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Exercise 1

Compute Area A, and Time T , for the 4-bit carry-
lookahead adder using the model for gate-count and
gate-delay
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Exercise 1

Compute Area A, and Time T , for the 4-bit carry-
lookahead adder using the model for gate-count and
gate-delay

Remember that:

» Any gate (but the EX-OR) counts as one gate for both area and
delay 2 A__,.and T,

gate
» An exclusive-OR gate counts as two elementary gates for both
area and delay =2 A;y o =2A,_ . and Ty or =2T

gate

gate

gate
» An m-input gate counts as m — 1 gates for area and log,m

gates for delay 2 A =(m-1)A,...and T =log,m T

m-gate gate m-gate gate
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Carry-Lookahead Adder

The carry-lookahead adder uses the bits:
Carry Generate g; =ab,
Carry propagate P = & ©b,

Then the expression of the carry is:

C, = &b +(a ®by)c =g; + piC
And the expression of the sum is:

s. = abci + abci+ abic +abc =(a ®b)®c =p, dc,
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Carry-Lookahead Adder

If we consider 4 bits, we have that c4, ¢, c3, ¢4, depend only on cg:
C1 = aobo + (20+bo)co = 8o + PocCo

C2 = aibg + (a1+b1)cy = g1 + p1C1-81 + P18o+ P1PoCo

C3 = axby + (a+by)co =g + P2Ca =82 + P281 + P2P1L0 + P2P1PoCo

C4 = asbs + (as+bs)c3 = g3 + p3C3 =gz + P3g2 + P3P281 + P3P2P 180+ P3P2P1P0Co

az bs a, by ap by ao bo
03 P3 02 P2 01 P1 Jo Po

_____________________ Ca . C___C . C
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Carry-Lookahead Additio

Structure of a 4 bit CLA 1{:_ — : 5[/\:“
A CLA requires one logic ™ ?_a -------------- i
level to form p and g, I
two levels for the carries, S W) >
and two for the sum, for "
total of five logic levels e
Unfortunately, a carry- . IS al) >
lookahead adder on n ),
bits requires a fan-in of i e S
n + 1 at the OR and at B; ?’J’ """"""""" B
the rightmost AND gate 1 Hes ¢y |—C4

Carry Lookahead

Block
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Carry-Lookahead Adder

If we consider 4 bits, we have that c4, ¢, c3, ¢4, depend only on cg:
* C1=8o* PoCo
Tcl = 2Tgate

Acl = 2Agate

* C2==811P18o+P1PoCo
T, =3T

gate

Ac2 =5 Agate

®* C3=82+P281+P2P180+ P2P1P0Co
Ty =4T

gate

Ac3 = 9Agate

® Ca=831+P3C3=83+ P382+P3P281+P3P2P180 + P3P2P1P0oCo
T, =5T

gate

A, = 14A

gate
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Carry-Lookahead Adder

If we consider that:
g, =ab,
p = & ®b

Carry Generate

Carry propagate
Ti=T

gate
Tpi = 2Tgate
The total is:

gate

> ACLA = 12Agate
=50A

and A=A
and A =2A

gate

+ 30A

gate

+5T,_ +2T

gate —

gate

gate

gate

+8A

oT

gate -

gate

Ca .
C S,
B, )
HGo
Ap__ < 5,
L P 11
B,
74
Bl HG,
C S
Ay 2 )_'J
B.’ 7.
] )_ G,
C S
A 3 S;
) — 6L >
BJ 7
HG; C, 4

Carry Lookahead

Block
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Carry-Lookahead Addition

A 16-bit adder can be built from four 4-bit adders, and a 4-
bit carry look-ahead unit at the second level

AlTs Bllz..ls Aslll Bf..ll Aal? Bf..? An:nf Bf.g
4-bit 4-bit 4-bit 4-bit | -,
CLA CLA CLA CLA |«—
Adder Adder Adder Adder
812..14 l SB..lll l Sa..?l l SD..E{ l
Pi2diz Ciz Psgs Cs PpP49s Csa pPoOgo
E 16-bit Lookahead Carry Unit PG GG

‘Y

A 64-bit adder can be built from sixteen 4-bit adders, four
4-bit carry look-ahead units at the second level, and a
single 4-bit carry look-ahead unit at the third level
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Pipelined Addition
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Pipelined Unsigned Multiplication

asbs apby
a 4a a4 g j='

b, b, b b

a0, ab, ab, agh,
ab ab ab ab an o

a;b, ab, ab, apb,
a;b;, ab, ab, ajb;

P;  Ps  Ps Py P By P Py = &
&
Ps P4 P3 P2 Py Po
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Pipelined Signed Multiplication

EONONONO
a,b agb
@ FA FA
a;b a b
ey ey e ey 1 0 = =)
b b, b, b, b b FA
an, a,0, ab, an, ab, ah
a4b1 aSbl a2b1 a1b1 aObl agbs
ab, ab, ab, aph, @ = =) =)
a,b; ab; agh,
ab, agh,
a0,
Ps.  Psa P3P P P Ps P4 P3 P,
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