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needed

Sometimes we need negatives

Computers do subtraction with addition
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Today twoscompremento

sign bit leftmost
o pos laney

valve of the number is

different when positive negative

Aways here same bits for each number

Addition algorithm always the same
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ex 3 bit two's complement

Iftbitsmostbeknant
f 1 I

r 0 10 2
sign 0 01 I

0 00 o highest 3

t I I i lowest Y

1 I 0 z

I 0 1 3

1 00 y



Decimal 2 s complement I 0 I let
1 number is positive

D
make leftmost bit zero

convert decimal binary in one way
fill in missingbits with zeroes
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pretend it's positive
Convert to bing
flip the bits
add one

what if number is toobig sorry I
know highest possible

it result of addition overtime
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Arithmetic in two's complement

normal binary addition samesteps as decimal

always have same bits

If after addition
we get an extra bit phthisis
after chopping

maybe fine

maybe result is crazyy s laertiary

overflow value of result
is toobig small

law neghighpos

29 24 29 z y

a bit

O 1 1 10 1 29

24

o
9

toomany bits
Chop off left

d



d

10001012 s I

24 t 9 9 001001

flip 110 110

101000 24
io a

I
as

chopped off

result grin I
É i

d
positive

i t t 36mW

in

IED r

off



3Moddaranthmity
Back to decimal

modulo is a mathematical operation

useful in
many prog languages

go.net
Euclid for a minute

n p G th reminder Ep
E G quotient

non zero

exo 16 5.3 i
what is remainder for 16 5

I 6 mod 5 1

Realliff
credit card

Is validated when typed in

product code that it's a valid number
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15 mod 1 0
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