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Abstract This paper proposes a design method and programmable architectures for numerical function generators (NFGs)
of two-variable functions. To realize a two-variable function in hardware, we partition a given domain of the given function
into segments, and approximate the function by a polynomial in each segment. This paper introduces two planar segmentation
algorithms that efficiently partition a domain of a two-variable function. This paper also introduces two architectures that can
realize a wide range of two-variable functions. Our architectures allow a systematic design of two-variable functions. FPGA
implementation results show that, for a complicated function, our NFG achieves 58% of memory size and 39% of delay time
of a circuit designed using one-variable NFGs.
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SEEERUCEES K Z o0 m Ay ENEICR T 5

FEIE D L.

No A TEFIR X LY B8y MNEEDOEHA X LY R12 vy MEEDEA
f(X,Y) (FFRTPgss: 2710) Fraiibliass: 2-14)
BEIEK R | FHELIRER] [#)] FEREK R | FHELIRER [F)]
FHmAY | SEfEk | [%] | FHIRAY | SfEhk | AREY RN | (%] | FHREY | SEHER
fo | sin(xX)In(Y) 0<X<1,0<Y<1 4,696 | 65280 | 7| 0.19| 0.2 244,807 | 16,773,120 | 1 8.9 72
fi | sin(xX)VY 0<X<1,0<Y<1 1,393 | 16384 | 9| 0.07| 061 | 38773 16,773,120 | 0.2 1.7 6.7
fo sin(rXY) 0<X<1,05Y<1 1,486 | 4,096 | 36| 007| 019]| 26,122 65,536 | 40 1.2 32
f3 X4y?® 0<X<1,0£Y <1 457 | 4,096 | 11 0.03 020 8,179 262,144 | 3 0.5 11.1
fi| 1/VXZFYZ 0<X<1,0<Y<1 3,.835|65025| 6| 0.1 0.01]173,552 16,769,025 | 1 5.0 5.1
f5 | XY/VXZ¥Y2| 0<X<10<Y<1 376 | 4,096 | 9| 001| O0.11| 6523 1,048576| 0.6 02| 225
f6 | WaveRings 0<X<T0LY<n 1,619 | 10201 | 16| 0.08| 039 28377| 646416| 4 13| 189
fr Gaussian 0<X<1,0<Y<1 3,182 65025 | 5| 0.2 0.02]141,113 | 16,769,025 | 0.8 55 7.1
fs VXZ1Y? 0<X<1,0<Y<1 355 | 4,096 0.01| 0.12| 6,160 1,048,576 | 0.6 02| 246
fo VX3FY3 0<X<1,0<Y<1 400 | 16,384 0.04| 076| 6,790 | 4,194,304 | 0.2 05| 1888
fio Beta 1/8<X<1,1/8<Y < 1| 5815|50,176 | 12| 0.73| 005187201 | 3211264 | 6| 246 3265
IR PRI 5. SEHE: S AEH. Rs: FHmHY /558 % 100 (%).
FHAERERD: &7 02 ) X ARG ENCE S 5 CPU RRH.
< EBREES > CPU: Intel Xeon 2.6GHz A€V 1GB OS: Redhat Linux C 22731 F: gee-02
# 2 THEEO ZEBEIERRIC NI AT Y & #3 8 Ew MRIED BRI O FPGA FEEHE
No. | 8 'y MEEOIKMFFIEE | 12 &> M OFfEFH R B FPGA T /3A A: Altera Stratix (EP1S10F484C7)
FHITHY R Rm FHITAHY K | R LA Y — v Synplify Pro Ver. 8.8
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