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What is Algorithm?

Set of rules

to obtain the
expected output
from the given
input

Characteristics of an Algorithm

Well-Defined Well-Defined
Inputs \ / Outputs

Clearand | Characteristics of
Unambiguous an Algorithm

Algorithm

Finite-ness

An algorithm is finite sequence of rigorous

/\/ \ instructions to solve a class of specific
Language Feasible

Independent problems, or to perform computations.




Algorithms help secure communication

7= sl

Cryptography Techniques
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Algorithms account for
various constraints to \
schedule transportations.
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Algorithms coordinate
tratfic signals.
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+ A fraction represents a part of a whole. When
spoken in everyday English, a fraction describes
how many parts of a certain size there are, for
example, one-half, eight-fifths, three-quarters.

+ A fraction consists of a numerator, displayed
above a line (or before a slash like %2 ), and a non-
zero denominator, displayed below (or after) that

line.

Exercise 1: Give three examples of fraction, and
use them to describe things in daily life.

To simplify a fraction, divide both the numerator
and denominator by the greatest common factor.
* The greatest common factor (GCF) between two
numbers is the largest factor dividing both of them.
» A fraction is in its simplest form if the GCF of its
numerator and denominator is 1.

What is a fraction?
What is a fraction’s simplest form?

How to reduce a fraction?






We use GCF to simplify a
fraction!

But it's not easy to find
the GCF when the
numbers get larger.

Exercise 2: Simplily fractions

What are the factors of 12?

What are the factors of 16?

What are the common factors of 12 and 167

What is the greatest common factor (GCF) of 12 and 16?
What are the common factors of 15, 30, and 105?

What is the GCF of 15, 30, and 1057

What is the GCF of 24 and 108?

What are the simplified forms of the following fractions?

12/16, 15/105, 24/108, 15/30, 30/105

®NOUhAWNH



the GCF e The Euclidean algorithm, or Euclid's algorithm, is

between two

an efficient method for computing the
(GCF) of two integers (numbers),

numbers the largest number that divides them both
. without a . It is named after the ancient
efﬁClently? Greek _who first described
it in his (c. 300 BQC).
e Itis an example of an , a step-by-step

E“Clidean procedure for performing a calculation according
o to well-defined rules and is one of the oldest
Algorithm

algorithms in common use.
® |t can be used to reduce to their
, and is a part of many other
number-theoretic and cryptographic calculations.



https://en.wikipedia.org/wiki/Greatest_common_divisor
https://en.wikipedia.org/wiki/Remainder
https://en.wikipedia.org/wiki/Mathematician
https://en.wikipedia.org/wiki/Euclid
https://en.wikipedia.org/wiki/Euclid%27s_Elements
https://en.wikipedia.org/wiki/Euclid%27s_Elements
https://en.wikipedia.org/wiki/Algorithm
https://en.wikipedia.org/wiki/Fraction_(mathematics)
https://en.wikipedia.org/wiki/Irreducible_fraction

Blackboard Demo &
Activities



Exercise 3: Find GCF(a,b) using Euclidean Algorithm

a=10,b=75
a=48,b =360
a=9357,b=5864
a=12345,b = 67890
a=>54321,b=9876

LhhobdbpRE
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The Extended Euclidean Algorithm

m = 65,n = 40 :géi' Extend the Euclidean Algorithm

Step 1: The (usual) Euclidean algorit]
1 n = 1- 28
1) 65 =1 i The Extended
(2) 40 = 1- + 15 .
3) ol 1D Euclidean
A 5 e
Sk Algorithm

) =2

ged(65,40) = 5.
Step 2: Using the : Application: Widely used in cryptography

5=15 — 10 ax + by = GCF(a,b)
=15 —-(25—15) =2-15 — 25

This is a certifying algorithm, because GCF(a,b) is
= 2(40—-25) — 25 =2-40 — 3-25 the only number that can simultaneously satisfy this
D 9. 40 — 3(65 — 40) = 5-40 — 3 - 65 equation and divide a and b. It could be used to

> 9oy ok Py i ; derive key-pairs in the RSA public-key encryption

method.
Conclusion: 65(—3) +40(5) = -


https://en.wikipedia.org/wiki/Certifying_algorithm
https://en.wikipedia.org/wiki/RSA_(algorithm)

Blackboard Demo &
Activities



Exercise 4: Express
GCF(a,b) in terms of a.b
using the Extended
Euclidean Algorithm

a=10,b=75
a=48,b =360
a=9357,b=>5864
a=12345,b =67890
a=>54321,b=9876

hwbhdE
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1

1.4142
1782

2

2.236
2.4494
2.6457
2.8284
3

3.3166
3.4641
3.6055
3.7416
3.8729
4
41231
42426
43588
4.4721

N
[
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PERFECT SQUARES AND THEIR ROOTS

W
]

1N
[

== 11 212 = 441
122 = 144 222 = 484
132 = 169 232 =529

(8]
]

~N
I

142 = 196 242
152 = 225 252
16% = 256 262
17% =289 2=

[0 ]
]

O
[

3] %] 3] o] ] 5] ] 5] ]
¥] 31 5] 51 %) & 7 5] 5] 3]

182 = 324 282

192 = 361 & ¥ whatisa square root of a number?
What is a perfect square?
Is every number a perfect square?

202 = 400 302

s



® Squaring a number means multiplying that number by itself.

How to square a

number?
2 _
4 = 16
This says "4 Squared equals 16"
(the little 2 says the number appears twice in multiplying)
How to ﬁnd the ® A square root of a number is a value that can be multiplied

by itself to give the original number.
e A square root goes the other way.

square roots of a

number a?

. 3 9
What can we multiply by e
itself to get a? Square Root

3 squared is 9, so a square root of 9is 3




31l @] ) o] ] &) ] 5] =

L v o= 3.5166 What is a perfect
1.4142 V12 = 3.4641 square?
1.732 V13 = 3.6055
® The Perfect Squares
2 V14 = 3.7416 (also called "Square
2236 J15 = 38729 Numbers?) are the
squares of the
2.4494 V16 = 4 integers.
_ Not all integers are
2.6457 V17 = 41231 ST SR,
28284 18 = 42426
3 \J19 = 43588 Exercise 5: What are the
non perfect squares
31622 20 = 4.4721 between 1 and 20?




How to
approximate
a real
number?

Continued
Fraction

° is a number that can be Exercise 6:
represented as the quotient p/g of two Examples
integers such that g + o. of rational

& irrational

O In addition to all the fractions, the set of
rational numbers includes all the integers,
each of which can be written as a quotient
with the integer as the numerator and 1 as
the denominator.

number?
\

O In decimal form, rational numbers are
either terminating or repeating decimals.
For example, !/, = 0.142857, where the
bar over 142857 indicates a pattern that
repeats forever.

® is a real number that
cannot be expressed as a quotient of two
integers.


https://www.britannica.com/science/number-mathematics
https://www.britannica.com/topic/set-mathematics-and-logic
https://www.britannica.com/science/integer
https://www.britannica.com/dictionary/denominator
https://www.britannica.com/science/decimal

. . ® An expression obtained through an ap + "
What is continued iterative process of representing a a; +
. 9 number as the sum of its integer part . 1
fractlon ‘ and the reciprocal of another number, az + . 1
then writing this other number as the Tt -
sum of its integer part and another 2, non-negative "
. 0 ’
reciprocal, and so on. ai, ..., a, positive integers
75 9
E ] 7H=2-334+9 §—2+§
XCrcisc 7 - 9 .
383=3-946 §=2+39 g 2 —
What is the continued + 343
fraction expression of - . .
75/337? 9=1-6+3 =024 -4 —
33 3 6 1
+ 34—
1-6+3 142
6
6=2-3 Doy . — 24—
33 3 1 , 1
+— 3+ —
1+ 14 =


https://en.wikipedia.org/wiki/Expression_(mathematics)
https://en.wikipedia.org/wiki/Iterative
https://en.wikipedia.org/wiki/Integer_part
https://en.wikipedia.org/wiki/Multiplicative_inverse

Blackboard Demo &
Activities



Exercise 6: Find the
continued fraction of
v 5 using the
algorithm on the
right.

To find the CF of x:

1) Let X0 = X, a0=|Xo]-

2) Let x;=14X, - Q0), a:1=|X4].

3) Let x,=14x, - a4), a,=|Xa].

4) Continue until a pattern is
spotted.

Then x = [ag; a4, ..., A,



Continued Fraction (CF) for Real Numbers

Finite continued fraction represent rational numbers

Finding CF exactly parallels the

applied to the numerator and
denominator of the number.
It must terminate and produce a finite continued
fraction representation of the number.
The sequence of integers that occur in this
representation is the sequence of successive
qguotients computed by the Euclidean algorithm.
By construction, every rational number has a
unique CF representation. 131

=1
101 +

Infinite continued fraction represent irrational numbers

e Finding CF continues indefinitely.

e This produces a sequence of approximations, all of
which are rational numbers, and these converge to
the starting number as a limit.

® The real numbers whose CF eventually repeats are
precisely quadratic irrationals.

e The square roots of all positive integers that are
not perfect squares are quadratic irrationals, and
heince has unique periodic continued fractions.

1
1 : V2 =1+ 1
1+ 1 2+ 1
3+ ——— 24—
1
1+ — 2+ —
1 :
44— i

4


https://en.wikipedia.org/wiki/Euclidean_algorithm

Why Continued Fraction?




/‘ what ' the
‘ Opposite of

Precise, accurate, exact,
: deflnlte, far, away, clear

apPproximat e> iSsimi i '
/ < Same, dlssmﬂar, dlfferent

< E 1. More natural
0
1285208 L X

representation of a

b

than 2. The Successive
real number h as approximations
ey other ways SuC génerated in finding the
Better Ways 1o Approximate decimal continued fraction
T - 3.1415926535 representations. representatiop of a
Number, that IS, by
272 = 3.1428_ \ fruncating the continued
raction representatlon,
355 are considered gg the
113 =3.14159295 | "best possibla”
104,348
33215 = 3.14159265392...

approximation.
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What is
cryptography?



encryption decryption

key \ / key

Encryption Decryption

Cryptography

A method of protecting information and communications through the use of codes,

so that only those for whom the information is intended can read and process it.




RSA Cryptosystem, publicly described in 1977

RSA (Rivest-Shamir-Adleman) is a public- In a public-key cryptosystem, the encryption

key cryptosystem that is widely used for key is public and distinct from the decryption
secure data transmission. It is also one of key, which is kept secret (private). An RSA user
the oldest. creates and publishes a public key based on

two large prime numbers, along with an
auxiliary value. The prime numbers are kept
secret. Messages can be encrypted by anyone,
via the public key, but can only be decoded by
someone who knows the prime numbers.

It applied the Extended Euclidean
Algorithm.


https://en.wikipedia.org/wiki/Public-key_cryptography
https://en.wikipedia.org/wiki/Cryptosystem
https://en.wikipedia.org/wiki/Encryption_key
https://en.wikipedia.org/wiki/Decryption_key
https://en.wikipedia.org/wiki/Prime_number

How RSA Encryption Works

2> ~— 2|7 —

Ciphered

Plaintext Decrypted
Sender data Data Plaintext Recipient
data

Public Key Private Key



Blackboard Demo &
The Last Activity



Table of Contents

. Algorithms Used in Daily Life.
. The Euclidean Algorithm.

The Extended Euclidean Algorithm.

Continued Fraction.

Algorithm in Cryptography: The RSA Cryptosystem.
Summary

G N






