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The Fuclidean A]gnriﬂaim

The Fuclidean Algnkifhim

An algorithim is 3 step-by-step procedure for performing a calculation When you are finding the ged of a pair of numbers a and b, use the
according to well-defined rules. notation (a, b).

The Euclidean Algorithim is an efficient method to find the greatest For example:
common divisor (aka the highest common factor) of a pair of 60 -3
numbers. ,9) =

Two integers are said to be caprime or relatively prime when the g.c.d
orh.cfist.

The Fuclidean Algnrifhim

The Fuclidean Algnvifl’wim

First express one number in terms of the other plus its remainder.

The remainder is zero and the greatest common divisor is th alast
non-zero remainder.
Examples: Use the Euclidean Algorithim for the following:

(a) Find the gcd of 140 and 252
W= | xlyo + 1N

40 = {x 2 + AR
A =U4x® + O

The. fask nen~
(oashm s

The Fuclidean Algnkﬂ'him

The Euclidean Algorithim

Examples: Use the Euclidean Algorithim for the following:
(b) Find the gcd of 132 and 424

k=3 x(32 + 28

Examples: Use the Euclidean Algorithim for the following:
(c) Find the gcd of 280 and 117

m:leﬁ--&'—z&:

B2 = 4 x28 4+ 20 17 = 2% 46 +
% I x20 + 8 Yo = | % 25 + 2!
20-7.&: '.-i 95 = Ix2l * Y
g 2Ax + 0 - g + |\
z“sx _
a32,4%24) <4 y=4xt + Q0

(230,IR) = |
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Writing the ged asa linear combination

Examples:
(&) simplify 684
1692

b2 = A 684 + 32
“Q;Qx‘ﬁ“ + 3

mstﬁb "%

acd =36

2. Find integers x and y such that 1078x + 420y = 14

(1093, 420)
o i
238 [x(R2 +56

» B1-gxss+ &
“-uK“ +0

i 4= 182-3 x56

= =X
14 k2 - 3x CTE=xiE)

(4= R2-3x238 +3x182
14= Uxiga-3x228

16= 4x B2B=TZR) - 35238
14> X520 - 61238 ~3x23

=4 X420 x233
4=Gntao-7x

4= ux%ﬂxm‘lul«m

= X420
xad §i

Use the Euclidean algorithm to find integers p and g such that

3066p + 7139 = 1.

The Division Algnkﬂ-]ﬁm

6%4‘._3 %
1692 =% ”

Any division can be written in the form of an equation

3+ bora/bcan bewrittenasa=qb +r

where q is the quotient, b is the divisor and r is the remainder.

This is the process of finding integers x and y such that (a, b) = xa + yb
Examples:

1. (3) Use the Euclidean algorithim to show that (231,17) =1

(wen(e find integers such that 231x + 17y = 1
F Bxryeio
f§= (xo ¥

-ll‘ +3
= 28 '* -
'z.aiuo gl Bty
(“ I-?—Q'@ §

* -Gt

3 (xio-2

":’1-(;::51;1

12353 -2x0

(-sxﬁ.l‘“-ixb

= 3uxt~3ui0 ~2x10

1= 3xR - 5x10

| =3xA -(5‘@”"5"%)

| = 34 -5x231+ S 0T

|= 68 xfp ~6x 2|
s 8

Use the Euclidean algorithm to find integers p and ¢ such that

3066p +713g=1.

Using the Division Algnrﬁhm for number base

We can use the division algorithm to convert integers into other
number bases such as binary, octal and hexadecimal.

We current[z use the base 10 system
25

5 § 3 o+ 1 °
0 o 16 1o [0 jo.
15 36 7
| 2xle? +SxI0%+ 3 A0 + 6x[0’ +Fx10= 25367

We can use any integer as 3 number base but the most useful are 2, 8,
and 16.

The divisor is always the number base you are converting to.
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Using the Division A]gnriﬂnm for number bases

Base 2 - Binary

This is a system which involves only two digits; O and 1. The place
values are all powers of 2.

19,07 7
1610

0x2° + 182"+ 0x2 1123+ IxL* > ab

Example: Convert 30 into binary

30-15%x2 + O
5-%x2 + |

. I
-ESI%. Vil Wello

| =0x2 ¢

Using the Division A|gnvi+hm for number base

Base 16 - Hexadecimal

This system has 16 digits. Since each digit can only occupy one place
value, a slight modification is needed. Integers 0-9 are used and then A
for10, B for 11, C for 12, D for 13, E for 14 and F for 15.

Example: Convert 298 047 into hexadecimla]
298 O4F = IBb2# x 16 * /r
1862% ~ (igunip + 3

6k = 33 406 + 2

T = ux'6+8
4 ~ox s t¥

48C 3¢

_
——

Specimen Paper

Show that the greatest common divisor of 487 and 729 is 1.

Hence find integers x and y such that 487x + 729y = 1.

2015

Use the Euclidean algorithm to find integers p and ¢ such that

3066p + 713 = 1.

2012

Use the division algorithm to express 1234, in base 7.
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Using the Division Algovi’rhm for number bases

Base 8 - Octal

This system uses powers of 8 as place values. It only uses the integers O
to7.

Example: Convert 53467 into octal form
53467 = 6683 x§ +3
6633 - 835 x8 +3
335:/04x8% +3
lo4= 3x8 + O
R = | x% + S

"-O xR * ]
130333
—
E T £ Asi .

This theorem states that every positive integer > 1 jan bcgvri’cten asa
product of prime factors. fj 9
Eg. 48= % 2 ,65%x7

& 3*x5

3

U8=3x2x2:2%2 =2*x3 .
This is knownas the coponicel form of on i3t

A composite number is one that has factors other than itself and 1.

The Goldbach conjecture states that every even integer greater than 2 is
the sum of two primes. (Still has to be proved!)

Specimen Paper

Show that the greatest common divisor of 487 and 729 is 1.

Hence find integers x and y such that 487x + 729y = 1. 4
2015
Use the Euclidean algorithm to find integers p and ¢ such that
3066p + 713g=1. 4
2012
Use the division algorithm to express 1234, in base 7. 3
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