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Jan 24ᵗʰ week three

Adm.fm
was are 6pm

Hw2 out due 431 6pm

CA 3 due 1 25 6pm

AY.IEates circuits
B

2 Representing numbers
3 Converting numbers

CA

4 Signed numbers

0 Something we learned

ISomethingwehaveQsab.ws

implitation P Q

P Q us Pna
draw both truthtables
which are betterrespects
theoriginal statement

predilate is a generalization of login statement

P x SX Tay



predicate s logic
1 plugin valves
2 quantifiers

logical equivalence show 2 logic statements are

equivalent by applying laws



1
Gatesandliroitshogi.LT

F n u n

1 0

oncott

Date loginal operation on one or
more inputs

Circuits sequence combination of gates

2nd A B And
O O O

O 1 0

1 0 0

l

A B

AfO O

O l l

l o l

l l l

not 1A
I

1 0



how can we build a

circuit to solve a problem

joinpd.com

Ice rkb

A B AVB A IF



2Representationfumbers
62

our universe
unsightlynumbers

in numbersystems counting arithmetic

6 B
baselo base 2 base 16
decimal binary hexadecimal

Decimal digit Binary digit bit Hex digit
0 1,2 9 011 0142 9 A B C D E F

Decimal base 10

I I 1000 2 100 1 a 3 tax

1000s 100s Los
Is

103 102 101 10
2000 100 30 8

213810



gngemm.mg yggz n g my man
mmf

same steps
base46

Binary 011
b 2 24 23 2 2

16 8 4 2 1

1 la 0 8 1 4 t 1 2 ok

16 64 2 22

10 1102 2210

HI
6 16

Q E A I

164 163 162 16 16

Hex digit 0,17 9 A B C D E F

8A 4 no

8 162 1076161 4 160 2212



3 lonvertingBetweenbas.es

just covered any
base to decimal

now deimal to anybase

Euaid.si inp yi
Eotient remainder

22 11 8 r 22 11 2 0

9 2 5 0

22 7 qtr
8 3 r I

22 17 8 tr

q 1 r 5

Apply Euclid to conversion

start with a number in base 10

divide by target base Itrack remainder

to construct the result



13,0 2 target base 2

13 2 6 R 1
remainder possible values

011,2 b 1
6 2 3 R 0

3 2 18

1 2 OR 1 L

11012

11012_ o snYteT
1 2 i 2 1 123 1 4 8 13,0 yay

784s zligntlnooo.IT I
784 16 left 31016

11000100002 no

1 29 1 28 1.24 512 256 164789,2

31016 to



3 162 1 16 0 16 768 16 17890

730

1111130

A V B

now we can simplify

77A A 773 Demory

A B Dable negation

rewrite the circuit



reuni

D

29 2 14 R I

14 2 7 R O

7 2 3 R I

3 2 1 R I

1 2 or

111012

13signednmbas
posit.ve negative numbers

how computers do subtraction

78 35 XXX

evensubtraction
78356 of pus s needs

signs

Binary need both posneg values



Computers have limited space

78 1357

01101101001

every
value is repped with same of bits

real life bits 32 64

our life Choose bits

we need to do arithmetic

Result system for not intuitive for

pos
First attempt sign magnitude

neg 1
01101 13

I 1101 13

Today's Systema Two's Complement

pos leftmost bit to be the sign
neg All values have same of bit s

start at 0 countup for positive

count down for negative



Universe 3 bittwoiscompument

3b.it to repevery valve
leftmost bit is sign bit

two decimal

rep more negative
I 3 values thanpositive

0 10 2
00 I

000 0

1 I 1 1

1 1 0 2

1 01 3

1 00 4

6
Decimal two's complement

If positive
make leftmost bit 0

convert the number

pad if needed

If negative
pretend it's positive convert to binary

flip the bits
add one



lsidequestiaddingbits.TO
0 0

0 1 1

0 I

1 1 10 Carry the one

6 bit two's complement

910 2

QQ to

sign
24 23 22 2 20

0010012 in 6 bit two's complement

9,0 a 2
6 bit two's complement

pretend positive 0 01001

flip bits 11101107
radar 11,0T 9 inabit

two's comp



24,0 z 6 bit two's comp

pretend positive 011000

flip bits 1 00111

Add one 0 0 0

1 I

1 to 1

I I 10 0 with carry of are

flipped bits iodii

10101 a zu

29,0 6 bit two's complement

Q
sign 24 23 22 2 20

0111012



9 001001

goals 9 11 0111

same bits

posing 24 101000

arithmetic 29 01110

bit universe what's highest positive

011111 31,0

lowest negative

100000 32,0

IAnithmeticwithbinays 9 24 9 24

9 00 1001

24 1,91 fings
need flip bits

add one

convert as if pos

110001

flip 001110 00 1 11 15,0
84 2 1and

o



1 24292 29 24

29 611101
24 101000

KIT extra bit

Always chop it off

Final answer remaining 6 bits

000101 510

24 9 24 9

24 101000

9
extra bit

011111 6 bits I
added two negatives got apositive



overflow valve is too high pos or too

low
neg to fit in my bits

recognize overflow

add two pos get ney
add two negs get pos

nd of chopping off
extra bit

lookingat 2 s lamp
does expected result

fit in range

A

DID
c

Do



Convert from base b to deimal

6 10 3 I 1000 1 100 3

10'41 1 7
1000 100 10

1,347

b
Is

1.63 3 62 4 b

7.6

6 8
1 3 47 1.83 3.82 4 8

53 82 880
1 7 80

5 16 1 3 47 163 3162 4 16

165 62 16 60
7 1



100000 no
or

flip bits oiiii
addare for 1.25 32

100



3 A B 2

4 bits

3 0011

A 1 010 0011101010110010

B 1011

2 0010


