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Outline 

ÅArithmetic Circuits

ïAdder

ïSubtractor

ïComparator

ïArithmetic Logic Unit (ALU)

ÅHow Computer Works?

ÅMemory Arrays

ÅLogic Arrays
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ALUs Are Thermal Hotspots!

Processor Thermal Map

GOAL: High-Performance Energy-Efficient Design
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32-Bit ALU Architecture

Multiple ALUs clustered together in the execution core

High Power Density
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Arithmetic Circuit

ÅThe central building blocks of computers

ÅPerform many arithmetic functions: 

ïAddition 

ïSubtraction 

ïComparisons 

ïShifts 

ïMultiplication 

ïDivision
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How to Add Binary Numbers?

ÅDecimal addition ÅBinary addition

2 3

+ 2 8

1

2 3

+ 2 8

1

1

2 3

+ 2 8

5 1

1 0 1 1 1

+ 1 1 1 0 0

1 0 1 1 1

+ 1 1 1 0 0

1

1 0 1 1 1

+ 1 1 1 0 0

1 1

1               

1 0 1 1 1

+ 1 1 1 0 0

0 1 1

1    1               

1 0 1 1 1

+ 1 1 1 0 0

0 0 1 1

1    1               

1 0 1 1 1

+ 1 1 1 0 0

1 1 0 0 1 1

υρρπ ρρππρρς
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Half Adder

Inputs Outputs

A B Cout S

0 0 0 0

1 0 0 1

0 1 0 1

1 1 1 0
Carry (out): ╒ ═║

Sum:╢ ═ἅ║

Logic diagram Symbol
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How to Add Binary Numbers?

ÅDecimal addition ÅBinary addition
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Full Adder

Inputs Outputs

A B Cin Cout S

0 0 0 0 0

1 0 0 0 1

0 1 0 0 1

1 1 0 1 0

0 0 1 0 1

1 0 1 1 0

0 1 1 1 0

1 1 1 1 1

Logic diagram

╒▫◊◄ ═║╒░▪ ═║╒░▪ ═║╒░▪ ═║╒░▪

═║ ═ ║╒░▪

or ═║ ═ἅ║╒░▪

Symbol

╢ ═ἅ║╒░▪ ═ἅ║╒░▪

═ἅ║ἅ╒░▪
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Full Adder (Cont.)

╢ ═ἅ║ἅ╒░▪ ╒▫◊◄ ═║ ═ἅ║╒░▪
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Parallel Binary Adder

Å2- bit addition

0 1 

+ 1 1 

1 0 0 

Carry:  1      0

Å4- bit addition

VEasy to expand

üTakes Time!
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Full Adder ïAnother Look

É Itôs all about carry, so re-define 

terms for more efficient design

É Carry status

- Delete (D):

- Propagate (P):

- Generate (G):

É Full Adder

- Internally generates P, G, (D)

S = AÄBÄCi = P ÄCi

Co = G + PÖCi
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Carry Look-Ahead

Sumi = AiÄBiÄCarryi-1 Carryi = Gi + PiÖCarryi-1

Full Adder 4 Question: What is the penalty of Carry Look-Ahead?
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How computer reads negative number

ÅUnsigned and 

signed binary 

numbers 

ï8 bit unsigned number

0 to 255, i.e., 0 ~ 0xFF

ï8 bit signed number

-128 to 127, i.e., ?? to 

0x7F

ÅTwoôs Complement 

Numbers

1. Invert all bits

2. Add ñ1ò to the last 

significant bit

Example for four bits 

number:

υ πρπρ
υ ρπρπρ

ρπρρ

How does the 

computer knows the 

minus sign ñò?
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ÅDecimal subtraction ÅBinary subtraction

Binary Subtraction

1 5

- 5

1 0

1 5 

+ (- 5)

1 0 

1     1     1     1     1     1     1     1 

0 0 0 0 1 1 1 1

+ 1 1 1 1 1 0 1 1

0 0 0 0 1 0 1 0

(carry)

ρπρπ ρπρπς
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Subtractor

ÅSymbol ÅImplementation

ὣ ὃ ὄ ὃ ὄ ρ
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Equality Comparator
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Magnitude Comparator

ÅTruth table of 2-bit 

magnitude comparator

x1 x0 y1 y0 x<y x=y x>y

0 0 0 0 0 1 0

0 0 0 1 1 0 0

0 0 1 0 1 0 0

0 0 1 1 1 0 0

0 1 0 0 0 0 1

0 1 0 1 0 1 0

0 1 1 1 1 0 0

0 1 1 0 1 0 0

1 0 0 0 0 0 1

1 0 0 1 0 0 1

1 0 1 0 0 1 0

1 0 1 1 1 0 0

1 1 0 0 0 0 1

1 1 0 1 0 0 1

1 1 1 0 0 0 1

1 1 1 1 0 1 0

Ὓ Ὓ Ὓ

Ὓ ὢὢὣ ὢὣὣ ὢὣ

Ὓ ὢὣὣ ὢὢὣ ὢὣ
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Arithmetic Logic Unit (ALU)

ÅCombines a variety of mathematical and logical

operations into a single unit

Åa combinational logic circuit
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Example: the 74181, a four-bit ALU
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Function Table
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Realization

opcode


