ENGR 2218 — Digital Logic
Binary Arithmetic

Binary Addition
0+ 0=Sum of O with carry 0

0+ 1=Sum of 1 withcarry0
1+ 0=Sum of 1 withcarry0
1+ 1=Sum of 0 withcarry 1

- When there is a carry over, a third bit is added
0+ 0+ 0=Sum of 0 with carry 0
0+0+1=Sum of1withcarryO
0+1+0=Sum of 1 withcarryO
0+1+1=Sum of 0 with carry 1
1+0+0=Sum of 1 withcarry 0
1+0+1=Sum of 0 with carry 1
1+ 1+0=Sum of 0 with carry 1
1+1+1=Sum of 1 withcarry1

Binary Subtraction
0-0=0

O R =
Il
o -

-0
-1
—1=Borrow: 10-1=1
Binary Multiplication
- Works just like regular multiplication
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Binary Division
- Works just like long division
- Have a remainder if the numbers don’t divide evenly

Negative Numbers using the 2’s Complement System
- First find the 1’s Complement (change the 0’s to 1's, and the 1’s to 0’s)
- Add a binary 1 to the Least Significant Bit (LSB)
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2’s Complement System

- The Most Significant Bit (MSB) is treated as a negative magnitude bit
- For 8 bits: -2’

- If the MSB = 0, then the binary number is positive
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- If the MSB = 1, then the number is negative

Binary Addition with Signed Numbers
- When adding the MSB's, there can be a final carry that should be discarded

Binary Subtraction with Signed Numbers
- Take the 2’s Complement of the subtracting number (subtrahend) and add

Binary Multiplication with Signed Numbers
- Must maintain partial sums since no more than two binary numbers can be added at a time
- Steps
1.) Convert any negative numbers to positive using the 2’s complement
2.) Multiply
3.) If the final answer should be negative, then take the 2’s complement of the final product.
Otherwise, leave the final product alone.
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Binary Division with Signed Numbers
- Works like long division
- Follow the same steps as with multiplication

Hexadecimal Addition
- Letters need to be converted to a decimal number
- If the sum is greater than or equal to 16, then subtract 16 and carrya 1

(L
[ 1O 3
0123 V2 L 3
oL — "0 i
- v
ObieY -“:":’L

16’s Complement
Subtract the hexadecimal number from all F’s, and add 1 to the LSB
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Adders
- Digital Circuit that performs binary addition

Half Adder
- Adds two bits
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Full Adder
- Includes an input carry

A B Cal Z Cout
(o) & (&) o o
o o | L ©
®) L o t O
O v O (

( O © 1 O

[ o ( O \

\ . o |O '

| [\ ( (

z Ca Cin  Z =ABC.+ ARG, + RBL,HABE,
A b © [ﬂ——j
pe [0 SOR Z = (PERY® Cin
AB _@Y I




ENGR 2218 — Digital Logic
Binary Arithmetic

Cour
géhlﬂ

EE’ Coi = RC + A% + ARG,

AL

A&

ARG

kF’Q.C|i‘l
z
8 N
C'.n
—1 Lot

Parallel Adders
- Combine (Cascade) multiple full adders
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4-bit Parallel Binary Adder
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- Can cascade to 4-bit adders to create an 8-bit adder
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