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) ToR s Outline

A Arithmetic Circuits
I Adder
I Subtractor
I Comparator
I Arithmetic Logic Unit (ALU)

A How Computer Works?
A Memory Arrays
A Logic Arrays



1) Yensrs  ALUs Are Thermal Hotspots!

GOAL: High-Performance Energy-Efficient Design



&) twawexs  32-Bit ALU Architecture

Courtesy:
A Shlﬂ control R. Krishnamurthy
g @ (Intel)
Sum
Adder core b

External -
operands = 27

= Ne—f\1UX

-

>x<

Mux control Sign control Loopback bus

Multiple ALUs clustered together in the execution core
‘ High Power Density



Arithmetic Circuit

A The central building blocks of computers
A Perform many arithmetic functions:

I Addition

I Subtraction

I Comparisons

I Shifts

I Multiplication

I Division
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&) rsnexr  How to Add Binary Numbers?

A Decimal addition A Binary addition
2 3 10111
+ 2 8 +11100
51 110011

VRr PP MITIIPP
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) TH R ok Half Adder

( Sum
Input bits < > Outputs
Carry
\ J
Logic diagram Symbol
A A B
B S | |
VT
_I_
C l




How to Add Binary Numbers?

A Decimal addition A Binary addition
2 3 10111
+ 2 8 +1[1/11 00
51 110011

VRr PP MITIIPP
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Full Adder

1 & Dr. EDre.
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1 =afdr.

Half-adder

>
A——A 2
B - B out

Input

ADB

Foa=| &EDE.

carry, C,,

Half-adder
>

A ))

B COU[
AB

Full Adder (Cont.)

Sum

(A @ B)C,

(A®B)®C,

“in

Output carry,

AB + (A D B)

C.

“1n

C

“out
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(&) Ewn A

A 2- bit addition
Carry: 1 O

01
+11
100

A 4- bit addition

V Easy to expand

U Takes Timel!

Parallel Binary Adder

A, B, A, B,
General format, addition
of two 2-bit numbers:
AjA 0 L
+ BZBI _
A B (G, A B C,
)9 9
) FA2 FA1
CDUt Z COUt Z
(MSB) 24 2, 2, (LSB)
A, By A; B, A, B, A, B,
— ()
A B C, A B C, A B C, A B C,
(MSB) FA4 FA3 FA2 FA1 (LSB)
COU[ Z COUI' Z CCIUT 2 COU[ Z
c, — C ‘ C, ‘ C, ‘
2, 2 2 i



C, status A B C, C,
Delete 0 0 0 0
Delete 0 0 1 0

Propagate 0 1 0 0

Propagate 0 1 @ 1

Propagate 1 0 0 0

Propagate 1 0 @ 1

Generate 1 1 IJ- 1

Generate 1 1 1 1

E I'toés all ab odetine
terms for more efficient design
E Carry status
- Delete (D): D . 5
- PropagateP): P =A©HB
- Generate (G): (= A 18
E Full Adder
- Internally generates P, G, (D)
| 1 70 | 1 ‘ I 0 ‘ 0 1 |
A BC A BC, A B C, A B G,
)' )) )’
Co X cl s Coﬁ 2 s s

S=AABAC=PAC,

C,=G +P@,
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('11114

A B C,
FA4

out

Carry Look-Ahead

Sum, =A. A B, A Carry, ,

A; B

“in3

Cin?

A B C,
FA2

out

Carry, = G, + P.Qarry, ,

Ay B,

A B C,
FA1

out

"‘i nl

CmulJr - N N N
“out3 “out2 “outl
Full-adder 4 Full-adder 3 Full-adder 2 Full-adder 1
Cp4=A4+B4 Cp3=A3+B3 Cp2=A2+BZ Cp1=A1+Bl
Full Adder Question: What is the penalty of Carry Look-Ahead?
Cin4 — Cout'%

Coutd = Coa T CpuCipng = Coy + CpaCoys
= Cgy T Cpu(Coz + Cp3Cen + C3C,0C,1 + Cp3C0C,Cipy)
Cg4 + Cp4Cg3 + Cp4Cp3Cg2 + C;:)4C;:)3Cp2cgl + Cp4Cp3Cp2CplCinl

13
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twa#EAy HOwW computer reads negative number

A Unsigned and ATwods Compl e
sighed binary Numbers
numbers 1. Invert all bits
i 8 bit unsigned number 2.Add nlo to t
0 to 255, i.e., 0 ~ OXFF significant bit
i 8 bit signed number Example for four bits
12810 127, i.e., 22 to number:
OX7F How does the U mpmnp
computer knows the (L) pmpTp
mi nus ®9i7gn 0 PTIPP

rr 1 _T1 1 T1 T 1 T 71 1 T T T T T T T T T T T T 1
-8 -7 6 68 4 3 2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Unsigned 0000 0001 0010 0OO11 0100 0101 O110 O111 1000 1001 1010 1011 1100 1101 1110 1111
1000 1001 1010 1011 1100 1101 1110 1111 0000 0001 0010 0011 0100 0101 0110 0111 Two's Complement
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Binary Subtraction

A Decimal subtraction A Binary subtraction

15 1 1 1 1 1 1 1 1 (amy
—5 00001111
. +11111011

+ (- 5) 00001010
P Ry P TUR




Subtractor

A Implementation




Equality Comparator

— Equal




Magnitude Comparator

A Truth table of 2-bit

ity
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magnitude comparator



&) tawusy  Arithmetic Logic Unit (ALU)

A Combines a variety of mathematical and logical

operations into a single unit
A a combinational logic circuit

000 A AND B
A B 001 A ORB
*N ,i’N 010 A+B
. : 011 not used
\ \/ /L4 F 100 A AND B
ALU /'3 101 A OR B
*N 110 A—B
Y 111 SLT




) Twnery EXample: the 74181, a four-bit ALU

Pin Names Description
ol 7 kv 50—53 Operand Inputs (Active LOW)
A0—]2 23 b= At BO-B3 Operand Inputs (Active LOW)
ol “I'"  |s0-s3 Function Select Inputs
s1—{5 20 |82 M Mode Control Input
?: i Y IS (o Carry Input
M—{8 17}-¢ FO—F3 Function Outputs (Active LOW)
F:: ?0 :: ™ |A=B Comparator Output
F2—{11 14f-a=s |G Carry Generate Output (Active LOW)
e BB P Carry Propagate Output (Active LOW)
G Carry Output
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B M B AY Function Table

Logic Arithmetic
(Note 2)
S3 S2 $1 S0 (M =H) (M=L)(C,=L)
L L L L |A A minus 1
L L L H |AB AB minus 1
L L e L |A+B AB minus 1
L L H H Logic 1 minus 1
L e L L |A+B A plus (A + B)
L H L H |B AB plus (A + B)
L . o L |A®B A minus B minus 1
L e o H |A+B A+B
H L L L |AB A plus (A + B)
H L L H |A®B A plus B
H L H L |B AB plus (A + B)
H L H H |A+B A+B
H H L L Logic 0 A plus A (Note 1)
H e L H |AB AB plus A
H . H L |AB AB minus A
H . e H |A A
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) Twnwas Realization
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