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The purpose of this work is to show the advantages of implement- 1. Total Harmonic Distortion (THD) TFP32 is 32-bit storage FP-format with adjustable significand and
Ing digital signal processing for high quality audio applications in
custom floating-point.

THDs and spectra of the different FLP representations for a 500 Hz exponent fields bit-width

| , L sinusoidal signal (Kaiser window with 5 = 38) » significand m = [3, 24] bits (including hidden bit)
We consider the trade-offs dynamic range vs. precision (i.e., quan-  rsss .  oeaomssdn > exponent e = [4, 8] bits
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custom floating-point. | -
P . . . s AR I R * TFP16 is 16-bit storage TFP-format
Moreover, by resorting to Tunable Floating-Point (TFP) hardware s * 8 01 |
units, the dynamic range and the precision can be changed de- , * » significand fraction f = [7,10] — m = 1+f bits
pending on the requirements in different parts of the algorithm. AR W ’ » exponent e = [5, 8] bits. Customizable bias.
Results show that 16-bit floating-point formats can give a good W ) aso NNTY WP TMPNCINHMIENTIY NN L Hardware
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compromise between quality and energy efficiency. [ TMoTazdm-bnayte . . D Pipelined units implemented in STM 45 nm library of standard cell.
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binary64 [T T T T TTTTTTITTTINTT] (db) , NEWR ] ADD 2 1.960
binary32  [TTITTTTITEITEITIIIIIIN  (single) R T e T s e TFPI6 voupiv - 2 1.5 1 667 1 4gpg| ©:980 0.3/
binary16 HETEEEEEEEEEETY - (half) * Area is given in [um?]. Area NAND-2 ~ 1.06 pn?.
Sign: 1 bit. Exponent: e bits (Bias = 2~ 1—1), Different FLP formats introduce even and odd order harmonics related to the
Significand: m — 1-+f bits, normalized 1.0 < 1.F < 2.0 precision of the representation. Average error and average power dissipation for TFP formats
P|Xar’s 24_b|‘t Format 2 AUle Track played through an IIR Fllter Coras Average error and power dissipation in TFP32_and TFP16 units for 1s. audio sample
PXR24  [ITITTITTITITIIITIIN  (storage=24, € = 8, m = 16) An audio track (sample rate 48 KHz, about 9 s.) is filtered by a g 10xE A
. . Butterworth 1R biquad filter (F,,;_ .4 = 10KHZ). 2 1ox2h | TRRIG 1os 3
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» IBM'’s DLFloat16 (storage=16, e = 6, m = 10) . Dinary32 248 . . . . S RS e
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» Nvidia’s FP8 two 8-bit formats O A BFloatl6 | 8 8 (3.02x103 <28 218x10* <271 Summary
AIITITE - (storage=8, e = 4, m = 4) Limited storage formats 4141391 x102 <24[343x103 <28
[TTTTTI (storage=8, e = 5, m = 3) must compromise between FP8formats| o ' c 091, 102 — 24 297 x 10-2 ~ 28 » Best error/power trade-off is binary16, followed by BFloat16.
» Tesla’s CFloat8 same 8-bit formats with > zreCiSiO” n. of ?isti”.m " With & = 4 about 18% of results are flushed to 0 = cae Increases. » TFP16 unit is about 30% more power efficient for 16-bit formats.
custom bias > dyn. range n. orbits In e
3. Psychoacoustics Tests for several Audio Tracks » The error grows large for FP8 formats = “distortion”.
The power savings (about 25% vs. BFloat16 in TFP32 unit) are

Tests are underway and results will be presented in the final paper. orobably not worth the larger errors.
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