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* Carry Lookahead Adder
“ BCD Adder
¢ Binary Multiplier

s Carry-Save Adders in Multipliers
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Carry Lookahead Adder

¢ Is it possible to eliminate carry propagation? a

¢ Observation: Ci+1 = Q; bi + (Cll' S, bl) C;

. _ Cit1 Full Ci
< If both inputs a; and b; are 1s then A adder [

ci+1 Will be 1 regardless of input c; |
“* Therefore, define g; = a; b; >
% g; Is called carry generate: generates c;,, regardless of c;
“ In addition, define p; = (a; @ b;) a; or b; is 1, not both
¢ p; Is called carry propagate: propagates value of c; to c; .
“+ Equation of output carry becomes: ¢;,; = g; + p; ¢;
* If both Iinputs a; and b; are Osthen g; =p; = 0and ¢;,; =0
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Carry Bits

Carry bits are generated by a Lookahead Carry Unit as follows:
co = Input carry

€1 = go T Po Co

¢, = g1 +P1¢1=91+P1(go +PoCo) = g1 + D1 9o + P1 Do o

C3 =02 T P2C2 =921t P291 1T P2P190 1+ P2P1PoCo

Cq =93 T P3C3 =931t P392+P3P2911tP3P2P190F P3P2P1PoCo
Define Group Generate: GG = g3 + p3 g, + P3 P2 91 + P3 P2 P1 9o
Define Group Propagate: GP = p3 p, p1 Po

¢, = GG + GP ¢,

Carry does not ripple anymore

Reduced delay when generating ¢, to c, in parallel
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4-Bit Carry Lookahead Adder

All generate and propagate signals (g;, p;) are generated in parallel

All carry bits (c, to c,) are generated in parallel

The sum bits are generated faster than ripple-carry adder

a; by a, b, a, b, a, by
1-bit |Cs 1-bit |C2 1-bit |C1 1-bit | Co
Adder Adder Adder Adder
S3 So S So
Js3 P3 C3 0, P2 C, 0; P C1 Go Po
g p S GG gp Lookahead Carry Unit

bl
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Lookahead Carry Unit

V (A (R (R
J3 P3 C: 9> P C, U1Pg C: Yo Po

MRS GG GP Lookahead Carry Unit o[
Vo
O3 P3 Cs O C, 01 Ps C1 9o Po
U 0 N 0 n g U n 0 ?
'. o L 2 4 < CO

GP GG Two-Level AND-OR Logic
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Longest Delay of the 4-bit CLA

*» All generate and propagate signals are produced in parallel
% Delay of all g; and p, = A, (Delay of XOR > Delay of AND)

% Carry bits c,, C,, and c; are generated in parallel (Delay = A,)
< Carry-out bit c, is not needed to compute the sum bits

% Longest Delay of the 4-bit CLA=A; + A, + A, =2 A + A,

J3P3 C30; C,0; C1 9000
00 00 O n 0 0 0 ?
; 1 e = N
é I\\ ________________________________ / U
GP GG Delay - AZ gi pi Si
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Hierarchical 16-Bit Carry Lookahead Adder

¢ Designed with Four 4-bit Carry Lookahead Adders (CLA)
* A Second-Level Lookahead Carry Unit is required

¢ Uses Group Generate (GG) and Group Propagate (GP) signals

4-bit | a[15:12] b[15:12] ape bg a4 b[r4 apo]  b3:0]
input
B I S R ST S S R
4-bit C12 4-bit Cy 4-bit Cy 4-bit Co
CLA Adder CLA Adder CLA Adder CLA Adder
i i i i
S[15:12] S[11:8] S [7:4] S [3:0]
GG GP GG GP GG GP GG GP
Co| 93 P 9 P 91 P 9 Po
b .
GG GP Lookahead Carry Unit (Level 2)
v ooV
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Hierarchical 64-Bit Carry Lookahead Adder

¢ Designed with Four 16-bit Carry Lookahead Adders (CLA)
“* A Third-Level Lookahead Carry Unit is required
¢ Uses Group Generate (GG) and Group Propagate (GP) signals

16-bit | @a[47:32] b[47:32] a4r:32] b[47:32] a[31:16] b[31:16] aps0]  b[15:0]

input | ¢ o 164 16} 164 16§ 16§ 16§ 16

vectors
16-bit Cag 16-bit C32 16-bit Cig 16-bit Co
CLA Adder CLA Adder CLA Adder CLA Adder
16& 16$ 16¢ 16&
S[47:32] S [47:32] S[31:16] S[15:0]
GG GP GG GP GG GP GG GP
Cy | 93 Ps 9 P 91 P 9 Po
< .
GG GP Lookahead Carry Unit (Level 3)
v ooV
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Next . ..

*»» Carry Lookahead Adder
» BCD Adder
¢ Binary Multiplier

s Carry-Save Adders in Multipliers
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BCD Addition

* We use binary arithmetic to add the BCD digits

1000 8
+ 0101 + 5
1101 13 (>9)

» If the result is more than 9, it must be corrected to use 2 digits

¢ To correct the digit, add 6 to the digit sum

1000 8
+ 0101 + 5
1101 13 (>9)
+ 0110 + 6 (add 6)
Final answer
1 0011 «~— . onp 19 (carry + 3)
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Multiple Digit BCD Addition

Add: 2905 + 1897 in BCD

Showing carries and digit corrections

carry +1 +1 +1
+ 0010 1001 0000 0101
0001 1000 1001 0111
0100 10010 1010 1100
digit correction 0110 0110 0110
0100 1000 0000 0010

Final answer: 2905 + 1897 = 4802
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BCD Adder

A [3:0] B[3:0]
+4 +4

Cou< BCD Adder < C,,

Correction is required if: A+B > 9

Correction circuit adds 0 or 6

B[3:0]

!

Zy

A [3:0]
4i | \ i
S[3:0] Det.ectllon
<6 St | 4-bit binary Adder |
712, > Z3 %
2,7\ 00 0L 11 10 | "
J |
00 I
01 - - 1
A T1i 11 Correctioni EA

HA| | HA= Half Adder

Z3Zy + Z32Z4

Arithmetic Circuits 3 COE 202 - Digital Logic Design

Circuit :
10 A1) AddOor6 i l  FA = Full Adder

© Muhamed Mudawar — slide 13



Ripple-Carry BCD Adder

¢ Inputs are BCD digits: 0to 9
s Sum are BCD digits: ones, tens, hundreds, thousands, etc.
*» Can be extended to any number of BCD digits

*» BCD adders are larger in size than binary adders

A[15:112] B[15:12] A[11:8] B[11:8] A4 B4 A[30]  B[3:0]
s o i 4 s o i 4
Cy BCD Cs BCD Cy BCD C BCD Co
< <—
Adder Adder Adder Adder
43 43 43 43
S [15:12] S [11:8] S[7:4] S [3:0]
Thousands Hundreds Tens Ones
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Next . ..

¢ Carry Lookahead Adder
“ BCD Adder
s Binary Multiplier

s Carry-Save Adders in Multipliers
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Binary Multiplication

“* Binary Multiplication is simple:

0x0=0, Ox1=0, 1x0=0, 1x1=1

Multiplicand 1100, = 12

Multiplier x 1101, = 13
1100 Binary multiplication
0000

O x multiplicand =0

1100 o o
1100 1 x multiplicand = multiplicand
Product 10011100, = 156

*» n-bit multiplicand x n-bit multiplier = 2n-bit product

“» Accomplished via shifting and addition
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4-bit x 4-bit Binary Multiplier
% Suppose we want to multiply two numbers A and B
< Example on 4-bit numbers: A = a; a, a, a;and B = b3 b, b, b,
¢ Step 1. AND (multiply) each bit of A with each bit of B

< Requires n?2 AND gates and produces n? product bits

< Position of ajb; = (i+]). For example, Position of a,b; = 2+3 =5

AxB
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Adding the Bits Vertically

s ADD the product bits vertically using Carry-Save adders
<~ Full Adder adds three vertical bits
< Half Adder adds two vertical bits

< Each adder produces a partial sum and a carry

*» Use Carry-propagate adder for final addition

rN\Y7 \
)
@)

(

AxB

Gl0)
B

=
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Carry Save Adder

“* A n-bit carry-save adder produces two n-bit outputs

< n-bit partial sum bits and n-bit carry bits

¢ All the n bits of a carry-save adder work in parallel
<> The carry does not propagate as in a carry-propagate adder

< This is why a carry-save is faster than a carry-propagate adder

*» Useful when adding multiple numbers (as in a multiplier)

a3 by a; by ay by az b3 3y a; by ¢; ay by ¢
v | T | y lJ y lJ y lJ
Co— + I— -+ — + + l—c, + R +
v v v { v { v { v
Sa1 S So C'31 S'a1 cy S} Ch So
Carry-Propagate Adder Carry-Save Adder
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Carry-Save Adders in a Multiplier

Step 1: Use carry save adders to add the partial products

<> Reduce the partial products to just two numbers

Step 2: Use carry-propagate adder to add last two numbers

aghg

J Carry Save

J Carry Save Adder

asb, a,b, asb, a,b; a,b, a;b, a,b, ayb;
\ 4 \ 4 a1b3 y ) 4 ale \ 4 \ 4 aObZ \ 4 \ 4
FA = A FA = A FA [ 4 HA
b, ] /‘ ] /‘ ] /‘
v ab;, ¥ ¥ vy oah, ¥ ¥
FA = A HA FA = A HA
b, J /' / /‘ ] /‘
\ ‘ \ 4 \ 4 ‘ ‘
FA [ FA [« FA [ HA Carry Propagate Adder
P, P P, P, P, P, P,
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