ECE 645: Lecture 4

Carry-Lookahead
& Carry-Select
Adders

Required Reading
Behrooz Parhami,

Computer Arithmetic: Algorithms and Hardware Design

Chapter 6, Carry-Lookahead Adders
Sections 6.1-6.2, pp. 91-96.

Chapter 7, Variationsin Fast Adders
Section 7.3, Carry-Select Adders, pp. 114-116.

Possible solutions to the
carry propagate problem

1. Detect the end of propagation rather than wait for
the worst-case time

2. Speed-up propagation via
. look-ahead
. carry select, etc

3. Limit carry propagation to within a small number d&bi

4. Eliminate carry propagation through the redundant
number representation




Carry-Lookahead Adders

Basic Signals

Generate signal: g = Xy,
Propagate signal: p=x% 0y,

Anihilate (absorb) signal: (AXY =X TY
Transfer signal: t=g+p=3=Xx+Y

Cor=1giveng =1

Carry recurrence

Ci=G*tCR=g+Gt

Unrolling Carry Recurrence
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4-bit Carry-Lookahead Adder (1)
Cy=G%+ GPs* G PaPs + GhP1PP3 + GPoP1P2Ps

C= Gt G P+ GoP1P2 + GPoP1IP,

=01 %P+ GPPy

G =Gt GPy
S5=%0Y¥O6G=pUc ss=p e
$=p UG ;=P

4-bit Carry-Lookahead Adder (2)

C, =0+ Cyps 3 gates less
C3= %t G P2t GPP2 + GPoP1P:

=01 %P+ GPPy

G =Gt GPy
S5=%0Y¥UO6G=pUc ss=p e
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4-bit Carry Network with Full Lookahead
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4-bit Lookahead Carry Generator
Equations

Cis3 = Gu2 T Gu1 P2 * G PistPi2 + GPP1P2
Ci2 = Gi1 T G Py T GRiP1

Cia=G+Gp

g[i..i+3] = g+3 + g+2 pi+3 + g+1 pi+2 pi+3 + g p|+1 pi+2 pi+3

Pji..i+3] = P Pisa Piv2 Pie3

4-bit Lookahead Carry Generator
Schematic

4-bit Lookahead Carry Generator
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16-bit 2-level Carry Lookahead Adder
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Operation of the
16-bit 2-level Carry Lookahead Adder (1)

Signals Formulas Delay
computed
n | = X.V:
9 b G = 1 gate delay
i=0..15 pi=x 0y
9ji..i+3)r Pyii.i+3) 2 gate delays
i=0, 4, 8, 12

g[l.vl+3] = g+3 + g+2 pi+3 + g+1 p\+2 pi+3 + g p\+1 p|+2 pi+3
p[\..\+3] = p| p\+1 pi+2 pi+3

Operation of the
16-bit 2-level Carry Lookahead Adder (2)

Signals Formulas Delay
computed
C4 Gg Cpp 2 gate delays

Yp..157 Ppo..15)

C4= Yo.31 T ©Pp.3 Cs= 971 Y0.31Pa..71 T 0 Po.31Pua. 7
C12= Os.111 7 . 71P..11) F Go.3Ppa..7Pss..12) + GPpo..31P4.. 71Ps. 11

G0..151= G12.151F Gs.111Pp2..151 7 G471 Pis..11Pp12..15)
* Go.3P..7Ps..11)Ppa2..15)

Pro..15) = Po..3Pp4..71Ps..111Pp12..15)




Operation of the
16-bit 2-level Carry Lookahead Adder (3)

Signals Formulas Delay
computed
Cir1r Gior Gig 2 gate delays
i=4,8,12

i.e, C5 Gg Cpu Gy Cio Cips Cuar G Cis
Ciz = Gu2 * Gu1 Pz * G PiaPisz + GPiPi1Ps2
Civ2 = Gu1 * G Pus + GPPLy
Cii=G*GR

Operation of the
16-bit 2-level Carry Lookahead Adder (4)

Signals Formulas Delay
computed
Si1r Se2r Si3 1 gate delay
i=4,8,12

i, S % S % Sio S Stz S Sis

s=p0g

Total: 8 gate levels in the CLA adder vs.

32 gate levels in the ripple carry adder

64-bit 3-level Carry Lookahead Adder
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Operation of the

64-bit 3-level Carry Lookahead Adder

Level Signals computed

Delay

PRE | G, B i=0..63

1 gate delay

Oi.i+3p Piiva)  i=0, 4, 8, 12, ..., 56, 60

2 gate delays

Gji.iv15] P15 i=0, 16, 32, 48

2 gate delays
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2 gate delayg
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Delay of a k-bit Carry-Lookahead Adder

-I—Iookahead-adder= 4‘ IOgl k‘

k Tlookahead—adder Tripple-carry-adder
4 4 8
16 8 32
32 12 64
64 12 128
128 16 256
256 16 512

Carry-Select Adders




One-level k-bit Carry-Select Adder

k-1 k2
¢
| k/2-bit adder [
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One-level k-bit Carry-Select Adder
Cost & Latency

Cselect-add(K) = 3Caqq(k/2) + k/2 + 1
Tselect-add(K) = Taga(k/2) +1

Units: cost and delay of a single 2-to-1 multiplexer

Two-level k-bit Carry Select Adder
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