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Abstract Carry-save—adder (CSA) is one of the most effective operation cells in implemnenting an
arithmetic hardware with high performace and small circuit area. An fundamental drawback of the
existing CSA applications is that the applications are limited to the local parts of arithmetic circuit that
are directly converted to additions. To resolve the limitation, we propose a set of new CSA
transformation techniques: optimizing arithmetics with multiplexors, optimizing arithmetics in multiple
designs, and optimizing anthmetics with multiplications. We then design a new CSA transformation
algorithm which integrates the proposed techniques, so that we are able to utilize CSAs more globally.
An extensive experimentation for practical designs are provided to show the effectiveness of our
proposed algorithm over the conventional CSA techniques.
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RTL Design [14] Qurs improvermernt improvernerrit
Design (timing, area) (timing, area) (timing, area) over RTL design over [14]
mux_1 3.26 ns 3.26 ns 2.09 ns 36%6 faster 3696 faster
(timing ont.) 4742 units 4742 units 3565 units 25% smaller 25% smaller
rmux_1 3.26 ns 3.26 ns 2.94 ns 10% faster 10%¢ faster
(area ont.) 4742 units 4742 units 2312 units 51% smaller 5196 smaller
mux_2 478 ns 478 ns 4.20 ns 1294 faster 12% faster
(partial) 5036 units 5036 units 4265 units 15% smaller 1596 smaller
mux_2 478 ns 402 ns 3.26 ns 3296 faster 1996 faster
(full) 5036 units 5325 units 5439 units 8% larger 2% larger
mux_3 289 ns 2.81 ns 2.55 ns 12% faster 9% faster
(timing opt.) 5756 units 5004 units 4115 units 20% smaller 189 smaller
mux_3 2.89 ns 2.95 ns 3.01 ns 496 slower 2% slower
(area opt.) 5756 units 4439 units 2541 units 56% smaller 43% smaller
E 2 O3HAE TR F= i Z7 vn
RTL Design {141 Qurs improvement improverment
Design (timine, area) (timing, area) (timing, area) over RTL design over [14]
hier_1 3.03 ns 3.06 ns 2.57 ns 259% faster 1294 faster
(timing opt.) 2019 units 2261 units 2017 units 3196 smaller 1196 smaller
hier_1 3.03 ns 3.06 ns 2.88 ns 149 faster 6% faster
(area opt.) 2919 units 2472 units 1365 units 53% smaller 40% smaller
hier_2 4.42 ns 3.80 ns 3.29 ns 26% faster 13% faster
(timing opt.) 4822 units 4750 units 4591 units 5% smaller 3% smaller
hier_2 442 ns 430 ns 399 ne 1096 faster 7% faster
(area opt.) 4822 units 3406 units 3416 units 29% larger same
hier_3 418 ns 3.18 ns 2.45 ns 41% faster 2326 [aster
(timing opt.) 3993 units 3907 units 3632 units 9% smaller 7% smaller
hier_3 418 ns 3.58 ns 3.60 ns 14% slower same
(area ont.) 3993 units 3255 units 2390 units 40% smaller 27% smaller
#3949 T4 A99¢ TP U2o) 4 A% va
RTL Design [14] Ours improvement improvement
Design (timing, area) (tirning, area) (timing, area) over RTL design over [14]
(a+b)#c—d 5.14 ns 4,08 ns 3.75 ns 279 faster 8% faster
(timing opt.) 5066 units 3813 units 6052 units 19% larger 59% larger
(a+39)*c-d 4.80 ns 393 ns 3.66 ns 249% faster 7% faster
(tirning opt.) 4290 units 3277 units 4360 umits 224 larger 32% larger
(a+7)*c~-d 4.66 ns 3.87 ns 358 ns 2396 faster 7% laster
(timing ont.) 4308 units 3369 units 4033 units 6% smaller 209 larger
(a+1)#c-d 412 ns 3.43 ns 3.35 ns 1996 faster 2% Taster
(area opt.) 4392 units 3430 units 3217 units 34% smaller 6% smaller
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RTL Design [14] Qurs improvement improvement
Design (timing, area) (Hrming, area) (timing, area) over RTL design over [14)
mix_1 3.41 ns 320 ns 249 ns 27% [aster 2296 faster
(timing opt.) 4456 units 4399 units 4051 units 11% smaller 8% smaller
mix_2 4.49 ns 427 ns 334 ns 26% faster 2226 faster
(tirning ont.) 5296 units 4676 units 5129 units 3% smaeller 109 larger
mix_3 4.66 ns 4.36 ns 3.33 ns 29% faster 24% faster
(timing opt.) 4329 units 4147 units 3607 units 17% smaller 13% smaller
test_1 568 ns 548 ns 4.83 ns 15% faster 1294 faster
(timing opt.) 9911 units 8124 units 8356 units 16% smaller 3% larper
test 1 5.68 ns 32.88 ns 5.49 ns 3% {aster 7% faster
(area opt.) 9911 units 6560 units 6331 units 36% smaller 3% smaller
5 2 2o gig 24 v
RTL Design [14] Curs improvernent improvement
Design #ops (tirning, area) (timing, area) (timing, area) | over RTL design over [14]
MAHA 283 ns 592 ns 43] ns 5% fasler 27% faster
16 9986 units 10141 units 10835 units 9% larger V9% larger
Differential 1292 ns 089 ns 9.51 ns 2626 faster 49 faster
equation.2 20 22171 units 20235 units 0586 units 7% smaller 2% larger
bth-order 10.66 ns 8.12 ns 720 ns 32% faster 11% faster
elliptie filter 33 16187 units 14086 units 13396 units 17% smaller 5% smaller
Znd-order 9.94 ns 9.76 ns .31 ns 16% faster 15% faster
iir filter.2 18 29424 units 26468 units 28738 units 2% smaller 9% larger
average 30% faster 18% faster
8% smaller 8% larger
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