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 AFF3CT and StreamPU (old + new)

e ISTC 2025, Implementation Competition



AFF3CT ?

A Fast Forward Error Correction Toolbox

* Simulator :
* Digital communication simulator (focus on Error correction codes)
 Command line execution for easing scripting
* Optimized for parallel machines (SIMD, multi-cores, multi-nodes, ...)
* Library:
* Component blocks can be used/created to build :
* Another simulator (C++ / Python / Julia)
e Software Defined Radio tx/rx
* Hardware verification tool (HW in the loop)
* Embedded systems design
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AFF3CT

* Tired of reinventing the wheel

* Reuse PhD work when they leave the
group

* Bring some enthusiasm within the
group

* Give some visibility to the group

* Create collaboration opportunities
(academics and companies)

e Contribute to open research

HOW USED ?

* A Fast Forward Error Correction
Toolbox
* https://github.com/aff3ct/aff3ct
« 528 Y% on Github
* 155 Fork
* MIT License

HOW RELIABLE ?

e Continuous integration with GitLab
» Static analysis
* Compilation tests
* Non-regression tests
* Run on Linux, macOS, Windows,
Ubuntu PPA



https://github.com/aff3ct/aff3ct
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Stage 0 Stage 1 Stage2

AFF3CT

Sandbox for research
* Channel codes/ decoders design
e Software decoder optimization
* Hardware verification
» Software defined radio
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AFF3CT : The simulator
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Simulation chain

® Channel codes: Polar, LDPC, Turbo codes, Product codes, RSC, CRC,
BCH, RS, RA, Repetition

® Channel models: BSC, BEC, Optical, AWGN, Rayleigh
* Digital modulations: PSK, QAM, PAM, OOK, CPM, SCMA




AFF3CT simulation example

1 aff3ct -m 1 -M 5 -s 0.5 -C "POLAR" -N --dec-type "SC" --mnt-fe

BPSK + AWGN entre 1 et 5 dB, code polaire (2048,1723), décodeur SC.
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AFF3CT : Viterbi decoder™
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AFF3CT : Parallel List Viterbi decoder™
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AFF3CT : PAC codes™

1.00e+0
&

1
Bddd
yi1111

5

I

Bit Error Rate (BER) & Frame Error Rate (FER)

*Développé par Murad Abdallah

== N e
\ —

0.5 1 1.5 2 2.5 3 3.5
Signal-to-Noise Ratio (SNR) - Eb/NO (dB)

@ Get Permalink

PAC (128, 64) SCL... ® %
PAC (128, 64) SCLELY *
PAC (128, 64) SCLELY %
PAC (128, 64) SCL... &

PAC (128, 64) SCL... ¥ %

PAC (128, 64) SCLELI-X

PAC (128, 64) SCL... ® %

PAC (128, 64) SCLELS %

(Vrai“r.hent tres)

10



AFF3CT : the library (based on StreamPU)
I L

@ Output socket| ¢ LENET | g
7)) Input socket S A .
| | &
' Modem (Mdm) 3 add noise i
Monitor (Mnt) Decoder (Dec) 3 ¥ Channﬂl(Chn) .
: 1 : demodulate ¢

aff3ct: :module: : Source_random Src(K );
aff3ct: :module: :Encoder_repetition<> Enc(K, N);
aff3ct: :module: :Modem_BPSK Mdm (N );
aff3ct: :module: :Channel_AWGN Chn (N );
aff3ct: :module: :Decoder_repetition<> Dec(K, N);
aff3ct: :module: :Monitor_BFER Mnt (K, E);

1
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Enc[sck: :encode u ] = Src[sck::generate ul ;
Mdm[sck: :modulate c ] Enc[sck: :encode ik
Chn[sck: :add_noise x ] Mdm[sck: :modulate x];
y ]
1

T
= O

Mdm[sck: :demodulate Chn[sck: :add_noise ::y]l;
Dec[sck: :decode ] Mdm[sck: :demodulate: :1];
Mnt [sck: :check_errors: :u2] Dec[sck: :decode ul ;
Mnt [sck: :check_errors: :ul] = Src[sck: :generate ul ;

T o S S =
D O W N

aff3ct: :tools: :Sequence comm_chain(Src[tsk: :generate], Mnt[tsk::check_errors]);
comm_chain.exec();

=
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AFF3CT (lib) for Software Defmed Radio (SDR)
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AFF3CT (lib) + SPU for Hardware in the loop
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Meet the (winning) AFF3CT team

Mathieu Mohammed Adrien Romain Camille
LEONARDON EL HOUCINE AYOUBI CASSAGNE TAJAN LEROUX
Associate Prof. Undergrad. Student Associate Prof. Associate Prof. Associate Prof.
IMTA IMTA Sorbonne Univ. Bordeaux INP /IMS  Bordeaux INP / IMS

Decoder Encoder Simu Code / Simu Code / Simu
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ISTC 2025 Implementation Competition

Rate K = 64 message bits | K = 128 K = 256 K = 512
R =1/4 (N = 256,K = 64) (512,128) | (1024,256) (2048,512)
R=1/2 (128,64) (256,128) | (512,256) (1024,512)
R = 4/5 (80,64) (160,128) | (320,256) (640,512)

Target error rates : FER = 107-3 / 107-5

Target CPU : Intel Xeon E-2456 Processor (single core only)
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Which code ?

* Turbo:
* Optimized version available
* Need to design interleavers, puncturing patterns, ...

* LDPC
* Very fast decoders available
e Stopping criteria possible with syndrome checking
* No LDPC code design tools available

* Polar codes + CRC
* Many (very) optimized decoders available in AFF3CT
* CRC can be used to improve performance and as a stopping criteria
* Polar code generators available (not optimal though)

17



Which decoding algorithm 7

SC:
e Extremely fast software implementation
* Poor decoding performance

. Decoding | BER & FER | Throughput | Max. Latency

Does not use CRC Algorithm | Performances T (Lworst)

* SC-Flip : SC poor medium medium
* Very fast SSC poor high low
* CRC can be used as stopping criteria SCL good low high

* Do not have optimized implementations A gggL good . }OW megium

: - L very goo ow medium

* CRCAided-SCL : PA-SSCL | very sood high medium
* Moderately fast FA-SSCL | very good high high

* Very good decoding performance
* Optimized implementation available

Adaptive CA-SCL :
e Very fast
* Good decoding performance
e SC can be used to improve the speed

M. Léonardon, A. Cassagne, C. Leroux, C. Jégo, L.P. Hamelin, & Y. Savaria (2019). Fast and flexible
software polar list decoders. Journal of Signal Processing Systems, 91(8), 937-952. 18



Unrolling

Dynamic versus generated (unroll)

1 // Example of a generated decoder

2 std::vector<bool> fronzen_bits_GA_8_4 = {

31, 1, 1, 0, 1, 0, O, O};

4

5 template <typename >

6 class Decoder_polar_SC_fast_sys_N8_K4

7 void _decode ()

R

. <4>( 1, 0+0, 0+4, 0+8,4) ;
10 <4>(s, 1, 8+0, 0+0,4) ;
11 <4>(s, 1, 0+0, 0+4, 0+0, 0+8,4);
o <4>(s, 1, 8+0, 4+0,4) ;
13 <4>(s, 0+0, 0+4, 0+0,4) ;
14 }

15 };

Tep spe

19



Computing vs memorizing

Polar Encoder

0 =vo—~p—P P 0 P—P SV €
0=uv— P S 0 —* S¥ S¥ &l
0 = vo—pP—* P—0 HP— P——=2
Upg = Vg ' ® () ! e <> C3 = Ug
0 = v4—P—P—— R
U1 — Vs ® C} ® \i/ () ® Cy — U1
U2 = Vg C) ' /T\ ® ® Ce — U2
Uz = vy ® ® ® T ® o—C7 — U3

* Input vector generation :

* Generate U_N

* Constituent nodes identified at compile time

* Large rate-1 codes are vectorized during memory copy
* Bit packing with SIMD instructions
* Unpacking with lookup table
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Parameter (brute force) exploration

FB-set AFF3CT command
CRC-poly generation
List-size (python)

AFF3CT Results Extract data

Simulator FER/ (python)
latency

(Run on a simulation server)

Json files

e Simulate MANY combinations of {FB-set, CRC-poly, list-size}
* Frozen bits : 5G / Gaussian Approx. (GA) for many sigma values
* CRC-polynomial : all poly from 0 to 12 + classical polynomials for size > 12
e Listsize ={1, 2, 4, 8, 16, 32, 64}

21



Simulation platform : Dalek

Dalek, work in progress... (photo taken the April 23, 2025).

Adrien Cassagne, Noé Amiot, and Manuel Bouyer. "Dalek: An Unconventional and Energy-Aware
Heterogeneous Cluster." arXiv preprint arXiv:2508.10481 (2025).

22



Simulation results
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the

Space exploration of the ASCL decoder performance for K = 128 and R = 1/2. Measured latencies from the AFF3CT generic ASCL decoder

running on one core of an Intel Xeon Gold 6140 CPU. The selected code is highlighted in orange for FER @ 10~2 and in red for FER @ 1075,
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Selected configurations

TABLE I
PROPOSED CODES FOR THE CONTEST WITH THE CORRESPONDING ACHIEVED PERFORMANCE (FULLY UNROLLED ASCL DECODERS).

Decoder
Code specifications Encoder FER @ 103 FER @ 10~°

Rate K CRCsize CRCpoly. Fb.gen. Lworst (us) L Ep/No  Lavg (us)  Ep/No  Lavg (u8)
64 11 0x385 5G 0.20 64 2.15dB 253 335dB 0.55

1/4 128 12 0xF13 5G 0.28 64 1.60 dB 6.44 2.60 dB 1.07
256 12 0xF13 5G 0.60 64 1.25dB 10.58 225 dB 1.66

512 12 0xF13 GA 1.01 32 1.10dB 1492 1.85 dB 3.53

64 7 0x65 5G 0.14 32 3.15dB 0.70 4.60 dB 0.33

1/2 128 12 0xF13 5G 0.21 64 2.55dB 331 345dB 0.69
256 12 0xF13 5G 0.34 64 2.15dB 6.55 3.10dB 1.18

512 16 0x8005 5G 0.68 64 190 dB 1195 270 dB 2.12

64 8 0x9B GA 0.15 32 5.05dB 048 645 dB 0.16

4/5 128 10  0x3D9 5G 0.20 32 440 dB 1.21 535 dB 0.41
256 10 0x3D9 5G 0.34 32 4.10dB 220 5.00 dB 0.67

512 12 0xF13 5G 0.66 32 3.775dB 492 4.55dB 1.36




Competitors

aff3ct — Polar based entry from group with well-known open-source GltHub
library https://github.com/aff3ct/istc25 contest/

cttc — Telecommunications Technology Center of Catalonia (CTTC), Catalonia,
Spain https://github.com/srsran

rutgers — Entry from Rutgers based on the (32,16) RM code
sjtu — Polar-based entry from Bosheng Chen at SJTU
uclab — Convolutional-based entry from UCLA Wesel group by Beryl Sui

uclaz — Convolutional-based entry from UCLA Wesel group by Bruce Qu

25


https://github.com/aff3ct/istc25_contest/
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Results

(K/N)

(64,80)
(64,128)
(64,256)

(128,160)
(128,256)

(128,512)

aff3ct

S:3.53
W: 7.60e-06
D: 2.32e+02
E: 2.77e+02

S:1.44
W: 1.22e-05
D: 2.28e+02
E: 4.93e+02

S:0.54
W: 9.90e-06
D: 2.86e+02
E: 7.84e+02

S:2.74
W: 1.24e-05
D: 3.61e+02
E: 6.84e+02

S:1.11
W: 7.30e-06
D: 3.52e+02
E: 1.01e+03

S:0.45
W: 1.09e-05
D: 4.63e+02
E: 1.54e+03

cttc

S:4.10
W: 8.30e-06
D: 3.57e+02
E: 3.95e+03

S:1.90
W: 8.90e-06
D: 3.71e+02
E: 4.30e+03

S:0.85
W: 4.90e-06
D: 6.57e+02
E: 7.81e+03

S:4.00
W: 7.90e-06
D: 6.38e+02
E: 7.58e+03

S:1.70
W: 9.10e-06
D: 6.72e+02
E: 9.12e+03

S:0.65
W: 8.70e-06
D: 1.33e+03
E: 1.68e+04

rutgers

S:4.70
W: 5.30e-06
D: 3.03e+02
E: 1.24e+03

S:4.80
W: 6.50e-06
D: 5.51e+02
E: 2.42e+03

sjtu

S:1.24
W: 1.19e-05
D: 1.09e+03
E: 1.09e+05

S:1.09
W: 1.08e-05
D: 2.28e+03
E: 2.46e+05

uclab

S:3.23
W: 1.10e-05
D: 3.88e+03
E: 7.16e+05

S:1.12
W: 5.00e-06
D: 3.38e+05
E: 1.57e+06

S: 0.45
W: 8.00e-06
D: 4.02e+05
E: 3.85e+06

uclaz

S:3.23
W: 9.00e-06
D: 3.97e+03
E: 7.27e+05

S:1.20
W: 7.70e-06
D: 3.32e+05
E: 1.54e+06

S: 0.45
W: 1.03e-05
D: 4.03e+05
E: 4.25e+06
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Results

(256,320)
(256,512)
(256,1024)
(512,640)
(512,1024)

(512,2048)

S:2.53
W: 6.20e-06
D: 6.26e+02
E: 1.00e+03

S:1.02
W: 9.60e-06
D: 6.48e+02
E: 1.64e+03

S:0.42
W: 8.80e-06
D: 9.33e+02
E: 2.49e+03

S:2.28
W: 1.08e-05
D: 1.15e+03
E: 2.01e+03

S:0.93
W: 9.00e-06
D: 1.16e+03
E: 3.41e+03

S:0.38
W: 8.10e-06
D: 1.68e+03
E: 4.78e+03

$:3.30
W: 7.70e-06
D: 1.30e+03
E: 1.75e+04

S:1.70
W: 5.00e-06
D: 1.36e+03
E: 1.92e+04

S:0.60
W: 6.20e-06
D: 2.67e+03
E: 3.48e+04

S:3.00
W: 8.40e-06
D: 2.70e+03
E: 3.53e+04

S:1.30
W: 8.80e-06
D: 2.81e+03
E: 4.19e+04

S:0.70
W: 2.90e-06
D: 4.68e+03
E: 4.56e+04

S: 4.87
W: 1.09e-05
D: 1.13e+03
E: 4.76e+03

S:5.30
W: 4.90e-06
D: 2.32e+03
E: 9.45e+03

S: 1.00
W: 1.05e-05
D: 5.28e+03
E: 5.19e+05

S:0.91
W: 9.10e-06
D: 1.43e+04
E: 1.12e+06
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