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Low-power 32-bit Multiplier Based on Leapfrog Wallace Tree

LI Wei, DAI Zi-bin, CHEN Tao
(Institute of Electronic Technology, PLA Information Engineering University, Zhengzhou 450004)

Abstract In order to improve performance of multiplier, this paper adopts modified Booth algorithm to generate partial product, proposes the
leapfrog Wallace tree architecture to compress partial product, and introduces the modified LING adder to compute the final sum of the result of
Wallace tree. The design is realized by using Altera’s FPGA. Synthesis, placement and routing of 32-bit multiplier are accomplished on 0.18 um
SMIC process. Compared with conventional multiplier with traditional Wallace tree, the multiplier reduces the multiplication time, the power
dissipation and the area of multiplier by 29%, 38% and 17%.

Key words Booth algorithm; leapfrog Wallace tree; multiplier; LING adder

1 Booth
CPU
CPU 0.18 pm SIMC
CPU [1] (
Booth Booth 3M, 5M, 6M, 7M)
Booth4 8
Booth 3M, 5M, 6M, 7TM
Wallace ' LING (i3 3M
Booth 1M+2M
Wallace Booth3 11
Wallace 3
LING 15
3M
Booth3 11 3M
Booth4 3M
2 Booth 32 bit
Booth
Booth Booth U 32 bit 17
Booth Booth Booth
1 32 bit
Booth Booth
1 Booth Wallace
Booth 32 bit
32 Booth
Booth3 11 3M
Booth4 8 3M 5M 6M 7M™ (1983 )
Booth3 11+1( )+3( )=15 3M
Boothz 17 2007-10-10  E-mail try_1118@163.com

—229—



Booth C S
3 [2] 54 bit
3.1 32 bit Wallace

(CSA) 4-2 2

CMOS
—-——= 8
1 1 td
1td 2 td®
———10td
CSA CSA
1 3 E,F,G C
———121
S C 2 td S 4 i
4-2 [6] 4-2
CSA 15 42 —=—=1l6td
4 td S 6 td ——==—20td

_J ( E 3 Wallace
G C S
-l Wallace C S
|4

F
S — Q\ Wallace

Wallace 4tb
1 CSA
3.2 Wallace 4
Wallace 2 4.1
Wallace 2
32 hit

|‘_°td 64 bit
——- 4d

CPA
——- 8u 4 bit CPA

CPA
64 bit
——-12td LING
B LING CLA 7]
LING CLA (G P)
——-16td ( H o)
H I H
——-20td LING
4 bit CLA
- G =05 = Us + PsG, + PsP,0; + Ps P2
2 Wallace g=ab, p=a+b

C S

—230—



0; = a3hy = (a3b;)(a; +b;) = p; g,
P, = P; = a5 +hy

G =Py 05+ P39, + Ps Po0; + P3P, PG, =

P (s + 9, + PG + PoPiYo) = P H @)
g p 1)
H = a,b, +a,b, + a,a,b, + a,bb, + aya,a,b, + a,a,b,b, +
ay3,b,b, + agbybyb, (2)
(2) H
CLA G CLA G
p 9 G
g p G 15
8 LING
H
8 4 H
G
G P G P H
| CLA
LING 3
CLA 4
LING
4.2
LING 2
Synopsys  DC(Design Compiler)
2
2 64 bit
Ins Jum?
CPA 271 6759
Brent-Kung Adder®® 2.41 6 905
Kogge-Stone Adder™™ 2.14 9875
CLA 217 7106
Synopsys Adder 2.21. 6831
LING 2.07 6988
2 LING
Brent-Kung, CLA
2 LING
5
DC
3
3 32bit
Ins /um?
Wallace +CPA 4.28 98 764
Wallace  +CPA 4.05 80 964
Wallace +CLA 3.44 82324
Synopsys Mult 3.21 72 269
Wallace +LING 3.01 81765

LING

Wallace
Magma Blast Rail
4
4
InW luw Imw Imw
Wallace+LING 148.1 32.8 0528 0.560
Wallace +CLA 387.6 104.6 0.820 0.904
38%
1) Booth2
(2) Wallace Wallace
(3)LING CLA
6
Booth Wallace LING 3
32 bit 0.18 ym SIMC
3.01ns 0.08 mm? 0.561 mW
330 MHz Wallace 29%
17% 38%
CPU

[1] Booth A. A Signed Binary Multiplication Technique[J]. Quarter
Journal of Mechanics and Applied Mathematics, 1951, 4(2):
236-240.

(2 : , oo 54

[3]. , 2006, 40(2): 191-194.

[3] Bewick G W. Fast Mulplication Algorithms and Implementation[D].
Stanford, USA: Stanford University, 1994.

[4] MacSorley O L. High-speed Arithmetic in Binary Computers[J].
Proceedings of the IRE, 1961, 49(1): 67-91.

[5] Shivaling S M, Poras T B. High Performance Low Power Array
Multiplier Using Temporal Tiling[J]. |IEEE Transactions on Very
Large Scale Integration(\VVLSI) Systems, 1999, 7(1): 121-124.

[6] , . Wallace [J].
, 2006, 7(8): 113-116.
[7] CLA [

, 2005, 10(1): 6-9.
[8] Brent P R, Kung T H. A Regular Layout for Parallel Adders[J]. IEEE
Transactions on Computers, 1982, 32(3): 260-264.
[9] Kogge P, Stone H. A Parallel Algorithm for the Efficient Solution of
a General Class of Recurrence Equations[J]. IEEE Transactions on
Computers, 1973, 22(8): 783-787.

—231—



