Lecture 13: ALUs, Adders

e Note: HW 6 submission has been moved to 2/29
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32-bit Ripple Carry Adder

1-bit ALUs are connected
“in series” with the
carry-out of 1 box

going into the carry-in

of the next box
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Incorporating Subtraction
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Incorporating NOR and NAND
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Control Lines

What are the values
of the control lines
and what operations
do they correspond to?
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st %1 32,63 if R<33
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Control Lines

What are the values
of the control lines
and what operations
do they correspond to?
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Control Lines

What are the values
of the control lines
and what operations

do they correspond to? l
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Speed of Ripple Carry

e The carry propagates thru every 1-bit box: each 1-bit box sequentially ) Jl
implements AND and OR — total delay is the time to go through 64 gates! P
yS

——@J&

e We've already seen that any logic equation can be expressed as the lq)‘&/
sum of products — so it should be possible to compute the result by

going through onh@g@ e_’ﬁ\
 — 5@% ‘ti "'Y\J\’\TQAZC

)

e Caveat: need many parallel gates and each gate may have a very
large number of inputs — it js difficult to efficiently build su&h large o
gates, so we’ll find a compfomise: Qy 4,, - et Qa, 6,3,- I N ﬁl%go

= moderate number of gates '
= moderate number of inputs to each gate L
= moderate number of sequential gates traversed ?/ |
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Cout=A.B+A.Cin+B.Cﬂ

Computing CarryOut = —

Carryln2 = b1l. Carrylnl + a1 Carrylnl + a1 b1
= b1.b0.cO+ b1.a0.cO0 + b1.a0.b0 +
al.b0.cO + al.a0.cO+al.a0.b0O+ al.bl

0"”’)‘#\6
Carryln32 = a really large sum of really large products
~ <~ <
( e Potentially fast implementation as the result is computed
by going thru just 2 levels of logic — unfortunately, each
gate is enormous and slowj
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Equation re-phrased: (

Ci+1 = ai.bi + ai.Ci + bi.Cj &+ b ML |
= (ai.bi) + (ai + bi).Ci e~o .
(ai.bi) + (ai + |)4|/7 \&7&% SQ_‘Z,{J; M( LN

Stated verbally, the current pair of bits will generate a carry
if they are both 1 and the current pair of bits will propagate
a carry if eitheris 1

| Gia
Generate signal
Propagate sighal = ai + big I a
Therefore, Ci+1 = Gi + Pi . Ci Q \o'\

—
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Generate and Propagate L‘@‘

~ ¢1=g0 + p0.c0
2=gt+plct = I + pl.(Jo+poce) Gonesel
= g1+ p1.90 + p1.p0.c0 SAcs

-
c3=g2 +p2.g1 + p2.p1.g0 + p2.p1.p0.cO 2 Peop
¢4 :f"@f p3.92 + p3.p2.91 + p3-p2-p1}'90 03.p2.p1.p0.c0

Csi= S o\' ; 07:;;( LT,
Either, \L S g, .( ”P%

a carry was just generated, or \
a carry was generated in the Igst step and-was propagated, or
a carry was generated two steps/backand was propagated by both
the next two stages, or
a carry was generated N steps back and was propagated by every
Aelsye

single one of the N next stages | +2 Sei G,JZ)




Divide and Conquer

e The equations on the previous slide are still difficult to implement
as logic functions — for the 32" bit, we must AND every single
propagate bit to determine what becomes of cO (among other
things)

e Hence, the bits are broken into groups (of 4) and each group
computes its group-generate and group-propagate

e For example, to add 32 numbers, you can partition the task as

AN AN AN AN
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P and G for 4-bit Blocks &\‘ ,/

e Compute PO and GO (super-propagate and super-generate) for the
first group of 4 bits (and similarly for other groups of 4 bits)

PO =p0.pl.p2.p3
GO g3+g2p +g1p2p3+g0p1p2p3

* Carry out of the of 4 bits.is
£1=G0+ P(ﬁ&m-gmu%
C2 G1 + P1.GO + P1.P0.cO

" €3=G2+(P2.G1) + (P2.P1.GO) + (P2.P1.P0.cO)

C4 = G3 + (P3.G2) + (P3.P2.G1) + (P3.P2.F1.GO) + (P3.P2.P1.PO.cO) \

8 Lot
ach AND, OR gate has few C@N‘a ,’1\

e By having a tree of sub-computations,
inputs and logic signals have to tfavel through a modest set of
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Example

Add A 0001 1010 0011 0011
B 1110 0101 1110 1011

g 0000 0000 0010 0011
p 111 1111 1111 1011
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Carry Look-Ahead Adder

e 16-bit Ripple-carry
takes 32 steps

e This design takes
how many steps?
5 sequential steps

Car|ryln
v
a0 —= Carryin
b0 —= g Resuli0-3
al —=
b1 —
a2 — ALUO
b2 — PO —— pi
a3 —-» I T
b3 —» GO0 g/
C1 afied Carry-lookahead unit
a4 —= Carryin
b4 —= = Result4—7
a5 —
b5 —=
ab—s={ ALU1
b6 —= p{ —— pi+1
a7 — = gi+1
b7 —» G1 g
cz2 ;
R U
a8 —* Carryin |
b8 — - Resultg-11
a9 —=
b9 —»
al0—= ALUZ2
b10 —= P2 —— pi+2
all —= i+2
ori— [ °
C3 ;
l— ci+3
al2 —= Cafryln
b12 —»= Result12-15
ald—=
B13—
ald —=| ALU3
b14 — P3 ——{ pi+3
a15—= ——= gi+3
15— @3 B ¢
l— ci+4
CarmyQu Source: H&P textbook

19



