20254k st

Error Correction Code Transformer & &

0%, #3%

A A,

Ak

jerry9832@naver.com , yundy@ul

[o]

&3

A Aol

1A

_l

san.ac.kr , hykwak@ulsan.ac.kr

Efficient Transfer Learning Method

for Error Correction Code Transformers

JaeHwan Kim, DaeYoung Yun, HeeYoul Kwak

University of Ulsan

o

Q
ar

5

=

2 9= transformer 7]WF error correction code transformer (ECCD) 9 M5 T 9t do] g

(transfer learning) kS Wl - BA 38ty ECCT WoA 8t 7163t 2 7IsA 2 9d 75
(embedding weights) ¢} o8&l 7}=X] (attention weights) 7} o™, o5& M=z 2 2359 ECCT
Zhell dold = Ut} & AFolAM = F FTFY VteAE S5HA0RE e Aeste] dolsigls W sk 4
H 59 55 el vAe dFS JEFgor skt A3 A3, ded A Ts doldt Aot
7h wE e 58 A NS GASE T v o'l ER] dols 238 27] g5 A A
T AE A2 JhsAde] ERlEHY AR oR, E A= ECCT o] g+ Al Fitxdo], 53] g
7t dolihs &8sk dgo] avA s AlAbs

. A& II. Aol & g 7153 L Ao] ¥H

TranSfOrmer E—E‘E]% “’—]O% hE A]%]_—é— 6‘—]—{:!_\‘ %agi X}-Q_:]_ Initial Embedding Layer Multi-Head Self-Attention
of Hgl - 54 - G- FA T vhekst FofoA 5Lk
oS Holal QuH[1]. Al Foko|A = error correction [ '

code transformer (ECCT) [2]7} #A|¢tx]o], Ad EA} H

T FxZ volH 7o w gate] e ol oA
1A H37)R 7 Aed 245
A%k ECCT7F #A 9] Aes E3sh7] s dnt
How tiFe s dlolE e} 31 ghE ARFE e
ol WdE HIEs Adalor sk ddl T A~Eel

Agket et

< (transfer learning) &

o2 alda7) A8l ® AelA = Ho| &
22 F} o714 Ho] sol g ol

vl gy pdlo]l xaS AR Ade] ATdgTo TN
olel Q7% TF AIEE F7]AoR Fole stEwoltt
[3]. & <I+%= ECCTO a&4<l o] stxHls 13|
Q3te], shs7bsst AMlW 7153 (embedding weight) £}
o€l 7}5A] (attention weight) & 242t &= 3H/ Ho|3l
< W a9E AALORE va - A o]F FEl ofd
WAool shgol HAC g 7Y SR8 B A
WhEolul=A] gopth,

.
2

<1¥ 1> ECCT &8} 85 7 st TSRS Wy, Wo, Wy, Wy, W,

=
EE &

a% 1°l ECCTe + AN (n, k) B35
Q)8 ECCTY gL 2n—k H|Eo|y, o= n HEZ] }\/“l
N5 75l n—k BIES &C A2 7o o] o]z}
ECCT9] 9182 o #olo]o A W, € REn—xdnode <&
Z8) dpoger H WEZ WBAT 7 )3y 22 g3
= Ax oJdl A} YA feed forward network (FFN)
o] A, oJdd Holoo WQ,WK'WVER(dk'h)deDdel
%2 #)0]0] 9] W, € Rimoderx dmoder 7}52] 7} S H T},
WA, A ECCT Rdo)d a5 92w odwy 715%
mp = EFl ECCT 22 9wl 7F5x] 27|gte 2 Hol
AR g8 135 gAs, HE 9x H
WY 2pe] Bix7 A4 thEA &)
oz ol%old # Ytk 3,

ya o

A<
T
o &
70—_]4

A

o

=

=1
T T

1387



Al z7|stHt ¥ Foju|st EdFA ShFo] HEE
Lot shANE AR e R EE o] AW T
217y AR g2ER A dud 5o dRE A
= WS ARESTE FAIFOR, (ng k) AN FEE
ECCT (2ns — kg) X dmoger AHE 2 AW 745 2] o A
AT Zes w= A9 n, 33 sl ASES W=
ng — kS o] dojdith ® A5t BCH (63,36)
of#] BCH (31,16) ¥z ®2] o] stxs Faqstgion, o
g <28 2>9 o] A4 mde] 964 AHY 7FFH
A ARuES vHy ¢ 3133 s vES ddd
3h9] 153S FE3d] F 4639 dMd NEAE FAE
i, °]& BCH (31,16) B2 46+ odvld 7Fex 27]
#oz g3

P Source Model
BCH (63,36) \

Embedding Weight

foir do 2 pot Qb U o

Ot 4y 4o O

-

Target Model
BCH (31,16)

I 4z ool P oft (8 1o R o fo ofy o (B

(YT S— l ||
nk=15 |

Attention Weight Amodel

Amodel

<19 2> Aoksl= ECCTE &&37 o] dhss why

2 Adste] s &
th o2, of’ld 7hE A
o oy 8/ HE A 7]
A 35 dimoder X dmoder BENS] ARIA ThEA] 9 Y
Wo, Wy, Wy, Wy Bl RELS] %7] of
Zolth, o'l ThER = delY 7
EAY 7hsAdo] ol Hol adrt
F3l ol WAtk gk

III. o] g5 A8 23

RHlo] e Bk g A elAe &4 W Folst
o gl o]Foj T} o= F& Ho] W AW
ZFol ztol7t Q= AFelA Hol x5 avE HSsH
Astoltt. BE AFoA A Ad B3AHES JHE 7]EF QL
additive white Gaussian noise (AWGN) d-& 7} sko,
- QRlE FHAgtsta o] g dEgNke] AHe AolE
Hlwskglth. ECCTE & 8719 tzy #olol2 st
W, dmedger < 2562.% ARSI gF Al wiA A7)
1282 A4k, 2+ epochi 1000M 2] 7hE] o] E
= Fdersick s A E] shFel ARgE dHoly AlES
2, 3,.,7 dB2] E,/No5 Z= AWGN AdelA 24 44
sto] ST Ay P FoE Adam FEIRFOIAE
Abgstelon, 7] g5ES 1-107% 2 AAstal Co-
sineAnnealingLR 2718 E AE33th. & 1000 epoch

o) sro] Sae giv,

N 1o (o

e %
B3
£
-z
}-Oll
-
[\
=
1o

0.1
~— Random
— Embedding
— Attention
v .
2 — Combined
)
0.01
0 200 400 600 800 1000
Epoch

<9 3> AR OE 2713 AHES ECCTEY &% 54

9 32 7} o] k] wpE 1000 epoch &<k loss?
Jejzolty, Randome 29 grow ThEAE x27]
29 Embedding, Attention> 217} olwd, ojeld 7}
= o] gHA71 Reoln], Combined: F 7FEA=
Aol 51zl mdoltt, Iy 7hEA] Holwk ARg-S
Qo] 7p whEA FHEk 529 27)ks ARgeh mdl
15.3% & HA &4 @S 7153 ol 7kEA
dol= 238]8 3y ¥ HE9 HAE opeiia, of
odlA 7hEx HolE wsor AL we}

T Holg} A ALPE w =5 FFEHG o)+
2 H35 BCH (63,36) oA &
3 Z

7

LI

T

Ry sl

o
rlo

ECCTS &&#9l o] sy Hekg Adaoz FA3%
Az, B8 Aol Ak F Uduly 71EA o7t HE B3
Feg 15.3% FIANE 7 L8 A anE Btk
W ofEl % v Y =M 238 As A
32 fuetglon, ol o’lM ZFEX| 7} AdWd sFEX A
o AA F3e] Fxe g ueA st AS A
ARgter, 1822 ECCT Rde Holshs Al B33k i
VoA AAE Aolshy] Bt Wy 7tEA HolE 4

=4

Ag3ta, oldld - FFN & 1% 54 3% 7tsx9 4
ol a2 gl B F-3e met 4 A 3

of gt}

ol
o
N
2
ol\
ﬂr‘
it
%

dol avE Frrdoz ystel Holghy HEs He F
wsleta, B =890 AE LDPC - Polar 5 & F& ¢
FAAFET st HAEAA AHE wps o Fo|u),
T AA BA A4S vy w2 AE o Fau el
Ao Mol gy fade HIeta, AY @A 53kE v
A 24 A= Aoz ECCTE AE4 AHE ¥ils
3% wslaA s

FaER
[1] Vaswani, A., et al. (2017). Attention is all you need.
Adv. Neural Inf. Process. Syst. (NIPS), 30.
[2] Choukroun, Y., & Wolf, L. (2022). Error correction
code transformer. Adv. Neural Inf. Process. Syst. (Neu—
riPS), 35, 38695—38705.
[3] Torrey, L., & Shavlik, J. (2010). Transfer learning.
In Handbook of research on machine learning applications
and trends (pp. 242—264). IGI Global.

1388



