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1.
Context and People Involved
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AFF3CT

Modular Digital Communication

• Software Defined Radio (SDR)

• Digital communication chains

• (5G phones, Wi-Fi, DVB-RCS, etc.)

• Codec algorithmics

• ECC, modulation, channel models

• Design, validation, production

• Transition from ASICs to software

• 10-Year+ Project

• Started around 2013

https: // aff3ct . github . io/

AFF3CT
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AFF3CT

Digital Communication Programming Environment for SDR

AFF3CT

Digital Communication Chain

Monitor

Codec Modem

check_errors decode demodulate

Channel
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AFF3CT

Digital Communication Programming Environment – Bit Error Rate / Frame Error Rate Simulation

AFF3CT

Digital Communication Chain

BER / FER diagrams obtained under controlled signal / noise ratios
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Digital Communication Programming Environment – Real SDR Chains Exploitation

AFF3CT

AFF3CT

📡 🛰 🛜 📶



AFF3CT

Involved Academic Research Teams

Team STORM

Inria / LaBRI –

Bordeaux

Team CSN

IMS Lab. –

Bordeaux

Team ALSOC

LIP6 Lab. –

Paris

AFF3CT



Team STORM
Inria & LaBRI, Bordeaux

Research Axes

• Abstraction

• Programming models

• Programming interfaces

• Optimization

• Performance, energy

• Load-balancing, scheduling

• Fault tolerance & checkpointing

• Code transformation

• Trade-off exploration

• Analysis

• Verification

• Visualization

• Teaching

AFF3CT

Applications & Libraries

Abstraction AnalysisOptimization

Parallel Architectures
(multicore CPU, SIMD, GPU, manycore, FPGA)

Computing architectures
Multicore CPU, SIMD, GPU, FPGA



Team CSN
IMS Laboratory, Bordeaux

Research Axes

• Theme 1 : Conception of analogic and mixed circuits

• Building blocks

• Frequency generation systems, clock & data recovery systems

• Numerical compensation for PA, ADC, DAC, DDS

• Theme 2 : Algorithme / architecture adequation

• Methodology and conception of dedicated and/or programmable architectures

• Applications in numerical communications numériques, neural networks, …

• Theme 3 : Numerical Communications

• Conception of algorithms for numerical communication systems

• Channel coding, synchronization, equalization, …

AFF3CT



Team ALSOC
LIP6 Laboratory, Paris

Research Axes

Hardware and Software for Embedded Systems

• System on Chip, Multiprocessors, Manycores, SIMD, GPU

• Embedded floating point format, Embedded operating system

• Test & Verification

• Compilation, optimization, Synchronous Data Flow

AFF3CT



2.
AFF3CT Architecture
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AFF3CT Architecture

So!ware Layout

• AFF3CT

• Digital Communication

• BER/FER Simulator

• C++ Library of chain modules

AFF3CT

AFF3CT

Digital Communication Chains



AFF3CT Architecture

So!ware Layout

• AFF3CT

• Digital Communication

• BER/FER Simulator

• C++ Library of chain modules

• StreamPU

• Runtime system

• Task scheduling

• Streaming optimization

AFF3CT

AFF3CT

Digital Communication Chains
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AFF3CT Architecture

Software Layout

• AFF3CT

• Digital Communication

• BER/FER Simulator

• C++ Library of chain modules

• StreamPU

• Runtime system

• Task scheduling

• Streaming optimization

• MIPP

• SIMD Intrinsics programming

• Hardware abstraction

• C++ Library

AFF3CT

AFF3CT

Digital Communication Chains

StreamPU

Pipeline Resource Mapping

Runtime System for Streaming

MIPP

SIMD Intrinsics 

Wrapper Library

Tasks



3.
SIMD Architecture Programming with the MIPP Library

AFF3CT



Architecture — MIPP

Abstraction for SIMD Programming

• C++ wrapper Library

• Header-only

• Templates

AFF3CT

AFF3CT

Digital Communication Chains

StreamPU

Pipeline Resource Mapping

Runtime System for Streaming

MIPP

SIMD Intrinsics 

Wrapper Library



MIPP – MyIntrinsics++

C++ 11 Wrapper Library

• SIMD Abstraction Layer

• Architecture-independent programming interface

• Built on machine-dependent intrinsics routines

• Characteristics

• Supported instruction sets

• Intel & AMD: SSE, AVX / AVX2, AVX-512

• ARM: NEON, SVE (partial)

• Supported data types

• Floating point: FP32, FP64

• Signed integers: 8-bit ... 64-bit

• Unsigned integers: 8-bit ... 64-bit

• Header-only (wrapper library)

• C++ templates

• Function inlining

• Abstraction handled at compile-time

Team STORM — Inria & LaBRI 

mipp::Reg<float> r1;       // r1 = | unknown | unknown | unknown | unknown |

r1 = {1.0, 2.0, 3.0, 4.0}; // r1 = |    +1.0 |    +2.0 |    +3.0 |    +4.0 |

mipp::Reg<float> r2, r3;

r2 = 2.0;                  // r2 = |    +2.0 |    +2.0 |    +2.0 |    +2.0 |
r3 = r1 + r2;              // r3 = |    +3.0 |    +4.0 |    +5.0 |    +6.0 |



MIPP – MyIntrinsics++

C++ 11 Wrapper Library

• SIMD Abstraction Layer

• Architecture-independent programming interface

• Built on machine-dependent intrinsics routines

• Characteristics

• Supported instruction sets

• Intel & AMD: SSE, AVX / AVX2, AVX-512

• ARM: NEON, SVE (partial)

• Supported data types

• Floating point: FP32, FP64

• Signed integers: 8-bit ... 64-bit

• Unsigned integers: 8-bit ... 64-bit

• Header-only (wrapper library)

• C++ templates

• Function inlining

• Abstraction handled at compile-time
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mipp::Reg<float> r1;       // r1 = | unknown | unknown | unknown | unknown |

r1 = {1.0, 2.0, 3.0, 4.0}; // r1 = |    +1.0 |    +2.0 |    +3.0 |    +4.0 |

mipp::Reg<float> r2, r3;

r2 = 2.0; // r2 = |    +2.0 |    +2.0 |    +2.0 |    +2.0 |
r3 = r1 + r2;              // r3 = |    +3.0 |    +4.0 |    +5.0 |    +6.0 |

/* . . . */

template <>
inline reg set1<float>(const float val) {

return _mm256_set1_ps(val);
}

/* . . . */

mipp_impl_AVX.hxx



MIPP – MyIntrinsics++

C++ 11 Wrapper Library

• SIMD Abstraction Layer

• Architecture-independent programming interface

• Built on machine-dependent intrinsics routines

• Characteristics

• Supported instruction sets

• Intel & AMD: SSE, AVX / AVX2, AVX-512

• ARM: NEON, SVE (partial)

• Supported data types

• Floating point: FP32, FP64

• Signed integers: 8-bit ... 64-bit

• Unsigned integers: 8-bit ... 64-bit

• Header-only (wrapper library)

• C++ templates

• Function inlining

• Abstraction handled at compile-time

Team STORM — Inria & LaBRI 

mipp::Reg<float> r1;       // r1 = | unknown | unknown | unknown | unknown |

r1 = {1.0, 2.0, 3.0, 4.0}; // r1 = |    +1.0 |    +2.0 |    +3.0 |    +4.0 |

mipp::Reg<float> r2, r3;

r2 = 2.0;                  // r2 = |    +2.0 |    +2.0 |    +2.0 |    +2.0 |
r3 = r1 + r2; // r3 = |    +3.0 |    +4.0 |    +5.0 |    +6.0 |

/* . . . */

template <>
inline reg add<float>(const reg v1, const reg v2) {

return _mm256_add_ps(v1, v2);
}

/* . . . */

mipp_impl_AVX.hxx



MIPP – MyIntrinsics++

C++ 11 Wrapper Library

• SIMD Abstraction Layer

• Architecture-independent programming interface

• Built on machine-dependent intrinsics routines

• Characteristics

• Supported instruction sets

• Intel & AMD: SSE, AVX / AVX2, AVX-512

• ARM: NEON, SVE (partial)

• Supported data types

• Floating point: FP32, FP64

• Signed integers: 8-bit ... 64-bit

• Unsigned integers: 8-bit ... 64-bit

• Header-only (wrapper library)

• C++ templates

• Function inlining

• Abstraction handled at compile-time

Team STORM — Inria & LaBRI 

mipp::Reg<float> r1;       // r1 = | unknown | unknown | unknown | unknown |

r1 = {1.0, 2.0, 3.0, 4.0}; // r1 = |    +1.0 |    +2.0 |    +3.0 |    +4.0 |

mipp::Reg<float> r2, r3;

r2 = 2.0;                  // r2 = |    +2.0 |    +2.0 |    +2.0 |    +2.0 |
r3 = r1 + r2; // r3 = |    +3.0 |    +4.0 |    +5.0 |    +6.0 |

/* . . . */

template <>
inline reg add<float>(const reg v1, const reg v2) {

return _mm256_add_ps(v1, v2);
}

/* . . . */

mipp_impl_AVX.hxx

/* . . . */

template <>
inline reg add<float>(const reg v1, const reg v2) {

return vaddq_f32(v1, v2);
}

/* . . . */

mipp_impl_NEON.hxx



MIPP – MyIntrinsics++

C++ 11 Wrapper Library

• SIMD Abstraction Layer

• Architecture-independent programming interface

• Built on machine-dependent intrinsics routines

• Characteristics

• Supported instruction sets

• Intel & AMD: SSE, AVX / AVX2, AVX-512

• ARM: NEON, SVE (partial)

• Supported data types

• Floating point: FP32, FP64

• Signed integers: 8-bit ... 64-bit

• Unsigned integers: 8-bit ... 64-bit

• Header-only (wrapper library)

• C++ templates

• Function inlining

• Abstraction handled at compile-time

Team STORM — Inria & LaBRI 

#include <cstdlib>
#include <mipp.h>

int main() {
const int n = 32000;
mipp::vector<float> vA(n); 
mipp::vector<float> vB(n); 
mipp::vector<float> vC(n); 

for (int i = 0; i < n; i++) vA[i] = rand() % 10;
for (int i = 0; i < n; i++) vB[i] = rand() % 10;

mipp::Reg<float> rA, rB, rC;

for (int i = 0; i < n; i += mipp::N<float>()) {
rA.load(&vA[i]); 
rB.load(&vB[i]); 
rC = rA + rB;
rC.store(&vC[i]);

}

return 0;
}

Addition of Two Vectors



MIPP – MyIntrinsics++

C++ 11 Wrapper Library

• SIMD Abstraction Layer

• Architecture-independent programming interface

• Built on machine-dependent intrinsics routines

• Characteristics

• Supported instruction sets

• Intel & AMD: SSE, AVX / AVX2, AVX-512

• ARM: NEON, SVE (partial)

• RISC-V "V" extension (on-going work)

• Supported data types

• Floating point: FP32, FP64

• Signed integers: 8-bit ... 64-bit

• Unsigned integers: 8-bit ... 64-bit

• Header-only (wrapper library)

• C++ templates

• Function inlining

• Abstraction handled at compile-time

Team STORM — Inria & LaBRI 

#include <cstdlib>
#include <mipp.h>

int main() {
const int n = 32000;
mipp::vector<float> vA(n); 
mipp::vector<float> vB(n); 
mipp::vector<float> vC(n); 

for (int i = 0; i < n; i++) vA[i] = rand() % 10;
for (int i = 0; i < n; i++) vB[i] = rand() % 10;

mipp::Reg<float> rA, rB, rC;

for (int i = 0; i < n; i += mipp::N<float>()) {
rA.load(&vA[i]); 
rB.load(&vB[i]); 
rC = rA + rB;
rC.store(&vC[i]);

}

return 0;
}

Addition of Two Vectors



4.
Task-based Streaming on Multicore with the StreamPU Runtime
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AFF3CT Architecture

Software Layout

• AFF3CT

• Digital Communication

• BER/FER Simulator

• C++ Library of chain modules

• StreamPU

• Runtime system

• Task scheduling

• Streaming optimization

• MIPP

• SIMD Intrinsics programming

• Hardware abstraction

• C++ Library

AFF3CT

AFF3CT

Digital Communication Chains

StreamPU

Pipeline Resource Mapping

Runtime System for Streaming

MIPP

SIMD Intrinsics 

Wrapper Library

Tasks



Architecture — StreamPU

Streaming Runtime System

• Multicore Parallelism

• C++ threads

• Chain replication

• Scheduling & optimization

AFF3CT

StreamPU

Pipeline Resource Mapping

Runtime System for Streaming

MIPP

SIMD Intrinsics 

Wrapper Library

AFF3CT

Digital Communication Chains



StreamPU API

C++ Embedded Language for Building Streaming Chains

AFF3CT



StreamPU API

Basic building blocks

AFF3CT

C1 C2 C3 C4

Sequence

Task

Module
Output socket

Input socket

"1 "2 "3 "4

// 1) create the module objects
M1 m1(); M2 m2(); M3 m3(); M4 m4();

// 2) bind the tasks
m2["t2::in"] = m1["t1::out"];
m3["t3::in"] = m2["t2::out"];
m4["t4::in"] = m3["t3::out"];

// 3) create the sequence (stop
//    automatically at t4 task)
Sequence seq(m1["t1"]);

// 4) execute the sequence (tasks
//    graph is executed 100 times)
unsigned int exe_counter = 0;
seq.exec([&exe_counter]() {

return ++exe_counter >= 100;
});

Simple Chain



StreamPU API

Basic building blocks

AFF3CT

C1

C2

C3

C4

C5

C6

Sequence

"1

"2

"3

"4

"5

// 1) create the module objects
M1 m1(); /* ... */ M7 m7();

std::vector<TYPE> some_data(SIZE);

// 2) bind the tasks
m1["t1::in" ] = some_data;
m3["t3::in" ] = some_data;

m2["t2::in" ] = m1["t1::out"];
m2["t4::in1"] = m2["t2::out"];
m2["t4::in2"] = m3["t3::out"];
m4["t5::in" ] = m2["t4::out"];
m5["t6::in" ] = m2["t4::out"];

m6["t7::in" ] = m4["t5::out"];
m7["t8::in" ] = m5["t6::out"];

// 3) create the sequence
Sequence seq(

{ m1["t1"], m3["t3"] }, // first tasks
{ m4["t5"], m5["t6"] }); // last tasks

// 4) execute the sequence (no stop)
seq.exec([]() { return false; });

Multiple Inputs & Outputs



StreamPU API

Conditionals: "switcher" objects

AFF3CT

C1

C2 Ccom

C3 C4 C5

C6 C7

C8

Csel

C9

((1 ((com

((2

((3

((4

((sel

((5

M1 m1(); /* ... */ M9 m9();
Switcher sw(3); // 3 exclusive paths

sw["tcom::in1"] = m1[  "t1::out" ];
m2[  "t2::in" ] = m1[  "t1::out" ];
sw["tcom::in2"] = m2[  "t2::out" ];
// sub-seq. 2, executed if tcom::in2 = 0
m3[  "t3::in" ] = sw["tcom::out1"];
m4[  "t4::in" ] = m3[  "t3::out" ];
m5[  "t5::in" ] = m4[  "t4::out" ];
// sub-seq. 3, executed if tcom::in2 = 1
m6[  "t6::in" ] = sw["tcom::out1"];
m7[  "t7::in" ] = m6[  "t6::out" ];
// sub-seq. 4, executed if tcom::in2 = 2
m8[  "t8::in" ] = sw["tcom::out1"];
// merge exclusive paths
sw["tsel::in1"] = m5[  "t5::out" ];
sw["tsel::in2"] = m7[  "t7::out" ];
sw["tsel::in3"] = m8[  "t8::out" ];
// last task binding
m6[  "t6::in" ] = sw["tsel::out" ];

Sequence seq(m1["t1"]);
seq.exec([]() { return false; });

A Switcher with Three Paths



StreamPU API

Conditionals & repetitions: loops

AFF3CT

C1 Csel

C2

Ccom

C3C4C5

C6

"1 Switcher

"2

"3"4"5

"6

M1 m1(); /* ... */ M6 m6();
Switcher sw(2); // 2 exclusive paths

sw["tsel::in2"] = m1[  "t1::out" ];
m2[  "t2::in" ] = sw["tsel::out" ];
sw["tcom::in1"] = sw["tsel::out" ];
sw["tcom::in2"] = m2[  "t2::out" ];
// sub-seq. 3, executed if tcom::in2 = 0
m3[  "t3::in" ] = sw["tcom::out1"];
m4[  "t4::in" ] = m3[  "t3::out" ];
m5[  "t5::in" ] = m4[  "t4::out" ];
sw["tsel::in1"] = m5[  "t5::out" ];
// sub-seq. 4, executed if tcom::in2 = 1
m6[  "t6::in" ] = sw["tcom::out2"];

Sequence seq(m1["t1"]);
seq.exec([]() { return false; });

Example of a Loop



StreamPU API

Multithreading and pipelining

AFF3CT

C1 C2 C3 C4 C5 C6

Stage 1 Stage 2 Stage 3

Pipeline
// 1) creation of the module objects
M1 m1(); M2 m2(); M3 m3(); M4 m4(); M5 m5(); M6 m6();

// 2) binding of the tasks
m2["t2::in"]=m1["t1::out"]; 
m3["t3::in"]=m2["t2::out"];
m4["t4::in"]=m3["t3::out"];
m5["t5::in"]=m4["t4::out"]; 
m6["t6::in"]=m5["t5::out"];

// 3) creation of the pipeline (= sequences and pipeline analyses)
runtime::Pipeline pip(
m1["t1"], // first task of the graph
{ { { m1["t1"] }, { m1["t1"] }, },    // first & last tasks of stage 1
{ { m2["t2"] }, { m4["t4"] }, },    // first & last tasks of stage 2
{ { m5["t5"] }, { m6["t6"] }, }, }, // first & last tasks of stage 3

{ 1, 4, 1 },     // number of threads per stage

{          1 },  // pin thread  '1'   of stage 1 to core  '1'
{ 3, 4, 5, 6 },  // pin threads '1-4' of stage 2 to cores '3-6'
{          8 }); // pin thread  '1'   of stage 3 to core  '8'

// 4) execution of the pipeline, it is indefinitely executed in loop
pip.exec([]() { return false; });

Example of a Pipeline



StreamPU API

Multithreading and pipelining: replication of parallel sequences

AFF3CT

C1
push
1 ! =

pull
1 ! =

C2 C3 C4
push
= ! 1

pull0

1 ! =
C02 C03 C04

push0

= ! 1

pull00

1 ! =
C002 C003 C004

push00

= ! 1

pull000

1 ! =
C0002 C0003 C0004

push000

= ! 1

pull
= ! 1

C5 C6

Stage 1

Stage 2

Stage 3

1 to = adaptor = to 1 adaptor

Pipeline

Core 1 Core 2 Core 3 Core 4 Core 5 Core 6 Core 7 Core 8

Stage 1 Stage 2 Stage 3

Pipeline threads pinning on a multicore CPU

// 1) creation of the module objects
M1 m1(); M2 m2(); M3 m3(); M4 m4(); M5 m5(); M6 m6();

// 2) binding of the tasks
m2["t2::in"]=m1["t1::out"]; 
m3["t3::in"]=m2["t2::out"];
m4["t4::in"]=m3["t3::out"];
m5["t5::in"]=m4["t4::out"]; 
m6["t6::in"]=m5["t5::out"];

// 3) creation of the pipeline (= sequences and pipeline analyses)
runtime::Pipeline pip(
m1["t1"], // first task of the graph
{ { { m1["t1"] }, { m1["t1"] }, },    // first & last tasks of stage 1
{ { m2["t2"] }, { m4["t4"] }, },    // first & last tasks of stage 2
{ { m5["t5"] }, { m6["t6"] }, }, }, // first & last tasks of stage 3

{ 1, 4, 1 },     // number of threads per stage

{          1 },  // pin thread  '1'   of stage 1 to core  '1'
{ 3, 4, 5, 6 },  // pin threads '1-4' of stage 2 to cores '3-6'
{          8 }); // pin thread  '1'   of stage 3 to core  '8'

// 4) execution of the pipeline, it is indefinitely executed in loop
pip.exec([]() { return false; });

Example of a Pipeline



StreamPU API

C++ Embedded Language for Building Streaming Chains

AFF3CT

// 1) creation of the module objects
M1 m1(); M2 m2(); M3 m3(); M4 m4(); M5 m5(); M6 m6();

// 2) binding of the tasks
m2["t2::in"]=m1["t1::out"]; 
m3["t3::in"]=m2["t2::out"];
m4["t4::in"]=m3["t3::out"];
m5["t5::in"]=m4["t4::out"]; 
m6["t6::in"]=m5["t5::out"];

// 3) creation of the pipeline (= sequences and pipeline analyses)
runtime::Pipeline pip(
m1["t1"], // first task of the graph
{ { { m1["t1"] }, { m1["t1"] }, },    // first & last tasks of stage 1
{ { m2["t2"] }, { m4["t4"] }, },    // first & last tasks of stage 2
{ { m5["t5"] }, { m6["t6"] }, }, }, // first & last tasks of stage 3

{ 1, 4, 1 },     // number of threads per stage

{          1 },  // pin thread  '1'   of stage 1 to core  '1'
{ 3, 4, 5, 6 },  // pin threads '1-4' of stage 2 to cores '3-6'
{          8 }); // pin thread  '1'   of stage 3 to core  '8'

// 4) execution of the pipeline, it is indefinitely executed in loop
pip.exec([]() { return false; });

C1
push
1 ! =

pull
1 ! =

C2 C3 C4
push
= ! 1

pull0

1 ! =
C02 C03 C04

push0

= ! 1

pull00

1 ! =
C002 C003 C004

push00

= ! 1

pull000

1 ! =
C0002 C0003 C0004

push000

= ! 1

pull
= ! 1

C5 C6

Stage 1

Stage 2

Stage 3

1 to = adaptor = to 1 adaptor

Pipeline

Core 1 Core 2 Core 3 Core 4 Core 5 Core 6 Core 7 Core 8

Stage 1 Stage 2 Stage 3

Pipeline threads pinning on a multicore CPU

Example of a Pipeline



StreamPU – Multicore Parallelism
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Pipeline Resource Mapping: OTAC Algorithm / Optimal maximal-packing for TAsk Chains

PhD Thesis – Diane Orhan

Goals

1. Maximize the throughput, i.e. minimize the largest stage pipeline weight automatically

2. Minimize the number of used resources

Hypotheses

• Identical and homogeneous resources

• Synchronization or data movement overhead negligeable

OTAC: Optimal Scheduling for Pipelined and Replicated Task Chains for Software-Defined Radio

Orhan, Lima Pilla, Barthou, Cassagne, Aumage, Tajan, Jego, Leroux

https: // hal . science / hal - 04228117

StreamPU – Evaluation on a DVB-S2 Chain

AFF3CT

https://hal.science/hal-04228117


Pipeline Resource Mapping: OTAC Algorithm / Optimal maximal-packing for TAsk Chains

PhD Thesis – Diane Orhan

StreamPU – Evaluation on a DVB-S2 Chain

AFF3CT

Simulated T. Avg T. Res.

OTAC 47.17 43.86 18

RPTm 26.21 25.26 18

RBm 47.17 43.98 25

Nicol 6.66 6.58 4

Baseline 47.17 42.3 35

- Simulated and average measured throughput

- Number of resources needed for the best results achieved

Target architecture: 2x (Intel ® Xeon ™ Platinum 8168 CPU)
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AFF3CT Example – DVB-S2 Decoding

Industrial Project

Airbus D&S and IMS Laboratory

• Real-time DVB-S2 sender / receiver using AFF3CT

Team STORM — Inria & LaBRI 

Cursus Intégration Master Ingénieur Doctorat ATER

[2017-2020] Doctorat : contrat industriel et encadrements

receive
(tRx

1 )

imultiply
(tRx

2 )

synchronize
(tRx

3 )

filter
(tRx

4 )

synchronize
(tRx

5 )

extract
(tRx

6 )

imultiply
(tRx

7 )

synchronize
(tRx

8 )

descramble
(tRx

9 )

synchronize
(tRx

10)

synchronize
(tRx

11)

remove
(tRx

12)
estimate

(tRx
13)

demodulate
(tRx

14)

deinterleave
(tRx

15)

decode SIHO
(tRx

16)

decode HIHO
(tRx

17)

descramble
(tRx

18)

send
(tRx

19)

USRP

Radio

Multiplier

AGC

Synchronizer

Freq. Coarse
Filter

Matched

Synchronizer

Timing (Gardner)
Multiplier

AGC

Synchronizer

Frame

Scrambler
Symbol

Synchronizer

Freq. Fine L&R

Synchronizer

Freq. Fine P/F

Framer
PLH

Noise
Estimator

Modem
PSK Interleaver

Decoder
LDPC

Decoder
BCH

Scrambler
Binary

Sink
Binary File

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Stage 6 Stage 7 Stage 8

Chaîne de réception DVB-S2 en temps réel.

Contrat industriel
• Airbus Defense and Space

• Émetteur-récepteur DVB-S2 en temps réel [sC1]
• Type de contrat : industriel bi-partite

Encadrements
• Réalisation d’une interface MATLAB pour AFF3CT

• 1 an en 2019, ingénieur (K. He)
• Outil web de comparaison de 500 résultats de simulations avec AFF3CT

• 6 mois en 2019, stagiaire L3 (M. Naciri)

Adrien CASSAGNE Candidature au poste n°283 de Maître de Conférences en Architectures & Systèmes 10 / 23
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AFF3CT Example – DVB-S2 Decoding
Context MIPP Exploration DSEL for SDR AFF3CT References Proposed DSEL Parallelization DVB-S2 Standard

DVB-S2 Rx: Stages Decomposition
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Stage 3 Stage 4
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Adrien CASSAGNE Candidature au poste n°283 de Maître de Conférences en Architectures & Systèmes 36 / 49



Team STORM — Inria & LaBRI 

AFF3CT Example – DVB-S2 Decoding
Context MIPP Exploration DSEL for SDR AFF3CT References Proposed DSEL Parallelization DVB-S2 Standard

DVB-S2 Rx: Stages Decomposition

receive
(tRx

1 )
imultiply

(tRx
2 )

synchronize
(tRx

3 )
filter
(tRx

4 )

synchronize
(tRx

5 )
extract
(tRx

6 )
imultiply

(tRx
7 )

synchronize
(tRx

8 )

descramble
(tRx

9 )
synchronize

(tRx
10 )

synchronize
(tRx

11 )
remove
(tRx

12 )
estimate

(tRx
13 )

demodulate
(tRx

14 )
deinterleave

(tRx
15 )

decode SIHO
(tRx

16 )
decode HIHO

(tRx
17 )

descramble
(tRx

18 )
send
(tRx

19 )

USRP

Stage 1 Stage 2

Stage 3 Stage 4

Stage 5 Stage 6

Stage 7 Stage 8

Radio Multiplier AGC
Synchronizer
Freq. Coarse

Filter
Matched

Synchronizer Timing
(Gardner) Multiplier AGC

Synchronizer
Frame

Scrambler Symbol
Synchronizer

Freq. Fine L&R
Synchronizer

Freq. Fine P/F Framer PLH Noise Estimator

Modem PSK Interleaver Decoder LDPC Decoder BCH Scrambler Binary Sink Binary File

Adrien CASSAGNE Candidature au poste n°283 de Maître de Conférences en Architectures & Systèmes 36 / 49



Team STORM — Inria & LaBRI 

AFF3CT Example – DVB-S2 Decoding
Context MIPP Exploration DSEL for SDR AFF3CT References Proposed DSEL Parallelization DVB-S2 Standard

DVB-S2 Rx: Stages Decomposition

receive
(tRx

1 )
imultiply

(tRx
2 )

synchronize
(tRx

3 )
filter
(tRx

4 )

synchronize
(tRx

5 )
extract
(tRx

6 )
imultiply

(tRx
7 )

synchronize
(tRx

8 )

descramble
(tRx

9 )
synchronize

(tRx
10 )

synchronize
(tRx

11 )
remove
(tRx

12 )
estimate

(tRx
13 )

demodulate
(tRx

14 )
deinterleave

(tRx
15 )

decode SIHO
(tRx

16 )
decode HIHO

(tRx
17 )

descramble
(tRx

18 )
send
(tRx

19 )

USRP

Stage 1 Stage 2

Stage 3 Stage 4

Stage 5 Stage 6

Stage 7 Stage 8

Radio Multiplier AGC
Synchronizer
Freq. Coarse

Filter
Matched

Synchronizer Timing
(Gardner) Multiplier AGC

Synchronizer
Frame

Scrambler Symbol
Synchronizer

Freq. Fine L&R
Synchronizer

Freq. Fine P/F Framer PLH Noise Estimator

Modem PSK Interleaver Decoder LDPC Decoder BCH Scrambler Binary Sink Binary File

Adrien CASSAGNE Candidature au poste n°283 de Maître de Conférences en Architectures & Systèmes 36 / 49



Team STORM — Inria & LaBRI 

Context MIPP Exploration DSEL for SDR AFF3CT References Proposed DSEL Parallelization DVB-S2 Standard

DVB-S2 Rx: Decoding Performances & Throughputs

1 2 3 4 5 6 7 8 9

10-4

10-3

10-2

10-1

100

Eb/N0 (dB)

Fr
am

e
Er

ro
r

R
at

e

AWGN Real
MODCOD 1
MODCOD 2
MODCOD 3

Throughput (Mb/s)

Sequential Parallel Latency (ms)

Configuration x86 ARM x86 ARM x86 ARM

MODCOD 1 3.4 1.0 37 19 – 37
MODCOD 2 4.1 1.4 55 28 56 41
MODCOD 3 4.0 1.1 80 42 – 51

• x86: 2⇥ Intel® Xeon™ Platinum 8168 CPUs, 24 cores @ 2.7 GHz
• ARM: 2⇥ Cavium ThunderX2® CN9975 CPUs, 28 cores @ 2.0 GHz

Adrien CASSAGNE Candidature au poste n°283 de Maître de Conférences en Architectures & Systèmes 38 / 49
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High-level Programming with PY-AFF3CT
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High Level Programming
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• Python access to AFF3CT modules

• Based on pybind11
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AFF3CT



AFF3CT

Why Julia?
2 Julia

• High level language with meta-programming

• Just-in-time (JIT) compilation based on LLVM

• Looks like Python but with higher performance
— No global interpreter lock (GIL) : Enable multi-thread integration!

• Good candidate to prototype new algorithms in Aff3ct
— Easier than doing it in C++

3/14



AFF3CT

Interfacing with Julia
2 Julia

Name Language Stars Supp. J. versions Last com. Threads Except. J. ← C++ C++ ← J.

API C Julia C – V ≤ 1.10 – ∼ 7 3 ∼
Cxx.jl C++?? 754 � 1.01 ≤ V ≤ 1.03 May 2024 7 7 3 7
CxxWrap.jl C++17 415 � V ≤ 1.10 Aug. 2024 7 7 3 ∼
CxxInterface.jl C++?? 45 � V ≤ 1.10 Jan. 2022 7 7 3 7
Jluna C++20 243 � 1.07 ≤ V ≤ 1.10 Apr. 2024 3 3 3 3

• List of existing solutions to interface with

• Select Jluna as it seems to fit the best to be integrated in StreamPU
— Written in C++ for C++ applications
— Support threads with its own pool of threads

— Can invoke code from C++ side
— Can invoke C++ code from side

5/14



AFF3CT

New Julia Stateless Class
2 Julia

• module::Stateless_Jluna class
— Behavior is quasi-similar to

module::Stateless class

• Very basic code example: a task that
reads input socket and writes the data
into two output sockets

compute1 1
2

Stateless_Jluna (inst. jl_mdl)

Task
Module

Input socket
Output socket

1 // C++ code
2 module::Stateless_Jluna jl_mdl;
3 runtime::Task& t = jl_mdl.create_task("compute");
4 jl_mdl.create_socket_in <int8_t>(t, "in", N );
5 jl_mdl.create_socket_out<int8_t>(t, "out1", N / 2);
6 jl_mdl.create_socket_out<int8_t>(t, "out2", N / 2);
7 jl_mdl.create_codelet_file(t, "compute.jl");

1 # Julia code ("compule.jl" file contents)
2 function compute(sck_in, sck_out1, sck_out2,
3 rnt_frame_id, rnt_n_frames_per_wave)
4 # for each element in �sck_in�
5 for n in eachindex(sck_in)
6 if n % 2 == 0
7 sck_out1[n / 2] = sck_in[n] # even
8 else
9 sck_out2[n / 2] = sck_in[n] # odd

10 end
11 end
12 return 0 # return val in �status� sck
13 end

6/14



AFF3CT

Benchmark Protocol
2 Julia

Software & hardware configuration:

• AMD Ryzen 7840U CPU (Zen4)

• Ubuntu 24.04 LTS (kernel 6.8)
• C++ GNU Compiler v13.2.0

— -O3 -mavx2 -funroll-loops

• Julia v1.10.4 & Jluna 7b08c4f

Benchmark application:
• 6 increment tasks chained

— Run in loop, memory bound

• Two variants has been evaluated
— Appv1: increment tasks with

input/output sockets
— Appv2: increment tasks with

forward sockets (= 0-copy)

initialize
(t1)

increment
(t2)

increment
(t3)

increment
(t4)

increment
(t5)

increment
(t6)

increment
(t7)

finalize
(t8)

Initializer Incrementer Incrementer Incrementer Incrementer Incrementer Incrementer Finalizer
Sequence
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Experimental Results
2 Julia
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Implem. type of the increment tasks:
• In C++

— E�cient for task latency > 0.1 µs

• In Julia with errors management (safe)

— Match C++ perf for latency > 10 µs

• In Julia for production (unsafe)

— Match C++ perf for latency > 1.5 µs

• tasks can be relevant for many

signal processing algorithms

— Most of the Aff3ct modules have a
latency higher than 1.5 µs!
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What’s Next?
2 Julia

• Implement stateful task in : Need to manage the clone pattern

• Support multi-threaded executions of tasks (pipeline & replication)

• Integrate StreamPU × to Aff3ct

• Implement a representative signal processing task in and in
Aff3ct to validate the entire process

9/14
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AFF3CT

A Cluster Designed for Researchers
3 Dal3k

The Dal3k cluster

• A cluster of heterogeneous nodes

— Enable Aff3ct eval a various architectures

• Made from low power mini-PC nodes: What an idea?!
— Absolutely not designed for clustering : Challenging!

• Advantages
— Components from the public at large : Cheap!
— Fast availability of the chips and easy to upgrade

• For who?
— The Aff3ct team in general
— LIP6 researchers and CS architecture enthusiasts

10/14
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Partitions
3 Dal3k

• 4 heterogeneous partitions of 4 nodes each
• NPUs and some iGPUs are not detailed below

Processor (CPU) System RAM Memory

Vendor Model Archi. Cores TDP Type MT/s Chn. Amount

Partition 1 AMD Ryzen 9 7945HX Zen 4 16 (32) 75 W DDR5 5200 2 96 GBPartition 2
Partition 3 AMD Ryzen AI 9 HX 370 Zen 5 12 (24) 54 W LPDDR5X 7500 4 32 GB
Partition 4 Intel Core Ultra 9 185H Meteor Lake 16 (22) 115 W DDR5 5600 2 32 GB

Graphical Process Unit (GPU)

VRAM Memory

Vendor Model Archi. Type Bus Amount Cores TDP

Partition 1 Nvidia GeForce RTX 4090 Ada Lovelace GDDR6X 384-bit 24 GB 128 450 W
Partition 2 AMD Radeon RX 7900 RTX RDNA 3 GDDR6 320-bit 24 GB 84 300 W
Partition 3 AMD Radeon 890M RDNA 3.5 Unified with CPU RAM 16 –
Partition 4 Intel Arc A770 Alchemist GDDR6 256-bit 16 GB 32 225 W
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Infrastructure
3 Dal3k

• Half rack 25U on wheels with glass for demonstrations
• Network: Unifi Switch Pro Max 48 ports

— 4 × SFP+ 10 Gbps (optical fiber)
— 16 × Ethernet 2.5 Gbps
— 32 × Ethernet 1 Gbps

• Frontend node

— 14 cores Intel Core i9-13900H (Raptor Lake-H), 96 GB DDR5
— 2 × Ethernet 2.5 Gbps ports
— 2 × SFP+ 10 Gbps ports
— 6 TB PCIe 4 NVMe SSD for NFS

• Energy consumption (estimated)
— Idle: 734 Watts
— Maximum: 6320 Watts (requires two standard sockets)
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DALEK Cluster

Summary

https://dalek.proj.lip6.fr/

Contact

• Adrien Cassagne, LIP6

• adrien.cassagne@lip6.fr

AFF3CT

Number of 

nodes

1 4 4 4 4

CPU Intel Core i9-

13900H

AMD Ryzen 9 

7945HX

AMD Ryzen 9 

7945HX

Intel Core Ultra 

9 185H

AMD Ryzen AI 9 

HX 370

iGPU Intel Iris Xe 

Graphics 96EU 

Mobile

AMD Radeon 

610M

AMD Radeon 

610M

Intel Arc 

Graphics 128EU 

Mobile

AMD Radeon 

890M

GPU (or eGPU) - Gainward 

GeForce RTX 

4090 Phantom 

GS 24 GB 

(PCIe 4)

Sapphire PULSE 

AMD Radeon RX 

7900 XTX 24 GB 

(PCIe 4)

ASRock Intel 

Arc A770 

Challenger 16 

GB OC (Oculink)

-

https://dalek.proj.lip6.fr/


10.
Outreach initiatives – AFF3CT's Online BER / FER Comparator

https://aff3ct.github.io/comparator.html

AFF3CT

https://aff3ct.github.io/comparator.html


AFF3CT Online BER-FER Comparator

Compare FEC decoding performance with database entries

aff3ct.github.io/comparator.html

AFF3CT



11.
Conclusion
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Modular Digital Communication

• Software Defined Radio (SDR)

• Digital communication chains

• (5G phones, Wi-Fi, DVB-RCS, etc.)

• Codec algorithmics

• ECC, modulation, channel models

• Design, validation, production

• Transition from ASICs to software

• Multicore parallelism

• Vector processing

• Pipeline Resource Mapping

https: // aff3ct . github . io/

AFF3CT
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AFF3CT

Small, focused team of developers

• Inria Bordeaux, IMS Laboratory, LIP6 Laboratory

https: // aff3ct . github . io/

• Open Source, MIT License

Subprojects

• BER/FER online Comparator

• https://aff3ct.github.io/comparator.html

• PY-AFF3CT

• https://github.com/aff3ct/py_aff3ct

• StreamPU: task-based streaming runtime
• https://github.com/aff3ct/streampu

• MIPP: C++ SIMD wrapper

• https://github.com/aff3ct/MIPP

• DVB-S2 Chain
• https://github.com/aff3ct/dvbs2

AFF3CT

Team 

STORM

Inria / LaBRI

– Bordeaux

Team CSN

IMS Lab. –

Bordeaux

Team 

ALSOC

LIP6 Lab. –

Paris

DAL3K Cluster
https://dalek.proj.lip6.fr/

https://aff3ct.github.io/comparator.html
https://github.com/aff3ct/py_aff3ct
https://github.com/aff3ct/streampu
https://github.com/aff3ct/MIPP
https://github.com/aff3ct/dvbs2
https://dalek.proj.lip6.fr/


Thanks!
https: // aff3ct . github . io/

AFF3CT
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