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’cNLﬂ‘;'1314&'1:1u’NilSﬁ'i-ﬂﬁij‘lfl1\‘I‘m?uuq{;ﬂﬁmﬁaimmuiﬂ‘iLlﬂ'ﬂJ-(Fléld Programmable Gate
Array : FPGA) 1A e 5dns e uspuinioz 19 ugaluuy X0R Newweremsidhialudnbuey
o a » 1 4 g RE: = g 4
flozdunldoaminoinsiBugtenn Tatmnizioydondesaafessage) ivinaluajiu uag

¥ "

anuFudougevu anuE 1 lunisisweseadae tissninrssegludnuazasing
(Boolean) M3M1a1uu992995 ludnyaz v luiinumodygmunud (Clock) iiannud

J (-] o o o ' a =1 . W u’: a
FIVUAMMTIV0903 NI UAY TuAWE I IWAIND AnTumMInitaanay
ar Vv 3 W d'q o a ar r g ¥ 3
gudoulurudsWaniadunavinaea maiumssudsdoya (Throughput) Tgetiuuag

9 o ) = ﬂ a a 1 @ nq”d
M3 lEninens Imugaudadludainalsnoisa ludiuueanisneasanisasana1y

NUMUUAT FanasnsanfedInveamsdszuun loge” + 1DAe™-1) MMmuzaudy

WhsandndunaviaeIndasudhsianig (High Rate)



1.3 YaUIVAMSIVY

a a o 3 o ad d T
YOUIVAVBIIMEIINUTRI VTR MIeonuuvesihsHansaFan LN
o ar 2 W { o ) % 4
Tudnvazoynsy anvuznaviny uazdnyuzvud Taoniunens13vaga (High Rate) 1io
o ] ) P 4 2 1w -y ) o gy (Y sk [}
7995V VARNYIYANTVNANNAY LANTHEINTNABINT 1FazANUFUTOUTIAUNNTUDE
a o ﬁcl"d 1 ' a 2
AuFadu msneasiamiadaanumnmindezegluziinuvesnsm3au (Log-Domain
v
Algorithm) FuUAdUMITMIATLE) M Idnnmsdszuua loge® + 1/(e1) TaoAIms
v o . 5 s i -
Yszinmiisggninulumiaonud Ram) Fammsdszmnmamwnsonlaounlas1dlunsdin
¥ Y o A g = oA =4 S
ABINITAANS 1HNINUINT M3 DABMITIALBEA TSz nnInaw uaznlSouioy
< ¥ .
M3 $1009e05 50U NIFFRATH AN3AFAANUMUIIUATFILAUE 19134 (Floating Point)
AUNT00ATHAAILMYA 1867 (Fixed \Poit) /1M¥0aTarfin s un Mubaduuv1n (Additive

White Gaussian/Noise ; AWGN)

1.4 YNARUUBINATHANKT

SO I T RO R 0RS W MRS 100 20 A 19 FAUN1T00 N9 1T A
waznans TRulTuTeHToRNEAT 6 A s

A 01 o DAbada el i iz i iy b i s SRg s eaR EE VD YIAYD
NUIINTEANYI

U2 NaRienguguaEdNN Tlaz oaditse nog s e SAd@n A NIy

.
o o

M mmﬂasnﬂiugﬂuumaazmmﬂ%uuﬁ"aga (Mgssage-PassingAlgorigm) MFnoasHa Iy
sV aoR 1§ Log-Domain-A lgorithm)

Ui 3, 1909913 08I INS AL W10 (FiéiyPrografmable Gate Array
: FPGA) 1az35n17e0nuu143 5Aun 1u o vdion (VHSIC 1'Iaf&wm Description Language :
VHDL)

unii 4 eBERIMIEENIITATIRT RN ATAA I DA T 1y
AAN (QC - LDPC) wazmaiinildlumsesnuuyasesidrsialudnymza q uazns
ONUVUNITNOATHE
unit 5 efeienIINARBILATHANIINARDA

i 6 Wuagiwamsitonazdomusnuz
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NUUazHANMSIHAYDIT YR I

‘4’ ; " - = .: " :; 3/ -]
o luuniivzndndimguiiugiuaieg MFlumsudlviafawainiu
4 a aa (] @ " ar a a <1 = a
suudemnFaatnea wu mathsiavesdyan ludnyussaudeniFadu esuwhams
' 1 4
Whswadrmmasngduia ¢ maian 1 luniseonuuuwaInswISAEn H tazmsitnsa

¥
= as o
AuAsNEFNISHIEn B

2.1 HaNNIYary oo

as

A an Y 3 — (] & '

seupipmniaToasspRA IR Ind e AR uam T a8, \Famsdedaya

1 S ) J - oy d [
nmsopian Ao ¥E o ifamyvasidadier—dasnnanig hvesdaygu
sunaumiuenlugdndvmay | Nimadnsuziigs i faewma) 1duiven daiuiie

Y 9/ a A o Ha (f." y ) w B . ° =
Avanisid TvnuTed ganyainAawmaia o n DaAan A TEs 2104 mAtAnNg
K o g { & o w, T |
WsHaveItoyaio F{Chanrcl Coding) ATy amosnintiliai ks vara s dalnaun)e

voniihu 24lszmn vidhaa

L nsdhadivmaos (Block codes)
22, i AgIAa N T4 (Convolution cades)

- 2 o 1 LN R /) “ :
aneunusnauinsy N s IWaniiEawa 8= (ErorC~Coffefting  Code:
o [ — ) & = Ak YE s ' & a a a
ECC) lWanyugnagdisHamniindn.laoiasmadhsadoyainaisgomsiudaiem
3 3 cu:t”r; q- % | o ar ar
n3elan15a Ratiy bif) a0 1) Iifiadoyadvens 1avsanuie llafud 1 3dmivasiedy
v ¥
Uarana1a uaz lingdRiaAwsEmn, nnsugein i lvuaiadaia lugadeyatnas
o g/ o = * ) o 1 of q’: » . Qcﬂyy Y ]
naali1dies dunariuirgimasainyedyguasinimhan3ad I ludeyatams

H 1 =t ' 1 =Y o aa
1ideyanda lufvinalngniudy nazmMuuuaiain e ldawe

=

2.1.1 MmN sHanuuvden (Block Codes)
9 o a " & g 1 a 0 1) o ' P~
madsiauuuuaenzuisiadeyainmisteiinsdisiasonitlungug  wie
o ' A4 as o = " - o ]
uden Gundnedanilan sHauaemiFudu (Linear Block Codes) uazaziiudondoyaiiims
a 1 o 1 o ' o Y
wia &k da  luwdazuden  Tasluudazudendoyavnmsvzgnudasliludieia
(Codeword : ¢) NIANUUIAMAY 7 Ta 1aoh 7 > k Tavliszozvinedigavessisiamiiu 4,

a o Y d = ° 3/ o a
Wuwadoya k G0 m = [m, m,m, m,, ..., m] AursiavdonFaduimsadisdsiavng



E
ni0 e =I[c ¢ e e, ... c)ioyaiTonmsdhiaiin afa Ci, & d_) Tunsdivessviauuud

min

v E
Tns9a379 (Systematic) Ms¥an lAnnmsdhaiminezlszneudas 2 dau 1dun dauvesiia

a a a d . i A A w i
Goyaian k Un unazdiain (Check Bit) i 11 n-k 1in danaaslugili 2.1

Joya min
€ k U > 6— n-kiin—>
€ n A >

§ @ o a
U 2.1 TaseadaveesiaudemFaudu

Tumsdadaandwrinuysadgaon mailidmsuas Waduazud ludofawarni

- 15 ) o
INAVUINBDINIA 3
=

y - e ° :f’ =1 r g fg o :
MIU-DOATHAVENIANASUIDD IﬁU‘U‘HWﬁ'ﬂﬂqug@ﬂ‘llﬂuﬂi]z‘lluagﬂniz‘lfl]ﬁﬂﬁ'ﬁ

3 dy A =3 ar 1 o % )
19 uazdul ¥t ararlsedntnmapisy o fuisavn T nsas1d1uve s waviiadoua

Q¥

] 1 o g o o 1 o T C; H
Inagap U TevpRfE e 15 0500 N BAs 19 a (Code RateR)Jatin 0 =R < 1 lunsain

4 o = a AR A o s L
R sugindd siiai Iavstilse@aiawe teie lunsain i = Lidas 1 viitio Tad s W
R=k it (2.1)

‘:l a w» (@ (=1 P { ar o
M3 2. VI UAI G041 DI 519 s HA o n At n =7,k =4 llngads151id R =4 /7

M50 2.0 N1 HAGUDUAOND 2 497=7 1 R=4 1 1

Yaia Mat o
(o1 = m,, m,;pm;; m,) "/ Cyetlc,, c,, ck &gc,)

(000-0) (0000000
(1 0 0%0) (141 0 1.0.0°0)
(0 10:0) (040200
(11090) @o11100)
(0010) (1110010)
(1010) (0011010)
(0110) (1000110)
(1110) (0101110)
(0001) (1010001)
(1001) (0111001)
(0101) (1100101)
(1101) (0001101)
(0011) (0100011)
(1011) (1001011)
(0111) (0010111)
(1111) (1111%111)




Y = = ar
ninmadsialumsiei 21 aunseinsanfnnuamsaluminsieiu nie
¥ ¥
udludaRanainld Taodledmualidnia c= e, ¢, ,c, ... ] aunsoaiivw Wmrinueni

(Hamming Weight) %30 w, ¥03M15¥ ¢ 910
o - o o Jd 1 e
w,(€) = Sualufmsia ¢ Ay 1

191 w,([1 10100 0]) = 3 i¥udu uaziivw szozvrausuiia (Hamming Distance) 521314 C,

Az C, N30 d,(C,, C,) uaas ladeaumsi 2.2

(2.2)

(2.4)

e=d_ -1 2.5)
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Wethaft 2.1 maminnuiiniiianaaeunsam1dann d, Ao

Saudafausoudlyd

€ =Nt

Qoo
AT ﬁf 39

"Ivvv'n -“‘0

AN

?\@mm
VIAVDITUNA & i a}%ﬁ'g%{ﬂ'wmwm nasu’ﬁffam
W JALNA"

YU k = 2048 A
uumMIHany 2°°

2.1.2 IASNB AN (Generator Matrix)
madsiaa e 1dnawds mnimaudisdaiisautesmsldaisediniss
4 o ' A o o r = o @ _ A
7121 awsaim ldualunsaindaumsiaiisiuuun msdisadadeserfomaiindou
iy mslfasagiuia Taowaingsuiia G HiavMIA ke nazmsdnsvauiondadu (o,
° 9 o " a a do. = — @
k d,,) aunsaildTasmsihdeyainms m) guivweindiuia 6 Taodeyan 1d5ums

Wswandez 1ddlumsa (o) danaasluannisi 2.9
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WwAInEAIe G fie
Py DPn Pty 1 0 0
Pn P Py 0 1 0
G=| P 2 p (: 6 . 2.6)
Pry Pi2 Pi -1y 0 0 1

2.7

o '
VOYAVNITNT m=[m, m, m; .. &

(2.8)

T vovarar

==
REEEPD)

(2.11)

E
Tavdw svadszinniidmilusWmdaszun (Systematic Code) Tausvadaszuufomsidnsia

uaziiveya (m) oglumiaa (o) sialumsa 2.1 $redu Tuesndduiia Téun

P8k d 0 6B
G=] § SE Tt R
L3 o6 01 O
Qg N & 4
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Tavdsvia (o) m1&nnmsihdoyad s m, my, my, m, gudrvmaindiia

R0 1 S0 S
Il 0F IR0
C=|m m
I ol oy o e 2.12)
-1 0 001
=[m+m;, m+my+m, my+m, m om, m m,|
Taomsvanteduiumsvanuuuueq Ta-2 15015 XOR

im

; %ﬁégasﬁﬁmmmﬁﬂﬁ'

Ha o
é?‘s.u,n'@’\‘i"ﬁ

v .
o ar 4

L. WIMUNAGAVDILIE

2. $mwaunandmaudosiganuaniuldgudveunaing B

2.1.4 5%iaania (Hamming Code)

o

o o o a a b =) & da = o ﬂy
mmtaumlﬂus14msﬁ'lwnnnwmmmwumnm'zimmas JU

(n,B=Q"-1,2"~-1-m) (2.15)
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£ 1 ° o =Y ' e a a a
01 m > 2 20EMIAIgAvITHAnENTuMAY 3 aunsoud ludadanaiald 1 da

2.1.5 mseeasHavandudu
o w ] A a o
adudygminasilésy r=c+ e Amuald e = [e, e, ¢, ... ¢] Aoranines

_ - o ar - Aﬂ
AnuAanaIalae e, = 1 Mliia i vesmsmiluinnAanaia

2.1.6 M399A5H AR 18BUIATY (Syndrome Decoding)

nmsaeasiadlodu lasusadunsasasiauuunnulsunnuila sevssadulely

Qs o

dyanun 1asveglugilin uas deumsoensa dulasu s ddudygranldsy r mldnn

v\.g\xw \ (2.16)

e

¥
as

AIHUINIADS UG 00 IR DN AN A T HAE NG msiansiien
;j// \Q g‘
v — “. ~ L1
YUADY ' - e
4] > \—. \
pr l."!.' - 4 5
oA Aimsal %3' AN IAUDY
S R
W 3 3
) A XN FTWRA -i
3 Tuaaaaun Ty r Teon i Lg g
2E§m i A\ fd’&kg’b’i &
5 A A A,/ 3 | @t
3 M .t@ﬁﬁﬁ?ﬁﬁﬁm~ DGR L, «
R TRRRT & Li:.
T lag1InaNn NG

%
2.2 1oaone i@f’ T -‘-‘;mv" @o

W £ T q&%ﬂﬂﬁﬂiﬁﬁ E,,w?l_\w‘%m' fpdlindoyn tomounIy
(SNR) vossvianTon | Asvismags 2 0 b T1 &

E E,
e R__L
AT (.17
@ : 3 o a 3 =)
AN M uiinveyane
Eb 8 i El.'
N, RN, (2.18)
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Tau R fiodns13dd Aintsangesdyasauunag luuis (Binary Symmetric channel) 7
famuhetiuvesiiafianatn p = POJ1) = P(1j0) uazaimninziluvesiagndes P(0/0)
P(1]1) = 1 - p Auaalugiin 2.2

Buyn 1190
0

1-p

P("sf)z[jjpj (1-p)" 2.21)

o
@ oW W o

aniudasiiadanaiamae P, v lannanuizduvesiwuiadawaiauinn «

Py~ 2 [H-JP’ (1-p)"” 2.22)

n J=t+] .1
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ar ar - o A o =) o !’l ] i = =
dwmsusiaueieiuianudluldvisy 1 Jadaiuauinziumisvesiafianaia

1w
MmNy

P~ Z (’jp 1= p)™ (2.23)

n J=2+1 J

uazimsanasl

(2.24)

(2.25)

8 12 E/N,(dB)
\-.—.—v._l

1P =4 (dB)

H ) =8 Gi o 1) o
30 2.3 nsmluamsnmivziuvesinfanarnlunsdinfimadhaiadosdaygiu
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2.4, HADM I THAN S AT AN NUHLMUUA

Ed

a d v o ] o A @
mmﬂmmﬂumuumuumﬂﬂ"lm"ﬂu 2 ﬂitlﬂ‘l’lﬂﬂ INAUVY

=

Y5enNvoIsHaNI3

A uaue (Regular) uazsveanuy ldaiuauo (regular) Mshsaannioi1dlasmsi

v
ad o

v e o 4 e Sk ah A o !
Y03a (Message) NIADNUNITA (p) HazMIMIAINIT AU ldna1es m’mwmmuamﬂu

o o o o @ o = q:iv )
MIIVINANUTUNUTUDINITIHA (Codeword: ¢) ﬂUlMﬂiﬂ‘g‘ﬂﬁm%ﬂ H ﬂ']il“fl"ﬁﬂﬂﬁ'm'liﬂ

'
ad o A

o U v a @ = o o =
Mlanareiiaan ldnauinds msdswasuusnilunisidsvadnuasnasniia G

g Y ar ﬂ i w g e P o
'WNﬂuu"l?IW@l}unJ'H HUMIVITHAAIVUATABWITAYA H TﬁUﬁ'N

A o )
Wofvualn
-~ a d 44:1” a
H fin f1A 3 N3 ALEA
P A0 NBILATIFUNATNT (Perrmutation matrix)
A a Ed ar o 2 2
| o WAIARININYM (Identity, matrix)
A -
0 fio 14513 N 0
m A0 RN gaN 1
¢ A0 pesuamIng
v
p L RN L U LB LY Bt
L Ao lahRaudeuaang p
j AR\ MIN AT P00 TUMuan
k Ao myuioiainy Poea lUne

w U =Y ] =
2.4.1 M3V AN IS RN UHNG
o 5 < ‘ = ﬂ 3 v ey dae ¥ A o
THAWTRAIEA M T LU LA 0RTH Ny U d un e 1w waaud doouiniiamou
I - _c:dyd o @ ~ . a
AVUIAVDIUUAS NEHW TS FHIUNI@NA BINAa T FT T3 o g Lam s vigauson 1d 1au

[ = o = -~ [ . a ar P
DIFUNINVUNATNHINAT ﬂﬂfﬁ‘iLuﬂ L& ﬂunnma‘f‘lmﬁmgﬂ () fauaasluaunisn
c=mG (2.26)

- a do =a ° a 1w
Tavfivinavesnninasdoya m wa3ndfuiia G uaznnmoimswa c TvuamIAY 1xk, kxn
¥ '
wag 1xn MUAIAY MIVINNInuazey lunuuveswegla 2 HuAe 0+0=0, 0+1=1+0=1, 1+1=0
¥
ualudanvesmsoonsiaes 1fwasndmiiada H lunsoeasia wasndduiia G uay

v
WATNEFWISATA H 90auduRus Autasivuamiiy (-bxn
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GH =0 (2.27)

' 9 w Sasd Y 9 a P el o v
uamsadsiaueadiFisuduTaomsadrameindmiiada B fiiduauway 1 Yesun
] " ] ] ¥ [
e liaszozvdigavessia (D,,) imgafigaminendiu il 1d udwaSndwisada B <

y & v : A A a o o o ' 4 a o
a$avuens hioglugilves Systematic nanfeiiaindiondnualiludiumilaveauaingm
Adyd o 9 a do = 4 Vi ¥ o o 2 9 o =
Fade B aniumsaawaindduia 6 ieldlumsadumsiaidesardunaiinves

: i asdd 2 Yo g 3y @ 4 :
Gaussian elimination uazdain1ldnazi i Taseadevesswa)douls) ilesvinms

¥
Y

W a w a o a 4 d [ 1 w
p0ATHaUABI9NY TN5IA319U0UUAT NEWITAIYA H Adumaradana1d msdnivadae

a d = :y -] .
WwAsNFWISAEA H Taoasaduilupsedenfiiimies

2.4.2 MIRDIHAAWHIMINB IR H

v 9 a =y 91 [ -« “HAY Yo a A v
m3fisviadasmaindiinsaiia B laoasnili@saldsua e wnnn il
! - . &= s - 1 s o A o
Tymisgulns sedratiissalasuainmasnd wsade. B ldul piasnddute € madhsa
i) o, o csal? < & & -~ & ﬂ: - | e o A
AoATNFNITAN 38 1EA T IFINIS YD INATAFWTAS N Blte < (ADmes i1 e ¢ Hen

Havies uans l@aaaimsn 2,27
cH 20 (2.28)

Taown3 adgud 0 15 winame Bk
‘ 5 = ' & o o 4 o =
dioSuRy a1 Hauda T s e 1R TR e TN s G e ea
. Y
NIADE AT e e A c= i, 8%, 2t = Lol m, . 2 | pess p. ... dp] A | p) oy

4
L) d
wa3naaIn e elugy

H ={H{ |
&l B (2.29)
M

Tag H, uaz H, J9ammny (-oxk 1ag (i-Hxr-k) swday daiwidodagldaumsuds

o - &
mmmuam'lﬁ’maumm 2.29 %Qlﬂﬂﬂﬁﬂ’lﬂuﬂﬂﬁﬂﬂiﬂ&

cH' =[m| P][Ei}ﬂ

<]

(2.30)
=mH, +pH] =0

¥ o
ar

a da as o v
lllﬂiﬂ‘UUﬂW'ISﬂLﬁiﬂﬂQHNﬂH'].lﬁil'lﬂ
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duinvoayAnE NIRBNTIMANIET}

p=mH] (H)" (231)

dunahuwaindg B, Hunainddgiavnamiy (-kxe-k Midmnsamdunduves
- o o 4 e L el 3
wasnduaninshivald uddmsumseenuuumiansmsmdunduveamasnaiu

e 4 . oy
{huiFeai 18 1dnaieannilamanududondiite lumnzey

§ o s d = 4 <4
feean 2.2 Mnualiuasnawisaia H

‘I
l"l
) b *

pl!{(
' ‘ ‘hz.. &
0 /by
AR
O'v'm".d'd'dh‘\' b

1 ;\'ﬂ'n'c-' D \
043y =

= 4T = 7T'IT q",‘y .-.

L -

Ade Y 1w o 1 d o ar o w £
ﬂﬁﬂl'ﬂﬂ"ﬂall.lﬁl'ﬂ'lﬂllﬂuﬂ HAAIINADIAITNT ¢ l‘ﬂumiﬂﬂ’ngnﬁm

828381
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2.5 HANMIAOATHANIIAMTAA UK UMN

{ L = o A 4 q’ - s
msnaﬂmmflm%ﬁﬁuw%’agammauuﬂ%’em Fufleisuusniindeyasy 145uns

1915H @ (Encoder) mﬂﬁugna'wimaimﬁmumummmu (Noise) wazdamniudoyaein

1B5unnmudomo masuszhimsmsoeasimiohiadeyaiigndesnduun 1

" Whaa Tl o' dirte
Joya(m) |=—>| A15Ud(c) | = @ e | Y03J07 1951(r)
L Ty ey 103N T ]

a ulld 3 4 e |
sUn2:4 prssvsiogn iEzunaR IR inen

2
as d

Fasandanudmizh oasAavhERERA UMY nmm‘huuu HeBEun T Trma)tistin- product
algorithm (SPA),belief ptopagation algorithmi (BPA) 1193 message passm,g algonthm (MPA) bR
Hutn ot s AaAMBENaNEBIA (Soff Recision) i adiadsanaip oS 1npRanan
(Bit Ertor Rate BERYARaRimen TR samizaods: VWA loRat el ¥ Tuulny ud
T B TerEEA LT AR I A ARSI AN AT R 0T LUEAD T A a8 AoRsTd
AT R RGO Wi ST AL AN A T Al o
S5 1T AIRYEAMS 7 et W1 R0 TR H LB B AG A 15 011 111 s 0 9 vaoglu
ez AN 130085 MO 5 Sy AT 15 oude 19/ Snuazie
BFUIUAI0IAING T AR H 1ASD T 0m0 dauanain ANy o n s uf Fm i Fns

(Tanner Graph)

2.5.1 imuueini vl (Tanher-Graph)

unuueinsm 185unsaadulas wie R. M. Tanner 1uila o, 1981 misdunuiiilay
o o ' as qcﬁwd [ 8 (] a A o 3 L] Y 4 =2
dagaosHamsaFanuuIniud 1961989 ieannunumesnTvhiu lduaasl¥iiuda

¥ v
IEMuaztuneumInensia IdogaFanu uazasmsadaunuuesns iy awrsonla
~ & Ve 4 i'] b el - A ) 3

1N waY 1 luwasnawsadn B Failudiunuaastanmsisouas lunisuanidou

Yoyalumsooasiia
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(2.32)

fant
Il

L .-

E 4
VNAUMIWATAFITAEA H ansoinnlddedslumsadraumumesnsiiie 14

@ a 4 d e o y '
85U10ITNTNDATHANIT AFANIIUNY aounuesnimilvzsezneuldqe 3 dau

sl 3 Nkl AR N 3 R e LA T2 Graph)
A 1
HIDE 3 FDUAD
S~ A lIALa e J r_il\f’:i‘-%m;\

230800

g1t 2.5 umuons Wl (Tanner Graph)

o A 9 1 Y ¥ o 0 v S ¢ v
op L “ c 164 N9 1NN S

YA S9N 9N S \ X198 | ] | 9 (9 | ]

) 71. cIN 1A TM I ~ t VibV Ub U t | |

a8 Ya
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a L3 d

2.5.2 sAnnamsseastalasl¥umuueiniyl (Tanner Graph)

msfuramsoeasraluuaaziadeya awrsai ldnarwitawnd Tnssadraves
ar - add 1 o
danosiu uazdimiraule Ao unumesniml Tugunuves Log Domain SPA Algorithm

ad o o o - ) i g ) a
TavIimsneasianuszordomsnanuaoudeyasenieda luauazidn Tua uazl4imaiia
L ] "
DOATHALDUIUG (soft iterative decoding) 1913 2mA0 e ¥ sas1Tinfana1nd1as uald
¥ ¥
wasnulumsdadeyamuay nimivuninsandnisuandoudeyavnmsszniuda
) 4 3 ar 4

Tua juazdnlua i ine i lanndudwanslugii 2.6

Joyavmsn Idsunseduyavesmsnensia sxdaogluguuuvesdandiuniu
vhezilunuuien (Log Likelifood=FERSY Tosimilagire, Iaoluudaziialua i svdasm

] ] a d ' y " !

Aueziluvoaifiasiiuyaz@us (Soft Décision) lUfdn Thmy Waudumsmaifouaod
A A o : ?]f ~t ° 3 ¥ . ¥ ' a1 5
Woudanu Mpulin Tua; Hesdinbawnla mAHguye v atgidaniniaTua i
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1 ]
nMAAaLNIINRALAL0eATTANTIAT AR N TUILIUATLLIY

aalglaadnlugluuuassaaniamg
% e =rmTran

cle; eclear all;

%************'*‘**************"k*******\\'******************************%

$Set parameter of the parity-check matrix check

L=67; $permutation matrix size
J=6; %row weight of triangular matrix
K=61 $column weight of triangular matrix

%*********************************************************i********%

H=zeros (J*L,K*L) ;
I=eye(L,L);
P=[I({2:L, :); 14
blockz=(10"6

% Ident

\ i}//Z/ wtation matrix

-

matrix

la,b]=fin’
H t=H';
[e,d]=find (H %)
s=size(c,1);

%find
$find

3353553555555 %%%%%%7%
% [2] Define SNR Range
B LTt ettt 925%%9%3%%%

abp=[0z2; 3053305, 40251 5.5]; %$range of SNR in dB

iter fpo=[1 5 20%;

SNR_bit=10."(dB/10) ; $Eb/No coversion from dB to decimal
No_uncode=1./SNR_bit; $since Eb=1

R=1-(J/K) %code rate

No=No_uncode/R;

MaxBlockNum=blockz;

5555552550225 00 0255052595555 %%%5%%%%%5%%%%
% [3] Channel simulation and LDPC decoder

R R R R R R R R R R R R R R R R R R R R R S R R ot
for ii=1:length(iter no) gmaximum number of decoder iterations
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iteration=iter no(ii);

BER(ii, :)=zeros(1l,length(dB)); $array for channel error rate
for z=1:1length (dB) %loop for testing over range of SNR value
tot _err=0; $value for compute BER

loop num=0; %value for testing over range of codeword-errors
while (loop num<=MaxBlockNum) & (tot err<=1000) %$while loop
m=randint (1, (L*(K-J))); %Generate message bit 0, 1
R R R R R R R R R R R R R R R Rt R T R T
% Compute Parity bit
SRR AR A AR R R R AR A R A A R R A A R R R R R R R R T R Y
p=parity cal(L,J,m,H);

u=[p,m]; $Code word
temp=2*u(:)-1; %bpsk mod
tx=temp'; be transmitted (bpsk)

sigma=sqgrt [
rx=tx+s igf

(t ¥ 7 eceive signal
5?f THS M ETTRTLI2E5%%

T o140

rat{¥u) ,

Lei=(-8*rx);
[ci di)=size (H);

Lgij=H.*repmat(Lei, ci, 1):
Lgija=Lgij;

o

for n=l:iteration
sLgij = sign(Lgij);
aLgij = abs(Lgij);
for 1=l:ci
posi=find(Lgij(1l,:));
po=length (posi) ;
apLgij=[];
sLa=[];
for li=1l:po

161 1 \ 6y IVIbV
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La=alLgij(l,posi(li));
apLgij(li)=log((exp(La) + 1)/(exp(La) - 1));%approx_exa(La)
sLa (1li)=sLqgij (1,posi(li));%find signal
end%1li
mLgij=sum(apLqij) ;
poss=prod(sLa) ;
for fi=l:po
sLb=poss*sLa (fi) ;%$sum of signal
atLgij=mLgij-apLqgij (fi);
appLgij (1,posi(fi))=log((exp(atLgij) + 1)/(exp(atLgij) - 1));
$sLb*approx exa(atLgij)
end%fi
end%1l

appLgij;

apl=applLgij';
for r=1:di

end$%

Lgij

end

%=

clsag i (G

YA AYA)

s
St N )
ERERS AT

S04

function p=parity_ cal(L,J,m,H)

Y S e o e e e

%Initialrization

index_row=0;

$p=zeros (1,L*J);

for i=1:L*J

$find sub matrix
[ai,bi]l=find (H{L*J-index row,:)):
ci=size(bi,2)-1; $keep range of sub matrix
p_temp=0; $initialrize parity matrix
foxr ii=l:ci $Parity cal. loop
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if bi(1i+1)>(L*J)
p_temp=xor (p_temp,m(bi (ii+l)-(L*J)));
else
p_temp=xor (p_temp,p(bi(ii+l)));
end %end of if loop
end %$end of for loop
p(L*J-index_row)=p_ temp;
index row=index row+l;
end %$end of for loop

% : o

% END of Encoder
ittt et e T b e T e o IR SR IS i

s A 2 o o/ £ = =2 O 1 ¥ o ¥ & Y £
enasiluenaisnanulidmsunisldaunenisfnyivinuu ldesygsiiilulddsslevinunism

Lidnsailagnedu snvavnudlisaulasident wazdasdnadanulvesenarsynasaninisialuly
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Abstract - Modified array mpr 1&
LDPC codes with simple enm‘ff ructure. Thewpa
matrix is based on ideulig’ﬁn x and permu n
this paper, we present @ ¥ encoding m \’Ethod with e :
circuit designs presented. The encodh!gw&dnnghon mmﬁl ok
=i:iu:ed

at a time com pared 40 L@ direct XOR network and does g
erial and Sein el ﬁ‘h

matrix inversion,
-rate apphcat .'.,Ibvc

;:"3 atrix G. In this paper, we
Iegegr ﬁlgeﬁ pe encod "QC-LDPC codes for high-

\ ra ieht plicity Sigusigo systematic encoding
nzg?{y Mﬁm on a sﬁﬁ;l basis. There is no
malrjx ersfch requred and for hlm application, the

Hons™ Section 1II,
a are sma@\fﬁ’\ on II, we

\ lmc mto the genil

are constructed

in terms of nu - of logic.elemenits are com a

XOR networks /for high-rate co r,ﬁ'
5. The direct XOR. ne . wol

ations “Bre deri ﬁld cnooder
recording s 1)

1996 when i [2], th author rm@‘e 1L
the decoding t'_ge‘, ﬁj% .Hehef Propa%
Chung et. al. showag that . s'a
within 0.0045 d&%{.ﬁ comes e’ W
LDPC code and irr q{%ﬁ The endgding problem
is typically complex aml\fihba Jgd by many rmearchﬁl

)]

[4-6]. A type of LDPC cede! clic LPDC (QC-

LDPC) code has been studw&c{\ ly dhe 19 l.% gq_l-c che

structure that allows simpler eng . schem I&J-‘i #lef
O |

encoding is based on dividing the pwcm,ﬁlamx 2
submatrices to accommodate high-rate™ wj;m&f e
encoding is still complex as matrix inversion is mqum b
specific construction of QC-LDPC codes is based on
Permutation matrix P to achieve a girth size of 12. The
structure allows simpler encoding. In [6], encoding based on
generator matrix G rather than H is presented instead. It is still
based on breaking the matrix H into submatrices and then

Pl‘i
P @

j P pAED pUeD

ECTI-CON 2007
The 2007 ECTI International Conference

557

d & LDPC codes afﬁgfme properties.

95



Basically, the matrix P expands rowwise by j times and  where the parity bits are positioned at the front part and the

columnwise by k times, respectively. message bits are at the back part. In this way, the encoding can

B. Modified based LDPC code bed;wgﬁaﬁy.’l‘lwhmpaeofoodewordemliq.(@
A modified array-based LDPC code or a Modified Amray =~ 27 0° WHUen as

code [7] is an array code with modification so that the cr:[i’] ®

codeword is systematic. The parity-check matrix H for m

mddiﬁedan‘ay codes can be described by three parameters (g,

J» k), where g is prime and integer number j and k. The matrix Sibiiiteg B0 e a0 O e o Mt

can be derived. For example, given that a parity-check matrix

H has dimension jL x kL, i.e., Hol (3 5 codois
AR el 4 0 1
07 P . PFI 10 €)
0 0
H(g, k)= : ]
- L T > j
0 & ALY T
w\ \ :
F o m—— 2 (10)
p—
The encoding eomplexity.of-the modified m,
[5]. Anex of H matrix o | o
the rowwi i i 5| 3
ol ‘ mas
permuta

};\ (1)

S (12)

The varibus nec c-.
section, we!review.direct encodi
The en ity is

message 1 © Af@ For
adding pan ; le way'y
d

between ity-chec

codeword ¢ ion of 1

matrix p&fity c ; ensi M A
zero matrix with on @xn The t
ition. or Weraﬁon. 1

uses to modulo-2 a ide:
e (3, 6) code

relationship - ¥ g
¥

Dasnngts

! rect mef vi for the code with small k, but in

Transpose both sides of Eq. (5) to obta i ions, the message length can be up to 1024,

. Given a code rate of 4, the codeword length is n

= 2048. The number of parity-check equations is then 1024.

The number of XOR operation can be very high and not

suitable for encoder circuit design. In the next part, we
propose a block-type encoder design.

Hc' =07
Let a systematic codeward ¢ be in the form of

e=[pprPus | mm.m]=[p m| ™
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A.  Subblock-Type Encoder Design of Modified Array Codes

The encoder complexity can be reduced by encoding each
subblock at a time. The matrix H consists of j subblocks
rowwise and k subblocks columnwise. Consider a systematic
codeword of length N = kL with parity-check part at the front

to be stored in ROM. The encoder circuit consists of shift and
modulo-2 addition operations as shown in Fig. 2. We first
compute the parity subblock p;. The message subblock m; is
first read into the top registers, then shifted by the amount of
(j-1) times to the right. It is then placed at the bottom register.

and the message part at the back, ie., Next, the subblock m; is read in and shifted by (1) times to
the right. The output is moved to the bottom and XOR with
c=[p, B, By Py = P, m M, o om m, ,](13)  previous stored subblock. The entire process is repeated until
A ; p; is fully computed Each subblock of p; is computed
Consider the equation sumlar]y except that the previously computed parity subblocks
5 ed together with message subblocks.
b iR AN § : I
[ ool oy i
) 3 -bil feedblack
g ¥ P" i
\K ol : B L
0 0 I ceo plEAERIL m,
00 [ 7"‘"""‘ /
i = ;" -
_ B - :f S X xor
where p,, i= 124", l-"g;wh' fT"' \§ 0y
Thus, each tion of parity- \
from two i i ec 1 2 1= a
and all 1 %
written Y > PPy
(™ | b it oFModif
. g NP
el s I @F Circpit Semi-
2 h-
up and“consil the
' pr ) ¢ essage
: t1 thy fied in
L ae or 0 tion of
k ifFig
orinas m%w’ L 4 @
P,
o5 m 3
There is a total of
the computation of p; ,& ce tlmt subbloc - Y
type encoding does not r
o fact that the  resuit R Pestiam

permutation matrix is nothing bu I
right by the power of the matrix P.

B. Implementation of Subblock Encoder Circuit

Serial Structure

The parity subblocks in Eq. (14) can be implemented in
Serial or Semi-Parallel structure. Here, we discuss the senal
circuit type. According to Eq.(14), the amount of shifts in each
equation is determined by the power of P matrix and it needs

S

Wﬁgjﬁﬂ@

lel Encoder Circuil of Modified Array Codes

IV. ANALYSIS RESULTS AND DISCUSSIONS

The circuit synthesis of serial and Semi-Parallel structure is
performed on Quartus II with the utilized resources computed.
The comparison of both designs against the direct XOR
networks is illustrated in Table 1. The circuit analysis begins
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with small message block size ¢ = 361 bits and permutation  The encoder equations are derived for each subblock at a time
matrix P of dimension 19x19. For this code, the complexity  and then serial and Semi-Parallel circuit structures are
between Semi-Parallel circuit and direct XOR networks is  presented. The circuit complexity in terms of number of logic
similar, but for the block with large matrix P of dimension

43%43 and ¢ = 1849 bits, XOR networks requires about 3 Y 2

times logic elements than Semi-Parallel networks. Direct Qkaat- Cpclics LR Brcoding

encoder circuits based on XOR Network requires much higher 13200 v
number of logic elements compared with subblock encoder for :;::: ]
large message blocks. Larger message block size with larger B o
permutation matrix size causes XOR networks to far exceed § 2400 -
the complexity of subblock methods. In addition, dire 7208 W
networks lack clock signal to synchroni i 5
process. For subblock encoding, seri i wire less e

logic elements than the Semi-P erpart. The s d m. ad
of Semi-Parallel circuit s of aster. It is
Semi-Parallel encoding 1 } faster
circuits.

# XOR Network
= Semi-Parallel Encoder
A Sexial Encoder

h 343 13839 19 209 343
/ Bln:k
logic.clements ofdi OR networks,

TABLE1 of Required Logic El mr.s

o 1 encodes, an 1]
= 7 \§2 . 1&_ d Semi-Parallel encoder
Permutation s » \ . —
Matrix lock Size
P=19 12 21 P:

P=29 841 1
P=3 &

_.
8

p= 1681 5 exity f
p= o1 < Be% 7 ¢[2 5L 4 e
P= 220 2 25

P=

c=
K

The c: tes £ ool IT-87pp™21
listed i ‘ :

suitable | f na-y ! Y " -

1025,_Berlin, g

- / ity il : I ci n f& any.

magnetic ¥ sysr.cmsu The 0 €] o B , “Righardson, d R L,

5 AR Sign -check ¢ i 5 dB of
Table I 1s pl in Fig. 5. end d i g, ol 5, pp 0, F o1,

amount of e . The direct KO i1 4] Z. i “A ¥emory Partially Paral Architedure
: 5

exponential e block O al for Q- - -
3 i tx g, “Quasi-Cyclic L il Check Codes
subblock enc: complex: i W %
6) ,Jet.al., “Efficient o ic Low-Density
es"IEEE Theory, Vol. 54, mo. 1,

In this paper, we ubg‘ﬁmdﬂi of modifie 0 S M Yan - e e
array code, which is cons clic LDPC mg,.“;‘ % @% wy":o;ﬁ 1no.8, Aug. 2000,

codes suitable for high-rat; i
record?::sysew:;ﬁdn?mel;om jcation alLﬂaq\D

=
-4
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