that you type. (A folder is also
called a directory.) Otherwise you will see this error message when you try to run your program:

ImportError: No module named pyperclip

Starting IDLE

We will be using the IDLE software to type in our programs and run them. IDLE stands for
Interactive DeveL.opment Environment. While Python is the software that interprets and runs
your Python programs, the IDLE software is what you type your programs in.

If your operating system is Windows XP, you should be able to run Python by clicking the Start
button, then selecting Programs » Python 3.3 B IDLE (Python GUI). For Windows Vista or
Windows 7, click the Windows button in the lower left corner, type “IDLE” and select “IDLE
(Python GUI)”.

If your operating system is Max OS X, start IDLE by opening the Finder window and clicking on
Applications, then click Python 3.3, then click the IDLE icon.

Email questions to the author: al@inventwithpython.com
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If your operating system is Ubuntu or Linux, start IDLE by clicking Applications » Accessories
» Terminal and then type id1e3. You may also be able to click on Applications at the top of
the screen, and then select Programming and then IDLE 3.

Figure 2-2. IDLE running on Windows (left), OS X (center), and Ubuntu Linux (right).

The window that appears will be mostly blank except for text that looks something like this:

Python 3.3.0 (v3.3.0:bd8afb90ebf2, Sep 29 2012, 10:57:17) [MSC v.1600 64 bit
(AMD64)] on win32

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

>>>

The window that appears when you first run IDLE is called the interactive shell. A shell is a
program that lets you type instructions into the computer. The Python shell lets you type Python
instructions in and then sends these instructions to the Python interpreter software to run. We can
type Python instructions into the shell and, because the shell is interactive, the computer will read
our instructions and perform them immediately.

The Featured Programs

“Hacking Secret Ciphers with Python” is different from other programming books because it
focuses on the source code for complete programs. Instead of teaching you programming
concepts and leaving it up to you to figure out how to make your own programs, this book shows
you complete programs and explains how they work.

As you read through this book, type the source code from this book into IDLE yourself. But you
can also download the source code files from this book’s website. Go to the web site

In general, you should read this book from front to back. The programming concepts build on
the previous chapters. However, Python is such a readable language that after the first few
chapters you can probably piece together what the code does. If you jump ahead and feel lost, try
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going back to the previous chapters. Or email your programming questions to the author at
al@inventwithpython.com.

Line Numbers and Spaces

When entering the source code yourself, do not type the line numbers that appear at the beginning
of each line. For example, if you see this in the book:

1. number = random.randint(l, 20)
2. spam = 42
3. print('Hello world!")

...then you do not need to type the “1.” on the left side, or the space that immediately follows it.
Just type it like this:

number = random.randint(1l, 20)
spam = 42
print('Hello world!")

Those numbers are only used so that this book can refer to specific lines in the code. They are not
a part of the actual program. Aside from the line numbers, be sure to enter the code exactly as it
appears. This includes the letter casing. In Python, HELL.O and hel1lo and Hel 1o could refer to
three different things.

Notice that some of the lines don’t begin at the leftmost edge of the page, but are indented by four
or eight spaces. Be sure to put in the correct number of spaces at the start of each line. (Since each
character in IDLE is the same width, you can count the number of spaces by counting the number
of characters above or below the line you’re looking at.)

For example, you can see that the second line is indented by four spaces because the four
characters (“whi1”) on the line above are over the indented space. The third line is indented by
another four spaces (the four characters “i £ n” are above the third line’s indented space):

while spam < 10:
if number == 42:
print('Hello")

Text Wrapping in This Book

Some lines of code are too long to fit on one line on the page, and the text of the code will wrap
around to the next line. When you type these lines into the file editor, enter the code all on one
line without pressing Enter.

Email questions to the author: al@inventwithpython.com
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You can tell when a new line starts by looking at the line numbers on the left side of the code.
The example below has only two lines of code, even though the first line is too long to fit on the

page:

1. print('This is the first Tine! XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXX )
2. print('This is the second 1line!")

Tracing the Program Online
Tracing a program means to step through the code one line at a time, in the same way that a

each program in this book. The traces Webrbégréﬁhés' notes andhelpful Vrrérminders at each step of
the trace to explain what the program is doing, so it can help you better understand why these
programs work the way they do.

Checking Your Typed Code with the Online Diff Tool

Although it is very helpful to learn Python by typing out the source code for these programs, you
may accidentally make typos that cause your programs to crash. It may not be obvious where the
typo is.

You can copy and paste the text of your typed source code to the online diff tool on the book’s
website. The diff tool will show any differences between the source code in the book and the
source code you’ve typed. This is an easy way of finding any typos in your programs.

Copying and Pasting Text

Copying and pasting text is a very useful computer skill, especially for this book because many of
the texts that will be encrypted or decrypted are quite long. Instead of typing them out, you can
look at electronic versions of the text on this book’s website and copy the text from your browser
and paste it into IDLE.

To copy and paste text, you first need to drag the mouse over the text you want to copy. This will
highlight the text. Then you can either click on the Edit » Copy menu item, or on Windows
press Ctrl-C. (That’s press and hold the Ctrl button, then press C once, then let go of the Ctrl
button.) On Macs, the keyboard shortcut is Command-C (the 38 button). This will copy the
highlighted text to the computer’s memory, or clipboard.




22  http://inventwithpython.com/hacking

To paste the text that is on the clipboard, move the cursor to the place you want the text to be
inserted. Then either click on the Edit » Paste menu item or press Ctrl-V or Command-V.
Pasting will have the same effect as if you typed out all the characters that were copied to the
clipboard. Copying and pasting can save you a lot of typing time, and unlike typing it will never
make a mistake in reproducing the text.

You should note that every time you copy text to the clipboard, the previous text that was on the
clipboard is forgotten.

There is a tutorial on copying and pasting at this book’s website at

More Info Links

There is a lot that you can learn about programming and cryptography, but you don’t need to
learn all of it now. There are several times where you might like to learn these additional details
and explanations, but if I included them in this book then it would add many more pages.
Publication of this larger book would place so much combustible paper into a single space that
the book would be a fire hazard. Instead, I have included “more info” links in this book that you
can follow to this book’s website. You do not have to read this additional information to
understand anything in this book, but it will help you learn. These links begin with

Even though this book is not a dangerous fire hazard, please do not set it on fire anyway.

Programming and Cryptography
Programming and cryptography are two separate skills, but learning both is useful because a

computer can do cryptography much faster than a human can. For example, here is the entire text
of William Shakespeare’s “Romeo and Juliet” encrypted with a simple substitution cipher:

WUNIL FOTLZNGIE JWUNURZ D s g, g e o, Co nlch\wlml Kgiwi ki nfix uzw hdioi, Awum fodciob rwzti anifo. Awum auwbg bai afbn nucoh ua bgini bku auih jebiuzh
upiwbguukh Tu kebg by by hbweai. Bgi aifwazn ifog-mfwe' nupi, Fot ' witi, Kgedg, fot, ouzrgb duznt wimupi, bt s o P B K3 s ke i o T, Kot g i e, v b o e
ot WUMIU FOT LZNCIB FDB C HDION C Pimuof. ¥ jrqncd i fobiw HEMOHUO o RWIRUWX, a bgi guzhi ua Dfjznib, fwmit kebg hiuwth lulqzdrmwh] e Rwiruwx, U’ mx kuwt, kinn oub dfwnw dufnh. RUIRUWX O, auw bgio ki hguznt qi dunnchwh. HEMIHUO C mifo, fo ki qi co dguniw, kinn twik, RWIRUWX Fx, kgeni xuz
nepi, twik xuzw oide uzb u*bgi dunnfu. HFMJHUO C hbweei yzcdenx, gicor mupit. RWIRUWX Qzb buz fub oub yzcdenx mupit bu hbweei. HFMIHUO F tur RWIRUWX hbfot: bgiwiauwi, ca bguz fwb mupit, bguz w200 flix. HFMJHUO F tur ua bafb guzhi hgfn
mupi mi bu hbfot: € kenn bfei bgi kfnn ua fox mfo uw mfct ua Muobfrzih, RWIRUWX Bgfh hukh bgii f kife hnfpi; auw b kifeinb ruih bu b kfn HFNOHUI Bt Tt biwiauwi kumio, gicor bgi kifeiw pihhinh, i ipiw hnghh o b kfnn: biwiauwi C kenn jzhg Muobfizih mio awum bgi kfnn, fot bgwzh gch mfcth bu bgi kfnn. RWIRUWX Bgi
‘yzfwin ch gibkiio uzw mfhbiwh fot zh bgicw mio. HFMIHUO Beh fan uoi, C kenn hguk mixhina f bxwfob: kgio C gfpi auzrgb kebg bgi mio, C kenn gi dwzin kebg bi micth, fot dzb RWIRUWX UHUO Fx, bgi b oy et co kg iz knb RWIRUNX Boix

bfei cb co hiohi bgfb aiin b, HEMJHUO Mi bgix hfn aiin kgeni C fm fgni bu hbfot: ot beh eouko C fm f jwibbx cidi ua aning. RWIRUWX Beh kinn bguz f oub achg; ca bgut gfthb, bguz gfthb giio juuw Lugo. Twfk bgx buun! giwi dumin bku ua bgi guzhi ua by Mobiai, HEVIHUO M ofet Kifjuo ch uzb: yzfuwin, C kenn gfde bgii
RWIRUWX Guk! bzuwo bgx gfde fot wz0? HFMIHUO Aifw mi oub. RWIRUWX Ou, mfwwx; C aifu bgiit HFMJHUO Nib zh bfei bgi nfic ua uzw htin; nib bgim girco. RWIRUWX C kenn awuko fh C jfih gx, ot nib bgim bfei cb fh bgix nchb. HFMIHUO Ofx, fh bgix twi. C kenn qebi mx bgzma fo bgim; kgedg ot b gim, ca byix gifw cb
[tobivw FQWFGFM fot QFNBGFHFW] FQWFGFM Tu xuz ebi xuzw bgzma fb zh, hew? HFMJIHUO C tu qbi mx bgzmd, how. FQWFGFM Tu xuz qobi xuzw bgzma f zh, how? HFMIHUO [Fhcti bu RWIRUWX] Ch bgi nfi ua uzw heti, ca C hf fx? RWIRUWX Ou. HFMIHUO Ou, hew, C tu ub gcbi mx bgzm fb xuz, hew, qzb C gebi mx bgzma,
P RWIRUMX T 4z Yo, o FQWEGEM Yo o HEMUHIO Ca Xz ek i 0z C it fo 0z FQUWEGEM Ou i HEMUHUO Kin, . RIWIRUWX I g g dumih ol b cohimo, HEMIHLO X, i, s QU GEM Xuznc HEMIUO Tuflc xuz i mi
Ruiruwx, wimimaiw bgx hkihgcor qnuk. [Bix acrgb] [1obiw QIOPUNCU] QIOPUNCU Jfwb, auunht Jzb zj xuzw hkuswth g xuz . [Qifbh BXQFNB] . fwb bguz twiko fmuor bgini Qiopur by jifdi j2b 7 byx
hikuwt, Uw mfofri b bu jfwb hgmmuo Jegmi BXGENE Ko, o ot i g bg ko, C i g 10 Muobirzin ot bit: Gpi  bgi,dukfwt! (Bgix acrgb] [lobiw, mpm R g ik o g awt; oo Dubcvmn kebg dnzgh] Aot o Drzah,aGnnh, ot Jwbchfon! howeei i b tko! Tuko kibg b
Dfjznibht tuko kcbg bgi Muobiz iw DFIZNIB o geh ruko, fot NFTX DFJZNIB] DFIZNIB Kgfb ouchi ch bgch? Repi mi mx nuor hkuwt, gu! NFTX DFIZNIB F dwzbdg, f dwabdg! kgx hkuwt, C dumi, hicbi ua mi. [1obiw MUOBFRZI fot NFTX MUOBFRZI]
MUOBFRZI Bguz pennco Dijznib, Gt mi o, mi . NFTX MUOBFRZ) Bouz hqmbouhnbcw'auubhunnziam [lobiw JWCODI, kebg F wcoD! m\mcm bujifdi b bgix oub gifw? Kgfb, gu! xuz mio, xuz ifbh, Bofb yziodg boi acwi ua xuzw jiwoedcuzh
witi Kebg jzwini auzobfcoh chhzcor awum xuzw picoh, Uo jfco ua buwbzwi, gfoth Bgwuk Kifjuoh bu bgi rwuzot jwcodi. Bowii dopcn quifkh, quit ua fo fowx kuwt, Qx bgil, unt Dfjznib, fot Muobirzi, Gfpi bgwedi tchbzwg' bgi yzcib ua uzw hbwiibh, Fot miti Piwuofh fodciob
debevioh Dfhb gx bgicw rwfpi ginimeor uwofmiobh, Bu keint unt fwbchfon, co gfoth fh unt, nfwm kebg jifdi, bu jfwb xuzw dfoeiw? gfbi: Ca ipiw xuz tchbzwa uzw hbwiibh frfco, Xuzw ncpih hafn jfx bi auwaicb ua bai jifdi. Auw bgch bemi, fan bgi winb tjfwb fikx: Xuz Dfjznib: hofnn ru fauor kebg mi: Fot, Muobfizi, dumi xuz bach fabiwouuo, Bu
‘e0uk uzw azwbgiw Jnifizwi co bych dfhi, Bu unt Awii-buko, uzw dummuo lztsmiob-jnfdi. Uodi muw, uo jfco ua tfbg, fan mio tjfwb. [1sizob fn qzb MUOBFRZI, NFTX MUOBFRZI, fot QIOPUNCU] MUOBFRZI Kgu hib bych fodciob yzfwwin oik fqwufg? Hjife, oijgik, kiwi xuz gx kgio cb girfo? QIOPUNCU Giwi kiwi bi hiwpfabh ua xuzw

fipiwhfuex, Fot xuzwh, dnuhi acrgbeor iwi C te fjjwufdg: C twik bu b bgim: co bi cobfob dfmi Bgi aciwx Bxafb, kebg gch hkuwt jwijfwit, Kgedg, f gi qwifbgit tiacfodi b mx ifwh, Gi hkzor fauzb geh gift fot dzb bai keoth, Kgu oubgy G0 hduwo: igwzhih fot gnukh, Dfmi fot
auzrgh uo b fot jfwb, Benn boi jwcodi dfmi, kgu wbit icbgiw jfwb. NFTX MUOBFRZI U, kgiwi ch Wumiu? hfk xuz gem bu-tf? Wergh mft C fm gi ki oub fb bgch awfx. QIOPUNCU Mftfm, Kuwhgejjt hzo i, F ibu dne mw.m Kgiwi muwmmg bgi nwupi ua
ecfmuwi Bafb kihbkfut wuubibg awum bgi dcbx heti, Hu ifwnx Kfnecor tct C hii xuzw huo: Bukfwth gem C miti, gzb gi kfh kfwi ua mi Fot hbuni cobu bgi dupiwb ua bgi kuut: C, mifhzweor gch lauldhcuoh @ mx uko, Bgfb muhb fwi azhcit kgio baix\wi muhb f i o anit awum mi
MuOBFRZI Mfox f muwocor hiio, Kubgbnw tik. Fitcor bu dnuzth muwi dnuzth kebg geh t hergh Ozhfmvhuhumm by fn-dgiiweor hzo Houzr i girco bu twik Fzwuwfh qit, Fih mnmn gum\ i i, Fot juepicogeh

geh keotukh, nudeh fo pi. QIOPUNCU Mx ougni zodni,tu xuz MU 10PUNCU Gfpi xuz cmjuwbzoit gem
ux wxmwﬂnwuosmzl Qubg g mxtina ol mio Lbgiw aweioh: b i, eh Y duzohinnuw, e oub i gk bw- ot h dnuhi, Hu 2w avnm huzotorfo tchdupwx, F ch bzt cb ke 0 opouzh K, gi o hjwitgch il i b b fcw, Uw e gch itz bu bgi
hzo. Duznt ki gzb nifiwo awum kgiodi geh huwawukh nwuk. Ki kuznt fh keancorx repi dzwi fh eouk. [1obiw WUMIU] QOPUNCUHi Kl g i nf xuz, ot Cin ek g rwclpﬁ]d\ uw gi madg tiocit. MUOBFRZI C kuznt bguz kiveb hu gfjx qx bgx hbf, Bu gifiw bwzi hgweab. Dumi, mftfm, nibh fifx. [1sizob MUOBFRZI fot NFTX
MUOBFRZI] QIOPUNCU Ruut-muwwuk, duzhco. WUMIU Ch bgi tfx hu xuzor? QIOPUNCU Qzb oik hbowad ocol, WUMIU Fx 1b2 QIOPUNCU Cb kfh. Kot hitoihh niorbgioh Wumiuh guzwh? WUMIU Oub gfpcor b, kgedg, gfpcor, mein ngw guwb. QIOPUNCU Co nupi?
womy Uzb~- QIOPUNCU Ua nupi? WUMIU Uzb ua giw afpuzw, kgiwi C fn co nupi. QIOPUNCU Frfh, bafo nupi, hu riobni co qchnmk Hguznt gihu bxwfwu h WUMIU rnm byt b, Hguznt, kebguzb iih, hii mit Kgfb awfx kfh giwi? Xib binn mi

it tukebg gfbi, gzb Kot b U ukcor ugit U nupr gt U fox brus b sowi il Ui b e poc! M=o G s - imcor bl A i, auergs e, dunt v hcdegm\hg‘ Hocnn- k'ewvhmu byfb ch oub kgfb cb ch! Bgch
nupi iin C. bgfb aiin ou nupi co bgeh. Tuhb bguz oub nfzrg? QIOPUNCU Ou, duv, C wibgiw ki, WUMIU Ruut g, b kgfb? QIOPUNCU Fb bx ruut gifwbh ujjwinivcuo. WUMIU Kgx, hzdg ch nupih Rwel o mx quifhb, Kgedg bot jwifbi, bu gfpi cb jwih Kcbg muwi ua bgcoi: bgch nupi bafb bguz

gfhb hguko Tubg ftt muwi rwcia bu buu g ua meoi uko. Nupi ch f hmuei wichit kebg bai azmi ua hergh; Qicor jzwrit, facwi hjfwencor co nupiwh' ixin; Qicor pist fhif ouzwengt kebg nuphwh bifwh: Kgfb ch co A i b  duscor i ol piniwpeor it Ao, s . QIOPUNCU ! C ko s Fa s xuz nifpi
mi hu, xuz tu mi kwor. WUMIU Bzb, C gfpi nuhb mxhina; C fm oub giwi Bgch ch oub Wurmiu, gih humi ubgiw kgiwi. QIOPUNCU Bin mi co hftoihih, kgu ch baf xuz nupi. WUMIU Kgfb, hgfn C rwufo fot binn bgii? QIOPUNCU Ruufot kg, ou. Qzb hiftnx binn mi kgu. WUMIU Qet f hede mfo co hftoinh mfei gch kenn: Fg, kuwt can zwit bu uoi
bafb ch hu cnn' Co htoinh, duzhco, C tu nupi f kumfo. QIOPUNCU C fem't hu oifu, kgio C hzjjuhit xuz nupit, WUMIU F wergh ruut mfwe-mfo! Fot hgih afcw C nupi. QIOPUNCU F wergh afcw mfwe, afew duv, ¢h huvoinb gcb. WUMIU Kinn, co bgfb geb xuz mehh: hgi'nn oub gi geb Kebg Dzjcth fwwuk; hgi gfbg Teforh keb; Fot, co hbwuor jwuua ua

dgfbebx kinn fwm't, Awum nupih kife dgentchg uk hgi ncpin zogfwmt. Hgi kenn oub hof bgl P a o biumh,Ou bz encor i, O funt: U, hy von s, Bgfo e g QIOPLNC Bgi g fog i bl bk o e
dgfhbi? WUMIU Hi gfbg, fot co by hifwcor mfeih gzri kfhbi, Auw gifzbx hbfwpit inn juhbiwclx. Hgi ch buu afcw, buu kehi, kehinx buu afcw, mfecor mi tinjfcw: H 3 T cb ouk QIOPUNCU Qi
bgcoe ua giw. WUMIU U, bidg m guk C hguznt auwrib bu bocoe, QIOPUNCU Qx repcor b 20bu bocol i Is'mcmuhg\wq\ﬁhcm WUMIU Beh byi kfx Bu dfin giwh isyzchebi, Bgini gfjjx ! quukh Qicor : Gibgf ch Boi
jwidcuzh bwifhzwi ua gch ixihcrgb nuhb: Hguk mi f mchbwiih bofb ch jfthcor afcw, pi, Gzb fh g jfhit bgfb jfhcor afow? QIOPUNCU Cnn jfx bafb tudbweo, uw inhi ti co tigb. [1sizob] WUMIU FOT LZNCIB FDB C HDIOI CC F hbwiib. [1obiw
DFIZNIB, JFWCH, fo Hinpfob] DEIZNIB Qzb Muobirz h quzok ki G, Co o fncef fot och mmgrm C bgeoe, Auw mio hu unt fh ki bu eii bgi jifdi. JFWCH Ua guouzwigi wideuocor fwi xuz qubg; Fot jebx ‘bch xuz ncpit b utth hu nuor. Qzb ouk, mx nut, kgfb hfx xuz bu mx hzch? DFIZNIB Qzb hfxcor u's kgfb C gfpi hfet giauwi: Mx
dgent ch xib f ; Hai gfbg oub hito . Nib bk jwrct, wi ki mfx b JFWCH o hi fwi ffjx mubgiwh mfti. DFIZNIB Fot buu huuo mfwwt fui byuhi hu ifwnx mfti. Bgi ifwbg fbog hifnnukt fan mx guiih azb hgi, Hgi ch bgi gujiazn
i g 2 i tiobni Jweh, o g it Hx jfw; Fo hgi frwi, duohiob fot afcw fdduwtcor pucdi Bgth acrgh C qunt o unt fddzhbum i, Kgiwiou C fpicopebi i, Had  C o, or b o, Ui muw, ot kg i oz
muwi. b mx juuw guz ibg-buit byt ftu aiin Kgio kinn-fj y . ipio hzdg tincrgb i xuz o mx guzhi; gifw fn, fn hil, Fot ncei giw muhb kguhi miwch
muhb hofnn g Kgmg o muwi ik, ua mfox meoi gicor uoi Mfx hbfot co ozmqiw, bguzrg co wideuocar ouoi, Dumi, ru kcbg mi. [Bu Hiwpfob, rcpeor f fjiw] Ru, howwy, bwatri fquzb quuzvq afow Pwuo; acot bguhi jiwhuoh uzb Kguhi ofmin fwi kwchbmhg\wl fot bu bgim hfx, Mx guzh fot kindumi uo byicw jnifhzw hbfx. [1sizob DFJZNIB fot

i webbio giwit Cb ch kwebbi fot . bgi achgiw kebg goh jioden, fot boi fcobiw kebg gch oibh; qzb C fm hiob bu acot bguhi jiwhuoh kguhi ofmin fwi giwi kwieb, fot dfo oipiw acot kgfb ofmin bgi kwebeor jiwhuo gfbg giwi kuich.

szhhhuhglmiwun o ruut bemi. [lobiw QIOPUNCU fot WUMIU] QIOPUNCU Bzb, mfo, uoi acwi gzwoh uzb foubgiwh zwocor, Uoi jfco ch ihhio't gx foubgiwh forzchg; Bzwo rct, fot g gunj qx qfdekfwt bzwocor; Ui tinjiwfbi foubgiwh nforzchg: Bfei bguz i, Fot byi wioe juchuo ua bgi unt kean
tei. WUMIU Xuzw jnfcobfco-nifa ch isdinniob auw bgfb. QIOPUNCU Auw kb, C juf bgii? WUMIU Auw xuzw quuiio hgeo. QIOPUNCU Kgx, Wurniu, fwb bguz mit? WUMIU Oub mft, gzb quzot muwi bgfo f mft-mfo ch: Hgzb 2} co jwchuo, eijb kebguzb mx auut, Kggijt fot buwmiobit fot--Rut-tio, rut ainnuk. Hiwpfob Rut rc ut-tio. C jufx, how,
o xuz wift? WUMIU Fx, mcoi uko auwbzoi co mx mehiwx. Hiwpfob Jiwgfjh xuz gfpi nifwoit cb kebguzb quue: qzb, C jwfx, dfo xuz wit fox bgcor xuz hil? WUMIU Fx, ca C eouk bgi nibbiwh ot bgi nforzfr. Hiwpfob Xi hix guoihbrx: wih xuz mivwx! WUMIU Hofs, ainnuk; C dfo wit. [Wifth] "Herocuw Mfwbcou fot geh keai fottizrgbiwh; Duzobx
Fohinmi fot geh difzbiuzh hehbiwh; bai nftx ketuk ua Pebwipau; Herocuw Infdiobcu fot geh nupin ocidin; Miwdzbeu  meoi zodni Dfjznib, geh keai fot tfzrgbiwh; mx afew ocidi Wuhfhcoi: Nepef: Herocuw Pfniobcy fot gch duzhco Bxafnb, Nadcu fot byi ncpink Giniof. F afew fhhimani: kgchg

Email questions to the author: al@inventwithpython.com
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IMIU Kgebgi i hzjjiw; bu uzw uuzm i i? Hiwpfob Mx mfhbiw'h. WUMIU Cotiit, C hguznt gfpi melxul bafo giaun \WDIDD Ouk C'nn binn xuz kebguzb fhecor: mx mfhbiw ch bgi rwifb wedg Dfjznib; fot ca xuz gi oub uabﬂvquzm ua Muobfrzih, C jwfx, dumi fot dwzhg f dzj ua kcoi. Winb xuz miwwx! [Iscb]
QIOPUNCU Fb bych himi fodciab aifh> Kabg fin i i, Dumifi giw hgfnn hguk, Fot C ik WUMIU Kgio boi i
bgio bzwo bifwh bu acwih; Fot bgihi, kgu uabio Mul«)‘muzm ipiw tei, ic iibedh, i QIOPUNCU Bzb, afcw, ouoi inhi gicor gx, Giwhina juchit i ichgiw ixi:
qikirgt Xuzw nfixh nupi Baib C WUMIU i u for, o hadg hergh b gi g, [sizob] WUMIUFOT L c lobiw NETX DFIZNIB fot
Ozwhi] NFTX DFIZNIB Ozwhi, kmwm mix thzrgbiw? nmn giw auwbg bu mi. Ozwhi Ouk ax mx mmmqm fh kam ifw unt, C ql\l qlw dumi. Kgfb, nfma! kgfb, M\xchl' Rut auwgct! Kgiwih bgch rewn? Kafb, Lzncib! [lobiw LZNCIB] LZNCIB Guk ouk! kgu dfnnh? Ozwhi Xuzw mubgiw. LZNCIB Mftfm, C fm giwi. Kgfb ch xuzw kenn? NFTX
DRIZNIB fgeni, Kimzhb . dumi qfe ffco;  of jwibhx i Ozwhi Alcg,C 6 binn g 200 0 gz NETX DFJZNIB Hafh oub auzwbil O2whiCi i auzbio ua mx i Fot xib,bu m bibg i cb
hjueio, C gfpi qzb auzw-- Hgi ch mlh auzwhm Guk nuor ch :D ouk Bu Nfmmfh-beti? NFTX DFIZNIB F auwtwcﬂlh fot unﬂ’xh Ozwm \mn uw utt, ua fan i . Dumi Nfmmfh-ipi Hzhfo fot hgi--Rut wihb fan Dgwehbcfo huznh!-- Kiwi ua fo fri: kinn, Hzhfo ch kebg Rut; Hgi kfh buu ruut auw mi: qzb, fh C hfct,
Uo Nifmmfhip  ocrgh hgfnn Bgf hgfn ‘ch heodi bg Fot hgikih kifot-C oipiw Uafon bgi . 2j00 bgf tx: Hebbcor co bgihzo pi-guzhi Kinn; M st fot.
Mfobzf:-- Ofx, C tu qifw f qwfco:--gzb, fh C hct, Kgio cb et hmm bgi mwmkuulun bgi ocj Jamx tzr fot ainb cb- uchnm jwibbx amm Bu hii cb bibdgx fot afnn uzb kebg bai tzr! Hqﬁel yzubg bgi tupi-guzhi: ‘hkm ou oiit, C bwuk, Bu get mi bwztri: Fot hcodi bgfb bemi cb ch inipio xifwh; Auw bgio hgi duznt hbfot fiuoi: ofx, gx bgi wuut, Hgi duznt gfpi
‘wzo fot kfttnit fan fquzb; Auw ipio bgi tfx bgi dgent: 'Xif," yzubg gi. ‘tuhb bguz afnn zjuo bgx afdi? Bguz kenb afnn gfdekfwt kgio bguz gfhb muwi keb; Kenb bguz oub, Lzni? fot, ax mx gunctfmi, Bgi jwibbx kwibdg niab dwxcor fot hfct Fx." Bu hii, ouk,
qukt . i ifuh,C L L Yo ot bt s o o A o g bulh o oL Ot X et fothix x. Fot xb, C
Kfwwfob, cb gft qzmj fh qer fh f xuzor if fot. i fri; Kenb bguz oub, Lzni? cb hbcobit fot hfct Fx.' LZNCIB Fot hbcob bguz huu C jwx bgii, ozwhi, hfx C. Ozwhi Jifdi, C gfpi tuoi. Rut mfwe
bgi bu gch rwidi! Bguz b fiw C ozwhit: Fo C morg i m kehg, NFTX . byfb i ch bgi pi ine . B i, 1ot Lonci, Gk nfoh LZNCIB Chch fo
oub C bgcoi uonx ozwhi, C kuznt hfx bguz gfthb hzde't kehtum awum bgx bifb. NFTX DFJZNIB Kinn, bgcoe ua mfwwefri ouk; xuzoriw bgfo xuz, Giwi co Piwuof, nftcih ua ihbiim, Fwi mfti fawiftx duzob, C kfh i i xifwh Bgfb xuz fwi ouk f mfct. Bgzh bgio co l]wcla Eg\ ‘pfncfob Jfwch hiieh xuz auw geh nupi.
OnF o, uzr o s, o E k-, G i NETX DFJZNI Pt giog i . i O, ki o . . TX DFSNIS Kb o Bgeh aigunt gem o i bgipunzmi a xuzor Jfwch’ i, Fot
acot tincrgh kweb bgiwi kebg qifzbxh jio; Isfmeoi ipiwx mfwweit ncoifmiob, Fot hii guk uoi kgfb ughdzwit Sgeh. bgch zoquzot nupiw, f dupiw: Bgi achg ncpm co hgl hif, fot beh mzdg jweti Auw afew
Kebguz boiafow kcbgeo bu get: B quue co miaxh Houu; Qxgfpcorgem, ih. Ozwhi Ou nihh! of, qcrin: NFTX e nupi? L
‘ncei, ca nuuecor ncecor mupi: Qzb ou muwi tiij ixi ‘mfei cb anx. [lobiw f Hiwpfob] Hiwpfob Mftfm, bgi rzihbh fwi dumi, hzjjiw hiwpit zj, xuz dfnnit, mx xuzor nftx fheit auw, bgi ozwhi dzwhit co bgi jfobwx, fot ipiwx bgcor co isbwimcbx. C mzhh giodi bu kfcb; C gihiidg xuz, aunnuk hbwfcrgb.
BT ORIZAR Ktk st Lnch b . ek o, gt g st UM T LN £ HDII G E N UMY WSR3 QIOPLNCLL b el Bl <t ] VAL Kot ot o o o et
f fjunurx? QIOPUL  jwuncschx: Kinn gfpi ou Dzjct guutkcoet kebg f hdfwa, Qifweor f Bfwbfwh jfcobit quk ua nfbe byi nftcih ncei  dwuk- 3 ou kebguzb-quue. Qzb nib bgim kenn; Kinn mifhzwi
oottt s b o Qe o Gl g e 2500 O oo o WUMIU Oub C, uzn ua it oo mupl MIWDZBCU Xz i
keorh, IMIU C fm b nergb aifbgiwh, fot hu quzot, C dfooub quzot f jebdg fqupi tznn t, bu hcoe co cb, Buu rwif  biotiw bgcor. WUMIU cn
gt o B wat t . o P fotxuz o nupi ko Repii b b i g gt
«anzhg auw mi. QIOPUNCU Dumi, eoude fot iobiw; fot ou huuniw co, th i i hu s}th nirh, g bgicw giinh, Auw C f rwhothowi iqum Cnn qi f dfotni-guntiw, fot nuue uo. Bgi rfmi kfh oi‘iw hu afcw, fot C fm tuoi. MIWDZECU
B2, tz0h bgi muz, am hb 2} bu bai ifwh. Dun o o b o mifo, hew, co . noeinfmjh qxtx. Bfei uzw ruut mifocor, auw uzw lmiob hcbh
Acpi bominco bt i o c0 uzw aci ke WUMIU Fot ki mifo ki co rucor b bgch i, Qzb heh o ke b 1. MIWOZBCU K, i ol fhe? WUMIU C wifi.{ twifnbu-octgh MIWDZBCU o h cL.C. WUMIU Kinn, gt Kih xuzh? leDzecu Bt twifmiwh uabio nc. WUMIU Co gt i, kg i i bgeorh b
MIWDZBCU U, bgio, C hii Yziio Mfq gfbg qiio kebg xuz. Hi ch bgi afeweih’ metkcai, fot hgi fo ua fo ftiwmfo, Twfko kebg f bifm ua n:hbm foumcih Fogkfwh mio'h ouhih fh bgix nci hjctiwh' nirh, B hwm ihua
bgihmfmnihb bictiwh kig, idbivgifmh, by ihg ua acnm, Giw Kiruoiw  hminn Oub hus ger fh wuzot cbbni kwm Jwede't awum b nfvx acorv ua f mict; Giw dgfweulb ch o imjb gfvin-ozb MIt q b bicoiw hyzcuwn uvk unt rwza, Bemi uzb ' meol bl afcwei’
dufdgmfeiwh. Fot co bgch hbfbi hgi rfnnujh ocrgb qx ocrgb Bgwuzrg nupiwh' qwfcoh, fot bgio bgix twifm ua nupi; Uiw duzwbciwh' eoiih, bafb twifm un duzwh'hcih hbwfcrgb, Uiw nfiodiwh' acoriwh, kuu ‘hbwfcrgb twifm uo aiih, U'iw nftcih * ncjh, kgu hbwfcrgb uo echhih twifm, Kgedg uab bgi forwx Mfg kebg gnehbiwh jnfrzih, Qidfzhi bgicw qwifbgh
Kebg himifch bicobi i Humibemi i innuih v f duzwbciuh ouhi Fhach; Fot g bicn Bedenco fwhuoh o nin i, Bgio i, i ua foubghw Gilacd: Humibai i twepib e uniciv oide Fotbgio wiflh g1 ua G2bbcor auwie bgwuoh, U quifdgin
fmazhdftuin, Hifochg anfti, Ua gifnbgh acpi-afbgum tiij; fot bgio fouo Twzmh co geh ifw, fb kgedg i hbfwbh fot kfeih, Fot gicor bgzh awcrgbit nknwh f jwhxiw uw bku Fot hniijh frfco. Bgch ch bgfb piwx Mfq Bgfb , Fot gfein bgi i
B0ch h b f, Kgio micth i uo b gfdeh, B jwihin b fot nifwoh im acwh bu ifw, Mieor b kumioua ruut e Bgch ch i~ WUMIU i, Midzbcu, it Bguz ineh a oubor, . Koedg o ctniqwico, Qi . Kgedg ch fh bgeo ua
hzqhbfodi fh bgi fow Fot kgu kuuih Ipic Fot, gicor foriw't, jzaah fkfx awum bgiodi, Bzwocor geh afdi bu bgi tik-twujjcor huzbg. QIOPUNCU Bgeh keot, xuz bfne ua, qnukh zh awum uzwhi ; Hzjiw ch tuoi, fot ki hgfan dumi buu nfbi. WUMIU C aifw, buu ifwnx: auw mx meot
cobgi hbfwh i i Uaf tihjchit s 2obain b, Q2 i, bfb g bl b uam duzhi,Tewid i Uo, nZh robninio, QIOPUNCU Hoviel wz [1i20b] WUMIU
FOT LZNCIB FDB C HDIOI P F gfn co Dfiznib'h guzhi. [Mzhcdcfoh kfcbeor. lobiw i Kgiwi'h Jubjfc i i i he fii f bwiodgiw! Hiduot Hiwpfob hgfnn nci mioh gfoth ., beh f auzn bgcor. Acwhb.
Hiwpfob Pl kebg bg fucob-hbuunh, iqutun, Ruut bguz, hipimi nib b jwbiw b co ot Oian Fobuox, ot o Hiduot oo . s vt ) .
qi qwehe figeni, fot fn. [lobiw DFJDMB kebg LZNCIB fot ubgiwh ua geh guzhi, miibcor bgi Rzihbh fot Mfheiwh) DFIZNIB Kind: duwoh kenn gfpi f quzb kebg xuz. Fg gf, mx mmnwmmn‘ kgedg ua xuz fan
Kenn ouk tiox bu odi? hg bgf mieih tfcobx, Hgi, €1 hiif, fbg cuvwon: B Caip kv {phow o dun b ehicor b o fch e it o o o ol ot Yo o it conis i bl o  fo. gt v
fotauub cb, rwnh, [Mzhd jnfh ot by tfodi] Muwi nergb, xuz eofpi: g b nowwtg, boch ki, O, heb, ofx,hh, 2 fot C fwi theh swhina fot C Kiwi co fmihe? Hiduot
Dl Gt byt . DFISNIE Kol il b i bh ol s B ua Nzdiobcu, b kenn, Humiacpi ituh; . Fiduo DIb-Bch v, e 6eh hchnv, hew G0 o ch b, DFIZNIE Kemn xuzbin i g Geh o
Ifwt bku xifwh fru. WUMIU [Bu f Hiwpcormfo] Kgfb nftx ch bgfb, kgedg tubg iowcdg bgi gfot Ua xuotiw eocrgb? Hiwpfob C eouk oub, hew. WuM\u U, hgi Nei f wedg |\k|7l co fo Ibgeujith ifw; Qifzbx buu wedg auw zhi, auw ifwbg buu tifw! Hu hgukh f houlox tupi
cor kebg i, Fh xotw nftx 1woi, Can kodg g  Fo.buriior . it rnt e vt o T i , hergbt gch ocrgh. BXQENE Bach, a gch pucdi hguznt i Muobizi. Aibdg mi i wiiciw, aux. Kafb thwih boi
upiwt kebg fo fobed afd, Bu Cax - Burbuse g i, Cguncoub 1 DFZNI K,k i i iz " BYQENS Zodl e Muniz v i, Bu hduwo
bgeh ocrgh. DFIZNIB Xuzor Wumiu ch cb? BXQFNB ‘Bch gi, bgfb pennfco Wumiu. DFIZNIB Dunhlnh baii, Nohm duv, mh gem fnuoi; Gi gifwh gem ncei f Fot, bu hfx bwzbg, u gi f pewbzuzh fot kinn-rupiwo't xuzbg: C tehjfwirimiob:
Bgiwiauwi g fbciob, b ou oubi ua gem: b ch m ke, bgi kgeda ca bguz wiiid, Hauk f afw i SXCFNB C e, 1o et | it .o ot g Katb, q i hofn:u bu; Fm uwxuz?
ru bu. Xuz'nn oub iotzwi gcm! Rut hgfnn miot mx huzn! Xuz'nn mfei f mzbcox fmuor mx rzihbh! Xuz kenn hib dude-f-guuj! xuznn gi bgi mfo! BXQFNEB Knx zodni, ‘beh f hgim\ DFJZNIB Ru bu, ru bu; Xuz fwi f , cotiit? C eouk kgfb: *beh bemi. Kinn hm. mx
Gifwoht Xuz i £ WGodus; fu: Qi y2ci, ww--Muwi g, muwi nergb Auw hgfmil Cin mfei xuz yzci. Kb, dgikwnx, mx gifwbh! BXQFNB Jbciodi iwauweikebg Clom isck] WUMIU
[Bu LZNCIB] Ca C jwuafoi kebg mx zokuwbgihb gfot Bgch gunx hgweoi, bgi riobni acoi ch bgeh: Mx nejh, bku gnzhgcor jennwemh, wiftx hbfot Bu hmuubg bgfb wuzrg buzdg kchg f biotiw echh. LZNCIB. Ruuncwwcm xuz tu kwuor xuzw gfot buu mzdg, Kocdn ‘mfooiwnx tipubcuo hgukh co bgeh; Auw hfcobh Vlw wlmh hwlb |cmwcmh gfoth tu buzdg,
ot fom bu jfm ch gun jfnmiwh echh, WUMIU Gfpioub hcobh nc, fotgun jimiwh bus? LZNCIB Fx,jcnriem, i bafb bgix mzhy 2 o jufiv. WUMIU U, bio, tifw hfcob, w; B . rfob bouz, LZNCIB Hicobh ta oub mpi
kgeni mx jwixiwh iaaidb C bfei. Bgzh awum mx ncjh, gx xuzwh, mx hco ch jzwrit. LZNCIB gfpi buue. WUMIU Heo awum bgx nejf rwrit! frfco. LZNCIB Xuz echh gx bgi quue. omm Mftfm, WUMIU Kgf
Wi, i, G b ch bl i U b Q7. Fo L i, Tt K Tt pebae C a2, X2 bt Kebfn:C bin . g 6o unt s Hof 1 g1 00600h WUMIL Ch h 1 Dz Ui 000206 o i ch s . IGPUNCU P, gt g o chf b gt WUMIU . h C i
bgi muwi ch mx zowihb. DFJZNIB Ofx, riobr i: Ki gfpi f bweancor Cheb ilio M’ kqx bgio, C bgfoe xuz fan C Wlue xuz, guoinb riobnimio; ruut ocrgb. Muwi buwdgih giwi! Dumi uo bgio, nibh bu git. Fg, hr,wwlg gx mx afx, cb kfsih nfbi: C'in bu mx wihb. [Isizob fan gzb LZNCIB fot Ozwhi]
LZNCIB Dumi gebgiw, ozuhi. Kb ch xuot Bgihuo LZnCiB Gy, zr dwad, LINCIB KD bk g L Mo nwtp ch nce bu i mx
kittcor git. ‘Wumiu, fot f Muobfrzi; LZNCIB Mx uonx ‘Buu ifwnx hiio meuukﬂ fot eouko buu nfbit u mi, nufbgit ioimx. Ozwm Kgfb'h bgeh? kgfh bgeh? LZNCIB F wgxmi C nifwo't ipio ouk Ua uoi C tfodit
kebgfn. [Uoi dfnnh kebgeo "Lzncib, ']Ozwmtoua fouo! Dumii, nith fkfx; bgi hbwforiwh fn i ruoi. [1sizob] WUMIU FOT LZNCIB FDB CC JWUNURZI g co geh tifbg-qit nci, fiin . kuznt tei, K:hg biotiw Lzncib mmugx chouk
bgi dgfwm ua nuueh, Qzb bu geh aui hzjjuhi Fot hgi hbifn nupin gint f aui, gi mfx oub gfpi fddinh ot hgi
Keiwi: Qe e nioth b ki, b mifo, o i iwcorSowimebe g bwini ki [ WUMIUFOT L HDIOI wwdgf. TWUMIU Dfo C ru auwkfut Bwo i o g o200 o i, el g A, o k.

kebgeo cb] [lobiw QIOPUNCU fot MIWDZBCU] QIOPUNCU Wumiu! mx duzhco IWDZBCU Gi ch kehi; Fot, uo mx nci, gfbg hbun'o gem gumi bu git. QIOPUNCU Gi wfo w.-n Kk, fotnift bgch uwdgfwt kfnn: Dinn, ruut Miwdzbeu. MIWDZBCU Ofx, C'in duolzwi buu. Wumiu! gzmuzwh! mftmo! jfhhcuo! nupiw! Fijifw bguz co bgi
nceioihh ua f hrg: Hjife qzb uoi wgxmi, fot C fm hfbchacit; Dvx qzb Fxm\"lwunumdluzb ‘nupi' fot tupiy Hjife bu mx ruhhcj jzwancot huo fot giow, Xuzor Ftfm Dzjct, gi bgfb hgub hu bwem, Kgio Ecor gi mupibg oub; Byi jich ift, fot C
i, . 3 o pivicor bgerg ifw bu zh! QIOPUNCU Fot ca g gifw bgi, bguz keab foriw gom. MIWDZBCU Bgeh dfooub foriw gom: Bkuznt foriw gem
Buwichi f dewani Ua humi nibbcor co. hgi ot nfct cb : Bofb ot guoihb, fotco gch mehbwinh ofmi C duolzwi uon g2 bu wichi 2} gem. QIOPUNCU Dumi, i b gctgemhina fmuor bgihi bwin, Bu qi duohubit kebg b
bai twe. MIWDZBCL Kgio byix nfzrg fuoi. Wumiu, bfb h kiwi, U, bqlh hgi kiwi Fo ujio ib dfibiw, bguz  jujiweo jifw! Wurniu, muloclgb
' b mx bwzdeni-qit; Bgeh acint-gi h buu duntauw mi bu iz Dumi, hgfn i u? QIOPUNCU Ru, bgio auw o co pfco Bu hie gom giwibgho mifch oubbu alaaot [Is\znh] WUMIU FOT LZNCIB FDB CC HDIOI CC [lobive WUMIU] b oot [LZNCIB fijifwh faupi fo  keotuk]
Qzb, huab! kgfb nergh g ifhi, fot L Fwchi, afow hzo, muo, Kgu o chg e fuh afw muwi afew mict, heodi hgich b auunh tu kifw cb; dfb cb uaa.
ch m .U, o mx nupit U, b hl ok g il ko ua byfo? Giw kcnnfnhklwch Cfmbus qun, e nuh nummm Pt B a bbb fn bl gl Gipcor humi qzhcoinh,  oowith g ixih Bu bkcoeni co bgiow hjgivin hmn ogix wibzwo. Kgft ca giw ixin kiwi byiwi,

dgite Fhthnrgh tubg f nfmj; giw ixin co ifpio Kuznt bgwuizg bgi fowx uznt gt U b hinit LZNCIB Fx mil
'WUMIU Hi hjfeh: U, hiif frfco, qwergb forint auw bguz b Fh muwcuzh bu bgch ocrgb,gicor o ont iih Ua muwdfn o em ua b few, LZNCIB U Wormiu, Wumiu! kgiwiauvi b
bguz Wumiu? Tiox bx afbgiw ; Uw, ca bguz kenb oub, up,Fot G ou v i DIz WUMIIU [FRt] Hftn C gitw v, uw hfn C e f bgch? LZNCIE ‘Bch 2 bg ofi bt ch i Bguz b bgxhina, hguug oub f Muobfrzi. Kgfbh Muobirzi2 cb ch ouw gfot, ouw auub, Ouw fm, ouw afdi,
bufmfo. U, i Kgfohco g o g fm kst i Dt Hu Wi Kt K gt W, Wfco b b e uih KEbut o b Wi i o ot bl f kg ot Sl n i
WML bbbk S a2 o il ok bt lockani o q bzmaninb o mx fm: M ofmi,tifw hfcob. Qidfzhi cb h fo oimx bu baii; Gt C cb
Kuicbbio, C kuznt b bgi kuwt. LZNCIB M ifwh ofpi oub xib Fuh bguz oub Wurniu ptsopes Oichgiw, afcw hfcob, ca mhgmnqmcnm. L bim it kwian? B0 fwi gorg fot gt bu dncm, Fot boijnfdi
tivg, QU bguz fwb, Ca fox v K i nergh byt thwih nupi obimj; L i b, bgix , bgiwi ncih muwi

Bgfo bikiobx ua by Fot fomcx. LZNCIB C kuznt oub auw bgi kit i hfk i giwi. WUMIU C gfpi ocrgsh dnufe bu ctimi avam baicw hergb Fot qzb bguz nupi mi. oy ammug.m Ml i G ot g ow g1, 6o g it Koot g

B LZNCID Quieuhi Luidbuo oty b hgcmnfdﬁwumlu Qx PPk aou i i b oy i i duhn oL C i g bt C o s b i bt uo mx afdi, Inhi
dgiie o, afco tiox Kgf C gfpi Tuh bouz nupi mi? C eouk bguz kenb i Fx, Fot C kenn biel bgx e e ogue it B0vz .wumamm,mnup.m iwlzwcih Bgio htx, Lupi nfzrgh. U riobni
Wumlu Cabguz b e i cb af u b Cin awuko fot gi jwpiwhi fo i bgi ofx, Hubguz Kcnb kuu; Gz inhi, oub auw b kuwnt. C0 bwzbg, afcw Muobiizi,C fm buu auor, 2b bwzhy m, riobnimfo, C
ofpi ) . i C ki kfwi, Mx bwzi nupi jfhcuos: bgiwiauwi jfetuo mi, AWMU NI, Xt R oG B g g 1 b v
i - LZNCIB Ui o b muo, Jobgnx uwaq, Ninb bafb bgx wu i 50 LZNGIB Ty o i 1 ;U cabous ke i, Ko ch bt
it pi- LINCIB K, 0 oub W gy C oo Cglplnu Vo s bch b Cch b i, b it bt B b cghocr, Kb i b oo i o g b, ot Bch ot jiocor quifbg, M jwupi
Ruut ocrgh, rut crgot h kil wijui fot WUMIU U, kenlp WUMIU Bgi lsugfon uabg NGB C o Fotxb Chumco i e o
WUMIU Kuznthb bguz kebgtwfi ch? auw kg jzwiuhi, nupi? LZNC\Bth bu i awloe, fo rcpi b b fico. Fot xib C bacor C gfpi: Mx quzobx ch th g by hif, Mx nupi fh i boi . Bgi muwi C gfpi, fw nupi,frciz! Fouo, ruut
ozl kil Muobir, i bwz. o gz fneboni, C ke dumi i [1ch, aupi] WUMIU U i, qmnnnoclgn' C fm faifwt. Qicor co ocrgh, fawifm, Wiiobiw LZNCIB, fqup] LZNCIB B kuth,ttw Wurniv, ot rut crgGoi.Ca b b qiod nunl o coouzwian, oo
miwwict bgii Kgi Fot f w0z0ih fb b auub C'nn b, st [KCagol ! L2NCIB C . o1
LZNCIB O ft g, C i B i b 12, ft i i bu mx rwcas Bu-musuk ke C ot WUMIU Ha bwepi m huzn-- LZNCIE F b, foupi] WUMIU F Nupi i bukdus nup, 1 hdguunaquxh awum bgicw quueh, Qzb nupi avum nup, bukdt hdguun kmggwpx
nuueh. [Wibcweor] [Wi-iobiw LZNCIB, fqupi] LZNCIB Gehb! Wurniu, gehb! U, fiico! . fot mex oub hjife fuzt; Inhi kuznt C bifw bgi dfpi kgiwi Idgu i, Fot miei giw fows buorzi muwi qufwhi bfo meoi, Kcbg wijibebeuo ua mx Wumiuh ofmi. WUMIU Cb ch mx huzn bfo
4 mk f:GUKC 0 ot Y crzh g, N PSS 21 b 0RcrflLENCID Wil WUMIU i 7 LZNCIB Hgfnn C hiot bu bgii? WU LENCIBC o i i b b b, G G5 b kg C g e WUMIU N
a Hbfot bgiwi, Wimimai WUMIU Fot Con b Hbfs, bu g bgi oo auwri, Auwribbor ox ubghw gumi Gz bgeh, LZNCIB ‘B fKfobuoh qewt; Kgu nibh cb guj f ncbbni
awum giw gfot, Neei xpih Fot kebg f b fde frfco, Hu nupeor-inuzh ua geh ncgiox. WUMIU C kuznt C kiwi by qov. LZNCI Hicib,hu kuznt C: Xib C huznt ecan byis kebg mzdg dghuchgcor. Ruut ocrgb, uut ocrg! fubcor s . B C hgfn hx
muwwk Isch fqupi] i, Kuznt C Kiwi hnii fo i, hu hkib bu winb! Giodi kenn C bu my . fot mx tfw gfj [1scb] WUMIU FOT LZNCIB [ NEZWIODI, keb f qffeib] AWCFW
NFZWIODI i e it mwo i uo bgiawukocor g, DGyeiwor b v dzth ke o uanrgh Fot ncei g tch aciwx kgiinh: Ouk, qawocor i c
Kiith fot jwidcuzh-tzcdit anukivh. B ifwdg bafbih ofbzwih mubghw ch giw buma; Kfb ch giw g pi bt ch giw kuma, ua tepiwh ecot Ki hzdecor q U, medeni ch bgijukiwazn rwfdi bafb ncih Co giwah,
infobh, hbuoih, fot b 9 ot tubg cpi, Ouw f2rgh hu [ pedi. g jncit;
. gicor hminb, kebg bofb Qicor b, e 1 o kg bt gitwd. Bk hzd i corh ) gim Mo Co o i fhgiwah, i ot vt ke Fox |w\mmcnfoh‘ g liobiw
LML WML R sl . ANCFW NFZWIOD QUi Ky b b bt i Xuzo e trh b G H o b Gt ot el b ok Ofvl o Ko o g i Qzb kg
P U !Bl o UG O3 2N Uwica oub 0, U bu-ocrgh, WUMIU Bab nf ch 100 ho! kihb bguz Kebg
Wahfncoi, 3 NFZWIODI Bgfbin . bgi i b, s e mi 1 gt o hcor kb meot o, Koot ! g ot . B i Kurote aubg o wimteh Kebgeo bgx gm‘ o qunx
oehed ncih: C gt ou gfowit aninhit o, auw,nu, M ci Qiijnfco, rut huo, fot guminx co bx tweab; Wattncor hgweab, WUMIU Bgio i tifw nupich hib Uo Fot
fon dumaot, hipi kgfb kgiwi fot quk Ki mib, isdgfori ua puk. C'in binn b f ki jfhh: qzb boch C jwf, Bgfb AWCFW Hicob Awforch, gini! Ch Wuhfncoi, k tifw, Hu h
mioh oub a2b co b Linz Mfwef, kgt f dgiien Kbiw bowuko fkf co kinbi, Bgi h B« unt wufoh weor xib co mx fodciob ifwh; Nu giwi zjuo bgx
o o Bguz fot bihi kuih kiwi fn auw Wuhfnco Kumio mex afnn, kgio bgwit ou nupcor Wuhfncoi. AWCFW NFZWIODI Auw tubcor,
. jien T i, AWCPW NFZWIODI Ol i, B i o o fouigh 2 by g WUMIUC fr o, et hg\kgumcnuplouk fot nupi auw nupi fnuk; FW NFZWIODI U, hgieoik kinn Bgx nupitct witt gx wub fot duznt oub hjinn. Qzb
i vuror K, o e i, byx fhihchbfob gi; Auw b o ffjx jwupi, Bu bzwo xuzw guzhigunth' wioduzw bu jzwi nupi. WUMIU U, nib 1 FW NFZWIODI Kehinx fot hnuk; bgix hbzmay affb. [1siz0b] WUMIU FOT LZNCIB FDB CC HDIOI CP F hbwiih
[lobiw QIOPUNCU fot M hguznt boch Wumiu g QIOPUNCU Oub b gen afogiwh;C et keog geh mfo. MIWDZBCU o, bgfo . bt gi ko hawi wzo it QIOPUNCU Bxqfn, b ecohfo a unt i, Gibg
iob ribbi bu geh afbgih guzhi MIWDZBCUF: dgfior, uo m nca. QIOPUNCU Wi ke fohkivcb. MIWDZBCU Fox mfo bafo fo kbi méx forkif ibbiw. QIOPUNCU Of. g knn foiiw binibbiw mlhbrw guk githwin, gicor twit. MIWDZBCU Fnfh juuw Wamiu! i ch fiwif tif: ibfaait kebg f kgcbi kiodgh gnfde ii; hgub
bywuzrg bgiifw kcbg fnupi-huor; bgi piwx kebg boi fotengif q UKge, Cdfo binn xuz U, Giacrgbh fh xuz hcor jwede-huor, eih bemi tchbfodi,fot
jwnjuibcuio; wihbh i geh mcoc win, uoi, bk, fot bgi bgowt co xuzw quhum: b piwx qzbidgiw ua f hene qzbbuo, f zinnchb, b guzhi, ua bgi acwhb fot 0 ifinftut bgijzobu wipiwhu! boi gfc! QIOPUNCU B kgf? MIWDZBCU Byi jus ua hzdg fobed, nchjcor, feaidbeor
sfobbu: b zo s o Lin fpr rut anfi v b o ik rut ki, ch o bch it Dgcor, wfothevi, nqln fiboun ng hbwfori ancih byfb bgix dfooub b ifi w0 bgi unt giodg? U, byicw
quoih, bgiow quoih! ih Wi i, ncei Oukch aiwh bt bu goh nfx kfh qz0 f  miwwex, i gft g giw; Tot Ftuktx;
Driifout i Ginl ot Giw gotooh ft ghunubh; B e w . . quo b Hpizh wumiu i U Bgi hacl. how, bgi hnci: dfo xuz
oubduodip WUMIL I, it Miou, X Gzt K i ot o had i mcoi o i MIWDZ50U Bt g amit fmfo WUMIU Mifocor, bu duzwbix. MIWDZBCU WUMIUF isjuhchouo.

c gb. WUMIU g, bgio ch mx jzm kinn anukiit jami, , b ifw, WUMIU U comi-
hunit inb, hu o Ut Q) M KCbhafcob. uw Con dvee Fmibag,  rmon o o byi Cgfpiwoi, oo, . haw,C fpi come kguni acp
Kih g M ipv kcbg mi auw fox byoor kgio bouz MIWDZBCU C ke qcbi bgi gx b ifw auw bofb linb. WUM U Ofx, ruut ruhi, gcbi oub. MIWDZBCU B keb ch aoenf wu io ruuhi?
MWD [ ol WUMIC it bt Kt 901 G 0 b, o g Lt it MIWDZECU K p bguz hudcfani, 0 Kofb bguz
o ki Xz o e YKol i ofoin b wao o ks b gl s 0 ur QIOPUNGU Hbu g o i bu i o mx QIOPUNCU Bguz MIWDZBCU U, byuz i tidicpit; C kuznt
gfpi miticb hguw: auw C fot mifob, cotit, bu nuoriw. WU ¥ Hfn, hfn! QIOPUNCU Bku. o g Tt rmuce O o JIBIN Fouol O e o i, MIWDZBCU Raut Jow, b gt i i auw g
afo bgi afowiw afdi. Ozwhi Rut xi uut muwwuk, iobrimio. MIWDZBCU Rutxiruut to, Ozwhi Ch cb ruut to? MIWDZBCU Beh ou nii, C binn xuz, jwcde ua ouuo WUMIU Uoi,riobnikumo, bafb Rut gfbog mfti auw gomina bu mfw. Ozwhi
Qx mx bubg,cb ch kinn hfct auw gemhina bu miw, yzubg F2 Riobnimio, o f  mi acot byi xuzor o binn xuz; gzb xuzor Ko xu i et 6o bfo i ki gio xus huz G i xuzorin b o, e fn ua Fwhi Oz Xz s i MIWDZBCU Xif,ch i
whb Kinn? pivx kin buue, ¢ afcbg; kehin, kehinx. Ozwhi ca xuz i g, h QIOPUNCU Hgi k fafit, fgfkt hu Qut WUMIU Kgfb gfib bouz auzot? MIWDZBCU Ou gfwi, hew: zonihh f gfwi, hcw, o f iobio jc, bt ch humibgcor hbf fot quf i cb gihjo.
I v, Fofount v . p it i o i thlng g ch gutv Ch b 2 uve i, g1 c Gt g o, WA, ke X2 i xzw afoghwh? I b oo, bgcbgiv: WUMIU C ke auk xz. MIWDZBCU ARKInD, odcionfx ki, o] i 10 MIWDZ6CU
fot QIOPUNCU] Ozuihi Mfiwwx, afwikinn!  jf xu n bach, bofb ki goh wujiwx? WUMIU F riobnimfo, oz bine,fot kenn hiife muw co f fmuobg, Ozwhi Fo f i i, C:in b gom twko, fo f kiwi nzibciw bgfo gich, fot
bkiobx hzdg Lfdeh; fot ca C dfooub, C'in acot bg\mlhgm i s co C ic Fot buy, fot JIBIW C hk ou mfo zhi xuz fjifhawi;ca C gft, mx kmunhguzmyzcdenxglp\qlm Uzb, C Kfwwfo xuz: C thwi twtk fh huo th
foubgiw mfo, ca C il uddfhcuo co f rutyzfwwin, fot bginfk uo mx heti. Ozwhi Ok, fauwi Rut, C fm h st bofb Ho it v xuz, hew, fkuwt: fot f C bunt i mi i ke e bu
Jwftchi, T bgix hix, cb kiwi f i rwuhh ecot ua Ggfpcuw, h bgix hix: auw byi riobikumfo ch xuzor; ot Dglwlauw‘ Ca xuz hguznt fn tuzqni ke ghw, bwznx cb kiwi fo con bacor bu qi uaaiwit bu r WUMIU Ozwhi bt 2000 b~ O Rt git. o1, fchg,
Kenn binn giw fh madg: Nuwt, Nuwt, hgi kenn gi f luxezn kumfo, WUMIL OOVIIC e o g el e (ot gt C i ahfribmimfoncel uaav, WUMIU Qct g tichi Humi mifoh bu dumi b hgwea bgch fbiwouus Fot Do i o Awsh N G i
gwcpit fot gt Ghw o auw bigefooh Ozwhi O bz how: o joox, WUMIL Ru b e xz hfhn. O Bgch fabiwouuo,ow? K fqaix Kfnn buj-rfanfob ua
X WD o o b ot AWK g VI ol G 2 b o AWK Ui i b b . 7w Ok Rt o gl gl GIve s e o Kl b bz, m i Gawi? OsuChu o o Te sz of e i ok e i duzoin jbbeor v kb WUMIU G Ko b
mx mfoh fh bwzi  hbiin, OZWHI Kinn, hew; mx mhbwinh ch . Nuwtt gio bkt f ncobni wfocor by byiwi ch nfxeocai fquft; zb hgi, ruut huzn, gft fh ncia hii f buft, fpivex but, fh il gom. tbinn giw bu'b Sfach ch b jwj :azb, Cin
kmlwlabxuz Kgio € hx hu, ngmuuenm.mm fot ibiw? WUMIU Fx, ozwhi; kgfo uahmh"quhg kebg fo W. Ozwhi Fg. mudeiw! bgf'h bgi tur'h ofmi; W ch auw bgi--Ou; i gfog b uaxuz fot

by nfx. Ozwhi Fx, fsh Vo] i Y FouotCou Jibiw, b mx afo, fot ru iauw fot . [15iz0b] WUMIU FOT LZNCIB FDB CC HDIOI P Dfjznibh uwdgft [Iomw LZNCIB] LZNCIB Bgi v oo kgio C tcthiot bgi ozwhi; Co gfna
St hq\ hu. U, hgich nfmit nupit robh X gennh: il kg ot Kcot-hkcab Dzt kcorh. Ouk ch bgi hz0 zjuo bi
txh luzwoix, quzwh, fot kfwm qu Mx hiib nupi, fox acro fh bgix ki tif; Zokcint, hnuk, gifpx fot fn th nift. U Rut, igi
dumin 1obiw Ozwhi fot JIBIW] U guaix ozwhi,kgfh oikh? Giib bz mib kebg gem? Hiot b mfo fic. Ozhi Jiiw, hof o b rbi.{1co JIBIW] LZNCIE Ouk, uut b bin bgim miwwenx; Ca ruut, bouz hofminb boi mzh ua hiiib oikh Qx jafcor cb bu mi kcbg hu huzw  afd
Oawhi C fin -kifwx,rcpi mi nifpi fiagcni: Aci,guk mx quoih fdgit kgt  1z0b gfpi C ftt LZNCIB C kuznt bguz gfthb mx quoin, fot C b okih: Ofx, dumi, C jufx baii, hife; ruut,ruut az»m hiife. Ozwhi Lihz, kgfo gfbi? dfo xuz oub hbf fgeniz LZNCIB Guk
B i bu mi bgfb bguz fwb uzb ua quitbg? Bgi tinf Ch i Ch b s, w ok bu s Hix mhg‘w fot Cinn hbtx i, xuz fpi i hamjniducdi xuz o oub guk bu dguuii f mfo: Womiut ou, ou
byuzrg geh fox mfom,xib gch i gfot, fot fauub, fo f qutx, bouzrg baix gi 0ub bu fwi a7, o Knwtob gcm, friobn 1 nfma. R b ki, ki hivpi Rut. Kaf, fpi xuz ot f gumi? LZNCIB Ou, o Gz i bgeh 1 C eouk
i, Koft i i ua zw e kgt ua bqlh"ozmeuw\ UK 4P G5 1 Co i et o |cmm o qide b ubghw Nt U, m ade, e gfdl Qihquak uzw itwh uw iotor i gz, B g m b cbg z0bcor 2 fot kot LZNCIE Ca, C 1 hu b bz wb o ki, H
i, hkiib ozwhi,binn mi, kgf hfxh mx nup ,fotf . fotfecot, fot f gfothui, ot, C kfunafob, fpewbzuzh,-Kgiwi ch xuzw mubgiw? LZNCIB Kgiwi ch mx mubgiw kgx, hgich kebgcos Kgwi hguznt hgiqi? Guk uttnx bauz wincinbt “Xuzw nupi hfh, nce fo guoih riobnimfo, Kgiwi ch xuzw
i Oawh U RU il 0 qub? v, duiz G bk, 66 b1 xuzwhina. LZNCIB Giwih hzﬂgfducn'uuml KMo Hfxh Wumiu? OzwhiGixu2 b rifi b b hgwea 137 LZNCIB g Oz By g uz g b Awet Niawid i B
b Kfobuo gnuut . gt o hati wlrghfo ox 0K Got xz b gz C et foubgi i, B aoig i, f e C fm by o, gi qzwio huuo fo ocrgb. Ru;
oot ge e o 1, LZNCIB Ge b g bzl it oz, ik, 15205] WOMIUFOT LINCIB FOB CC HDION PC A Nfzwioah i 1ab AWCFW NFZWIODI for WUMIU] AWCFW NFEWIODI b WUMIU Fmio, fmio! qzb
c gw hergh: Tu . 5o gt kgfb gi thwi; Cb ch AVLCEVNF2WIOD! B3 o i ot oo hwczm‘qml ncei acwi fot
juktiw, Kgedg f by bai i tubg hu; Buu  bfwte  buu huk. [lobiw L boi inbwcti
[ . Fot xib oub LZNCIB Ruut ipio Gucan, AWCFW NEZWIODI Wi hfn o b i, 2 qub, LENCIB P madg b g o d\gu\ byfoeh buu mzdg qulu Fg Lancib, b
. bgio awitbg . fot i co icgiw ax by Qumx




24 http://inventwithpython.com/hacking

kifnbg. AWCFW NFZWIODI Dumi, dumi kebg mi, fot ki kenn mfei hguwb kuwe; Auw, gx xuzw uz i 0 uoi. [Isizob] WUMIU FOT LZNCIB FDB CCC HDIOI C F jzqned jnfdi. [lobiw MIWDZBCU, QIOPUNCU, Jfri,
fot Hiwplobh] QIOPUNCU C j bai, ruut ledzhcu T B h b o vl ot cai i, g ou A e g i 1, g s oo, MIWDZBCU bg koo gi Fbiphwo dafjh mi gch hut zjuo bg b ot hfsh Rut hot
‘i ou oiit ua bgii" fot g dzj iit. QIOPUNCU Fm C ncei hzdg f ainnuk? MIWDZBCU Dumi, dumi, bguz fwb fh gub f Lfde co bgx muut fh fox co Cbfnx, fot fh huuo mupit bu gi muutx, fot fn QIOPUNCU Fot kgfb bu? MIWDZBX x, fo bgiwi kiwi bku
hadg, ki hguznt . uoi Bguz! ke Yo 1mio by ot 1 ot ou i coh e, cbgt o i ko i zb hadg fyzfwmin? Bgx gift
ch fh azo ua yzfwwinh fh fo irr fot xib box gift h fitni i fo irr kebg f bgi hbwiib, tur bfb gfbg nfco fhr thi b b bg f ‘geh oik tuzqnib giauwi Ifhbiw? kcbg foubgiw, auw bxcor gch
ib bguz K b y2fin 1 bz b, o ncaiauw o guzw fot fyzfwbi i ihemjnit U hemi! QIOPUNCU Qx mx i, giwi dumi bgi Dfznibh. MIWDZBCU Qx m gin, C diwi oub. [lobis EXQFNE
fot ubgiwh] i bmm Riobnimic io: f kuy i i d fauwt fot £ gnukc BXQFNB Xuz hgfnn acot mi fijb iouzrg bu bgfb, hew, fo xuz kenn repi mi uddfhcuo. MIWDZBCU Duznt xuz oub bfei humi uddfhcuo
Kebg Wi g, uhb bguz miei 2h n e xuz o Vazol, duohuwd! QIOPU
ipf Uw mm tijfwb; WI‘N\ fan ixih rfvi uo zh. MIWDZBCU Mioh i fot nib bgim rfvi; C kenn mfo'h jnifhzwi, C. [I ‘mx mfo. MIWDZBCU Qzb C'nn gi gforit, hew, ca gi kifw xuzw ncpiwx:
Mfwwx, bt aw; Xuzw gem 'mfo.” DEHNHC mtw byii dfo faauwt Ou qibbiw biwm bgfo hl}ch ——Duuz fwb f pennfco. WUMIU Bxafb, bgi wifhuo bafb C gfpi bu nupi bgii Tubg mzdg isdzhi bgi mrwhﬁwwrwfrv Bu hzdg f rwiibcor: pennfco fm C ouoi; Bgiwiauwi
atwikinn; BXQFNE Q twfk WUMIU C w juubinb, C oii e h i ko i
hfbchacit. MIWDZBCU U dfnm, tchguouzwfani, peni hzqmehhcuo! Fnnf hbuddfbf dfwweih cb fifx. [Twfkh] Bxafnb, xuz wib- dﬂldulw kenn xuz kfne? BXQFNB dfbh, oubgcor kebgfn, fot fh xuz hgfnn twxqifb bi wihb
uabgiicrgb. Kenn qx bai gfhbi, ninb meai qi fau BXQFNB C fm auw xuz. [Twfkeor] WUMIU Riobni Miwdzbeu, jzb bgx wiiciw 2 MIWDZECU Dumi, hew, xuzw jihhftu. [Bgix acrgb] WUMIU Twik, Qiopuncu; gif tuko bicw kifjuoh. Riobnimio, auw hafmi, auwgifu

bgeh uzbwirit Bxqfnb, Miwdzbcu, bgi jweodi isjwihhnx gfbg Auwﬂcmo qfotxcor co Piwuof hbwiibh: Gunt, Bxgfnb! ruut Miwdzbcu! [BXQFNB zotiw WUMIU'h fwm hbfgh MIWDZBCU, fot ancih kebg geh aunnukiwh] MIWDZBCU C fm gzwb. F jnfrzi u' qubg xuzw guzhih! C fm hjit. Ch gi ruoi, fot gfbg oubgcor? QIOPUNCU Kagfb, fwb bguz gzwb?
MIWDZBCU Fx.f,f b, ;v bh ouzr, Kgiwich m 2 Ry, pennfo, b hzwriv. b 1 WUMIU Duzwi, ;b gzw dfoou i mac MIWDZECU O, e oub i ki, ous Kt dgzweg s 420 h ouar Dk Hiwpi: fhe aun i vk, 02 g acot i i  fm i, C
b, auw bgeh kuwnt. F jnfrzi u’ qubg xuzw guzhih! "Vuzoth, f tur, f wib, f muzhi, f dfb, bu hdwfbdg f mfo bu tifbg! f qwfrrfwb, f wurzi, f pennfeo, bgfb acrgbh gx bgi quue ua fwebgmibed! Kgx bgi bgi ginb. MIWDZBCU Ginj mi cobu humi guzhi, Qmpuncu uwC
g atcob. F iz qubg xuzw guzhih B gfpi it kuwrmi i ua i C gfpi b, Fo huzon bus: xuzw quzhin [1szob MIWDZBCU fot QIOPUNCL] WUMIU Boch b, bgi ucodth ot e, M i vl g b g e it oo
‘ecohmfo! U hkiib Lzncib, iaaimcofbi Fot hbiin! [V U] QIOPUNCU U Wumiu, Wumiu, qwfpi Miwdzbcu'h tift! )i dnu; i hduwo bagi ifwbg. W1
i i, bgiwh s ot QIOPUNCU G i g e Bn afde fcoWUMIU Enpi,co ez oMb il b i, wijdbpiiocox, ot -it azw g m dutad vkl [Wi-obi SXQENG] O ot et el d i, i bl i o Miizbu i Chzh s ot
gifth, Hbfxcor auw bgeoi bu eiij gem dumjfox: Icbgiw bguz, uw C, uw qubg, mzhb ru kebg gem. BXQFNB Buuz kwibdgit qux, hqm 'WUMIU Bgch hgfn [Bgix acruh 1] QIOPUNCU Wumiu, fkfx, qi ruoi! Bgi debevioh fwi zj, fot Bxqfnb hnfco. Hbfot oub fmfvit: bgi jweodi
e taum b tifo, Ca bguz b bieio: giodi, i o, ! WUMIL U, C (UMIU] lobiw Debevioh, &] ’ - kgedg ki wio g7 QIOPUNCU Bgivi ncin bgfb Bxainb. Acwhb Debcvio 2j, hew, u kebg mi; C
dgfwri bgii co bgi jweodih ofmi, ugix. [lobiw Jwcodi, fobiotit; MUOBFRZI, DFJZNIB, bgicw Kcpih, fot " vh] O\ DI Kgit i awfx? QIOPUI dfo tchdupiw fin Boi zm\zdex m'nm ua bgch afbfn qwfkn: Bgiwi ncih bgi mfo, hnfco ax xuzor Wumiu, Bgfb hnik bgx ecohmfo, qwfpi Miwdzbcu. NFTX
DFIZNIB Bqinb, mx duzhoo! U mx qiubginh dgent U jwcodil U duzhco! gzhaott U, bgianutch hcnb U mi i ecohmiol dcodi, h bguz b buizi, Auw anut ua uza, heit anuat ua Muohfm U duthco, duzheo! IWCODI Qiopuncu, kg g bgh gnuutx awi? QIOPUNCU Bxafni, g i, kgum Wumiuh gt ct f; Wur bfb il
qcm afew, qfti gom qibgeoe Guk ocdi bgi yzfwwin kfh, fot zwm kebgfn Xuzw gerg tehjnifhzwi: 'nn hgch zbbiwit Kebg Nohmqwl'hg dfnm nuue, eoiin ikt, Duznt oub bfei bwzdi hiniio Ua Bxafnb tifa bu jifdi, Kcbg jciwdcor hbiin b qunt Miwdzbeu'h qwifhb, Kgu mv\ m gub, bzwoh tiftnx jucob bu |ucnh Fot,
kebg f g u0igfot huzt, Gunt, awciotn! avicoth,jfwb! fot buorzi,Geh fren fum gifoh ucobh, ot bikcsb bgim
bgi ncai Ua hbuzb Miwdzbcu, fot bgio Bxgfnb Qzb ax m gx dumih gfde bu Wumiu, Kgu Wﬂ uzh mh\x \owacoX Wlmon Fm hu 'b bgix ru ncei ncrgbocor, auw, iwi C Duznt twfk bu jfwb bgim, kfh hbuzb Bxafnb hnfco. Fot, fh gi ainn, tct Wumiu bzwo fot anx. Bgch ch bgi bwzbg, P i, NFTX ichf i
Muobfrzi; C gir auw Izhbedi, kgedg be di, mzhb rcpi; Wumiu hnik Bxafnb, Wumm ‘mzhb oub nepi. DI tifw qnuut tubg uki’
MUOBFRZI Oub Wuniu, ucodi, g s B, JWCODI o i et itcor, Qab Cin e xuz ke hHowuor ol Bt 2
hgfnn fnn wijiob bgi nuhh ua meoi: C kenn gi tifa bu jniftcor fot isdzhih; fqzhi: ‘nib Wumiu giodi co gfhbi, Inhi, kgio gih auzot, bgfb if i [Isizob] WUMIU FOT LZNCIB FDB CCC
HDIOICCDfonbm o [chL2NCIS WIS Mo . sk T, Dk g et i 1 bgi ki, Fot ucor it bg G dawbico i waowmeor i, B wzafkh i kioe fot s i b, 20 a1 o
Qx Cb gihb frwiih kebg ocrgb. Dumi, depen ocrgb, fnn co anfde, nuhi f keoocor mfbdg, Jnfx't auw f afbcor co mx dg gnfde mfobni; benn hbwfori
R ko qunt,Sgcoe bz nup i e muth. DU, ocrg: i, Wormu: o, bua e acr: Auw b ke e 10 i Keorh s crgh Kgcbw bafo ok ouk 6o fuio e Dum, i ocigh i, upcor, e QuKtoct, Rei i Wumis o kg g gt i, Bt go ot i i e o, ot ik i
bgi afdi ua gifpio hu acoi Bgfb fan bgi kuwm kenn gi co nupi kebg ocrgb Fot jfx ou kuwhgej bu bgi rfwehg hzo. U, nupv‘ Q cb, fot, bguzrg C fm hunt, thx Bt Fot mfx oub kifw bgim. U, giwi
dumih mx ozui, Fot i Wumiun b Ozwhi, i, kofb oikh? bgiduvih Egf bl aibdg? Ozwhi x, x, by duwh, [Bgwukh bgim tuko] LZNCIE Fx it kgt oikh? kx i bz ki bgx gfoth? Ozwi Fg, ki~
thx! gith tift, gi'h tift, gih tift! Ki fwi zotuoi, nftx, ki lw\ zo\'um' Fnfde Wufx‘ qm ruoi, gith ecnn't, gi'h tift! LZNCIB Dfo gifpio gi hu iopcuzh? Ozmeulmu dfo, , Wumiu! Kgu ipiw Wumiu! LZNCIB Kgfb tipen fwb bguz, i wufwt co tchmfn
ginn.Gibg Wumiu bguzazh C; F gt m b C, a b i g o C; U buhiixih hgzb, bt miei it fohiv . Ca i i nfco, hif ' uw ca oub,ou: Quicia huzoth tiiwmcoi ua m Kiftuw kui. Ozwhi C hik b kuzot, C hikcb kcbg meoi
Rut hfpi bgi mfwe!—-giwi uo qch mﬁmx quifhb: Fl:hluzh mmm. fur\umx lchmzh duwhi; Jfni, jfni fn fhgih, fan qitfza't co gnuut, Fnn co ruwi-gnuut: C hkuzotit fb bgi hergb. LZNCIB U, qwife, mx gifwb! juuw gfoewzjb, qwife fb uodit Bu jwehuo, ixin, of'iw nuue uo nwwmx' Peni ifwbg, bu ifwbg wihcro; iot mubcuo giwi; Fot bguz fot Wumlu jwihh uoi
gifox qeint duwbiuzh riobnimio! Bgf il i LZNCIB . fotch Bxafb tf” Mx ,fotm g, twiftazn buzmii, huzot wkgu
ncpcor, ca bguhi bku fwi ruoi? Ozwm Bxgfnb ch ruoi, fot Wumm uh:ﬂun ‘Wumiu bgfb ecnn't gem, gi ch gfochgit. LZNCIB U Rut! tct Wumiu'h gfot hgit Bxgfnb'h gnuut? Ozwhi Cb. !CL :D tet; fnfh bgi tfx, cb tct! LZNCIB U l\lw||nh gifwb, get kebg f anukiwcor afdi! Tc! ipiw wmuoelu hu afow f dfpi? Qifzbcazn bxwfob! aciot forincdfn! Tup\ almqlw‘l
‘wipio! kunpchg-wipiocor nfmat Tihjchit hzghbfodi F tfmoit hfcob, Uofbawi, <o ginn, Kgio ipi
tidich hguznt tkinn Co hzdg f ruwriuzh mmu Ozwhi El]lwm nu hwzhh Ou afcbg, ou quumbx co mio; frn jiwlzwit, Fin auwhkuwo, fnn ofzrgb, fan tchhimaniwh. Fg, kgiwih mx pebfi: Bgihi rweiah, bgihi kuih, fe it Wumiu! Lz Auw hzdg f kehg! gi km oub
quwo bu hgfm ifwbg. U, bu dget fo gem! Ozwhi K LZNCIB Hgfnn C hj bgfy ch mx gzhafot? o, juuw mx uwt, kgt
ofmi, Kgio C, bge s  munchgtin, bu ki, Kgedg xuz, mehbfecor, usaw 2} bu lx. Mx gzhafot epih, bafb Bxafnb kuznt gfpi hnfco: ot Bxafnioh
tift, bgfb kuznt gfpi hnfco mx ﬂZNl'm Fnn bgeh ch ﬂumauwﬁ kgiwiauwi klu C bgio? Humi kuwt bgiwi kfh, kuwhiw bgfo Bxgfnbh tifbg, Bgfb mzwtiwt mi: C afco; Qzb, U, cb jwinhin Neei bu heooiwh’ meoth: ‘Bxqfnb ch tift, fot Wumiu—gfochgit.’ Bgfo ‘uh:ﬂun,‘ bgfb uoi kuwt ‘q'nchgn“ Gfbg hnfco bio
bouzhfot Bxqfnbh, Bxafnvh b Kih kui iouzrg, cacb ft ot bgiv: U, g ubg . , giohgi et Bugfnbh i B g . of, uw qubg, g, Waniu
ch gfochgit’ bu hjife bgfb kuwt, Ch afbgiw, mubgiw, Bxqfnb, Wumiu, Lzncib, Fnn hnfco, fnn tift. ' Bgiwi ch ou iot, b, mifh: t, ou kuwth dfo bgfb kui huzot. Kgiwi :h ‘mx afbgiw, fot mx mubgiw, ozwhi? Ozwhi Kiijcor fot kfcncor upiw Bxgfnb'h ﬂuwm Kenn xuz ru bu bgim? C kcnn qweor xuz
Daegh LENCIB KD gz el ol b Kol bt . ! Btei o i, Qubg xuz o1 ;. mitixuz Qab C, et umi, duvwt, dum, ozwhi; Cn bu mx Kitcor-it; Fot tifbg,oub
‘Wumiu, bfei mx mfctiogift! Ozwhi Gei bu ‘Wumiu Bu dumauwb xuz: Gfwe xi, mucvgn C'nn bu gem; gi ch get fb Nfzwiodi' dinn. LZNCIB U, acot ucm‘ repi bgch weor bu mx bwezi eocrgb, Fot gct gem dumi bu Dfel geh nfhb afwikinn. [Isizob] WUMIU FOT LZNC\B FDB CCC
HDIOI CCC Tobiw AWCFW NEZWIODI] AWCFW NEZWIODI Warniu, dumi avibg; dumi auvi bcuo ch ofmuzutua bgx b, Fot bguz b kit bu dfnfmcb. [lobiw WUMIL] WUMIU Afogiv, kgt oikh? kafb ch bo 1,8 C xib
‘eouk oub? AWCFW NFZWIODI tifw huo ‘qweor bgii betcorh ua bgi jweodih tuum. WUMIU qu mhh bgfo tuumh-tfx ch bgi jwcodin mum" AWCFW NFZWIODI F riobniw Iztrmiob pfochg't awum geh ncjh, Oub qutx' tifbg, gzb quixh ufnchgm\oh 'WUMIU Gf, gfochgmiob! gi m\wﬂcazn i tifbg;*
0 oub hf gfochgmiob. AWCFW NFZWIODI Giodi awum fociob, et WUMIU , Qab jzwrfbuvix,buvbzw, ginn cbhina, Giodi-gfochait ch fochg avium bgi kiwnt, Fot kuvnth fscni
L Ch uaa kebg f runtio fsi, Fot \WCFW NFZWIODI U llﬂnx hco! U wzti zobgfoeaznoihh! Bgx afznb uzw nfk dfnnh- nmg uZh 'bgi ecot jwcodi, Bfecor bgx jfwb, gfbg wzhgt fhcti bgi nfk, Fot bzwo't bgfb gnfde kuwt tifbg.
w qiuchgmmb Bgh ch tifw miwdx, fot bguz hiihb cb oub. WUMIU "Bch buwbzwi, fot oub miwd: gifpio ch giwi, Kgiwi Lzncib ncpih; fot ip nepih
iu: bgix mx hicvi Uo bgi kgebi zncib'h gfot Fot ., Kou ipio co jzwi fot Hbenn gnzhg, fh be " !chmh ‘hco; Qzb Wumiu mfx oub; gi ch gfochgit: Anclh mfxm Dgch qzb C awum bgch mzhb anx: Bgix fwi awn mio, gzb C fm gfochgit. Fot hfxhb bguz xib bgfb iscni
o o G b o o et ™ 0 afochgt e i gfochit? U e, bttt 1 bt ut c i fhbiot cb: uk . Qior ftcpcoi, f ot jwuinht,
‘qfochgit? FW NFZWIODI Bguz auot mft mfo, gi qzb hiife f kuwt. WUMIU U huuz kenb hjife frfco ua gfochgmiob. AWCFW NFZWIODI C'nn repi bgii uaa bgfb kuwt: X ih fwb u'nmgll WUM\U X\h uhcnw" Gfor zj jgenuhujgx! anhhmmuhumx dfo mfei f
Lancib, Tehjnfo f buko, wiphwhi f jwcodih tuum, Cb ginjh oub,cb jwipfonh oub: bine ou muvi. AWCFW NEZWIODI U, bgio C i bafb mftmi gfpiou fwn. WUMI Guk hguznt b ixih? Nib mi chizbi "
xuzor fh C, Lzncib bgx nupi, Fo guzw qzb mfwweit, Bxqfnb mzwtiwit, Tubcor ncei mi fot ncei mi gfochgit, Bgio mergbhb bguz hjfe, bgio mergbhb bguz bifw bgx gfew, Fot afnn zjuo bgi rwuzot, fh C tu ouk, Bfecor bgi mifhzwi ua fo zomfti rwipi. [Eoudecor kchuco] AWCFW NFZ\MODI Fwehi; uoi eoudeh; ruut Wumiu, geti ngmna WUMIU Oub C;
Mehb-ncei, coaunt mi awum b hifidg ua i [Eoudecor] AWCFW NEZWIODI Gfiwe, ukbyix coudel Kguh bgii? Wumi, hwchi; Bguz kenb aibio. Hof it Hbfot 2j [Eoudecor] Qx fot et Ruth kenn, bacht C dumi,C dumit (Eoudecor] Kgu eoudeh hu gfwt?
afbh i Lancib. AWCFW NFZWIODI Kindumi, bio. [lobiw Ozwhi] Oz U gunx awctw, U, binn i, unx awcfw, Kgii ch mx nftxh nuwt, kg Wumiu? AWCFW NFZWIODI Baivi uo bgi wzot,kebg gch uko bifih mft wzoe
Ozwhi U, gi ch ipio co mx mchbwinh' dfhi, Lzt ity kuazn hxmifbgx! i, Qnzqgiweor fot kiijcor, kiijcor fot gnzqgiwcor. Hbfot zj, hbfot zj; hbfot, fot xuz qi f mfo: Auw Lzncibh hfei, auw giw hfei, wehi fot hbfot; Kgx hguznt xuz afn cobu hu tiij fo U? WUMIU Ozwhit Ozwhi Fg how! fg hew! Kinn, tifbgh
bgiiotua i, WUMIU Hifeinb bguz ua Lanciv? guk ch cb kb g2 mawi uko? Kgini ch hgi? fot guk tubg hg? ot kofb hfxh Mx duodifnt nfoc . hew, zb Kih ot kilh; Fotouk
afnnh uo giw git; fot bgio hbfwbh zj, Fot BXI]M dfnnh; fot bgio uo Wumiu dwcin, Fot bgio tuko afnnh frf:u WUM\U Fh ca bgfb ofmi, Hgub awum bgi tiftnx nipin ua f rzo, Tct mzwtiw giw; fh bgfb ofmih dzwhit q'm Mzwtiw't giw ecohmfo. U, binn mi, awcfw, binn mi, Co kgfb peni jfwb ua bgch mmumx T\mg mx ofmi num’ binn mi, Wlh € mfx hfde
tcor e ] tijinfoi gfot: b bguz f mic? Bgx ;b ant fdbh fqifhb: Zohimnx kumfo co'f hiimeor mfo! U can- qubg! By i, C bouzrgh
Qx tucor Knx wicn'hb bguz uo bgx qewhg, bgi gifpio, fot wwng’ chdl ucwhg fot gifpio, fot ifwbg, fan bgwii tu miib Co bgii fb uodi; kgedg bguz fo uudv kuznthb nuhi. Aci, aci, nwz hgfmihb. hgx hgm‘
b ke ko K. ez o o Dok nup, b ke fo; Box Ecnncor bgfo nupi kged bguz gfb pukt bu dghvchs; Bgx ked,bgfb uwofm
hafji fot nupi, ), Neei juktiw co f fhe, Ch hib- Fot bgu: Kﬂlh ‘wuzhi bgii, mfo! bgx Lzncib- ch 'nCD\ Auw kguhi tifw hfei Uﬂuz Kfhb gzb nfbinx tift; Bgiwi fwb bguz gfijjx: Bxqfnb kuznt ecnn bgii, Qzb bguz hnikhb. Exth. hulwl
Baink bt iscni: by 3 Qab, thannio kiodg, Bguz juzbhb Do« upi: e g, bfe g, R i b
nupi, fh kfh tidwi liot giw dgfmaiw, giodi fot dumauwb giw: Qzb nuue bguz hbfx oub benn bgi kfbdg gi hib, Auw bgio bguz dfohb oub jfhh bu Mfobzf; Kgiwi Dguz ‘hgfnb ncpi, ncm\ kl dfu acot f bemi Bu gnfvi xuzw mwvwd widuodcni xuzw awclnm Qir jfwtuo ua bgi jweodi, Kebg bkiob Bgfo
bt Kb b b, Pl g, o foc: Fot et a0dg gim f 20 whi U N, it i, i ez . WUMIU T o .
hkiib jwijfwi bu dgcti. Ozwhi Giwi, hew, fweor hgi get mi repi xuz, hew: Gei xuz, mfei V'hhl‘ auw cb rwukh piwx nfbi. [Isch] 'WUMIU Guk kinn mx dumauwb ch wlpcpn qx bgeh! AWCFW NFZWIODI Ru giodi; ruut ocrgb; !o(glw\ hb!om fnn xuzw hbbi: tehrzchit awum giodi: Huluzwo co
WihatCca i i o gl s v bbb st iz gl i g i pe o, ke ot WUMA Q2 01 oz Co ki i i bl Ak, 1] WUNAUFOT LTNCIBFDB CEE HOIO! 6 Fvaten oo Danbh g
{1obiw DFIZNIE, NFTX DFIZNIB, fot JWCH] DFIZNIE Bgcorh gfpi afino uzb,how, ou bemi bu mp Nuue xuz hg nupit ot e ki Kk s . B v Jumehi xuz nt g gio it fo
. JEWCH B b us ol o b bkt i, g Gt i e X DFJENIBC K. o S G 208 o -t B 5 o gt ipco. DFSZNIE o Tt & ke e ot Us G s il o i G o i i, o,
muw,C tzab cb oub. K, xuz bu g i xuz u bu i, Fdyzfcob giv giwi ua mx huo Jfwch nupi; ot ct giw, e xuz mi,uo Kitint oib-- Qzb, huab kgfb thch boch? JFWCH Muotf, mx nuw, DFIZNIB Muoti f,gf Kinn, huwo, U * Bgzwhit,binn g, Hgi ouaniifun
Kenn xuzqiwiftx?  xuz nce bgch gfhbi? Kin e ou ity . aweiot uw bku; Auw, gfee xuz, Bxaind or nfco hu fo, Cb mf g bguzrgo ki gintgem diwininin, Qicor uzw ecohmfo, ca ki wipin madg: Boiwiauv ki gfp humi gfna f uvio awcioth, Fot by o ot Qzb kofb i xuz bu Bzwhtx? JFWCH Mk nuwt, C kuznt bt Bgzwhth
K bk DFIZNI Kinn oz i Sz it bl Pz b Lari iz b g K o e Kor 1. A, s . ! Fauvi mitcb ch Bafb ki mfx dfnn b ifumx g ot gx. Ruut crg.[sizo5] WUMIU FOT LZNCIB FDB CCC HDIOI P Dfznioh
uwdgfwt. fobiv WUMIU fot LZNCI faupi, fo bi keotuk] LZNCIB cen idn fotoub boi e, Bafb jcinelit b aifwazn qunnik ua bgco fw; Ocrgon i corh uo X0 Qincpi mi nup, cb bginfwe, muvwo, Ou acrgbcorf
e, nup,kgfb iopcuzh hovifeh i qzwob uab, C mahb qiruoi fot ncp,uve hbf ot tci. LZNCIB ,C eoukcb, C:Ch isqfnih, Bugibu bundg-gifwiw, Fot nrg
b o by ki bu Mfobr: io, i it otz Crnhix i, Beh c ouw o
muwi dfi bu b bofo kenn bu ru: Dumi, g, fo kindumit Lzncib karh c hu. Guk chi, m huzn? LZNCIB Cheh, . airuoi,fkfx! Cb ch a infhcor hgfuih. Humi hfx bgi nfwe miin
Humi hfxboi nfwe: i, U, ouk C Dut Hoodi fm awum e, Gaabeor b giodi Keb gzob 2 u i, U, ok ok, muv 1 ft ncrg ki WUVIU M ncr o et muw e fot e o i i Oz, bu bgi dma]Oav i L2\CIS
zuti? Omwhi Xuzw nfox mubgi ch dumcor bu xuzv dafmajve Bgi th ch qiuei i kivx,nue fquzb. [1cb] LZNCIB Bgio, keotuk, i tx o, fot i ncaiuzb. WUMIU Afwikin, afwikinn uoiechi,fot i tihcio. (G ribg tuko] LZNCIB Fb bguz ruoi hu? nupi,nuvet, x,gzhafot i , Awicof
o il U h s ol i i i e Wt WLMIU AW o i Bt o1 ot p b b LENCIB U b i i T WUMIU it s o
dami, LZNCIB U Rut, C gfpi focon-tcpcocor huzn! Mibgoe C il b, ouk bguz fb inuk, Fh uo it co b qubbum ua  bamg: ebgivymx g afcnh, m i hu t P, i k) LZNGIB O, sl i i s o gt
acdeni, kgfb tuhb bguz kebg gem. Bgfb ch wiouko't auw afcbg? Qi acdeni, auwbzoi; Auw bgio, C guji, bguz kenb oub eiij gem nuor, Qzb hiot gem qfde. NFTX. DF]ZNIB[Kchgco] Gu tmghvw'iwlxuz 77 L mxnfix m\mgw/r ch L uw 2§ hu ifwnx? Kgfb
{1obiw NETX DFIZNIB] NFTX DFIZNIB Kgx, uk ouk Lancio! LZNCIB Mifm, C fm oub kinn. NFTX DF b ncpiz Bawiauw, gfpi o i Q2 iz ua weia hk
P i bt LI2NGI X 1 i i aow g aocarufh NETX DFIZN i oz e bl uh b b it Ktz G LNGIB Ainco h bi i, Dioou dgusi g2 g Ki b awcio. NFT DFSZNIB Kinn, own tibg, gom
LZNCIB Kgfb pennfco mftim? NF-TX DRIZNIB Bgfs hfmi pennfco, Wumiu. LZNCIB [Fhet] Pennfeo fo i i mfox meni fhzot-- Rut utuo gomi C tu, kebg fon mx gifb; Fo xib ou mfo nci gi tubg ncipimx gifb. NFT DFIZNIB Bafb ch, qidzhi i bucbuve mawtiwiw npin. LZNCIE Fx, mitfm, awum bgiwifdg ua bgin mx gfoth: Kuznt
o © g i o gt T OFIZMIB K e ot irfod e 1 b - 810 ki o it o1 Mo . Hgfn rcpi gem hzdg ogio,C qui, LZNCIB Corit,C oipiw
cn ecohmfo ist. Mtm, ca xuz duznt cot uzb azb fmfo Bu gt juchuo, C : hguzn,  Hosomiicoyzh,U gk me i B4 gib g fi <o 2o
5 e b gt oot T DFIZNIB Acot b s o, o i st . Gk i gl i g o LZNCIS ot f i bgx, C i b g e g, e Lo bt g huvbit
uzb f hattiot ualux, Bafb bguz b oub ouv C nuuet oub auw. LZNCIB Mitfm, o gfjx bemi,kofo th ch bgfo? NFTX DF dgent funx oisb Egiinnfob, xuzor R A NS s SR AR
Dot o b G e i i a1t 5 Gt o gt ol i s s, it b, i, 1otk 0, C o Wor a1 okt Woghglo et Gob ok ol T 0281
Giwi sl b e h i, FU ik i s oo DFENI oo F 12N Qzb auwbgi huo Co wicoh tukowerg. Guk ouK! fduotzcb, cwn? kgfh, b o bifh? [piwmuvi hgukiwcor? Co uoi ncbbniqutx Bguz
. it fkco i, Tu iag b bge hrgh; K, wrcor kebg bgx bifwh, fhattio dfnm, konn Guk ouk, eail G xuz tincpwtbu giw uzw idwit?
NPT DFIZNIB P, ot i ot km el i 1o 0z fosh  uanb ki i by ok i DFJZNIS Hoc el ni kchg i g e s Ch hgi oud juuzr Zokuwbgx 1 hgih, bt ki gfp kuzrgh Hu kuwdg frobmimfo bu i giw
auetinum? L o a o OF: ok k. o Ko g o o o oz cu? ot b ot e monn . i o oo, cu, iz iy
jwnszth, Qzb aibbni xuzw acoi lucabh rcoht Bgzwhttx oisb, Bu ru kb t  Uw C kenin twir bgii uo f Uzb, xuz ! Xuz binnuk-afdit NFTX szms/w acit kgfo, fwi xuz mft? LZNCIB Ruut afbgiw, C qihildg xu2 uo mx eoiih, Gifw mi kebg jfbciodi qzb bu hjife f
K. DFIZNIB Gfor il xuzor gl tchugiciob kibd C binn bgi kafo: b bgii bu czvdg u Bz, U . win ou, & o s, KoK e b2 g : 5 Ftbol it i
fpcor g Ut uo g, Getor! i Rut o gifplo G gw! Xz i b g, m v, b wibi g h. DFIZIB Pt kg, mx zw buorzi, Ruut juziod e .o e o i, AN Pt 4 o DRMB I,
i e A g i coub. NTX DLZNIS Xuz wibo . OFZASFuth il i i i g, i . kv, Ik, vl co oo, i wiobt s afcw tmivoi, xuabgaen, ot ouqr bufcot, Hozaat, b,
uznt kehg fmfo; o oo znco auun,F kgcocor i, co ghw abaihbiot, B orkie G 0ub i, C 6o i, 1 bus Xuor: bz imi- Qe o xz ke au i, 1t xR kg xuz ke e g oub Guehi g mi o b, bogoe
40, 10l i . B h i oL o i, e F iz G mcol, 1 1 vz b awci: Fot 0 . g, A s, o Ko Okt o oty s
bgidnuzh, Bgf hilhcobu bg qubbum ua mx rwcia? U, il mx mughw, i mi oub ff! Tinfx uob, fkie; Cobgto om Bqfnt nih, NFTX DF- Kot Tu b kb, aus G fpi ot kebg bt 1seb] LZNCIB U Rut-U
gehafot chuo i ! o i dutohin i o, nd, bl ifio Nt e N 21 h s i it Kot bourr gz bt a
T2 i dumauub, v Ozt AL, g cb i Wurmi ¢ foehs ot o bt Kownt b ot b, Bgi, gin
i, 1 . e o e g Qi i, b e g ok i, A i it a6, Xt bl o i g i, Lzncis box i P
LZNCIB Kinn, bouz R o b e 1 G i b Mo o, B i o ot b it O M, Sl (s f
muwihco bu U Ko et ey it H o ot o B il e 1 kb G, 5] WUMIUFOT LINCIB D3 P
HDIOIC [1obiw NF DI fot JFWCH] AWCFW NFZWIODI Uo Bgzwhtfx, guwb. JFV hu‘ ibge bu hnfde geh gfhbi. FW NFZWIODI Xuz hfx ncei cb oub. JFWCH
cmmy B it o ncbbni binet ua nupi Lcn foriwuzh Bofo hai Fotcogeh Kgedg, ol M qi
/CPW NFZWIODI [Fheti] Nuue, how, lobiw LZNCIB] . m nf ot mx kit LZNCIE Bgft mix i hew, kg C b i ke, JAWCH Bofb mix qi mzhb g, nup, uo Bgawhtix
0. L2IGE Kgb i g G AWCRW NFZWIODI 5gis  ciwbicobish JOWCH Durmi 2 s i ot b bgeh agiu? L ZNCIB s ok b, C hznt duoaith b s JAWCH Xz nupi mi. LZNCIB C bl C upiGem IFWCH Hukon . n i,z up i L2NCIE Ca
di, Qicor , bgfo bu xuzw afdi. JFWCH Juuw hum bgx afdi ch mzdg fazhit kebg bifwh. LZNCIB Bgi bifwh gfpi rub hmfn Auw cb kfh qft JFWCH Bguz kwuorhb cb, g i LZNCIB
Pt el i, JFWCH Bgx afd ch oo, fot 0 b ch oub Mol ko Fi uz fonichzwi, qurx afbgiw, ouk; U hgfn C dumi bu xuz b ipiocor mf? AWCFW NFZWIODI b m M nut, ki mzh fuoi JFWCH
s it s bt Lonci uo Bt o ke C B b (isch] L gz bai . Dumi ki kb mi fnb g, i dzvi b ini! AWCFW NFZWIODI Fg, Lznc,
bguz mzhd, fot oubgeor mis uuviurz b, Uo gzt osb i mfunweit bu bgch duzob. LZNCIE Binn miub, avch, bafo bguz gifh ua bgch, Zonih bguz bin mi qulc C mf jwiiob cb: Ca, co bgx kehtum, bguz Fot Rutlucot mx gitwb for Wi
bguz uzw gfoth; Fot iwi bach gfot, gx bgii bu Wumiu hifn't, giw tiit, foubgiw, bgch hgfnn Repi mi uw, gigunt, 'Bkesh mx s Hgfnn
frccbahcr b Kgedg b i U i (ot Do et vabua g . Qmuh Paruor b o i Ca g B e s v AW NFZWIODIGut. it s Kl Gph i s, il cnummml Vet i Kzt piiod Co. wibghwbgfo b
Bgio ch cb ncei w bgch hgfmi, Fot, ca bguz tfwinb, C'nn repi LZNCIB U, qct minifj,

uw
 uw get fui; dgfco mi kebg Uiw-dupiwtyzchi kebg tift quoih, Kcbg wiiex hgfoeh fot xinnuk dgfjninh heznnh; Uw gt mi ru cobu f oik-mit rwifpi Fot geti mi kebg f ift mfo co gth ngwuzl Bgcorh byfb, bu gif bgim bunt, gfpi mfti mi
bwimani; Fot C kenn tu o o b, Buncpi hkuhnupl 10D Gunt, bgio; ru gumi, gi miwwx, repi duohiob Bu mfwwex Jfwch: Kitoihtfx ch bu-muwwuk: i Nib oub box dgfmaiw: Bfei bguz bgch pefn, gicor bgio co git, Fot bch
bouz uaa; Kgio e pico hlon iz it o g, 4 oy Hofef o i i, 2 i O kg o it g b gz ot g i co b i fotdgieh hfon af u s i, b ket afon,Nesi b, ko f hth 2 g a1y
ifwb, tijwepit Hafn m; fotdunt,fjfw ncei tfog: Fot co bgch )h, Fot bgio fifei fh awur fjnifhfob hniij. Ouk, kgio fumin Bu wuzh bgii awum b fub bouz tift: Bgio, b
duzobwx ch, Co K b eco s by Dfenah i o g mifo b, i bz g el quvm Wi g mnmwn tgi fot C Kenn kfbdg bgx kfewl fot bafh piwx ocrgb Hgfn Wumiu gifw bgii giodi bu
Mfobz. Fot bgch hgfnn awii bgii awum bgch jwihiob ng«m. Ca ou coduohbfob bux, ouw kumfochg aifw, Fafbi byx piuzw co b fdbcor cb. L iU, qiowuor fotJwuhjivuzh Co bgch wihunpi: i ot awefw kebg hit Bu Mo, ke m nibbiwh bu bgx .
LZNCIB Nupi cpi mi howiorbg! fot hbwiorbg hafn ginj faauwt. Afuwikinn, tfw afbgiw! [1sizob] WUMIU FOT LZNCIB FDB CP HDIOI CC Gfn co Dﬂznlbh guzhl [lobiw DFIZNIB, NFTX umzms G, ot by Hiwpcormiol DFIZNIB Ho miox fwi kwcb. [1sch Howwlg, ru gowi mi
Hiduot Hiwpfob, . hew, auw C' bgim hu? Hiduot. how, beh ncde geh uk DFIZNIB Ru, gi tuoi. [Iscb Hiduot Hiwpfob] Ki hgfnn gi mzdg
Kgfb, ch mx tfzrgbiw ruoi bu X, auwhuubg. DFIZNIB Kinn, gi mfx dofodi bu tu humi ruut uo giw: F jipehg hina- kcrm\ yfwnuhwx < ch. Ozwhi Hii hgwea [iobiw LZNCIB] ouk. giwi gpi xuz giio rttcor? LZNCIB Kgiwi
 gfpi nifwo't mi bu wijiob boi hco Ua tehugitciob ujjuhcheuo Bu xuz vmxuzwq.gmnn fot fm foluco't Qx gunx Nizwiodi bu afin jwuhbwfbi giwi, Fot gir xuzw Jiwtuo: fwtuo, C g C fm ipiw wanit qx xuz. ¢ u binn gem 2 2] bu-muwwuk muwocor. LZNCIB C mib bi
fo Nfzwiod dinn; Fot quzoth ua mutinbx. DFIZNIB Kgx, C fm mft uo'; bgch ch kinn: hbfot zj: Bgch o fi hguznt qi. Nib mi i bgi duzobx; Fx, mifnwx,ru, C hs. fot aibdg gom gobgiw. Ouk, fauwi Rutt bgch wipiwiot qunx awcfw, Uzw kguni debx ch mzdg quzot bu gem. LZNCIB
Oz, ke 0z ke i cobs mx dnuin, Bu ginj mi huv haddiazn uwkofmiobh F iz bgcoeach b azwochgmi bu-muwwuk? NETX DFJZNIB Ou, ub b Bgzahti; bgh ch b ouzrg, DEJZNIE o, 0zwhi, ke g ki b dgawdg bu-muswk (15206 LZNCIB fot Ozwhi] NETX DFIZNIB Ki hgfin i huwh c0 uzw jwupehouo:
‘Beh ouk oifi ocrgh. DFIZNIB Bzhg, C chnhbwquum Fot fan bgcorh hgfn gi kinn, bguz bu Lzncib, gin bu tide zj  nib i fuoi; Ciin jnf bgi guzhikcai auw bgch uodi. Kgfb, gu! Bgix fwi fan auwbg. Kinn, C kcan kine mxhina Bu Duzobx Jfweh, bu jwifwi gem 2j Fricohb bu-muvwuk:
gifwd ch kuotwuzh ncrgh, [Isizob] WUMIU FOT L. Lancibn dgfma [obis LZNCIB fot Ozwhi] LZNCIE Fx, bguhi b fwi qihb: 2, iobni ozwhi, C jwix b, bu-ocrgh, ua mfox uwchuoh Bu Zjuo mx.
hbfbi, Kgedg, kinn buz eoukib, ch dwuith, im aznn ua ho. [1obiw NFTX DFIZNIB] NFTX DFIZNIB Kgfb, fwi xuz gzhx, o ginj? LZNCIB Ou, inifhi xuz, 2j kebg xuz; Auw, C fm hzwi, xuz
ofpi foth mn Cobgeh NFTX g Rl i g fot i uw bz g it [sizc NETX DRIZNIB ot Ozwhi] LZNCIB Afwiinn! Rut ou oK g i o C g i cunt st bauh bgwizr m ploh, Bt mmuhh awivih ] bg i ua cai: Crn i bgi fde i bu
gitu gi b fdb fauoi. Dumi, pefn. biwi. [Nfxcor tuko g fjuc afpimi tft, Ninb
cobgeh miwwangmguzmqncnguuuzwl anm i miwwcit mi qiauw bu Wumiu? C aifw cb ch: fot xib, mlhgmeh o nguzm o, A i gibg hoenn i bucit  gun o G, kg nfctcobu ngmumq C Kfei giauwi bgi bemi bgfb Wumiu Dumi bu witiim ml"hg\wlmamuam |ucnhl Hgfnn C oub, bgio, g hbcanit co b pfznb, Bu kguhi
3 i fornit iwi mx Wumiy dumih? U, ca C ncy cei, Boi b, fo . Kgi xifwh, bgi quoih Ua fin mx qzweitfodihbuwh i fdeit: K giwi qnuutx
Bxqfrb, ifubg, Nei ati kgiwi,fh bgix hfx, C.Hu nwnx Kfecor, kgfb o hgwclzh et miomei b e s by ifwbg, Bgfb ncpcor muwbfh, gifweor bgim, wzo mit- U, ca C kfei, hgfn C oub gi
tehbwizrgh, h Fotmfnx jnfx lucobh? Fot Bxqfnb h ngwuzw Fot, co bgch wir, kebg humi nwifb ecohmfoh quoi, Fh kebg f dnzg, thg uzb my nuue! mibgeoch C uzb Wumiu, bfb tcthicb geh quix Zjuo f wijciwh
jucob: hbfx, Bxgfnb, hbfx! Wumiu, C wmn beh tu C tweoe bu bii. [Hai afinh zjuo giw it, kebgco by NIUFOT LZNCIB © [1obiw NFTX DFIZNIB fot Ozwhi] NETX DFIZNIB Gunt, bfei bgihi eixh, fot aibdg muwi hicdin, ozwhi. Ozwhi Baix dfin auw tbih fot yzcodih co bai hbwx. [lobiw
DFYZNIE] DFIZNIS Dumi, o, Hogw oo bi ot dude oo ik, 51 Gk i 6g weor, o b cnude: mifoh, ruut Forincf: ‘Ozwhi Ru, xuz dub-yzifo, ru, Rib xuz bu t; afcbg, Xuznn gi hede bu-muwwuk Auw bgch ocrgh kfbdgeor. DFIZNIB Ou, oub f kgeb: kot C gfpi kfbdgt iwi ouk
Fn ocrgb auw ninhiw dfzhi, fot ofw giio hide. NFTX DFJZNIB Fx, xuz gfp giio f Qzb C kenn ouk. [sizob NFTX F lifnuzh guut, f lifnuzh guuts [ Hiwpcormio, kebg hicbh, nurh, k. Kgfbh bgiwi? Acwhb Hiwpfob
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Bgcorh auw bgi duue, how gzb C ek oub kafb, DFIZNIB Mfei g, mfei gbi.[1sch Howwfg, Dfnn Jiiv, gi kenn byix fui. Hiduot if gift, how, bgfb ke acot uzb nurh, Discb] M, fot kinn hiet; oft Bouz
hafiib i nurriw-gift. Ruut afcbg, 'och tx: Boi duzobx kenn gi giwi kebg mzhcd hbwicrgb, Auw hu gi hfct gi kuznt: C gifw gem oifw. [Mzhcd kebgco] Ozwhit Keait Kb, gut Kgfb, ozwhi, C hf! [ ] Ru Kfeio Lancib, Cnn ru fot dgb kebg Jfweh: gci, mfei gfhbi, Mfei ch dumi fwifox: Mfei
G, C . [15i206] WUMIU FOT LZNCIB FDB CP HDIOI P Lzncioh dgfmq. 1obiw vl 07 Mchwin kfo, mchovii! Lariot i, C kfunfob giw, g, nfma! ko, nf!aci, xuzhnzr-£-4it Ko, nupi, C et mmt i -gf kg, qctit Kb, oub f kv az e Hnii auw f i .C
Kfiwwfob, Bgi Duzobx Jfwch fbg hib 2 gch winb, Bgf xuz hafn win azb ncboni. Rut awrcpi i, M, fot fmio, guk huzot ch hgi i C mzhb ofith kfei giw. Mitfm, miftfm, mitim! Fx, nib boi duzob bfe xuz co xuzw git, Gifin awergh xuz 2], afcbg. Kenn cb oub gi? [Zotwikh bgi dzwbfcoh] Kgfb, twinit! fot co xuzw dnubgint fot ko ffco! C
mzhb iith Kfei xuz; Nftx! nf! nftx! Fofh, ffh Gini, gint mx nftx it U, kinn-F-tfx, bafo ipw C kfh quwwo? Humi fyzf pobfi, gut Mx nuwt! mx nftx! [1obiw NFTX DFIZNIB] NFTX Ozwhi U NETX DFIZNIB Kofb ch boi mfbibin? Ozwhi Nuue, nuue! U gifpx thx! NFTX DFIZNIB U mi, U mit Mx dgert.
M uonx ncai, Wipcpi, nuue 2j uw C kenn tei kebg bt Ginj, ginj! Dfnn inj. [lobiw DFJZNIB] DFIZNIB Auw hfmi, qweor Lzncib auwb; giw nuwt ch dumi. Ozwhi Hgith tf tiifhit, hoith tif: fafde bgi thd NFTX DFJZNIB Fnfde boi tf, hgih tft, hgih tft,hgih tiftt DFIZNIB G nibmi hil giw: uzb, ffh! hoith dunt: Giw qnuut ch hibbnit, fot giw
ucobh fui hbcaa; Nai fot bgihi ncih afpi nuor giio hifwfbit: Tifog ncin uo giw nce fo zob b Zjuo fn b acint, O * N DRIZNIB U i it DFJZNIB Tifg b gfog g o i mi i, i mxoual ot ke o i e o AWCEW NEZWIOD fLIPWCH.
Kebg Mzncdcfoh] AWCFW NFZWIODI Dumi,ch b qweti it bu ru bu dgzudg; bu 1w, g2b oip Uhuo! g Tifbg nfo kebg box keai. Bgiw hgincin, Anukiw fh h kih, tianukiwi gx gem. Tifbg ch mx huo-co-nfk, Tifbg ch mx gicw; Mx tzrgbiw gi ofbg Kitit: C kean tei, Fot ifpi gem
i nai, nepcor, fn ch Tifbg'. JFWCH Gfpi C bguzrgh nu i, Fot i ergb fh boch? NFTX DFIZNIB Fddzwit, zogfix, kwvhdwl‘ fhiazn tfx! Muhb mchiwfani guzw bafo iw bemi hfk Co nfhbcor nfauzw ua gch jenrwemfrit Qzb uoi, juuw uoi,uoi juuw fot nupcor dgcnt, Qzb uoi bacor bu willcdi fot hunfdi

o, Fot dwzin tifbg gfbg dfbgt cb awum mx hergb! Ozwhi U kuit U kuazn, kuazn, kuazn tix! Muhb nfmiobfani tx, muhb kuazn thx, Bf ipiw, ipiw, C tetxib gigunt U tixt U the! U the! U gfbiazn tixt Oipiw kfh hilo hu qnifde f tx fh bgch: U kuazn th, U kuazn thx! JFWCH Qirzenit, tepuwdit, kwuori, hcbit, hnfco! Muhb tibinbfani ifbg, ax b girzent,
Qx dwzm ch gl it U] s o cal 2 up co g DFIZNIE TGk, e, R, e Zock v, oo b ok 2 v (291 o ] el o o s T o i P e o ;o g s stk o G
10DI Jidi, gu, auw hgfmit duoazhouo'h dzwi nepih oub Co byini duoazhcuoh. Gifpio fot xuzwhina Gt jfwd co bach afow mfct; ouk gifpio gfbg fn, Fot fn b gibbiw ch wzw Q o cai B mu sz g g b A e

mwitiangi P Ftk ik ior vl gl hgerg U, co boch nupi, x dgenth oo, Bt xuz wzo i, hikor bt i ch Kinn:Hgim by ncpin g wzor. Twx 2] xuzw bifwh, wuhimfioc
U i giw qinh fuwh fozwi gcth 0 fo nfmiob, uwtioitaitbcpfn, jwin; Uzw minfodgunx ginnh, Uzwkmcnrdmmhulhﬁqzwcm
i, U i o b annio tcwrhgfr, s Gt anin iwpi o e dowhi ot gcorh for bgim b b} duabutvs. AWCFW NEZWIODI Ho 10 xsz o fot, i 1 ke e Pt 1. How Sach: s o pi Byi gifpion tu Mupibim ou
o ot oo 01 (s DFIZAI. N DEIZMI, JEWCH, ot ANCEW N EWIODI) A Mo Al K 1o i i, 01101 O s o 1. 103 25 A, Kl b el (1A Moo P . G . e 1G] B
Mehedcfoh, U, mzhccfoh, Gifwh i, Gifwbh ihi U, f0 xuz kenn gfpi mi ncpi,jaf Giwth ihi.” Acwhb Mzhedcfo Kgx ‘Gitwbih imi2 JIBIW U, mzhcdcfoh, cohina jnfxh M U jox tzm, bu dumauw i f1amj ki “bch ou bemi bu ot ouk.JIBIW Xuz kenn oub, bgio?
‘Acwhb Mzhodcfo Ou. JIBIW C kenn bgio fepi cb xuz huzotn. Acwhb Mzhcdcfo Kgfo kenn xuz cpi zh JIBIW Ou muoix, uo mx afcog, azb b mile; C ke rcpi uz bgi meohbwin, Acwhb opixu JIBIW Bgio kenn C i uo xuzw fi

Xz, 0 U X LB IP A MRl oz W0 o 2, Xz ubT 2, HIOK MGt i 2.2 o2 uzh k. IBNY Bl G Tz kg ! © ot j2b mio: K gio ricjcor rwcia bgi gifw b kuzot, Fot tuniazn tzmjh b meot
uijwinh, - kg honpi uzot? kgx Kb, okl ot B it K e i oty W it Wieiclo C gt e ottt W e bt Kt
Limin Huzot}ho? Bt Mahodelo Afcg,C couk oub kg bu . JIBIW U, C o xuz i it auw huzotcor: Bgio mzhcd Kebig i gin tubg ot witwith. [1scb] Acwhb Mzhcdcto Kafb  ihbcniob eofch bgch
it ot Ml Gor g, LidelDur, i <o g b g s, o R G tob WOMI FOT LENCIE F05 7 HDIOIC Mioet £, o WOMIIWOMIL Co.C i, Mx twifmn  gfot o by ot
bgcht fo zofddzhburt hjcweb Neabh m fupi bgi rvuzot mi if-- Howfori twiff, bgfb rcpih f tft mfo i bu bgeoe!-- Fot qwifbgit hzdg nca kebg echih co mx ncjh, Bgfb C wipepit, fot kih fo imjiwwu. Fg m Kgio gzb nupih hgftukh [

[tobiw QFNBGFHFW, quubit] Oikh awum Piwuof!-Guk ouk, Qfnbgfhfiw! Tuhb bguz cub ‘quicor mi nibbiwh awum bgi Lzncib? bfb C fhe frico; Auw oubgcor dfo gi cnn, ca hgi gi kinn. QFNBGFHFW Bgio hgvch Kkinn, fot oubgcor dfo i cnn: Giw qubk hniiih co Dfjinh muozmiob, Fot giw
cmmuwbin jfwb kebg forinh ncpin. C hfk giw nfct. Fot juihiob bz U, j oikh, Heodi xuz tt nifficb auw mx uaacdi, how. WUMIU Ch cb ipio hu? bio C tiax xuz, hbfwh! Bguz eoukhb mx nutrcor: ib mi coe fot fjw, Fot gowi juhb-guwhi; C kenn giodi bu-oergb.
QFNBGFHPW C i xuz, hew, gfp o Xazw nuuh S o fo ent, ot e Humi meh bz, WUMIL Bzhg, bou f cpt: Nif i, fot b bcor C et bl . Gt b ou nbbiuh b mi v i avtv? QENBGFHEW Ou,mx fut it WUMIU OU bt 1 bi o, Fo gowi bl cwh; G kg b

hbwfcrgb. [Iscb QFNBGFHFW] Kinn, Lzncib, C kenn nci kehg bgii bu- nclqn Nibh hii auw mifoh: U mchﬂgma bguz fwb hkeab Bu iobiw co bgi bguzrgbh ua tihjiwfbi mio! C tu wimimqiw fo fjubgidfwx,-- Fot giwifquzbh gi kebg upiwkginmcor Dz ua hemjnih; mifrwi kiwi geh nuueh, Hofiwj
mehiw git Fot co geh i hguj for chal ot hgngn o 6uh i s, o o b, v o mai hith, Wimofobh ua debaift ot unt dfei ua viuhih, Kiwi bgcons hfbbivet, bu mfei 2 f hguk. Oubcor bgchfiozw, bu
‘mixhina C hfct Fo ca f mfo tet oiit f juchuo ouk, Kguhi Mm ch memb mhq o M(ohz' Giwi nepih Fot! Fh C wimimgiw, bgch hguznt qi bgi guzhi. Qicor gunctfx, bgi qirrfwh hguj ch hgzb. qu gu! fjubgidfwx! [lobiw Fjubgidfwx]
Fiubgidinx v Gunt, b ch aubx tzafbh b mi ofpi F lwfm sajuchu titw £ h gfhbx juktin acwit Tubg

o awum by afbn dfoouoh kum, Fiubgicx Hadg it gfpi: 420 Mfobzfh nfk Ch ifbg bu fox g bafb zbbiwh bgim, Wi guz hu qfvi fot azmn Fotaifuhb bu bycolixin, Duobimjp Bgi awciot ouw
Do kwnc i Sl st ok s T o o, 2 e, e b, Fuis i bt qxbmbmxkum uohiobh. WUMIU C jx b jupiwb, fot oub bgx kenn. Fjubgidfw J2b bach co Voxnzym byeor xuz kenn, Fot tweoe b uaa; fo, ca xuz gt boi hbwiorbg Ua bkiobx mio, cb kuznt thjfbdg xuz
1 runt, kuwhi Chinn Dgluuchun Dot it unt i, Al 2 . o b i, Duri o o, i B Lancsh s by i
[1i20b] WOMIU FOT LZNIB FDE P HDIOI CG Avciw Nizwiodih din. fobw AWCFW LUGO] AWCFW LUGO Guns Quubghy, gu! [lobiw AWCF NFZWIODI Bgch himi Lugo. Wumiu? U, ca geh meot g kweb, repi mi gch nibbiw.
AWCFW LUGO Rucor bu acot f gfwi-auub qwubgiv uzb Uoi ua uzw uwtivi, bu fahudcfbi mi, Giwi co gi hcde, Fot acotcor idoe twir, Hi g . o Kt i ot i o i b Wit b i .
AWCFW NFZWIODI Kgu gfwi mx nibbiw, bgio, bu Wumiu? AWCFW LUGO C duznt q by, Hu aifwazn kiwi hg‘x i oo, AWCEW NERWIODI o B nibbiw ki . fot b M mzdg
foriw. Awctw Lugo,r giodi; Rib mi fo cwuo dwuk.fot uwcnrchnhwvcmh Zobu mx dinn. AWCFW LUGO Quubgiv, G u ot qucor b by [1cb] AWCFW NFZWIODI Ouk mzio C few Lancib Kfe: Hoi e oot fodctiobh; Qzb C kenn
lowchi frco bu Mfobzf, Fo i giw Wumio dumi; L dnuhit co a ) LINCIB FOB P HDIOI CCC F dgauiguiut co o fouma Ginuaror b bi Dznn. b JFWGH, o geh ) buwdg, qux: godi, Xib jzb cb uzb,
auw C kot i i, Zotw xuot xik ih ' i fn o, Gt oo b u hofnn Qicor nuuhi Jebg o3 s i thnnuznthqnw:h gchbni bgio bu m fijwufdg Tu f C ot baii, . JFRI
[Fheti] C fm fmuh fawfct bu hbfot fouoi Giw co bgi dgzwdgxfut; xib C kenn fipiobzvi. [Wibcwin] JFWCH i o, Kcbg anukiwh box qwetfn it C hbwik, - :  kenn tk, U, kfobeor bofb, bt C Ocrgonx
Pl i i i[9 1 Ktnit) i i Koo o g K it s Kt s K bcrhy B o ot b i Kif kchqrhuwﬂg' ani i, kG W) b WUMIL fot QFNBGFHEV, o (. b, S WUMIU R i [
ot bgi kwiodgcor cwuo. Gunt,bfei b nibbiw; byl muwocor Hit box ncal, C dfwri by, , hbfot fnn fnua, Fot t oub cobiwwzjb mi co m cuz g, Ct
o g U o W e, s b 01 2 o o bl gl Q2 ca b Wi, s b e Co KU vt hgfn cobiot o Q gifpio, C kenn bifw b hucob g ucob Fot hbwik bgch gzorw dgzwﬂgxlwl Kebg box ncmqh Bg\ e fot mx cobiobh fw hipfri-kent, Muwi achwdi fot muwi
gfo imj it ke giruoi, how, MU Nepi,fot qijwuhjiwuzh: fot awikinn, rut ainnuk Pt A 0 bch i Geh nuueh C aifw, b ]
WUMIU bz kima a i, Ruvii muwhin ua byl ifwbg, Bgzhcmauwdnhgx WO 1K) b U0 Fot o i, Yebg muwi auutt JFWCH Bgch ch nupih duzh Cb ch hzjjohit bgi
giwi ch dumi bu tu humi pennfouzh hofmi Bu bgitift utcih: C kenn fjwigiot gom. H peni Muobfrzit D ol it D gt o U ot kchgm\ auwbﬂuzmmhwl WUMIU G mzhb coti; fot biwiauwi dfmi C gcbgiw. Ruut riobni xuzbg, mmmnuh'
thjiwfbi mio; Amx giod, ot nifpi mi: bgcoe zjuo baihi ruof; Nib bgim fazwergb bail. C aihidg bgil, xuzbg, J2b oub foubghw heo zjuo mx gif, Qx zrcor mi bu azwx: U, qi ruoi! Qx gifp Hofx oub, i fuof; nepi,fol giwifabivw i, F mftmfoh miwd ot bgi wzo fd. JFWCH
ot b dulwfcuh,Fo o i aiwo v, WUMIL Konb buefrpue i b g f o qu [Bgi cgh]OFR U Nuvt, b ol Ckcnnmumanl i | uscm FWCH U1 C el (A Canguzmmm:am Uiio bgi bumg, i mi kcbg Lencib. [Tein] WU . C ko, Nib mi jiwzhi bach afi
bx fweh! Kgfb hfct mx mfo, et oub fobiot gcm f ki wuti2 C bgcoe Gi bunt mi Jweh Lan hu? Uw fm C mit, gifweor gem bine ua Lzncib, Bu u, )
qzwx nﬂumfnwczmmmhrwmn  rwfpi? U out f nfobiwo, hnfzrghiw? xuzb, Auw giwi ncin Lzncib, fot giw ifzbx mfeih Bgch pfznb f aifhocor itbg, nci bguz byiwi,ax ftift mfo ot [Nficor JFWCH co bgi buma] fwi fo bgijucob ua
giauw ifbg: U, quk mfx C Dinn bgh f ncrgbocor? U mx nupit mx keail Tifbg, ‘bl . Gibg gftou Bouz iohero xib ncjh fot co b dgiieh, Fot ifbgh jfnianfr Bxqnb, ncihb anuut hgi? U, kafb muwi
afpuzvw dfo C w b i, Bgfo kebg bgfo ot b dzb by xuzby co bdco Bu hzotw gch gt kih bocoi ioim? Auwrcpi mi, duzhco Fo,tifw Lznci, Ko wd bquz xib hu afcw? hafn C qincipi Bgfb zohzafibfoben g ch i Pt i twe bu gi . C hibenn kenn hbfx
kchq Dol Fatiph e b e o W s gl e e i e i b O gt <, L. Ko bl i o whe, ot el gl 1, Fwmh, bfei xuzw nfhb imauiditfot nejh, U xuz Bgi tuwh ua qwifbg, hifh
by hipuzwx rctit Bguz o hith i o G b ot oo ubwzlﬂunumwx' Boctuat iyt D i fcth C (T i o g g sk GG, AWCEW
NFZWIOD!, ke nfobvi, dwuk,fol ] AWCFW NFZAIOD) i ‘Awfodch qi mx it guk uab bu-0crgh Gpi mx untaily hbzmqml b rwipih! Kguh boiwi? Q . fawciot, NEZWIODI Qnehh gi zjuo xuz! Binn i,
rwzgh fot ixinith heznnh? tehdiwo, Ct 0P, U o o b i, Lo b sz AWCEW NFZWIOD! Kt 7 QFNBGFHEW Wari. AWCFW RFWIO g o ow, AWCAW NFIWIOD R kg
Bt QRNBGEHFW Gt au, b mlhmweuukhnuhqzhch 00l giodi; Pl aifwaznnx tifbg, Ca C tet hbix FW NFZWIODI Hbfi, bgio; Con r fuol. A durmih 2juo m: U, o Fh C tethnii zotiw . C twifib mx mfhbiv fot
. Fotbafb m 10DI Wumiu! [Ftpfodin] e, ffde, kgfb anuut ch bach, kgedg hbfcoh Bgi hbuox hijzndgwiz Bunci bach jnfdi ua jifdi> nomm Do ] Wit .t 6 B2 i, Jch b Fa 0 gt
Fo. o fo osot g Ch v b o 1 i b [LENCIB K L Kgiwi ch mx nuwt? C hauznt g, Fot bgiwi C fm. Kgiwi ch m \WCFW NFZWIOD , duobitcuo, ot zoofbzwin
i F wifbiw jukiv bgfo ki Dumi, dumi f. Bg i Fo weh bus. Dur, G chjhiua bgi Fuorfhwguut ua gun ozch: Hbf 04 bu 2o, auw by K ch urmcor Do v, [Ducm Mm]cllw\ o ouhy . LINCIB . 0 A g
auw C kenn oub flf. [scb AWCFW NF mz‘ i Juchuo, C hil, fbg t: U dgzwn! twzoe 0, fot niab ou awciotnx twuj Bu ginj mi fabiw? C kcai echih bgx ncj G humi juchuo xib tubg gfor uo bgim, Bu mei tci kcbg fwinbuwfbepi. (Echhin gcm] Bgx ncjh fwi kfwm.
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If you tried to encrypt this by hand, working 12 hours a day and taking time off for weekends,
would take you about three weeks to encrypt. And you would probably make some mistakes. It
would take another three weeks to decrypt the encrypted ciphertext.

Your computer can encrypt or decrypt the entire play perfectly in less than two seconds.

But you need to know how to program a computer to do the encryption. That’s what this book is
for. If you can program a computer, you can also hack ciphertext that other people have encrypted
and tried to keep secret. Learn to program a computer, and you can learn to be a hacker.

Let’s begin!
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CHAPTER 3

THE INTERACTIVE SHELL

Topics Covered In This Chapter:
Integers and floating point numbers
Expressions

Values

Operators

Evaluating expressions

Storing values in variables
Overwriting variables

Before we start writing encryption programs we should first learn some basic programming
concepts. These concepts are values, operators, expressions, and variables. If you’ve read the
Invent Your Own Computer Games with Python book (which can be downloaded for free from

Let’s start by learning how to use Python’s interactive shell. You should read this book while
near your computer, so you can type in the short code examples and see for yourself what they
do.

Some Simple Math Stuff

Start by opening IDLE. You will see the interactive shell and the cursor blinking next to the >>>

(which is called the prompt). The interactive shell can work just like a calculator. Type 2 + 2
into the shell and press the Enter key on your keyboard. (On some keyboards, this is the Return
key.) As you can see in Figure 3-1, the computer should respond with the number 4.

Email questions to the author: al@inventwithpython.com




Chapter 3 — The Interactive Shell 27

File Edit Shell Debug Options Windows Help

Python 3.3.0 (v3.3.0:bd8afb%0ebf2, Sep 29 2012, 10:57:17) [MSC v.1600 64 bit (AM
D64)] on win32

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

>>> 2 + 2

4

>>>

Figure 3-1. Type 2+2 into the shell.

2 + 2isn’taprogram by itself, it’s just a single instruction (we’re just learning the basics right
now). The + sign tells the computer to add the numbers 2 and 2. To subtract numbers use the —
sign. To multiply numbers use an asterisk (*) and to divide numbers use /.

Table 3-1: The various math operators in Python.

Operator Operation

+ addition

- subtraction
* multiplication
/ division

When used in this way, +, —, *, and / are called operators because they tell the computer to
perform an operation on the numbers surrounding them. The 2s (or any other number) are called
values.

Integers and Floating Point Values

In programming whole numbers like 4, 0, and 99 are called integers. Numbers with fractions or
decimal points (like 3.5 and 42.1 and 5. 0) are floating point numbers. In Python, the
number 5 is an integer, but if we wrote itas 5. 0 it would be a floating point number

Expressions
Try typing some of these math problems into the shell, pressing Enter key after each one:

242424242
8*6

10-5+6

2+ 2




28  http://inventwithpython.com/hacking

Figure 3-2 is what the interactive shell will look like after you type in the previous instructions.

(&% Python Shell

|| Eile Edit Shell Debug Options Windows Help
Type "copyright™, "credits" or "license ()" for more information.
x> 2 4+ 2

4

P 2+2+24242

10

>>> B¥6

48

>»> 10-5+6

11

Frr 2 +

4

I

Figure 3-2. What the IDLE window looks like after entering instructions.

These math problems are called expressions. Computers can solve millions of these problems in
seconds. Expressions are made up of values (the numbers) connected by operators (the math
signs). There can be any amount of spaces in between the integers and these operators. But be
sure to always start at the very beginning of the line though, with no spaces in front.

operator
value

value \ {_;
T2

——)

expression

Figure 3-3. An expression is made up of values (like 2) and operators (like +).

Order of Operations

Y ou might remember “order of operations” from your math class. For example, multiplication
has a higher priority than addition. Python copies this for the * and + operators. If an expression
has both * and + operators, the * operator is evaluated first. Type the following into the
interactive shell:

>> 2 +4 % 3 +1
15
>>>
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Because the * operator is evaluated first, 2 + 4 * 3 + 1evaluatesto2 + 12 + 1and
then evaluates to 15. It does not evaluateto 6 * 3 + 1,thento 18 + 1,andthento 19.
However, you can always use parentheses to change which should operations should happen first.
Type the following into the interactive shell:

>> (2 +4) * 3+ 1
24
>>>

Evaluating Expressions

When a computer solves the expression 10 + 5 and gets the value 15, we say it has evaluated
the expression. Evaluating an expression reduces the expression to a single value, just like solving
a math problem reduces the problem to a single number: the answer.

An expression will always evaluate (that is, shorten down to) a single value.

The expressions 10 + 5and 10 + 3 + 2 have the same value, because they both evaluate to
15. Even single values are considered expressions: The expression 15 evaluates to the value 15.

However, if you type only 5 + into the interactive shell, you will get an error message.

>>> 5 +
i SyntaxError: invalid syntax

This error happened because 5 + is not an expression. Expressions have values connected by
operators, but in the Python language the + operator expects to connect two values. We have only
givenitonein“5 + ”. This is why the error message appeared. A syntax error means that the
computer does not understand the instruction you gave it because you typed it incorrectly. This
may not seem important, but a lot of computer programming is not just telling the computer what
to do, but also knowing exactly how to tell the computer to do it.

Errors are Okay!

It’s perfectly okay to make errors! You will not break your computer by typing in bad code that

causes errors. If you type in code that causes an error, Python simply says there was an error and
then displays the >>> prompt again. You can keep typing in new code into the interactive shell.

Until you get more experience with programming, the error messages might not make a lot of
sense to you. You can always Google the text of the error message to find web pages that talk

Python error messages and their meanings.
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Practice Exercises, Chapter 3, Set A

Every Value has a Data Type

“Integer” and “floating point” are known as data types. Every value has a data type. The value
42 is a value of the integer data type. We will say 42 is an int for short. The value 7.5 is a value
of the floating point data type. We will say 7. 5 is a float for short.

There are a few other data types that we will learn about (such as strings in the next chapter), but
for now just remember that any time we say “value”, that value is of a certain data type. It’s
usually easy to tell the data type just from looking at how the value is typed out. Ints are numbers
without decimal points. Floats are numbers with decimal points. So 42 isan int, but 42.0 is a
float.

Storing Values in Variables with Assignment Statements
Our programs will often want to save the values that our expressions evaluate to so we can use
them later. We can store values in variables.

Think of a variable as like a box that can hold values. You can store values inside variables with
the = sign (called the assignment operator). For example, to store the value 15 in a variable
named “spam”, enter spam = 15 into the shell:

| >>> spam = 15
P >>>

Figure 3-4. Variables are like boxes with names that can hold values in them.
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You can think of the variable like a box with the value 15 inside of it (as shown in Figure 3-4).
The variable name “spam” is the label on the box (so we can tell one variable from another) and
the value stored in it is like a small note inside the box.

When you press Enter you won’t see anything in response, other than a blank line. Unless you see
an error message, you can assume that the instruction has been executed successfully. The next
>>> prompt will appear so that you can type in the next instruction.

This instruction with the = assignment operator (called an assignment statement) creates the
variable spam and stores the value 15 in it. Unlike expressions, statements are instructions that

do not evaluate to any value, they just perform some action. This is why there is no value
displayed on the next line in the shell.

It might be confusing to know which instructions are expressions and which are statements. Just
remember that if a Python instruction evaluates to a single value, it’s an expression. If a
Python instruction does not, then it’s a statement.

An assignment statement is written as a variable, followed by the = operator, followed by an
expression. The value that the expression evaluates to is stored inside the variable. (The value 15
by itself is an expression that evaluates to 15.)

equal sign
variable
name expression

spam = 10 + 5
[ J

A
assighment statement

Figure 3-5. The parts of an assighment statement.

Remember, variables store single values, not expressions. For example, if we had the statement,
spam = 10 + 5, thenthe expression 10 + 5 would first be evaluated to 15 and then the
value 15 would be stored in the variable spam. A variable is created the first time you store a
value in it by using an assignment statement.

>>> spam = 15
>>> spam

15

>>>
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And here’s an interesting twist. If we now enter spam + 5 into the shell, we get the integer 20:

>>> spam = 15
>>> spam + 5
20

>>>

That may seem odd but it makes sense when we remember that we set the value of spamto 15.
Because we’ve set the value of the variable spam to 15, the expression spam + 5 evaluates to
the expression 15 + 5, which then evaluates to 20. A variable name in an expression evaluates
to the value stored in that variable.

Overwriting Variables

We can change the value stored in a variable by entering another assignment statement. For
example, try the following:

>>> spam = 15
>>> spam + 5
20

>>> spam = 3
>>> spam + 5
8

>>>

The first time we enter spam + 5, the expression evaluates to 20, because we stored the value
15 inside the variable spam. But when we enter spam = 3, the value 15 is overwritten (that
is, replaced) with the value 3. Now, when we enter spam + 5, the expression evaluates to 8
because the spam + 5 now evaluatesto 3 + 5. The old value in spam is forgotten.

To find out what the current value is inside a variable, enter the variable name into the shell.

>>> spam = 15
>>> spam
15

This happens because a variable by itself is an expression that evaluates to the value stored in the
variable. This is just like how a value by itself is also an expression that evaluates to itself:

>>> 15
15
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We can even use the value in the spam variable to assign spam a new value:

>>> spam = 15

>>> spam = spam + 5
20

>>>

The assignment statement spam = spam + 5 is like saying, “the new value of the spam
variable will be the current value of spam plus five.” Remember that the variable on the left side
of the = sign will be assigned the value that the expression on the right side evaluates to. We can
keep increasing the value in spam by 5 several times:

>>> spam = 15

>>> spam = spam + 5
>>> spam = spam + 5
>>> spam = spam + 5
>>> spam

30

>>>

Using More Than One Variable

Your programs can have as many variables as you need. For example, let’s assign different values
to two variables named eggs and fizz:

10
15

>>> fizz
>>> eggs

Now the fizz variable has 10 inside it, and eggs has 15 inside it.
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Figure 3-6. The “fizz” and “eggs” variables have values stored in them.

Let’s try assigning a new value to the spam variable. Enter spam = fizz + eggs intothe
shell, then enter spam into the shell to see the new value of spam. Type the following into the
interactive shell:

>>> fizz = 10

>>> eggs = 15

>>> spam = fizz + eggs
>>> spam

25

>>>

The value in spam is now 25 because when we add fizz and eggs we are adding the values
stored inside fizz and eggs.

Variable Names

The computer doesn’t care what you name your variables, but you should. Giving variables
names that reflect what type of data they contain makes it easier to understand what a program
does. Instead of name, we could have called this variable abrahamLincoln or monkey. The
computer will run the program the same (as long as you consistently use abrahamLincoln or
monkey).

Variable names (as well as everything else in Python) are case-sensitive. Case-sensitive means
the same variable name in a different case is considered to be an entirely separate variable. So
spam, SPAM, Spam, and sPAM are considered to be four different variables in Python. They
each can contain their own separate values.
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It’s a bad idea to have differently-cased variables in your program. If you stored your first name
in the variable name and your last name in the variable NAME, it would be very confusing when
you read your code weeks after you first wrote it. Did name mean first and NAME mean last, or
the other way around?

If you accidentally switch the name and NAME variables, then your program will still run (that is,
it won’t have any “syntax” errors) but it will run incorrectly. This type of flaw in your code is
called a bug. A lot of programming is not just writing code but also fixing bugs.

Camel Case

It also helps to capitalize variable names if they include more than one word. If you store a string
of what you had for breakfast in a variable, the variable name whatIHadForBreakfast is
much easier to read than whatihadforbreakfast. This is called camel case, since the
casing goes up and down like a camel’s humps. This is a convention (that is, an optional but
standard way of doing things) in Python programming. (Although even better would be
something simple, like todaysBreakfast. Capitalizing the first letter of each word after the
first word in variable names makes the program more readable.

Practice Exercises, Chapter 3, Set B

Summary - But When Are We Going to Start Hacking?

Soon. But before we can hack ciphers, we need to learn some more basic programming concepts.
We won’t need to learn a lot before we start writing encryption programs, but there’s one more
chapter on programming we need to cover.

In this chapter you learned the basics about writing Python instructions in the interactive shell.
Python needs you to tell it exactly what to do in a strict way, because computers don’t have
common sense and only understand very simple instructions. You have learned that Python can
evaluate expressions (that is, reduce the expression to a single value), and that expressions are
values (such as 2 or 5) combined with operators (such as + or -). You have also learned that you
can store values inside of variables so that your program can remember them to use them later on.

The interactive shell is a very useful tool for learning what Python instructions do because it lets
you type them in one at a time and see the results. In the next chapter, we will be creating
programs of many instructions that are executed in sequence rather than one at a time. We will go
over some more basic concepts, and you will write your first program!
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CHaPTER 4

STRINGS AND WRITING
PROGRAMS

Topics Covered In This Chapter:

e Strings

e String concatenation and replication

e Using IDLE to write source code

e Saving and running programs in IDLE
e The print () function

e The input () function

e Comments

That's enough of integers and math for now. Python is more than just a calculator. In this chapter,
we will learn how to store text in variables, combine text together, and display text on the screen.
We will also make our first program, which greets the user with the text, “Hello World!” and lets
the user type in a name.

Strings

In Python, we work with little chunks of text called string values (or simply strings). All of our
cipher and hacking programs deal with string values to turn plaintext like 'one if by land,
two if by space.' into ciphertext like 'Tge kg im npgv, jst kg im oapxe.'.
The plaintext and ciphertext are represented in our program as string values, and there’s a lot of
ways that Python code can manipulate these values.
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We can store string values inside variables just like integer and floating point values. When we
type strings, we put them in between two single quotes (') to show where the string starts and
ends. Type this in to the interactive shell:

>>> spam = 'hello’
>>>

The single quotes are not part of the string value. Python knows that 'hello"' isa string and
spam is a variable because strings are surrounded by quotes and variable names are not.

If you type spam into the shell, you should see the contents of the spam variable (the 'hello"
string.) This is because Python will evaluate a variable to the value stored inside it: in this case,
the string 'hello'.

>>> spam = 'hello’
>>> spam

'hello'

>>>

Strings can have almost any keyboard character in them. (We’ll talk about special “escape
characters” later.) These are all examples of strings:

>>> 'hello'
'hello'

>>> 'Hi there!'
'Hi there!’

>>> "KITTENS'
'KITTENS'

LI}

>>>

>>> '7 apples, 14 oranges, 3 lemons'

'7 apples, 14 oranges, 3 Temons'

>>> 'Anything not pertaining to elephants is irrelephant.'
'Anything not pertaining to elephants is irrelephant.'

>>> '0%&#WY%*&0cTsdYO*&gTfCBYO*&%3yc8r2'
'0*&#wY%*&0cFsdYO*&gTC%YO*&%3yc8r2"’

Notice that the ' ' string has zero characters in it; there is nothing in between the single quotes.
This is known as a blank string or empty string.
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String Concatenation with the + Operator
You can add together two string values into one new string value by using the + operator. Doing
this is called string concatenation. Try entering 'Hello' + 'World! ' into the shell:

>>> 'Hello' + 'World!'
'HelToWorld!'
>>>

To put a space between “Hello” and “World!”, put a space at the end of the "Hel1o"' string and
before the single quote, like this:

>>> 'Hello ' + "World!'
'Hello World!'
>>>

Remember, Python will concatenate exactly the strings you tell it to concatenate. If you want a
space in the resulting string, there must be a space in one of the two original strings.

The + operator can concatenate two string values into a new string value ('Hello ' +
'"World!'to 'Hello World!"), just like it could add two integer values into a new integer
value (2 + 2 to 4). Python knows what the + operator should do because of the data types of the
values. Every value is of a data type. The data type of the value 'Hello"' is astring. The data
type of the value 5 is an integer. The data type of the data that tells us (and the computer) what
kind of data the value is.

The + operator can be used in an expression with two strings or two integers. If you try to use the
+ operator with a string value and an integer value, you will get an error. Type this code into the
interactive shell:

>>> 'Hello' + 42
Traceback (most recent call last):
File "<stdin>", 1ine 1, in <module>
TypeError: Can't convert 'int' object to str implicitly
>>> 'Hello' + '42'
'Hell042'
>>>
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String Replication with the * Operator

You can also use the * operator on a string and an integer to do string replication. This will
replicate (that is, repeat) a string by however many times the integer value is. Type the following
into the interactive shell:

>>> 'Hello' * 3

'HeTloHeTlTloHello'

>>> spam = 'Abcdef'

>>> spam = spam * 3

>>> spam

'AbcdefAbcdefAbcdef'

>>> spam = spam * 2

>>> spam
'AbcdefAbcdefAbcdefAbcdefAbcdefAbcdef'
>>>

The * operator can work with two integer values (it will multiply them). It can also work with a
string value and an integer value (it will replicate the string). But it cannot work with two string
values, which would cause an error:

>>> 'Hello' * 'world!'
Traceback (most recent call last):
File "<stdin>", 1ine 1, in <module>
TypeError: can't multiply sequence by non-int of type
>>>

1 ]

str

What string concatenation and string replication show is that operators in Python can do different
things based on the data types of the values they operate on. The + operator can do addition or
string concatenation. The * operator can do multiplication or string replication.

Printing Values with the print () Function

There is another type of Python instruction called a print () function call. Type the following
into the interactive shell:

>>> print('Hello!")
Hello!

>>> print(42)

42

>>>
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A function (like print () in the above example) has code in that performs a task, such as
printing values on the screen. There are many different functions that come with Python. To call
a function means to execute the code that is inside the function.

The instructions in the above example pass a value to the print () function in between the
parentheses, and the print () function will print the value to the screen. The values that are
passed when a function is called are called arguments. (Arguments are the same as values
though. We just call values this when they are passed to function calls.) When we begin to write
programs, the way we make text appear on the screen is with the print () function.

You can pass an expression to the print () function instead of a single value. This is because
the value that is actually passed to the print () function is the evaluated value of that
expression. Try this string concatenation expression in the interactive shell:

>>> spam = "Al'

>>> print('Hello, ' + spam)
Hello, Al

>>>

The "Hello, ' + spamexpression evaluatesto 'Hello, ' + spam, which then
evaluates to the string value 'Hello, A1l'. This string value is what is passed to the print ()
function call.

Escape Characters

Sometimes we might want to use a character that cannot easily be typed into a string value. For
example, we might want to put a single quote character as part of a string. But we would get an
error message because Python thinks that single quote is the quote ending the string value, and
the text after it is bad Python code instead of just the rest of the string. Type the following into the
interactive shell:

>>> print('Al's cat is named Zophie.')
File "<stdin>", line 1
print('Al's cat is named Zophie.')
A
SyntaxError: invalid syntax
>>>

To use a single quote in a string, we need to use escape characters. An escape character is a
backslash character followed by another character. For example, \t, \n or \ '. The slash tells
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Python that the character after the slash has a special meaning. Type the following into the
interactive shell:

>>> print('Al\'s cat is named Zophie."')
Al's cat is named Zophie.
>>>

An escape character helps us print out letters that are hard to type into the source code. Table 4-1
shows some escape characters in Python:

Table 4-1. Escape Characters

Escape Character What Is Actually Printed

AN\ Backslash (\)
\' Single quote ()
\" Double quote (")
\n Newline

\t Tab

The backslash always precedes an escape character, even if you just want a backslash in your
string. This line of code would not work:

>>> print('He flew away in a green\teal helicopter.')
He flew away in a green eal helicopter.

This is because the “t” in “teal” was seen as an escape character since it came after a backslash.
The escape character \ t simulates pushing the Tab key on your keyboard. Escape characters are
there so that strings can have characters that cannot be typed in.

Instead, try this code:

>>> print('He flew away in a green\\teal helicopter."')
He flew away in a green\teal helicopter.

Quotes and Double Quotes

Strings don’t always have to be in between two single quotes in Python. You can use double
guotes instead. These two lines print the same thing:

>>> print('Hello world"')
Hello world
>>> print("Hello world")
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Hello world

But you cannot mix single and double quotes. This line will give you an error:

>>> print('Hello world")
SyntaxError: EOL while scanning single-quoted string
>>>

I like to use single quotes so | don’t have to hold down the shift key on the keyboard to type
them. It’s easier to type, and the computer doesn’t care either way.

But remember, just like you have to use the escape character \ ' to have a single quote in a string
surrounded by single quotes, you need the escape character \ " to have a double quote in a string
surrounded by double quotes. For example, look at these two lines:

>>> print('I asked to borrow Alice\'s car for a week. She said, "Sure."')
I asked to borrow Alice's car for a week. She said, "Sure."

>>> print("She said, \"I can't believe you let him borrow your car.\"")
She said, "I can't believe you let him borrow your car."

You do not need to escape double quotes in single-quote strings, and you do not need to escape
single quotes in the double-quote strings. The Python interpreter is smart enough to know that if a
string starts with one kind of quote, the other kind of quote doesn’t mean the string is ending.

Practice Exercises, Chapter 4, Set A

Indexing

Your encryption programs will often need to get a single character from a string. Indexing is the
adding of square brackets [ and ] to the end of a string value (or a variable containing a string)
with a number between them. This number is called the index, and tells Python which position in
the string has the character you want. The index of the first character in a string is 0. The index 1
is for the second character, the index 2 is for the third character, and so on.

Type the following into the interactive shell:

>>> spam = 'Hello'
>>> spam[0]

lHl

>>> spam[1]

e
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>>> spam[2]
I'II

Notice that the expression spam[0] evaluates to the string value 'H', since H is the first
character in the string 'Hello'. Remember that indexes start at 0, not 1. This is why the H’s
index is 0, not 1.

string: ‘|H|e|1]|1]o
indexes: 0 1 2 3 4

Figure 4-1. The string 'Hello' and its indexes.

Indexing can be used with a variable containing a string value or a string value by itself such as
'Zophie'. Type this into the interactive shell:

>>> 'Zophie'[2]
'p

The expression ' Zophie' [2] evaluates to the string value "p'. This 'p' string is just like
any other string value, and can be stored in a variable. Type the following into the interactive
shell:

>>> eggs = 'Zopie'[2]
>>> eggs

lpl

>>>

If you enter an index that is too large for the string, Python will display an “index out of range”
error message. There are only 5 characters in the string 'Hello'. If we try to use the index 10,
then Python will display an error saying that our index is “out of range”:

>>> 'Hello'[10]

Traceback (most recent call last):
File "<stdin>", 1ine 1, in <module>

IndexError: string index out of range

>>>
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Negative Indexes

Negative indexes start at the end of a string and go backwards. The negative index -1 is the index
of the last character in a string. The index -2 is the index of the second to last character, and so
on.

Type the following into the interactive shell:

>>> 'Hello'[-1]

>>> 'Hello'[-2]
l'll
>>> 'Hello'[-3]
|'I|
>>> 'Hello'[-4]
'e
>>> 'Hello'[-5]
lHl
>>> 'Hello'[0]
|H|
>>>

Notice that -5 and 0 are the indexes for the same character. Most of the time your code will use
positive indexes, but sometimes it will be easier to use negative indexes.

Slicing

If you want to get more than one character from a string, you can use slicing instead of indexing.
A slice also uses the [ and ] square brackets but has two integer indexes instead of one. The two
indexes are separate by a : colon. Type the following into the interactive shell:

>>> "Howdy'[0:3]
'"How'
>>>

The string that the slice evaluates to begins at the first index and goes up to, but not including,
the second index. The 0 index of the string value 'Howdy ' is the H and the 3 index is the d.
Since a slice goes up to but not including the second index, the slice 'Howdy ' [0: 3] evaluates
to the string value 'How'.

Try typing the following into the interactive shell:

>>> 'Hello world!'[0:5]
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'Hello'

>>> 'Hello world!'[6:12]
'world!"'

>>> 'Hello world!'[-6:-1]
'world'

>>> 'Hello world!'[6:12][2]
'r
>>>

Notice that the expression 'Hello world!'[6:12] [2] firstevaluatesto 'world! ' [2]
which is an indexing that further evaluatesto 'r'.

Unlike indexes, slicing will never give you an error if you give it too large of an index for the
string. It will just return the widest matching slice it can:

>>> 'Hello'[0:999]
'Hello'

>>> 'Hello'[2:999]
"o’

>>> "Hello'[1000:2000]

LI}

>>>

The expression "Hello' [1000:2000] returns a blank string because the index 1000 is after
the end of the string, so there are no possible characters this slice could include.

Blank Slice Indexes

If you leave out the first index of a slice, Python will automatically think you want to specify
index 0 for the first index. The expressions 'Howdy' [0:3] and 'Howdy' [ : 3] evaluate the
same string:

>>> "Howdy'[:3]
"How'

>>> "Howdy'[0:3]
"How'

>>>

If you leave out the second index, Python will automatically think you want to specify the rest of
the string:

>>> "Howdy'[2:]
lwdyl
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>>>

Slicing is a simple way to get a “substring” from a larger string. (But really, a “substring” is still
just a string value like any other string.) Try typing the following into the shell:

>>> myName = 'Zophie the Fat Cat'
>>> myName[-7:]

'Fat Cat'

>>> myName[:10]

'Zophie the'

>>> myName[7:]

'the Fat Cat'

>>>

Practice Exercises, Chapter 4, Set B

Writing Programs in IDLE’s File Editor

Until now we have been typing instructions one at a time into the interactive shell. When we
write programs though, we type in several instructions and have them run without waiting on us
for the next one. Let’s write our first program!

The name of the software program that provides the interactive shell is called IDLE, the
Interactive DeveLopement Environment. IDLE also has another part besides the interactive shell
called the file editor.

At the top of the Python shell window, click on the File » New Window. A new blank window
will appear for us to type our program in. This window is the file editor. The bottom right of the
file editor window will show you line and column that the cursor currently is in the file.
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File Edit Format Run Options Windows Help

Ln:1|Colk: 0

Figure 4-2. The file editor window. The cursor is at line 1, column 0.

You can always tell the difference between the file editor window and the interactive shell
window because the interactive shell will always have the >>> prompt in it.

Hello World!

A tradition for programmers learning a new language is to make their first program display the
text “Hello world!” on the screen. We’ll create our own Hello World program now.

Enter the following text into the new file editor window. We call this text the program’s source

code because it contains the instructions that Python will follow to determine exactly how the
program should behave.

Source Code of Hello World

email me at al@inventwithpython.com if you are still stuck.)

hello.py
. # This program says hello and asks for my name.
. print('Hello world!")
. print('What is your name?')
. myName = input()
. print('It is good to meet you,

Uil A W IN R

+ myName)

The IDLE program will give different types of instructions different colors. After you are done
typing this code in, the window should look like this:
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T hellopy - Cihellopy . ‘ E@g

File Edit Format Run Options Windows Help

# This program says hello and asks for my name.

print {"Helloc world!'}

print ("What is your name?')

myMName = input ()

print ("It i=s good to meet you, ' + myNa.me]l i
Ln: 5(Col: 42

L% ]

Figure 4-3. The file editor window will look like this after you type in the code.

Saving Your Program

Once you’ve entered your source code, save it so that you won’t have to retype it each time we
start IDLE. To do so, from the menu at the top of the File Editor window, choose File » Save
As. The Save As window should open. Enter hello.py in the File Name field, then click Save.
(See Figure 4-4.)

You should save your programs every once in a while as you type them. That way, if the
computer crashes or you accidentally exit from IDLE you won’t lose everything you’ve typed. As
a shortcut, you can press Ctrl-S on Windows and Linux or 8-S on 0S X to save your file.

Savein: | J Python32 j EF '
e Name = Type Size [
v bt )
) DLL: File fold £
Recent Places : ?E olaer
| Doc File folder 4
" include File folder €
Desktop , Lib File folder 3
e ! libs File folder £
uz_l»J | Seripts File folder 3
Libraries s tel File folder £
[,:;L  Tools File folder £
g 2 hello.py Python File 1KB 7
Computer
=
T
Metwark
< | 1 | 2
File name: |m ﬂ Save |

Save as type: |P‘)rthon files (* py.” pyw) ﬂ Cancel N

Figure 4-4. Saving the program.
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A video tutorial of how to use the file editor is available from this book's website at

Running Your Program

Now it’s time to run our program. Click on Run » Run Module or just press the F5 key on your
keyboard. Your program should run in the shell window that appeared when you first started
IDLE. Remember, you have to press F5 from the file editor’s window, not the interactive shell’s
window.

When your program asks for your name, go ahead and enter it as shown in Figure 4-5:

& rymon =ntl I
File Edit Shell Debug Options Windows
Python 3.2 (r32:88445, Feb 20 20I
00 32 bit (Intel)] on win3Zz

Type "copyright™, "credits"™ or "I
aormation.

e e

ey

Hello world!

What i=s your name?

Alkbert

It i=s good to meet you, Albert
e

Figure 4-5. What the interactive shell looks like when running the “Hello World” program.

Now when you push Enter, the program should greet you (the user, that is, the one using the
program) by name. Congratulations! You’ve written your first program. You are now a beginning
computer programmer. (You can run this program again if you like by pressing F5 again.)

If you get an error that looks like this:

Hello world!
What is your name?
Albert
Traceback (most recent call last):
File "C:/Python27/hello.py", 1line 4, in <module>
myName = input()
File "<string>", Tine 1, in <module>
NameError: name 'Albert' is not defined
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...this means you are running the program with Python 2, instead of Python 3. This makes the
penguin in the first chapter sad. (The error is caused by the input () function call, which does

continuing.

Opening The Programs You’ve Saved

Close the file editor by clicking on the X in the top corner. To reload a saved program, choose
File » Open from the menu. Do that now, and in the window that appears choose hello.py and
press the Open button. Your saved hello.py program should open in the File Editor window.

How the “Hello World” Program Works

Each line that we entered is an instruction that tells Python exactly what to do. A computer
program is a lot like a recipe. Do the first step first, then the second, and so on until you reach the
end. Each instruction is followed in sequence, beginning from the very top of the program and
working down the list of instructions. After the program executes the first line of instructions, it
moves on and executes the second line, then the third, and so on.

We call the program’s following of instructions step-by-step the program execution, or just the
execution for short. The execution starts at the first line of code and then moves downward. The

execution can skip around instead of just going from top to bottom, and we’ll find out how to do
this in the next chapter.

Let’s look at our program one line at a time to see what it’s doing, beginning with line number 1.

Comments

hello.py
1. # This program says hello and asks for my name.

This line is called a comment. Comments are not for the computer, but for you, the programmer.
The computer ignores them. They’re used to remind you of what the program does or to tell
others who might look at your code what it is that your code is trying to do. Any text following a
# sign (called the pound sign) is a comment. (To make it easier to read the source code, this
book prints out comments in a light gray-colored text.)

Programmers usually put a comment at the top of their code to give the program a title. The IDLE
program displays comments in red text to help them stand out.
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Functions

A function is kind of like a mini-program inside your program. It contains lines of code that are
executed from top to bottom. Python provides some built-in functions that we can use (you’ve
already used the print () function). The great thing about functions is that we only need to
know what the function does, but not how it does it. (You need to know that the print ()
function displays text on the screen, but you don’t need to know how it does this.)

A function call is a piece of code that tells our program to run the code inside a function. For
example, your program can call the print () function whenever you want to display a string on
the screen. The print () function takes the value you type in between the parentheses as input
and displays the text on the screen. Because we want to display Hel1lo world! on the screen,
we type the print function name, followed by an opening parenthesis, followed by the 'Hello
world! ' string and a closing parenthesis.

The print () function

hello.py
2. print('HeTllo world!")
3. print('What 1is your name?')

This line isa call to the print () function (with the string to be printed going inside the
parentheses). We add parentheses to the end of function names to make it clear that we’re
referring to a function named print (), not a variable named print. The parentheses at the
end of the function let us know we are talking about a function, much like the quotes around the
number '42" tell us that we are talking about the string ' 42' and not the integer 42.

Line 3 is another print () function call. This time, the program displays “What is your name?”’

The input () function

hello.py
4. myName = 1input()

Line 4 has an assignment statement with a variable (myName) and a function call (input () ).
When input () is called, the program waits for the user to type in some text and press Enter.
The text string that the user types in (their name) becomes the string value that is stored in
myName.

Like expressions, function calls evaluate to a single value. The value that the function call
evaluates to is called the return value. (In fact, we can also use the word “returns” to mean the
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same thing for function calls as “evaluates”.) In this case, the return value of the input ()
function is the string that the user typed in-their name. If the user typed in Albert, the input ()
function call evaluates (that is, returns) to the string 'Albert"'.

The function named input () does not need any arguments (unlike the print () function),
which is why there is nothing in between the parentheses.

hello.py

1

5. print('It is good to meet you, + myName)

For line 5’s print () call, we use the plus operator (+) to concatenate the string 'Tt is
good to meet you, ' and the string stored in the myName variable, which is the name that
our user input into the program. This is how we get the program to greet us by name.

Ending the Program

Once the program executes the last line, it stops. At this point it has terminated or exited and
all of the variables are forgotten by the computer, including the string we stored in myName. If
you try running the program again and typing a different name it will print that name.

Hello world!

What is your name?

Alan

It is good to meet you, Alan

Remember, the computer only does exactly what you program it to do. In this program it is
programmed to ask you for your name, let you type in a string, and then say hello and display the
string you typed.

But computers are dumb. The program doesn’t care if you type in your name, someone else’s
name, or just something silly. You can type in anything you want and the computer will treat it
the same way:

Hello world!

What 1is your name?

poop

It is good to meet you, poop

Practice Exercises, Chapter 4, Set C
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Summary

Writing programs is just about knowing how to speak the computer’s language. While you
learned a little bit of this in the last chapter, in this chapter you’ve put together several Python
instructions to make a complete program that asks for the user’s name and then greets them.

All of our programs later in this book will be more complex and sophisticated, but don’t worry.
The programs will all be explained line by line. And you can always enter instructions into the
interactive shell to see what they do before they are all put into a complete program.

Now let’s start with our first encryption program: the reverse cipher.
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CHAPTER 5

THE REVERSE CIPHER

Topics Covered In This Chapter:
e The len () function
while loops

The Boolean data type
Comparison operators
Conditions

Blocks

“Every man is surrounded by a neighborhood of

voluntary spies.”
Jane Austen

The Reverse Cipher

The reverse cipher encrypts a message by printing it in reverse order. So “Hello world!” encrypts
to “!dlrow olleH”. To decrypt, you simply reverse the reversed message to get the original
message. The encryption and decryption steps are the same.

The reverse cipher is a very weak cipher. Just by looking at its ciphertext you can figure out it is
just in reverse order. .syas ti tahw tuo erugif llits ylbaborp nac uoy ,detpyrcne si siht hguoht neve
,elpmaxe roF
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But the code for the reverse cipher program is easy to explain, so we’ll use it as our first
encryption program.

Source Code of the Reverse Cipher Program

In IDLE, click on File » New Window to create a new file editor window. Type in the following
code, save it as reverseCipher.py, and press F5 to run it: (Remember, don’t type in the line
numbers at the beginning of each line.)

Source code for reverseCipher.py

. # Reverse Cipher
. # http://inventwithpython.com/hacking (BSD Licensed)

1
2
3
4. message = 'Three can keep a secret, if two of them are dead.'
5. translated = "'
6
7
8
9

. i = len(message) - 1
. while i >= 0:
translated = translated + message[i]
10. i=1-1
11.
12. print(translated)

Sample Run of the Reverse Cipher Program
When you run this program the output will look like this:

.daed era meht fo owt fi ,terces a peek nac eerhT

To decrypt this message, copy the “.daed era meht fo owt fi ,terces a peek nac eerhT” text to the

paste it as the string value stored in message on line 4. Be sure to have the single quotes at the
beginning and end of the string. The new line 4 will look like this (with the change in bold):

reverseCipher.py
4. message = '.daed era meht fo owt fi ,terces a peek nac eerhT'

Now when you run the reverseCipher.py program, the output will decrypt to the original
message:

Three can keep a secret, if two of them are dead.




56  http://inventwithpython.com/hacking

Checking Your Source Code with the Online Diff Tool

Even though you could copy and paste or download this code from this book’s website, it is very
helpful to type in this program yourself. This will give you a better idea of what code is in this
program. However, you might make some mistakes while typing it in yourself.

To compare the code you typed to the code that is in this book, you can use the book’s website’s
browser. Paste your code into the text field on this web page, and then click the Compare button.
The diff tool will show any differences between your code and the code in this book. This is an
easy way to find typos that are causing errors.

[ Invent Your Own Computer = %

« C | [ inventwithpython.com/hacking/diff/#diff EO0O~"TRO© =

Source Code =

Step 1

Traces Select the program you were typing in from this dropdown menu:
Diff Tool

) Program: [SfneCipher py 2| ® sidebyside © Inline
Videos affineHacker py

Resources

Extra Content affineieyTest py
buggy.py
Eata
About the Author

Author’s Bleg Step 2

Copy and paste your code here to see how it is different from the code in the book:
# print the encrypted/decrypted string to the screen
print(translated)
# copy the encrypted/decrypted string to the clipboar -
[pyperclip. copy (translated) P
Step 3
Click the "Compare” button:
Compare
The Book's Program Your Program
!¢ caesar Cipher L ¢ caesar Cipher
? # http://inventwithpython.com/hacking ? # http://inventwithpython.com/hacking
(BSD Licensed) (BSD Licensed)
3 3
4 import pyperclip 4| import pyerclip
5 5

How the Program Works

reverseCipher.py
1. Reverse Cipher
2. h

#
# http://inventwithpython.com/hacking (BSD Licensed)

The first two lines are comments explaining what the program is, and also the website where you
can find it. The “BSD Licensed” part means that this program is free to copy and modify by
anyone as long as the program retains the credits to the original author (in this case, the book’s
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gets copied around the Internet, a person who downloads it will always know where to look for
the original source. They’ll also know this program is open source software and free to distribute
to others.

reverseCipher.py
4. message = 'Three can keep a secret, if two of them are dead.'

Line 4 stores the string we want to encrypt in a variable named message. Whenever we want to
encrypt or decrypt a new string we will just type the string directly into the code on line 4. (The
programs in this book don’t call input (), instead the user will type in the message into the
source code. You can just change the source directly before running the program again to encrypt
different strings.)

reverseCipher.py
T

5. translated =

The translated variable is where our program will store the reversed string. At the start of the
program, it will contain the blank string. (Remember that the blank string is two single quote
characters, not one double quote character.)

The 1len () Function

reverseCipher.py
7. i = len(message) - 1

Line 6 is just a blank line, and Python will simply skip it. The next line of code is on line 7. This
code is just an assignment statement that stores a value in a variable named i. The expression that
is evaluated and stored in the variable is 1en (message) - 1.

The first part of this expression is 1en (message) . This is a function call to the 1en ()
function. The 1en () function accepts a string value argument (just like the print () function
does) and returns an integer value of how many characters are in the string (that is, the length of
the string). In this case, we pass the message variable to 1en (), so 1en (message) will tell
us how many characters are in the string value stored in message.

Let’s experiment in the interactive shell with the 1en () function. Type the following into the
interactive shell:

>>> len('Hello")
5
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>>> len('")

>>> spam = 'Al'
>>> len(spam)

>>> len('Hello' + " ' + 'world!")
12
>>>

From the return value of 1en (), we know the string 'Hello"' has five characters in it and the
blank string has zero characters in it. If we store the string "A1 "' in a variable and then pass the
variable to 1en (), the function will return 2. If we pass the expression 'Hello' + ' ' +
'world! ' tothe len () function, itreturns 12. Thisis because 'Hello' + ' ' +
'world! "' will evaluate to the string value 'Hello world! ', which has twelve characters in
it. (The space and the exclamation point count as characters.)

Line 7 finds the number of characters in message, subtracts one, and then stores this humber in
the i variable. This will be the index of the last character in the message string.

Introducing the while Loop

reverseCipher.py

8. while i >= 0:

This is a new type of Python instruction called a while loop or while statement. A while
loop is made up of four parts:

1. The while keyword.

2. Anexpression (also called a condition) that evaluates to the Boolean values True or
False. (Booleans are explained next in this chapter.)

3. A:colon.

4. Ablock (explained later) of indented code that comes after it, which is what lines 9 and
10 are. (Blocks are explained later in this chapter.)

1. The while keyword
2. A condition

fé’s. A colon

i >»>= 0:
translated = translated + message[i]
i=1i-1

4. A block of code
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Figure 5-2. The parts of a while loop statement.

To understand whi 1e loops, we will first need to learn about Booleans, comparison operators,
and blocks.

The Boolean Data Type

The Boolean data type has only two values: True or False. These values are case-sensitive
(you always need to capitalize the T and F, and leave the rest in lowercase). They are not string
values. You do not put a ' quote character around True or False. We will use Boolean values
(also called bools) with comparison operators to form conditions. (Explained later after
Comparison Operators.)

Like a value of any other data type, bools can be stored in variables. Type this into the interactive
shell:

>>> spam = True
>>> spam
True

>>> spam
>>> spam
False
>>>

False

Comparison Operators
In line 8 of our program, look at the expression after the while keyword:

reverseCipher.py

8. while i >= 0:

The expression that follows the while keyword (the i >= 0 part) contains two values (the
value in the variable i, and the integer value 0) connected by an operator (the >= sign, called the
“greater than or equal” operator). The >= operator is called a comparison operator.

The comparison operator is used to compare two values and evaluate to a True or False
Boolean value. Table 5-1 lists the comparison operators.
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Table 5-1. Comparison operators.

Operator Sign Operator Name
< Less than
> Greater than
<= Less than or equal to
>= Greater than or equal to
== Equal to
= Not equal to

Enter the following expressions in the interactive shell to see the Boolean value they evaluate to:

>>> 0 < 6

True

>> 6 < 0

False

>>> 50 < 10.5
False

>>> 10.5 < 11.3
True

>>> 10 < 10
False

The expression 0 < 6 returns the Boolean value True because the number 0 is less than the
number 6. But because 6 is not less than 0, the expression 6 < 0 evaluates to False. 50 is not
lessthan 10.5,5050 < 10.5isFalse.10.5islessthan11.3,5010 < 11.3 evaluates
to True.

Look againat 10 < 10. Itis False because the number 10 is not smaller than the number 10.
They are exactly the same size. If Alice was the same height as Bob, you wouldn’t say that Alice
is shorter than Bob. That statement would be false.

Try typing in some expressions using the other comparison operators:

>>> 10 <= 20
True
>>> 10 <= 10
True
>>> 10 >= 20
False
>>> 20 >= 20
True
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>>>

Remember that for the “less than or equal to” and “greater than or equal to” operators, the < or >
sign always comes before the = sign.

Type in some expressions that use the == (equal to) and ! = (not equal to) operators into the shell
to see how they work:

>>> 10 == 10

True

>>> 10 == 11

False

>>> 11 == 10

False

>>> 10 != 10

False

>>> 10 = 11

True

>>> 'Hello' == 'Hello'
True

>>> 'Hello' == 'Good bye
False

>>> 'Hello' == 'HELLO'
False

>>> 'Good bye' != 'Hello'
True

Notice the difference between the assignment operator (=) and the “equal to” comparison
operator (==). The equal (=) sign is used to assign a value to a variable, and the equal to (==)
sign is used in expressions to see whether two values are the same. If you’re asking Python if two
things are equal, use ==. If you are telling Python to set a variable to a value, use =.

String and integer values will always be not-equal to each other. For example, try entering the
following into the interactive shell:

>>> 42 == 'Hello'
False

>>> 42 == '42'
False

>>> 10 == 10.0
True
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Just remember that every expression with comparison operators always evaluates to the value
True or the value False.

Conditions

A condition is another name for an expression when it is used in a while or if statement. (if
statements aren’t used in the reverse cipher program, but will be covered in the next chapter.)
Conditions usually have comparison operators, but conditions are still just expressions.

Blocks

A block is one or more lines of code grouped together with the same minimum amount of
indentation (that is, the number of spaces in front of the line). You can tell where a block begins
and ends by looking at the line’s indentation.

A block begins when a line is indented by four spaces. Any following line that is also indented by
at least four spaces is part of the block. When a line is indented with another four spaces (for a
total of eight spaces in front of the line), a new block begins inside the block. A block ends when
there is a line of code with the same indentation before the block started.

Let’s look at some imaginary code (it doesn’t matter what the code is, we are only paying
attention to the indentation of each line). We will replace the indenting spaces with black squares
to make them easier to count:

1. codecodecodecodecodecodecode # zero spaces of indentation

2. wwssscodecodecodecodecodecodecodecodecode # four spaces of indentation

3. =s=sscodecodecodecodecodecodecode # four spaces of indentation

4. wwsssssscodecodecodecodecodecodecodecodecode # eight spaces of indentation
5. ==sscodecodecodecodecode # four spaces of indentation
6
7
8

. ===scodecodecodecodecodecode # four spaces of indentation
. codecodecodecodecodecodecodecodecodecodecode # zero spaces of indentation

You can see that line 1 has no indentation, that is, there are zero spaces in front of the line of
code. But line 2 has four spaces of indentation. Because this is a larger amount of indentation
than the previous line, we know a new block has begun. Line 3 also has four spaces of
indentation, so we know the block continues on line 3.

Line 4 has even more indentation (8 spaces), so a new block has begun. This block is inside the
other blocks. In Python, you can have blocks-within-blocks.
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On line 5, the amount of indentation has decreased to 4, so we know that the block on the
previous line has ended. Line 4 is the only line in that block. Since line 5 has the same amount of
indentation as the block from line 3, we know that the block has continue on to line 5.

Line 6 is a blank line, so we just skip it.

Line 7 has four spaces on indentation, so we know that the block that started on line 2 has
continued to line 7.

Line 8 has zero spaces of indentation, which is less indentation than the previous line. This
decrease in indentation tells us that the previous block has ended.

There are two blocks in the above make-believe code. The first block goes from line 2 to line 7.
The second block is just made up of line 4 (and is inside the other block).

(As a side note, it doesn’t always have to be four spaces. The blocks can use any number of
spaces, but the convention is to use four spaces.)

The while Loop Statement

reverseCipher.py
8. while i >= 0:

9. translated = translated + message[i]
10. i=1-1
11.

12. print(translated)

Let’s look at the while statement on line 8 again. What a whi 1e statement tells Python to do is
first check to see what the condition (which online 8is i >= 0) evaluates to. If the condition
evaluates to True, then the program execution enters the block following the whi1e statement.
From looking at the indentation, this block is made up of lines 9 and 10.

If the while statement’s condition evaluates to False, then the program execution will skip the
code inside the following block and jump down to the first line after the block (which is line 12).

If the condition was True, the program execution starts at the top of the block and executes each
line in turn going down. When it reaches the bottom of the block, the program execution jumps
back to the while statement on line 8 and checks the condition again. If it is still True, the
execution jumps into the block again. If it is False, the program execution will skip past it.

You can think of the while statement while i >= 0: as meaning, “while the variable i is
greater than or equal to zero, keep executing the code in the following block”.
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“Growing” a String

Remember on line 7 that the 1 variable is first set to the length of the message minus one, and
the while loop on line 8 will keep executing the lines inside the following block until the
condition i >= Qs False.

reverseCipher.py
7. i = Ten(message) - 1
8. while i >= 0:

9. translated = translated + messagel[i]
10. i=1-1
11.

12. print(translated)

There are two lines inside the while statement’s block, line 9 and line 10.

Line 9 is an assignment statement that stores a value in the translated variable. The value
that is stored is the current value of translated concatenated with the character at the index i
in message. In this way, the string value stored in translated “grows” until it becomes the
fully encrypted string.

Line 10 is an assignment statement also. It takes the current integer value in i and subtracts one
from it (this is called decrementing the variable), and then stores this value as the new value of

1.

The next line is line 12, but since this line has less indentation, Python knows that the while
statement’s block has ended. So rather than go on to line 12, the program execution jumps back to
line 8 where the while loop’s condition is checked again. If the condition is True, then the
lines inside the block (lines 9 and 10) are executed again. This keeps happening until the
condition is False (that is, when i is less than 0), in which case the program execution goes to
the first line after the block (line 12).

Let’s think about the behavior of this loop. The variable i starts off with the value of the last
index of message and the translated variable starts off as the blank string. Then inside the
loop, the value of message [1] (which is the last character in the message string, since i will
have the value of the last index) is added to the end of the translated string.

Then the value in i is decremented (that is, reduced) by 1. This means that message [1] will
be the second to last character. So while i as an index keeps moving from the back of the string
in message to the front, the string message [1] is added to the end of translated. Thisis
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what causes translated to hold the reverse of the string in the message. When 1 is finally
setto -1, then the while loop’s condition will be False and the execution jumps to line 12.

reverseCipher.py
12. print(translated)

At the end of our program on line 12, we print out the contents of the translated variable
(that is, the string ' .daed era meht fo owt fi ,terces a peek nac eerhT')to
the screen. This will show the user what the reversed string looks like.

If you are still having trouble understanding how the code in the whi1e loop reverses the string,
try adding this new line inside the whi1e loop:

reverseCipher.py
8. while i >= 0:

9. translated = translated + message[i]
10. print(i, message[i], translated)
11. i=1 -1
12.

13. print(translated)

This will print out the three expressions i, message[i], and translated each time the
execution goes through the loop (that is, on each iteration of the loop). The commas tell the
print () function that we are printing three separate things, so the function will add a space in
between them. Now when you run the program, you can see how the t ranslated variable
“grows”. The output will look like this:

48 . .

47 d .d

46 a .da

45 e .dae

44 d .daed

43 .daed

42 e .daed e

41 r .daed er

40 a .daed era

39 .daed era

38 m .daed era m
37 e .daed era me
36 h .daed era meh
35 t .daed era meht

34 .daed era meht

33 .daed era meht f
32 o .daed era meht fo
31 .daed era meht fo

-+
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30 o .daed
29 w .daed
28 t .daed
27 .daed
26 f .daed
25 i .daed
24 .daed
23 , .daed
22 t .daed
21 e .daed
20 r .daed
19 c .daed
18 e .daed
17 s .daed
16 .daed
15 a .daed
14 .daed
13 p .daed
12 e .daed
11 e .daed
10 k .daed
9 .daed
8 n .daed
7 a .daed
6 c .daed
5 .daed
4 e .daed
3 e .daed
2 r .daed
1 h .daed
0 T .daed
.daed era

era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era
era

meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht
meht

fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo
fo

meht fo owt

(0]
ow
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt
owt

.F
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi
fi

,te
,ter
,terc
,terce
,terces
,terces
,terces
,terces
,terces
,terces
,terces
,terces
,terces
,terces
,terces
,terces
,terces
,terces
,terces
,terces
,terces
,terces

a
a
a
a
a
a
a
a
a

a

AU <L DR DR sV

p
pe
pee
peek
peek
peek
peek
peek
peek
peek
peek
peek
peek
peek

fi ,terces a peek nac

n
na
nac
nac
nac
nac
nac
nac
nac

e
ee
eer
eerh
eerhT

eerhT

The first line, which shows “48

On the next iteration of the loop, the print () call displays “47

.7, is showing what the expressions i, message[i], and
translated evaluate to after the string message [1] has been added to the end of
translated but before i is decremented. You can see that the first time the program execution
goes through the loop, i issetto 48, and so message [1] (thatis, message [48]) is the string
'.'.The translated variable started as a blank string, but when message [1] was added to
the end of it on line 9, it became the string value ' . '.

.d”. You can see that i has

been decremented from 48 to 47, and so now message [1] iISmessage [47], which is the
'd" string. (That’s the second “d” in “dead™.) This 'd' gets added to the end of translated
so that translated is now setto ' .d".

Now you can see how the translated variable’s string is slowly “grown” from a blank string
to the reverse of the string stored in message.
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Tracing Through the Program, Step by Step

The previous explanations have gone through what each line does, but let’s go step by step
through the program the same way the Python interpreter does. The interpreter starts at the very
top, executes the first line, then moves down a line to execute the next instruction. The blank lines
and comments are skipped. The while loop will cause the program execution will loop back to
the start of the loop after it finishes.

Here is a brief explanation of each line of code in the same order that the Python interpreter
executes it. Follow along with to see how the execution moves down the lines of the program, but
sometimes jumps back to a previous line.

reverseCipher.py

1. # Reverse Cipher

2. # http://inventwithpython.com/hacking (BSD Licensed)
3.

4. message = 'Three can keep a secret, if two of them are dead.'
5. translated = ''

6.

7. i = Ten(message) - 1

8. while i >= 0:

9. translated = translated + message[i]

10. i=1 -1

11.

12. print(translated)

Step 1 Linel Thisis a comment, so the Python interpreter skips it.

Step 2 Line2  Thisis a comment, and skipped.

Step 3 Line4  Thestring value ' Three can keep a secret, if two of
them are dead.' isstoredinthe message variable

Step 4 Line5 The blank string ' ' is stored in the t ranslated variable.

Step 5 Line7 len(message) - 1 evaluatesto 48. The integer 48 is stored in the i
variable.

Step 6 Line8 The while loop’s condition i >= 0 evaluates to True. Since the
condition is True, the program execution moves inside the following
block.

Step 7 Line9 translated + message[i] to '.'.Thestringvalue '." is stored
inthe translated variable.

Step 8 Line10 i - 1 evaluatesto 47. The integer 47 is stored in the i variable.

Step 9 Line8  When the program execution reaches the end of the block, the execution
moves back to the whi 1e statement and rechecks the condition. i >= 0
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evaluates to True, the program execution moves inside the block again.

Step10 Line9 translated + message[i] evaluates '.d'. The string value '.d"’
is s