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Abstract

We introduce Dynamic Dual Fixed Point (DDFX) CORDIC, that
provides an extra layer of flexibility to Dual Fixed-Point (DFX) CORDIC
via run-time alteration of the DFX numerical format and features
enhanced dynamic range and accuracy.

DDFX CORDIC is compared with Dual Fixed Point, Fixed Point, and
Floating Point realizations in terms of resources and accuracy. Results
show that this hardware/software approach achieves higher dynamic
range than DFX CORDIC at the expense of a slight resource increase,
while exhibiting comparable of even higher accuracy than Floating Point

CORDIC realizations.

DDFX CORDIC implementation

* DDFX format: set of DFX formats sharing the same wordlength.

« Example: [32 26 4 6]: DFX formats [32 26 20], [32 18 12], [32 10 4].

« DFX format: [n py p1]: Acts as having 2 FX formats [n-1 p, ], [n-1p4].
« DDFXis implemented by modifying the DFX format at run-time.
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Run-Time management

DDFX CORDIC is implemented by

dynamically swapping DFX CORDIC
cores to meet requirements based on o=
overflow or user input.

The behavior is specified as a State
Diagram where the transitions depend
on overflow and requests by user:
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* If the conditions do not hold,
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*
State Diagram: Implemented by a software routine.

» Each state represents a hardware configuration in a certain DFX
format, providing a trade-oft of dynamic range and precision.

» [foverflow is asserted: we trigger reconfiguration to a higher dynamic
range/lower precision configuration.

» If we have T overflow-free computations, we trigger reconfiguration
to a lower dynamic range/high precision configuration.

Conclusion

Experimental Setup

DDFX formats tested (32 and 24 bits), along with the DFX, FX, FP
CORDIC realizations we perform comparisons against:

Format

32 26 20]

= 1 26 126 —4 1.49 x 1078 :

321812] [-226,2%6—27% 52X 10,  313.07dB |[32104] [324] 32-bit
[32 10 4] |

32 29 21° D

321911] [-22,220-271 0% 07 340.12dB [3291] [321] 32+bit
[329 1]

2420 16 .

L i -7 -

241410] [-218,218 — -4 954X 1077 o0 0in [2484] [244] OO

6.25 X 10 EW:7, FW:16

[24 8 4]

2423 17 |

L i -7 -
[24159] [-22%,22 -2 P20 264.91dB [2471] [241] 24-bit
(247 1] X EW:7, FW:16

Functions tested: atan(x) , A,,4/x2 + y2 . State Diagram: T=50.
Tested on: Xilinx XC7Zo10 Zyng-7000 PSoC.

Results

Resources (Xilinx 7-Series Slices):

Floorplanning for the run-time alterable area increases resources
(compared to DFX) up to 50% in the 32-bit case.

380 249
293 244
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292 243
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456 340

Accuracy (Relative Error compared to MATLAB built-in functions)
Increasing monotonic domains: See how states transition from 1 to 3.

Magnitude: 4,,\/x2 + y?2 (24 bits)

atan(x): 32 bits

10%
£

fffff DDFX[24 20 4 4]

E]
[ : 3

NN -1 1
1y ! . I~ E
108 LS :\ ————— DFX[24 8 4] ]
Col L A FX[24 4] E

C g i/* /‘! N !

R,
P e Sl

1 @ FP[EW:7;FW:16] %
1 E
b=

1 ]

-3 b i

103 Eli?\
IR 3

104 &
107

10°®

Relative Error

107

10%g |

10° ¢ o ; R P !
: 107 | R : i
£ i ! P : ' ‘

ul T NN ATRTTIT]

0 L ! ! . ; i i ! ]
10°°F ! ! : i i g : ! b -—- DDFX[322918] |
F 1 \ i 1 | [
108 |k ! DFX[32 9 1]
] = FX[32 1]

10 g :
Single Precision FP | ]

EETIRETIT BRRRTIE

1
1
2 b |
) 5) 0) 0) o) 0) 0) 10° ' '
039 @ @0\° (1009 mooﬂo - @,000;300 \75000\900 03 16 350 1300 30000 350000

Non-monotonic domains: disjoint piece-wise vectors, even overlapping.
This forces the State Diagram to transition back and forth between
States 1 to 3. Note how DDFX is more accurate most of the time.

Magnitude: A,+/x2 + y2 (32 bits)
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We presented and validated the circular DDFX CORDIC for magnitude and arc tangent. Comparisons with DFX, FX; and FP units
suggest that DDFX is an efficient approach for CORDIC implementation: it allows for larger dynamic ranges than DFX, while
delivering improved or very close accuracy over FP. The DDFX accuracy gains more than offset the hardware and software
overhead with respect to DFX. Further work should optimize: i) the DDFX format to minimize overflow incidence and maximize
accuracy, and ii) the run-time alterable logic (its routing caused low running frequencies and large reconfigurable sizes).
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