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The Binary Multiplication
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The Array Multiplier
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𝑀 𝐵𝑖𝑡 𝑋 𝑁 𝐵𝑖𝑡 −> 𝑃 = (𝑁 +𝑀 − 1)

𝑅𝑒𝑞𝑢𝑖𝑟𝑒 𝑁 − 1 𝑀 − 𝐵𝑖𝑡 𝐴𝑑𝑑𝑒𝑟𝑠 𝑅𝑒𝑞𝑢𝑖𝑟𝑒 𝑀 𝑋 𝑁 𝐴𝑁𝐷 𝐺𝑎𝑡𝑒𝑠

𝑡𝑚𝑢𝑙 = 𝑀 − 1 + 𝑁 − 2 𝑡𝑐𝑎𝑟𝑟𝑦 + 𝑁 − 1 𝑡𝑠𝑢𝑚 + 𝑡𝑎𝑛𝑑
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The Carry-Save Multiplier
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𝑅𝑒𝑞𝑢𝑖𝑟𝑒 𝑁 𝑀 − 𝐵𝑖𝑡 𝐴𝑑𝑑𝑒𝑟𝑠 𝑅𝑒𝑞𝑢𝑖𝑟𝑒 𝑀 𝑋 𝑁 𝐴𝑁𝐷 𝐺𝑎𝑡𝑒𝑠

𝑡𝑚𝑢𝑙 = 𝑡𝑎𝑛𝑑 + 𝑁 − 1 𝑡𝑐𝑎𝑟𝑟𝑦 + 𝑡𝑚𝑒𝑟𝑔𝑒
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Vector Merging Adder
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Multiplier Floorplan
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Transmission Gate XOR
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Adder Cells in Array Multiplier
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Sequential Multiplier
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Booth Algorithm 
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Booth Algorithm 

Example:



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

4/10/2022 12

Comparators

• 0’s detector: A = 00…000

• 1’s detector: A = 11…111

• Equality comparator: A = B

• Magnitude comparator: A < B
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1’s & 0’s Detectors

• 1’s detector: N-input AND gate

• 0’s detector: NOTs + 1’s detector (N-input NOR)
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Equality Comparator

• Check if each bit is equal (XNOR, aka equality gate)

• 1’s detect on bitwise equality
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Magnitude Comparator

1 0 1

1 1 0
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Magnitude Comparator

1 0 1

1 1 0
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Magnitude Comparator
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Magnitude Comparator
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E0= (G0 + L0)’ = (A0 ⊕ B0)’
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Magnitude Comparator
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A = B When A0 = B0 and A1=B1

E = E0 . E1
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Magnitude Comparator
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Magnitude Comparator
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Magnitude Comparator

1-Bit Comparator

G =G0 L =L0 E =E0

2-Bit Comparator

G = G1 + E1. G0 L = L1 + E1. L0
E = E1. E0

3-Bit Comparator

G = G2 + E2. G1 + E2. E1. G0

E = E2 .E1. E0
L = L2 + E2. L1 + E2. E1. L0
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Magnitude Comparator
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4-Bit Comparator

G = G3 + E3.G2 + E3.E2. G1 + E3.E2. E1. G0

E = E2 .E1. E0

L = L3 + E3.L2 + E3.E2. L1 + E3.E2. E1. L0
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Shifters

Logical Shift:
– Shifts number left or right and fills with 0’s

• 1011 LSR 1 = 0101,     1011 LSL1 = 0110

• Arithmetic Shift:
– Shifts number left or right. Rt shift sign extends

• 1011 ASR1 = 1101          1011 ASL1 = 0110

• Rotate:
– Shifts number left or right and fills with lost bits

• 1011 ROR1 = 1101        1011 ROL1 = 0111
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The Binary Shifter
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Multi-bit Shifters

• Cascade one-bit shifters?

• Complex, unwieldy, slow for larger number of shifts

• Two other types of shifters
– Barrel shifter

– Logarithmic shifter
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The Barrel Shifter

Area dominated by wiring

Propagation delay is theoretically constant
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The Barrel Shifter
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Logarithmic Shifter



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

4/10/2022 30

Shifter Using Mux
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Thank you


