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Who am I? B McGill £TS

» Ph.D. candidate and research assistant at McGill University.

> Lecturer and research professional at ETS.

» Work on efficient algorithms and implementations for modern
error-correction codes with a special focus on polar codes.

» FPGA and ASIC

» Intel/AMD x86-64 and ARM NEON SIMD

» GPGPU
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How good can we make
this in a digital system?
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Achieving the Channel Capacity B McGill £TS
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Very challenging in software.
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Achieving the Channel Capacity ¥ McGill €78

Successive cancellation — low throughput.

= Use a better algorithm.

Polar Codes

2008

Performance at moderate code-length is modest. 0dB

Becomes excellent with N > 220,

= Still competitive under some conditions;
use long frames if required.
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Fast-SSC Decoding B McGill £TS

What better algorithm? Fast-SSC!

» Orders of magnitude more efficient than SC;
» Maps nicely into SIMD;
» Memory can be arranged in an efficient way;

» Natural fit for systematic coding.

Wait! What is a systematic code?

Sarkis, Giard, Vardy, Thibeault and Gross, “Fast Polar Decoders: Algorithm and Implementation,” IEEE JSAC, 2014.
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Non-systematic and Systematic Coding & McGill £FS

(8, 4) code — 8-bit codeword: 4 information bits + 4 parity bits.

» Non-systematic:
aoa122a3 —>| Encoder | XOX1 X2 X3X4X5X6X7

» Systematic:

apdi14d24as3 —> apdai1axaspPop1p2p3
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Non-systematic Polar Encoding
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Figure : Structure for a (8,4) polar code.
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Systematic Polar Encoding B McGill £TS
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Figure : Low-complexity structure for a (8,4) polar code.

Alright, now how do we go from SC to Fast-SSC decoding?

Sarkis, Giard, Vardy, Thibeault and Gross, “Fast Polar Decoders: Algorithm and Implementation,” IEEE JSAC, 2014.

Sarkis, Tal, Giard, Vardy, Thibeault and Gross “Flexible and Low—CompIeX|ty Encoding and Decoding of
Systematic Polar Codes "submitted to IEEE TCOM and ArXiv, 2015
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Successive-Cancellation Decoding B McGill £TS

» Reminder of how SC decoding works.
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Successive-Cancellation Tree B McGill £TS

» View the SC decoder graph as a tree.
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» View the SC decoder graph as a tree.
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» View the SC decoder graph as a tree.
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» View the SC decoder graph as a tree.
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» View the SC decoder graph as a tree.
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» View the SC decoder graph as a tree.
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Simplified Successive Cancellation ¥ McGill €78

Rate-0

SSC
Rate-1

Alamdar-Yazdi and Kschischang., “A Simplified Successive-Cancellation Decoder for Polar Codes,” Comm. Lett., 2011.
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Repetition

SPC Fast-SSC

» Key idea: use more efficient algorithms on constituent codes.
» Fast-SSC supports more node types not covered here.

Sarkis, Giard, Vardy, Thibeault and Gross, “Fast Polar Decoders: Algorithm and Implementation,” IEEE JSAC, 2014.
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SC Tree—(256, 230) B McGill £75

vTnym

P. Giard and A. J. Raymond (McGill and ETS) Polar Codes in GNU Radio 13/20

\k 1‘1‘ lik li,



SSC and Fast-SSC Trees—(256, 230) B McGill £TS

SSC Fast-SSC
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Implemention for GNU Radio B McGill £TS

v

Systematic polar coding for better BER.

v

Supports a subset of the Fast-SSC nodes.

Uses the FEC API.

v

v

Supports soft inputs for greater error-correction performance.

v

Uses fixed-point arithmetic internally.

v

Highly-optimized VOLK kernels for SSE4, AVX2 and NEON.
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Classical GRC Example B McGill £TS

options Variable Import
ID: ber_polar_test 1D: samp_rate || import: math Variable
Generate Options: QT GUI | | Value: 16

FEC Extended Encoder 1D: noise

QT GUI Range

1D: esno
" Value: 35.7635m
Unpack K Bits Encoder Objects: <gn...560> > Label: EsHO
Random Source o
o K E Threading Type: None ot (ol Corme Default Value: 25
a— Throttle
Maximum: 256

Puncture Pattern: 11

Start: 0
Noise Type: Gaussian
Sample Rat: ] Stop: 25
Num Samples: 419434 o | | Amplitude: 39.7635m
g Step: 250m
Repeat: i | | Seed:n

Map
Map:

Variate Pool Size: 8152k

Char To Float
Scale: 1

Polar Encoder Definition Variable

[ ID:

PCFile: . 68_angn s0.50Lpc
Codeword Length (N} 32 768k
Frame Length (k: 16384k

FEC Extended Decoder
Valuer 16384k
Decoder Objects: <gn 570> >

Polar Decoder Definiti

Variable Threading Typ
sm: 0 ID: code_rate
68 angn_s0501pc Value: 500m
Instructions File: 501 ins
Codeword Length (N): 32 768k Variable
Frame Length (k): 16 384k 1D: sigma BER

valu

6.2341m Test Mode: Falsz

Graph Type: Horizartal
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Complete Chain Example B McGill

Options Variable |[ vartable [ variabte | variable
complete_chain 10: samp rate | 1D:5ps [ 1Dz arity | 10: excess bw Packet Encoder UHD: USRP Sink
Gosarats Oplona: TGl Vaser S Value: 4 som Samples/Symbol: 2 Device Address: ser. RIIVAUP

T
cho: L imens

s

FEC Extended Encoder
Encoder Objects: <gn. 820> >
‘Threading Type: None

n

Vector
vector:ma emoumcion.

1

e

"Yb.d L' S Constellation Rect. Object
CMA Equalizer 3
o 123
rcca G Rettonat sy
Attack Rate: 60m jLoonh " e26m
Decay
Reterence: 1
Go
Max Gain:65536¢ arou
Number of oins:
FEC Extended Decoder Soft Packet Decoder Autoscale: fo .
File Sink Ml - b PC Fl: 24 awgn 30501
rllrm“pmqmmmt dat - N ccess " Multiply Const Constellation Soft Decoder ‘Codeword Length (N): 1.024k
Torendng ype: o [l fl| threshoie: 1 e code )
Annihilator: Nene: Whitener Offset: 0 c
Pattern: 11 Dewnitening: 1o Potar Decoder Defnition
Parate
QTGUIRange | QTGUIRange || QTGUIRange || QTGUIRange | QTGUIRange | OTGUIRange | o7 GulRange T Gui Range e e
iming loop,bw sein 1D: phase bw 1D: nise_volt 1D: freq_offset 1D: time_oftset 10 ampi 10: ot _ang Instrostions plle Sot1e
Label:Time. 6w Labet: Tining Oftse | Labe: Labet:Constel.aten Avgle o
Defaut Value: 26 Defautt Value: 1 :
Start: 0 Start: -100m rt: 999m Start: 0 Lo TR
L0010 stop: 5
m 1000 ‘Step: 100m Vartable)
pe— Value: 1020
10: 1 gain 10: tn b oin
Labet:Defou R Gin | Label
Value: 30 Detautt va
start:0 sta
stop: 30 stop: 50
step: 1 step: 1
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Performance Results D McGill £TS

Using a single processor core:

» Under the worst conditions, a stable 50 Mbps on a low-power
SandyBridge with SSE4.1.

» Under good conditions, an average coded throughput of
350 Mbps on a Haswell with AVX2 is typical.

= In a complete communication chain, the modern FEC is NOT
the bottleneck anymore.
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(encoder implementation not optimal)

Polar FEC Encoder/Decoder
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Final Words B McGill £TS

v

Will this be upstreamed to GNU Radio/VOLK?

v

Will we make the source code available?

v

When can you start using it?

v

What if you want to use polar codes outside GNU Radio?

P. Giard and A. J. Raymond (McGill and ETS) Polar Codes in GNU Radio 20/20



Acknowledgement T McGill £75

The authors would like to warmly thank:

» Profs. Ghyslain Gagnon and Claude Thibeault of ETS for
funding this trip.

» Prof. Francois Gagnon of ETS for HW access and helpful
discussions.

» Gabi Sarkis of McGill university for helpful discussions and
presentation material.

Contact information

> Pascal.Giard@mail.mcgill.ca

» Alexandre.Raymond®@lacime.etsmtl.ca

P. Giard and A. J. Raymond (McGill and ETS) Polar Codes in GNU Radio 21/20



