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1 35,0 Binary 2 15 12 mod 5

your choice ofmethod IS mod 5 0

0 o 35 17 2 I 12 mod 5 2

21 17 8.2 1

4 2 8 4 2 0 0 2 mod 5

8 3 4 2 2 0 15 72 27

6 4 2 1 2 0 27 mod 5 2

325 1 0 2 1

1000112

1 1000002 0 100002 0.10002 0.1002 1.102 1.12
35 32 R 3 3 2 RI



Quick note on how computers store
numbers Remember Bytes 8 bit

111 1111

Computers store numbers using the same
of bits

pad out w leading zeroes

TÉ 7 1112

FEE 14 11102

Sometimes 8 bits 32 64 etc Why

117 67
computer doesn't know
where things startorend

17 11 14 easier to find numbers

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

FIt0 took it

7 I 8 588
This is kinda 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

unsignednumberiffonkgativebinary numbers e g
1012

magnitude

Starter idea Just add a sign bit infront
of number
1 negative
positive gn mag nitude howbig

EE Ek o

k tEk 5
if unsigned

19842,5
9
it's important to tell

a computer how to read



EX Write 13 in 5 bits

TMI 13 6 271
6 3.2 0

3 1 2 1
1 0 2 1

However just a sign bit has some problems

1 Two ways ofrepresenting zero
14 bit example

0 000 0

I 0 0 0 0

This means we aren't the most efficient

2 Sign bit doesn't always add correctly
43 bit

gascard I
11000ft

3 0

One's complement



Twoscomplemen.tn a better negative rep

Intition most significant biggest place
value is negative everything elsepositive

eg Two's complement value in 3bits
1 1 I

8 4 21

Two ways to think about this If

III 4 2 1 1
81 04112

2 1.1002 1.102 1 12
1 22 1.2 1 I

1011 1.10002 0.1002 1.102 1 12
Exercise 1 8 0.4 1 2 1.1

1 0 I 01 in 4 bit two's complement
4 2 1 to decimal

08 4 1 0 2 I I

150
2 I 1 0 1 in 4 bit two's to decimal

1 8 1.4 2 0 1.1
8 4 1



What pattern do we see 3 bits

86 4 1 only one zero
1 0 1 3
I 1 0

1 1 1
2
I

0 00 0 2 Math work Yes0 I
0 1

O l l

4 3

Checking math 1

1 10
2 3 1

1 10 011 001 71077

Note discarding digits isn't always
bad It only counts as overflow if
the resultisorong

O 1 I 001 1 00 4 3
3 I 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

1 0 unsigned 2 bit Yes 00
2 2 unsigned 3 bit No unsigned can'tbe
3 0 2 bit two'scomp Yes 00 neg
4 4 3 bit two's comp Yes
5 4 4 bit two's comp Yes
6 5 4 bit two's compYes 101 0101
7 10 4 bit two's comp No too big8 3 4 bit two's comp Yes

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

Unsigned Two's complement
2N2N R 21 20

I TH
smallest 0
largest 111111 111 1 2n 0.2N 27

1 2N t.IE 2oEf9fffz i i 2



12ND
5 919 one less

100,000
Exercise With S bits can rep N 5

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

Twoscompid Binary

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

two's comp
e g 4 bits would 13 fit

2 1 23 1 7

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
c turn into binary

value 2 d append leading 1
value 2N 1



Example 4 as 4 bit two's comp
find 241 4

8 4
4

to binary
4 1002

add any leading zeroes leading 1

It

Flow chart Two'ssqsm.pt
useeudidormEhoa I It

can you five
use euclid padtosub

rep it in a
N

N bits

gyp
add 1914

Exercise represent following as 6 bit two's comp
1 5 2 5 3 32

32 5 5,0 1012 6 bits

127 32 031
27 110112 100010122 26 1 1

Dei too big


