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• Concept of custom instructions with the SWAR unit

• SWAR in eFPGA

• SWAR for CCSDS121


- Speedup due to SWAR

- Implementation in Menta eFPGA


• Conclusions


This work has been performed under an ESA contract 4000122242/17/NL/LF.

Overview
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SWAR = SIMD-within-a-register

• Term introduced by R.J.Fisher in 2003

• Initial study of SWAR for GNSS in LEON2-FT performed by 

H.A.Bridonneau at ESTEC in 2014

• SWAR implemented in LEON2-FT (2019) and NOEL-V (2022) by 

daiteq, including support in LLVM


SWAR history
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• Consider low-precision integer numbers, e.g. 2-bit GNSS samples

• Find ways to increase processing with minimal changes to the 

processor microarchitecture

• E.g. for LEON2-FT:

Motivation for SWAR
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SWAR “skeletons"
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MAP REDUCE MAP & ACCUMULATE

Ex denotes a value pair together with an operation

ACx denotes an accumulator
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• Type definition


• Either inferring SWAR operations


• Or explicitly configuring SWAR operations

SWAR C-level API
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typedef unsigned int u16x2b __attribute__((subword(2, 16)));


u16x2b lvecL[50], lvecM[50], lvecN[50];

for (int i=0;i<50;i++) {

 lvecN[i] = lvecL[i] * lvecM[i];

}


unsigned int accum = 0;  

for (int i=0;i<50;i++) {

  accum += lvecL[i]; 

}

set_swar_op(0x4);

for (int i=0;i<50;i++) {

  op_swar(lvecL[i], lvecM[i], lvecN[i]);

} 


set_swar_op(0x10);

for (int i=0;i<50;i++) {

  op_swar(lvecL[i], 0x0, tmp);

  accum += tmp;  

}
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A minimalist approach using generic instructions:

• SWAR


• exec SWAR operation


• SWARcc

• exec SWAR operation —> flags


• WRASR

• set SWAR operation

• set SWAR accumulator for readback 


• RDASR

• read the selected SWAR accumulator 

SWAR machine-level API 
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LEON2-FT + SWAR
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The idea: enable users to define their own application-specific 
machine-level instructions in LEON2-FT ASIC (or NOEL-V ASIC).

How: implement the SWAR unit as an eFPGA.


Current evaluation: main focus on satellite applications

• GNSS - tracking loop

• GPP - FIR filter

• Image compression - CCSDS121

 

True user-defined instructions with SWAR
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• Correlation - 2b, 3b, 4b

• Demodulation (multiplication) - 2b, 3b, 4b

• Sine/cosine lookup - 32b argument —> 2b, 3b, 4b value

• ALU - add, sub, mul, shr - 8b, 16b

• Entropy coding - 8b, 16b, 32b

SWAR modules
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The concept: eFPGA = SWAR unit 
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GNSS

Correlation (dot product)

Demodulation

  (real/complex multiplication)

Sine/cosine lookup
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The concept: eFPGA = SWAR unit 
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GPP

SWAR ALU (add, sub, mul, shr)
SWAR accumulators
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The concept: eFPGA = SWAR unit 
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CCSDS121

shr - shift right k-split

Extended k-splitOptimal Rice code
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SHyLoC case 1

  SWAR: CCSDS121 input: 32b words

        block size: 64 words

        k-split (shift right): 1,2,...,29


SHyLoC case 2

  SWAR: CCSDS121 input: 16b words

        block size: 64 words

        k-split (shift right): 1,2,...,13


SHyLoC case 3

  SWAR: CCSDS121 input: 8b words

        block size: 64 words

        k-split (shift right): 1,2,…,5

SWAR for CCSDS121
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CCSDS121 speedup w/ SWAR (shr)
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Execution in QEMU:

• ICount_orig - instruction count for SHyLoC w/o SWAR

• ICount_swar - instruction count for SHyLoC w/ SWAR
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• Generate a common architecture for all configurations

• Achieve frequency at least 100MHz in GF22FDX UHDGP


eFPGA for SWAR - sampled SWAR configurations
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OPS:

C - correlation

D - demodulation

L - sine/cosine lookup

A - addition

M - multiplication

S - shift right
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Menta Origami Programmer
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SWAR configurations are described 
in VHDL/Verilog, and implemented 
in Origami Programmer.


The tool generates simulation 
netlists (Verilog), configuration 
bitstream, and implementation 
reports.
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eFPGA for SWAR - operating frequencies for implemented configurations

18

Target tech - gf22fdxuhdgp


All configurations used 
identical pinout.


Architecture:

Base - auto-generated

dsp_vx - hand-tuned
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• Using custom instructions in LEON2-FT can significantly improve performance, e.g., 
~1.25x fewer executed instructions for CCSDS121 (compiled, swar_shr version), ~2x faster 
FIR filter (compiled), >2x faster GNSS tracking loop (hand-crafted).


• For the considered SWAR configurations realistically achievable eFPGA frequencies are 
slightly below 100MHz (gf22fdxuhdgp).


• Certain SWAR configurations may need to execute in 2 or more pipeline cycles not to 
impose low frequency on the whole LEON2-FT => introduce support for SWAR idle cycle 
insertion.

- The impact on the performance is expected to be low since the intensity of SWAR instructions is 

unlikely to be close to 100% in real applications. Key factor - (clock cycles per SWAR instruction) / 
(clock cycles per replaced kernel)


• Reconfiguration time for the dsp_v4 fabric is ~106us (10580 cycles @100MHz over SPI-1).

- Consider multi-context configuration, e.g. using two multiplexed eFPGAs.

Conclusions
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Thank you
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