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TOM TAT

Trong bai bdo ndy, ching téi dé xudt viéc cdi tién thudt todn lan truyén niém tin BP — Belief
Propogation bang cdch két hop d6 Ninh thira s6 hodn vi t6i wu voi ky thudt chén thém bg kiém
tra cho cdc nit déng bang, nham tang hiéu ning gidi ma i phan cuc. Pé giam do tré giai md, gidm
tiéu thy nang leong, chiing t6i phan tich hiéu qua mot so diéu kién ding sém cho thudt todn gidi
md BP. Két qud mé phong cho thay, VGi thudt todn gidi md dé xudt mang lai tang ich ma héa
khoang 0,6 dB ¢ gia tri BER la 10 voi ma (1024, 512) va 0,5 dB vdi ma (2048, 1024), tuy
nhién, thudt todn méi dwoc dé xudt khéng lam tang do phirc tap giai ma so voi cdc thudt todn
mai da dugc cong bé. Mat khdc, véi viéc sir dung diéu kién ditng som, tiéu ton nang lwong va do
tré gidi md giam ddang ké trong khi hiéu nang sira sai khong doi.

Tir khoa: Phan cuc; Giai ma lan truyén niém tin BP; D hinh thira s6; Didu kién dimg sém.
1. MO PAU

Ttr khi duoc Arikan dé xuat ndam 2009 [1], mé phan cuc da danh duogc sy quan tim rat 16n do
c6 chu tric mi don gian nhung kha ning sira sai c6 thé dat t6i giéi han kénh truyén. Trong cong
b ctia minh, tic gia dd dé xuit thudt toan giai ma tudn tuy SC — Succesive Cancelation
Algorithm — dé giai ma. Thuét toan nay thuc hién giai ma ting bit, tuan ty tir bit ddu tién toi bit
cudi cing cta khbi ma. Thuat toan nay co nhuoc diém 1a hiéu ning sira sai khong cao do dua
trén quyét dinh cting.

bPé nang cao hiéu nang sira sai ciia md phan cuc, trong [2] da dé xuét thudt toan giai ma tuln ty
ngdn x€p SCS —Stack Succesive Cancellation. Thudt toan SCS luu L dudng c6 kha nang nhét
trong ngan xép. Tai mdi vong lap, thuat toan tim va tiép tuc giai ma véi mot duong co xac suat 1on
nhit. Phuong an nay cho phép tang hi¢u nang stra sai cua thuét toan. Nhugc diém cta thuét todn
SCS 1a do tré 16n lién quan t6i van dé tim xéc suat duong 16n nhat. Tiép d6, trong [3] dé xuat thuat
toan giai ma tuan tu theo danh sich SCL — Successive Cancellation List. Thuat toan nay luu L
dudng c6 kha nang nhét, mi dudng co thé ndi dai tiép. Hiéu ning sira sai cua thudt toan ting néu L
tang. Tuy nhién thuat toan nay c6 nhuoc diém la khdi lugng tinh toan 16n néu L ting.

Nhan thdy rang, thuat toan SC, SCS, SCL va mét sb thuat toan cai tién khac déu dya trén viéc
gidi ma tuan tu tung bit. Didu nay dan dén do tré cia thuat toan tang lén néu d6 dai ma tang.
Trong [4], tac gia de xudt hudng tiép can sir dung thuat toan lan truyén nlem tin BP dua trén d6
hinh thtra s6. Vi cu trac song song [5], thuét toan BP cho phep tang tbe giai mad voi ma co do
dai 16n. Trong [6] chi ra rang v6i mé phén cuc c6 do dai n, ton tai log2(n) d hinh ma héa khac
nhau ma khong 1am thay ddi ciu triic ma. Tuong ing v6i mdi d6 hinh ma héa, thuat toan BP ¢
hiéu ning sira sai khac nhau. Tuy nhién, cho t¢i nay chwa c6 cong bd nao chi ra thuat toan tim do
hinh ma hoéa c6 hiéu ning sua sai cao nhit. Cac két qua nghién ctru céng bd méi chi ding trén
két qua md phong véi cac do hinh ma hoa khac nhau. Mt khéc, trong [7] dé xuat sir dung bo
kiém tra cho mdi nut déng bang trén dd hinh thira s6 nham ting hiéu nang giai ma. Dya trény
tudng trong [6, 7], chiing toi dé xuét thuat toan tim db hinh ma héa tdi wu nham két hop voi st
dung cac bo kiém tra cho cac nut dong bang [7] dé ting hiéu ning giai ma.

Céc diéu kién ding sém tir 1au d3 duoc sir dung trong viée giai ma lip cho cac loai md nhu
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LDPC, Turbo [8, 9]. Khi d‘iéu, kién dimg sém thoa mén, b giai ma s€ quyét dinh dimg qua trinh
lap va dua ra quyé€t dinh vé két qua giai ma. Viée sir dung di€u kién dimg sém 1a rat hitu ich voi
ti 1€ tin/tap 16n, khi d6, két qua gidi ma thu dugc sau chi mot Vé.i‘ vong lap. Tugng tu nhu vay doi
voi viée gial ma phﬁp cuc su dung thuat toan BP, dua trén do6 hinh thira s6 t6i wu, chung toi
nghién ciru mot s6 diéu kién dung sém cho thuét toan BP d¢ giam murc tiéu thu nang lugng ciing
nhu giam d¢ tré giai ma.
2. MA PHAN CUC VA THUAT TOAN GIAI MA BP

2.1. Tong quan vé ma phén cuc
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Hinh 1. Phdn tit xit Iy co ban PE.
(a) Nguyén ban. (b) Thém bé kiém tra.

M4 phan cuc (n = 2", k) 1a ma khéi tuyén tinh sinh bi ma tran sinh A =B _F®", véi By, la
ma trn hoan vi dao nguogc bit, ma tran F 13 nhan bién d6i phan cuc, ky hidu ®m c6 nghia 1a m
lan phép nhan ma tran Kronecker véi chinh né. Nhan bién do6i phén cuc la nhan Arikan

10 )
F 2(1 1]- Nhu vy, Véc to ma phan cuc Xg’l thu dugc 1a két qua cta phép phan ma tran

Xo ' =Up A, voi Uyt ={Ug, Uy, Uy, U= 0, TeF, véi F{0,L...,n—1} 1a bd n—k chi sb
clia bit d6ng bing. Cac bit con lai clia véc to bit thong tin u]™ dugc ding dé truyén dir liéu.
2.2. Thuit toan gidi ma BP

Pé giai mi phéan cuc, Arikan dé xuat sir dung thuat toan lan truyén niém tin Gallager [4]. Vi
moi ma phan cuc (n = 2", k), ¢6 thé gidi ma 1dp dua trén do hinh thira s0 m tang véi (m + 1)n n(t.
Moi nut ctia do hinh dugc ky hiéu boi (i, j) véi 1 <i<n,1<j<m+ 1. Qud trinh tinh toan gia tri
thong tin lan truyén tai moi vong ldp dugc thuc hién nho cac phan tir xur 1y co ban (Processing
Element — PE) nhu mo ta trén hinh 1.a.

Mbi db hinh thira s6 c6 n/2 PE tai mdi tang, mdi PE bao gdm 4 nit nhu mé ta trén hinh 2,
trong d6 nut thong tin (hinh tron tring) twong Gng voi bit thong tin; nit dong bang (hinh tron
den) tuong tng v6i bit dong biang. Phu thudc vao sé nit thong tin va dong bang, c¢6 bbn loai PE
dugc phén biét nhu sau:

(j+D = D@ G+2"]) "
(i+2"™ 0, j+D) =(@[i+2"7, )

M3di nut (i, j) dugc dic trung boi 2 loai thong tin: Thong tin lan truyén phai R va thong tin

lan truyén trai L, véi t 1a chi sé vong 1ap nhu biéu dién trén hinh 2. NGt ngoai cung bén tréi

i,]°
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tuong tmg véi ngudn thong tin U;, con niit ngoai ciing bén phai lién quan toi gia tri cua tin hiéu
thu dugc qua kénh truyen c6 nhicu. Gia tri khoi tao cta thong tin lan truyén trai va thong tin lan
truyén phai dudi dang ti 1€ hop 1y LLR dugc dinh nghia nhu sau [5]:
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Hinh 2. Bé hinh thira sé ma phan ciee (8, 4).
(@) Hoanviw = (1, 2, 3). (b) Hodn vi t = (3, 1, 2).
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Thong tin lan truyén phai va thong tin lan truyén trai trong mdi niit dwgc cap nhat tai mdi
vong lap nhu sau [5]:

(1) = (1)
L'YJ' =f L' j+1 |+2'“l i +R|+2m1 j)
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- ~0,9375sign(x)sign(y)min |x|,|y|). (5)

Sau khi dat s6 vong lap t6i da T, bo giai ma BP s& dua ra quyét dinh vé két qua giai ma la
gt ={0,,0,,....0, ,} voi:

1+

trong do: f(X, y) |Og

o-[0 O o

1, khéc.
2.3. Thuit to4n giai ma BP cai tién
Xuét phat tir thuc té 13 gia tri cua nt dong bang trong dd hinh thira sé duoc biét trude va doc
18p so voi thudt toan gidi ma, trong qua trinh gidi ma, néu thudt toan BP gidi ma ding, thong tin
lan truyén tai nat dong bang (i, j) s€ thoa man dicu kién sau [7]:

15 (0)> 15 (1)

7
R (0)> R (1) “

Nhu viy, bang cach kiém tra diéu kién (7) c6 thé khing dinh dugc thong tin lan truyén qua
nat (i, j) 1a dung hay sai. Trong thuét toan BP, thong tin lan truyén dugc tinh toan bai (4). Mic
du gia tri ciia niit dong bang da biét trude, nhung qua mdi vong lap, thong tin lan truyén sé thay
d6i phu thudc vao gia tri thu duoc tir kénh truyén. Do anh hudng cta nhiéu, diéu kién (7) c6 thé
khong théa man. Dé dam bao rang thong tin lan truyén tai nit dong bing ludn théa min didu
kién (7), trong [7] dé xuat sir dung bd kiém tra cho mdi niit dong bang trén do hinh thira s6. Khoi
xtr 1y PE khi d6 dugc miéu ta trén hinh 1.b, con thong tin lan truyén tai mdi nat duoc tinh toan
nhu sau [7]:
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voi ;=L %6, ;, R ; =R+, . Thong tin bd sung e; j tir bd kiém tra c; j dé hiéu chinh théng tin

di qua nut dong bang, g, ; € [0,1].

Mat khac, mdi ma phan cuc ¢6 d6 dai n=2" tdn tai tap hop gém m! hoan vi cac tﬁng vO1 nhau,
moi hoan vi dac trung boi véc to & = (mry, 7,..., ) = randperm(m). Viéc hoan vi cac tang ctuia do
hinh thira s6 v&i nhau xuat phat tir tinh chat ctia ma trén sinh A, c6 thé hoan vi cac ¢t bat ky cua
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ma trdn v6i nhau thi két qua ma héa ciing khong thay ddi. Hinh 2 mé ta do hinh thira sb véi
n=(1,2 3)var=(3,1,2). Nhu viy, cic hoan vi khac nhau s& c6 sé niit dong bang khac nhau.

Nhu di dé cép & trén, do thong tin bd sung tir bo kiém tra s& cai thién thong tin qua mdi nut
dong bang ciia thuat toan BP nén néu sb lugng nut dong bang cang 16n thi hi¢u ning sira sai clia
thuat toan giai mi cang duoc cai thién. Do do, viéc tim do hinh thira sb t6i wu c6 thé dua trén ¥
tuong tim hoan vi dam bao s6 nut déng bang 1 16n nhat di véi mdi ma cb dinh. Xuat phat tir y
tuong trén, ching t6i dé xuat thut toan tim hoan vi t6i uru nhur sau:

Algorithm: Tim hoan vi t6i uu
Input:

(n = 2", k): kich thuéc ma phan cuc
Vi tri bit dong bang

Output: thir tr tang ciia hoan vi tdi uu

Gan sb nut dong bang 16n nhat MaxNumFNodes = 0
Topt = (1,2, ..., m).

Tao tap hop [T bao gdm m! véc to hoan vi
for (i=0;i<m!; i=i+1)begin

Tao d hinh thira sb trong g voi hoan vi
Tinh toan s6 niit dong bang NumFNodes

if NumFNodes > MaxNumFNodes then
MaxNumFNodes = NumFNodes

Topt = i

end if

end for

Do phirc tap thuét toan dé xuét 1a O(Tnlogn) tuong ty nhu trong [7]. Tuy nhién, sé luong
phép nhan trong thuat toan dé xuét ting 1én so voi [7] do s6 nat dong bang trong dd hinh thira sb
1a 16n nhat c6 thé. Ngoai ra, viéc tim hoan vi tdi wu khong anh huong té1 d§ phire tap tinh toan
ctia thudt toan do duge thuc thi trude khi giai ma ddi véi mdi ma ¢d dinh.

3. PIEU KIEN DUNG SOM CUA THUAT TOAN BP CAI TIEN
3.1. Po tré giai ma va diéu kién dirng sé'm ciia thuit toan giai ma BP
1 t=t+1

Giai ma 1ap h

1) Dimg lp
2) Két qua gidi ma

‘ 1) Dimg Ip

2) Ket qua giai ma

Hinh 3. Gidi ma lap voi sir dung diéu kién dirng sém.
bo tré gidi ma st dung thuat todn BP phu thudc vao sb vong lap T. Tuy nhién, néu ti 16 tin/tap
du 16n thi bo giai ma co thé dat tdi hi€u nang sira sai tot nhat vdi s6 vong 1ap nhd. Khi dé viéc
dua dicu kién ding som sé€ lam giam dang ke thoi gian giai ma. Qua trinh giai ma lap ket hop su
dung diéu kién ding sém dugc miéu ta trén hinh 3. Trong qua trinh giai ma, tai vong lap t< T,
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néu diéu kién dimg sém théa man thi qua trinh giai ma ngay lap tirc dimg lai, két qua giai ma khi
d6 s& 1a Gy (t). Truong hop diéu kién dimg sém khong thoa man, chi sé vong ldp s& tang 1én
mot don vi, qua trinh gidi ma va kiém tra diéu kién dimg som lai tiép tuc. Cho dén khi chi s6
vong lap t = T, thi qué trinh giai ma s& két thuc va két qua giai ma khi d6 s& 1a 4 o (T) .

3.1.1 Piéu kién 1: diéu kién dieng sém diea trén ma tran sinh Ay

Gia sur rang, tai %07 (t) 1a dénh gia cia trma xg ', Gg*(t) la danh gié clia Uy~ tai mdi vong
lap t. Xut phat tir qué trinh ma hoa 1a phép nhan voi ma tran sinh X =ulA néu %0 (t) va
Uy (t) la dénh gia dung thi diéu kién sau s& dugc thoa man:

=00 A, ()

Khi d6, bo giai ma s& dua ra két qua gidi ma 1a G5 (t), qué trinh giai ma két thic.
3.1.2. Piéu kién 2: diéu kién dirng sém dwa trén bit déng bang
Duya trén y tuong vé mi phan cyc thyc hién cac phép bién d6i nhi phan, qua do, mot s6 kénh
truyen c6 chat lugng thap s& dung de truyén cac bit dong bang biét trudc, cac kénh truyén con lai
cd chat lugng cao s€ dung dé truyén céc bit thong tin. Sau mdi vong lap trong qua trinh giai ma,
néu kiém tra thiy ring cac danh gia tai cac kénh truyén c6 chét lugng thap ma dung thi xac suét
danh gia tai cac kénh truyén c6 chét luong cao la dang tin cdy. Khi do, di€u kién dung sém co
thé biéu dién dudi dang nhu sau:
d,(t)=0, véi Vie F, (10)
3.1.3. Piéu kién 3: diéu kién dirng sém dwa trén nit déng bing
Dua trén co so cua diéq kién 2, nhung s€ chat ché& hon péu nhu trong qua trinh giai mé ching
ta ki€m tra di€u kién cho tat ca cac nit dong bang trong do hinh thira s6. Khi do, diéu kién dung
som la:
G, ;(t)=0, néu (i, j) 1a nit dong bing (11)
3.1.4. Diéu kién 4: diéu kién ditng som dwa trén sy thay doi thong tin lan truyén
Nhu da d& cép ¢ trén, thong tin lan truyén phai va thong tin lan truyén trai trong mdi nit duge
cap nhét tai moi vong lap theo cong thirc (4) va (5), trong do, f(x, y) 1a ham xép xi. Sau mot co
sO vong lap, thong tin lan truyén trai va phai gan nhu khong thay dbi. Khi do, bd giai ma co thé
dua ra ket qua giai ma theo cong thirc (6). Néu dL 1a giéi han sy thay doi thong tin lan truyén trai

tai tang s6 “1” giira hai vong lap lién tiép, khi d6, bd giai ma s& dung lip néu nhu diéu kién sau
duoc thoa man:

‘L“) _ |_(t 1)

<dL, Vie(L..,N) (12)

3. 2. M phoéng danh gia chét lwgng thuit toan BP cai tién sir dung cac diéu kién dirng sém
3.2.1. Phwong phap mé phong

Mahoa (» Diéuché [+ Kénhtruyén (» Giai diduché (—»  Giai ma

l

Dt liéu nhi phan Dt li¢u nhi phan
Hinh 4. So do hé thong danh gid chdt lwong gidi md phén cuc.

Pé danh gia kha ning sira 18i ciia ma phan cuc khi 4p dung thuét toan dé xuét, noi dung tiép
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theo ctia bai béo thyc hién md phéng bang MATLAB nhidm dénh gi4 chat luong gidi mé. Trong
qua trinh m6 phong, cac dir liéu nhi phan dugc chia thanh khoi k bit, ma héa thanh n bit, qua khéi
diéu ché 4- QAM roi truyén trén kénh truyen AWGN. Qué trinh thu dugc thuc hién tuan tw nguoc
lai. So d6 khdi hé thong mb phong duge biéu d1en trén hinh 4. Nham dam bao gia tri BER thu dugc
1a dang tin cdy, tai moi gia tri cua ti 1€ E»/No, s0 lugng bit truyen di khong it hon 107, s lugng bit
16i tich lily khong it hon 300, s lwong khéi tin truyén di c6 bit 16i khong it hon 100.

3.2.2. Két qua mé phong va binh lugn

]OO E T T T T T T T T
M v 3
= E
m E
107
10} @
104 [ | —#4— Non-Check, NumFNode = 2276 ]
- | —&— Check, NumFNode = 2276 ]
1073 £| —*— Non-Check, NumFNode = 2108 E
F | —%— Check, NumFNode = 2108 E,/N,
10-6 T T T T T 1 1 1 I
0.5 1 1.5 2 2.5 3 3.5 4 4.5
100 E T T T H T T T T
[~
= E
m 3
107 ]
107§ (b)
107 [| —A— Non-Check, NumFNode = 5424
—+&H— Check, NumFNode = 5424

1073 Non-Check, NumFNode = 5076 xS

; [[=—%— Check, NumFNode = 5076 E,/N,
10— T T T T 1 1 1 |

0.5 1 1.5 2 2.5 3 3.5 4 4.5

Hinh 5. Chat lwong gidi ma khi sir dung thudt todn BP cdi tién.
a) Ma (1024, 512); b) M& (2048, 1024).

Trén hinh 5.a thé hién chat lugng ma (1024, 512) str dung thudt toan giai ma moi dé xuat véi
) vong 1ap ¢ dinh 1a T = 64. Hai hoan vi dugc xem xét 12 hoan vi véi cu tric ma nguyén ban
chtra 2108 nut dong bang trong d6 hinh thira sé va hoan vi t6i wu tim dugc chira 2276 nat dong
bang. Vi cac hoan vi c6 xem x¢t truong hop su dung bo kiém tra cho nit dong bang va khong
st dung. Két qua mo phong nhan thay rang, hoan vi t6i vu dam bao do loi rat 16n vé ti 18 Ex/Ng
so voi hoan vi nguyén ban. Mit khac, khi st dung bo kiém tra dam bao do loi khoang 0,6 dB so
v6i khi khong sir dung ddi v6i hoan vi t6i wu & gid tri BER 1a 107 con véi hoan vi nguyén ban
thi do loi khoang 0,3 dB. Nhu viy, néu sb luong nit dong bang tang thi do loi vé ti 18 tin/tap
ciing tang 1én khi sir dung b6 kiém tra.

Tir cac két qua mo phong trén cac hinh 5 ciing cho thay, dbi v6i mdi ma Polar & cac hoan vi
khac nhau véi s6 lwong niit dong bang khac nhau, véi hoan vi cho sb niit dong bang 16n thi mang
lai chit luong giai ma duoc cai thién hon déang ké so vai cac hoan vi khac.

Trén hinh 6 biéu dién chat luong giai mé (1024, 512) va (2048, 1024) véi viée sur dung cac
diéu kién ding sém va voi s6 vong 1ap cb dinh T = 64. Nhan thay rang, diéu kién dung som dya
trén ma tran sinh A, (diéu kién 1) va diéu kién som dya trén sy thay ddi thong tin lan truyén véi
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Nghién ctru khoa hoc cong nghé

dL =0 (diéu kién 4) dam bao chét lwong giai mi twong duong v6i khi ¢b dinh sb vong lap
T = 64. Trong khi d6, sir dung diéu kién ding sém dua trén bit dong bang (diéu kién 2) va diéu
kién dimg sém dua trén nat dong bang (diéu kién 3) 1am giam chit lwong giai m4, hiéu ning sira
sai khong vuot qua duoc 1072,

1()0 E T T T T T T T T 3
v 8 (1024, 512) ]
[=a]

1072 ]

3L 4
10 | —8— Fixed Numlters = 64 E (@)

104 L —&A— TypeEarlyStop 1 ]

£| —&— TypeEarlyStop 2 E

105 E| —*— TypeEarlyStop 3 -

| —©— TypeEarlyStop 4 E,IN, ]

10-6 1 1 1 | 1 1 1 1
0.5 1 1.5 2 2.5 3 3.5 4 4.5

100 E T T T T T T T T 3

v 8 (2048, 1024) ]

m 3

1072 ]
103 . _ S 3 b
—+&— Fixed Numlters = 64 (b)

1074 £ |—2— TypeEarlyStop 1 -

—<— TypeEarlyStop 2 ]

10~ f |—%— TypeEarlyStop 3 A 3

. ——o6— TypeEarlyStop 4 E /N,

10- | | | | | |

0.5 1 1.5 2 2.5 3 3.5 4 4.5

Hinh 6. So sdnh hiéu néing sita sai cdc diéu kién dieng sém.
a) Ma (1024, 512). b) M& (2048, 1024).
Bing 1. S6 vong ldp trung binh cho md (1024, 512).

Diéu kién 1A 1A 1A 1A

Eo/No biéu kién 1 biéu kién 2 biéu kién 3 Piéu kién 4
2.6 dB 8 13 44 10
3.0dB 6 12 40 9
3.6 dB 4 9 33 8

Bing 2. S6 vong ldp trung binh cho ma (2048, 1024).
Diéu kié \ \ \ .

EJN, U pidukien 1 Pidu kién 2 Pidu kién 3 Didu kién 4
2.6 dB 6 15 46 12
3.0dB 5 12 41 11
3.4dB 4 11 37 10

Trén bang 1 va bang 2 thdng ké s6 vong lip trung binh cho cac diéu kién ding som tai céc ti
1€ tin/tap khac nhau. Phan tich s6 li€u cho thay rang, diéu kién 1 hoi tu sém hon diéu kién 4 tai
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tat ca cac ti 16 tin/tap. Tuy nhién, viéc thyc thi diéu kién dung sém 1 tén nhiéu tai nguyén hon do
phai thyc thi quéd trinh mad héa danh gid G)*(t) tai mi vong ldp. Diéu kién 3 can s6 vong lap
trung binh 16n nhat do phai kiém tra tinh dting cho tat ca cac nat dong bang trong do hinh thira s6
toi vu. Hai diéu kién 2 va 3 khdng co tinh tng dung trong thuc tién do lam giadm hi€u nang giai
ma mot cach dang ké.

4. KET LUAN

Trong bai bao dé xudt thuét toan tim hoan vi toi wu dé gidi ma phan cuc st dung thuat toan
BP két hop v6i sir dung bo kiém tra cho nat dong bang. Cac dé xuét trong bai bao mang lai su cai
thién dang ké vé chat lugng giai ma ma hau nhu khong thay ddi do phuc tap thuét toan giai ma
BP, diéu nay thyc su co y nghia vé dam bao kha ning chng nhiéu cling nhu tinh kha thi khi sir
dung ma phéan cuc cho cac hé thng truyén tin sb. Pdng thoi, trong bai bao ciing phén tich cac
diéu kién dimg som cho thuat toan giai ma d& xuét do tré giai ma, giam tiéu thy ning luong. Két
qua mo phong cho thay, diéu kién dimg sém dua trén dya trén ma tran sinh A, va diéu kién dimg
som duya trén sy thay d6i thong tin lan truyén dam bao hiéu ning giai ma trong khi s6 vong lip
giam dang ké.
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ABSTRACT
Early stopping criteria for improved belief propagation

In this paper, an improved belief propagation technique aided by reliably frozen nodes
and a permuted factor graph is designed to enhance the performance of the polar
decoding in the finite regime length. We also study some early stopping criteria for
reducing energy dissipation and decoding latency. The simulation results show that the
proposed decoding scheme obtains gains of about 0.6 dB for the code (1024, 512) and 0.5
dB for the code (2048, 1024) at the BER of 10, respectively, with reasonable complexity.
On the other hand, the energy dissipation and decoding latency were significantly reduced
by using early stopping criteria.

Keywords: Polar; Belief propagation (BP) decoding; Factor graph; Early stopping criteria.
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