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Content
• Last content for the semester!
• Adders
• Multipliers
• Shifters



Adders

• From before: 1-bit Full Adder takes 3 bits (a,b,carry 

in) and outputs 2 bits (carry out and sum)

• Simplest n-bit adder = Carry-Ripple



Subtractors

• Complement B and add 1 (as carry in) (2s complement)

• Simplest n-bit adder = Carry-Ripple

• XOR with 1 does complement, XOR with 0 does nothing



Adder Delay

• From before: 1-bit Full Adder takes 3 bits (a,b,carry in) and outputs 2 bits 

(carry out and sum)

• Simplest n-bit adder = Carry-Ripple

• Cost and Delay are proportional to the number of bits



Carry Select
• With more HW, calculate the sum if the carry in is 0 and if it is 1 in parallel

• Then, when the carry is computed, use it to the select the right output

• Can chain them, optimal is to do √𝑁 stages with √𝑁 bit adders (changes a little to match delays)

• What is the total cost proportional to? What is the delay proportional to?



Parallel-Prefix Carry Look-ahead

• Reformulate adder to output a 

propagate and generate signal

• Normal ripple with p and g 

signals offers no benefit

• We can group the p and g signals 
into P and G

• Then we generate hierarchically

• Runs in O(logn)



Multiplication
• Multiplication is a series of shifts and adds
• Negative numbers

– For multiplier (second operand), you must subtract the 
final partial product

– For multiplicand (first operand), you sign-extend 
partial products



Array Multiplier
• Single cycle multiply

• Generate all n partial products simultaneously



Carry Save Addition
• Speed up summation of partial products

• Saves the carries of of each addition for the last step (then does carry-propagate to get the 

final sum) 

• Takes 3 numbers and outputs 2



Signed Multipliers
• In theory, need way 

more HW because of 

sign extension

• Baugh-Wooley does 

some fancy stuff, only 

the same number of 

adders!



Constant Multipliers
• Important in applications like DSP

• Can hardcode series of shifts and 
adds

• Instead of just doing adds, we can 

also do subtracts (CSD) to do at most 
n/2 adds/subtracts

• KCM Multiplier (Break down into 

factors and then do CSD) – no simpl 
eway to figure out optimal KCM



Shifters
• Log Shifter

• Shift by decreasing 

powers of 2, with muxes

• Barrel Shifter

• Cross bar, samt selects a 

diagonal to transmit 

data
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