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1 Euclids
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Modular Mathematics

1 35,0 Binary 2 15 12 mod 5

your choice ofmethod

35 17 2 1 15 mod 5 0

17 8.2 1 12 mod 5 2

8 4.2 0

4 2 2 0 0 2 mod 5 2

2 1 2 0

1 0.2 1 27 mod 5 2

1000112



Quick note on how computers store
numbers Remember Bytes 8 bits

111 1111

Computers store numbers using the same
of bits

14 11102

More efficient and easier to find
things

This means sometimes numbers are too
big for their of bits e.g w 3 bits I

1 1

MI 4010111 12110 to
71000W7 1 8

discard

This is like working in mod 8



Negativerepresentation
In most math negative numbers

represented by 17 456

But computers only store 0 1 how to
we indicate negative numbers

Vocab

unsignednumberffwholenon
ngative

binary numbers
e g 1012

Starter idea Just add a sign bit infront
of number 17 mag

signbitnegative
nitude howbigO positive

1 IF to

it e s



EX Write 13 in 5 bits

II 13 6 2 1
3 3 270

5 in 5 bits 3 1.2 1

1 0 2 1

one's complement
However just a sign bit has some problems

1 Two ways ofrepresenting zero
14 bit example

0 000 to 11

a

1 0 0 0 0

This means we aren't the most efficient

2 Sign bit doesn't always add correctly
43 bit

y
discard 1 1 I

11000T

3 t 1



Twoscomplemen.tn a better negative rep

Intition most significant biggest place
value is negative everything elsepositive

eg Two's complement value in 3bits

1 i 1 22 1.2 1.20
4 2 I D

2 1112 1 1002 1.102 1 12
1 4 1.2 1

Exercise

1 0 I 01 in 4 bit two's complement
todecimal

0 23 1.22 0.2 t 1.2

4 1

2 I 0 I 1 in 4 bit two's to decimal

Ñ i
8 0.4 2.1 1



What pattern do we see 3 bits

I 8 d 4 1 only one zero
1 0 1

1 10
3
2

I 1 I I 2 Does the math work
0 00 0
00

1 Yes
o i o

f 2
0 I 1 3

Checking math 110
2 3 1

18 2

001 1,0

Note discarding digits isn't always
bad It only counts as overflow if
the resultiswront di
0 I 1 001 1 00 9

3 1 4
Overflow when outcome cannot berep W of bits



Connection to Mod

The magnitude is too big for 2 bits like mod

2 bits mody 22 things
wrap

around

Careful this is only true for positive

Exercise Which of thefollowing values fit
into their bits does it overflow

1 0 unsigned 2 bit Yes 00
2 2 unsigned 3 bit No unsigned none
3 0 2 bit two'scomp Yes 00
4 4 3 bit two's comp Yes
5 4 4 bit two's comp Yes
6 5 4 bit two's comp Yes 1.0101
7 10 4 bit two's comp No toobig8 3 4 bit two's comp Yes

This leads us to ask what values can we
represent w N bits

Unsigned Psii two's complement
2N2N R 21 20

to
smallest
largest 1 1 1 10 0

idiji i
KNIT



Exercise With S bits can rep N 5

Dunsigned 2 two's comp
o 25 1 25 25 1 1
0 31 16 15

Exercise Interpret 11011 as
1 unsigned 2 two's complement
1 1 100002 1 100027 D1002 1102 1.12

1 16 1 8 0.4 1.2 1 1

2 1 100002
16 8 2 1

Twoscompid Binary

1 First we have to check if it fits in
the number of bits

e g 4 bits would 13 fit
241 1 7 7 13

2 if value is positive use Euclid or subtraction
remember to pad w leading zeros

3 if value is negative solve for x

a value 2n x
b just solve for x



J
c turn into binary

value 2 d append leading 1
value 2N 1

2 In value

Example 4 as 4 bit two's comp

finde 2 4
8 x 4

4

Iobinary 4 1002

addleadingI

5 bit two's complement

22
1

If

12 62 0 111100J
6 B 270

3 1 2 1

16 X 4 1 0.2 1

12
Flow chart's

is
use ended

method I It
can you I solve use ended padtoforx sub
rep it in n
N bits

gyp
add 191



Exercise Represent following as 6 bit two's comp
1 5 2 5 3 32
2N 1 25

32 510 1012 26
1
1 32 1

32 5 31
4 27 100010122 3273

27 13 277

13 6.2 1

6 3 2 0

3 1 2 1
1 0 2 1

110112

11110112


