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Abstract

This paper presents an experimental analysis of
the resource utilization and performance of various
integer multiplication algorithms, including
Schoolbook, Karatsuba, and 3—way Toom—Cook
multipliers, for operand sizes ranging from 16 to
512 bits. Although algorithms with lower theoretical
computational complexity are generally expected to
achieve better performance, actual hardware
implementations are affected by various physical
factors, including limited hardware resources,
routing overhead, and DSP mapping efficiency.

The experimental results show that the optimal
multiplication algorithm varies depending on the
operand bit width on FPGA platforms. Specifically,
the Schoolbook multiplier shows high efficiency in
small operands below 32 bits, the Karatsuba
multiplier provides balanced performance and
hardware efficiency in the intermediate range from
32 to 512 bits, and the Toom—Cook multiplier
and ADP

achieves better performance

characteristics for 512 bits operations.
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2.2 Karatsuba Multiplier
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2.3 Toom—Cook Multiplier
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Bit width (n) Algorithm Freq. LUT FF DSP “Area “ADP
16 bits Schoolbook 723 0 0 1 5.0000 0.006915
Karatsuba 400 307 213 0 51.6875 0.129218
Toom—3 211 660 545 0 116.5625 0.552428
32 bits Schoolbook 320 47 34 4 28.0000 0.087500
Karatsuba 390 145 261 3 49.4375 0.126762
Toom—3 166 743 764 6 170.6250 1.027861
64 bits Schoolbook 204 146 102 16 104.6250 0.512867
Karatsuba 314 431 728 12 159.3750 0.507563
Toom—3 137 1883 1671 10 389.8125 2.845346
128 bits Schoolbook 204 689 187 50 347.8125 1.704963
Karatsuba 204 1135 1463 48 473.3125 2.320159
Toom—3 99 4983 3141 37 1004.1875 10.143308
256 bits Schoolbook 29 6721 323 295 1985.3125 90.241477
Karatsuba 157 3778 3206 150 1422.6250 9.061305
Toom—3 84 17381 6753 126 3224.6875 38.389136
512 bits Schoolbook 9 25690 583 900 7747.6875 860.854166
Karatsuba 9 10511 5478 675 5031.2500 559.027777
Toom—3 21 48781 12986 501 9414.2500 448.297619
"Area’ - LUT + ==X FF +5 x DSP, “ADP: Area/Freq.
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