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.Polar Codes, Convolutional Codes
CL POy YMDN C OV IR PN LF NTY DYN n TN IRYD TP C 00 9 A91N
neno AT
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m>M 95 QUIR M U IR ,E: U — C DY) 2D~ TNTN NN PN TTIPN PONN9 19IN2
N9 NIV 11101 1Y~ TATTN 1PN NN .TIPN 990 Nt C-) TTPND NI MPNNNIYND
ND DNV PYON DY NIM L)Y 5272) PR LNINK) TP NN NMND NMY MyTIiN 2 Mond
LTIPN 990 X POLPI - N2 DYNNYN ROV NINPND TP NN ¥ X

NN TR ON MV OV ONWP0 u € U TPYMIOYPRD NDND Pom TNpNN
ANPY MV ONBID 7 = n — k POM TNHPHNN N L I THPND NDIOA MPNNNIPND
R =E1wn mpn asp mt nIpna .c € C PN N0 NN

DAY D220 MY TTIPN DY ORI YIDN .E NPNN DV VI D190 TTpn S vidn 5o
NIPN2 E(u) NMPRNND NIPN DM » € U TPXNMAPN NN W NNV D02 MW M W
YMOPN DY MINDD NPN NPN TP DO DD N L F DTV Dyn Ne»Y Tip w0 ¢ Mpnv
MO F Oyn ONTPN £k 0WVIT N {e,e,...,€,} DO INOPN k& WY MDD .0°0IN
-2 1002 9N INRYON

€1,1 €12 - €ln
€21 €22 - €E2q
€kl €k2 - Ekn

kxn

(Genarator Matrix) 1989 A8V NXIPI N NIV ;C TIPD DO NNNN PMNYY NIV
DARIPO {w; i, MY ¢ = 38 we;md NPNIY MM ¢ € C TP NN 95 N .C Tpn Yv
PANYON NAPND TTIPNN DY N9 NYa DIAPY NIVN N .ONYID

c=E(u) = uG.

kx k9702 DTN NI0N RN I TN LG = (I | A) NNINNN NN NINPD NNIONN ON
NINNNI u PNNMOPNRD NNV 22PN ,MMNANVDIO NYN G-V NI IXR PPN NYIY 0N | 1)
¢ TIPN NOM DY DXNYNIN DOPTIND k-2

c=u(ly[A) = (ulud).

PINYA TIPD NIANY NNIVN N2)) 13 NNT

01 11
1 01 1
1 10

1
G=10
0 1

o = O
= o O

P2 WY k= 3 TPN TN N NMON 'Nd1 BOYN MNVN ,;n = 7 N NP TN
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[7.3,4] TP 1N G YOy 1TV PN ,DID0Y .d =4 1270 2 VAYN 299 TIPN PRI

BPSK 0/ — +A4, /1" — —A M1 0Y YONDN V1Y 22 DY NYNIAN NNYPNN TWNRD 1 N9yN
MY .MV NYPYVINY X NN 9N MIYN Dapn Mpn asp IR L2 P19 INI)
L0 . DTYN DNRY ISNMONR V2 DID OINR MTN E, DY DXPN 03D N8PV
OMN NN MTN k-E, NP PNNNIYN DA £ W DAY ,n TIND PINYA TP NDMO
RNV E = A%n (2 P9 IWNI) NPN (NP ND) ATIVNN MIRD OV NOION 177NN

v 2Py 0van
k
A= EEbz VR-Ey.

NPT D10y AN ,9NY N0 MY NNNY NI (TN A%P) M’ D20 0y NP , N0
INNNOYN MHIANDN DN Mo

-W DAY IN,CLOIRITA IR0 DY NASYI ANIVNN NN H-1 JO0) ON
C:{g: HQT:Q}.

NNNYA PV ,C TP DY (Parity-Check Matrix) HPIMIT NPT NNION NRIPI N NIVN
ON 0 NIMI NNIVNA PRI NYHON) KO N TP NI NIN DIDN MOPN ONXN PITAD N2
H nvnn OV (kernel) YYD WD C PN ,NIVYND (TP DD XD MOPNN ONX PN

DTYN Sy Mysann - H DY X G 0y - D9 MNP8I0unin Yaon moyay a5 v 2 A9yn
10 NTYVN ONX OVND DTV NITHIND D1NO Da5m NN MOya Yy ambd  LF 90N
XOR NVYYN2 10 MNN My 53 X PINYI
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MY TR TN . TITPN N0 10NN W NP2 D1THN DNRD IV NNY N 02321 NIAIN2
NN NN NN MPNN MY TN [, TIND NN NIYD NRDY MIANOND NWITH
.(N2M) NP IMI) NMA

r € Y™ MIAY , MDD .D: YT — C TIPN D90 YIIYN NN P2 N9 1PN NIYOND ,1PONN
,(TIPN 990 1NN 12105 YT NIYINND .NIWIVNN TIPN DD NN D (1) ,Y1IYNN RN N0
TINOD 2T DXIIT W IR T WNN RO YIIYN OR) DWNNYN YITY NPRI PYTa YT 9N
Pr(-]) 92ynn MHNIANoN Swnd md YN DY YN vnnvno 51 Niyonn 3P0 LOMN
YTTHY NNNI D INYID NIYON DY NYNINNN NNY N NNV MIIANDN

P £ Pr(err|c) Pr(c),
xeC

Pr(err|c) = Z Pr(r|c).

rEYT
D(r)#c

MAP — Maximum NIY9) NIPI NYINNDNN INADYD MIINDN DX DH’1ND NXANY NIYINN
YT=DY PN NI A-Posterior

Durap(r) = argmax Pr(c|r).
ce

DNIYN MIANDN NP NPNIN) NINND NIV NP 0N NIYIND ,MINK OO2
MMOPNN INPNA) NNOYI NONY NPDNY NN IM) TPN MO 53 Oy 121y (NyHnnn
NIPNA PN) MY MIINDNA MNSYI TIPN MDNY NIPNRI .INPI NMAN NN (1 VOPIN

ML — Maximum Likelihood NIY9nY Nt MAP Niyan (Nt

Dy (r) = arg max Pr(r|c).
ce

NTY NN OV 2aynn MNAN0N ONYa It Pr(r|c)-Y 752 1N ML NIyana Namn
.DNDN VYD NHYAINY

5313 p € [0,1) 10NN DY PIRNTIDN BSC(p) MOWON MINPIAN Y12 14 ANT

Dur(r) = arg max Pr(r|c)
ce

n

= argmax [ PrCrfes)
1=

n
— ridei (] _ 1—-r;®c;
arg max Hlp (1-p)
-

= arg maxpz?g i1 — p)"‘ZLl e
ceC

B < p >dH (e,r)
= argmax | ——
cec \1—p

IJ<l

2 .
- d .
arg min u(cr)

PIYS p € [0, 1) 0NN DY PIRNTION BSC(p) 200N 2INPIN NN NIAY , 100D
09PN MOPNNN DN Hamming PN NOYA TP DO NNoNnd 51w ML
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TP PO Dya NI TIPNY NNOY D) Hamming PNIN 25 ML DY Pa M IWpnn
D20 INY VY PPN MM 7D ,INY 9T

PN d — 1 71L.RAD [ 452 | MRTNA [P N3 d pmn 00 Tip 4 vown

1PNV YAIP 4 VIVYN DIAN ,TPVPID NN MPPHN/MNIVI NN OIPNN TR NINN RO Ty
1PN2 Y (2,977 NPV DND PRI DY TP PTY (1 W PPONY 112 4 VIVYNN NNT MYYD
qOI YTN N W MPPAN PPN 1OV ,MIPIN NIVN MPONN MINDIY IURD MPPNN NP
12N DWYTY XD DNIN MNDY NN DN ,(IPNNIY DOPTYIRD) MPPNNn MM RNy
2993 0

P9 (3 VAYN NI M TIPN DT NN NYVPN O"1T2 d PN PNIN NOTHN IV TSN
YN ,MAY AN D1TY PN DY DNIP NINNDD NN DNND LR PN AP NN 0) NYLVPN
1127y NP0 NNYAD DN

923 BPSK 0/ — +A,'1' — —A "9 DY , NI 10N AWGN(0) YOMNIN Y1Iy2 15 DT

Dur(r) = arg macx Pr(r|c)
ce

n
arg max Hl r(rilc;)
iz

n _(’r’z‘*Cz‘)z

_ 1 2
= arg max | | e 20
g ceC V2mro?
=T =1

2
n (Ti_ci)
= argmaxe Zi:l 202
ceC

n
. 2
= argmin E T, — Ci
ggGC : 1( i z)
i=

= argmaé( E 7iCi .

SNONTY RSIND MIN OY NP2APN PNONP NOYA TP NI NNRONND 51PY ML MYy | mvd
NI IN C = {(+A4,+A4,...,+A4), (A, —A,...,—A)} 12¥Y MRNN TP DVNNYN ON
=D PV OININ Y)Iya ML NIy aw Dapy Dyd

Dats ren(r) :{ (+A,+A,... +4) S >0
’ (A, —A,...,—A) Y r<0
PIPY ROD V1IN DY PN XXIND NMIND DVNNYN 12V POININ IYa Y0 Ny an
NN 0PN OTP 12V Hard Decision NON MY NN ,NINK MMNNIN .Soft Decision NIPI
TPNON ,OUND LDORNN NYP NIV DODYaN TN (MXITIN™NT) D172 ©IIYD NN NN
ATIV IR POV 7 ONY /07 109YY V22 MDD [+ A ATV IR AN 7 ORY YYD NN NNN
(PIOYTNTY POINY 1Y ,BPSK M9m) 1950 Myan a9 /17 109yv va oo - A
DR YR NIYON Dyand Nyd 12 1991 ,BSC V1YY nuynd opy
1M NATHNA Hard Decision MY IR L YTN TR PIOTINNTH NOYHIV NYON
.Soft Decision MY AUNN INY NNTY NNV MIANON
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21



MNOY TP MDY 28N YN 752 NNV TP MM P2 AR 9N Y190 NN POND
NNIPIVY (NP NDWN RO TR) ODIDN NVIVHD TPNPNN ,NPTYD MY 190N v .MpPNN)
L xn 97D2 2257 TIyn TIN0 7 THINI TP M0 L D000 N NVWA .Block Interleaving

N2 N7INA

C2.1 C2.2 coo Ca.n

MYO NONOI n TN TP MO L .7 IPN

NI NN MTHINY 295 DMK DINININ)

. B CZ’” . N . N 02,2 -: 02’1

VNN NNOYA 7 TN TP MOND L :8 PN

N0V TP MDD PR KDY NIMY TP MPN DY WAy MY/ Mp nn SY Y19 Nyd
NIVYN TIPN MN IR 1IN DD2PN) NITYI NDIDNN NIYHN NN DYNIN DIAPNN TN2
A2NN YTRM ONOY NNYS YNINN 101 INKD

MMNPN MY

[1] D.J. C. MacKay, “Information theory, inference & learning algorithms", Cambridge University
Press, New York, NY, USA, 2002.

[2] S. Lin, and D. Costello, “Error control coding: fundamentals and applications", Prentice-Hall,
Upper Saddle River, NJ, USA, 2004.

[3] T. K. Moon, “Error correction coding: mathematical methods and algorithms", Wiley-
Interscience, New York, NY, USA, 2005.

[4] R. Roth, “Introduction to coding theory",Cambridge University Press, New York, NY, USA,
2006.

[5] T. Richardson and R. Urbanke, “Modern Coding Theory", Cambridge University Press, New
York, NY, USA, 2008.

22



