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(57) Cac phuong an cua sang ché dé xuit phuong phap ma hoa cuc va thiét bi mi hoa,
phuong phap giai ma, thiét bi giai ma, va vat ghi luu trit doc duoc bang may tinh. Phuong
phéap nay bao gom céc budc: thu duogc kh01 thong tin can dugc giri va chiéu dai ma dich M
ctia mé cuc; xac dinh chiéu dai ma nguon N dugc st dung dé ma hoéa cuc, khi chiéu dai ma
dich M 16n hon N, néu tham sb ma hoa cta khdi thong tin thoa man diéu kién dinh trudc,
thi phan doan chudi bit théng tin cAn dugc ma hoa thanh p doan con, va thuc hién mi hoa
cuc doc 1ap ddi véi p doan con nay, dé thu dugc p chudi bit duoc ma hoa cd cac chiéu dai
lan lugt 13 cac chidu dai ma nguon cua cac doan con nay; thuc hién thich ing toc do riéng
biét d6i v6i p két qua ma hoa, dé thu dugc p chudi bit dwgec ma hoa cé cac chiéu dai lan
lwot 14 cac chibu dai ma dich cua cac doan con nay; va két hop p chudi bit dugc ma hoa
dugc thich ing tdc do nay, dé thu duoc chudi bit duge ma hoa cé chiu dai 1a M, trong d6
plasd nguyén l6n hon hodc bang 2. Phuong phap ma hoa co thé giam thoi gian sir dung
ctia gian do thich Gmg tdc do dwa vao su lp lai, va giam ton hao hiéu sut giy ra boi su lip
lai.
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Linh vue k§ thuét dwoe dé cap

Céc phuong 4n clia sang ché dé cép dén linh vuc truyén thong, va cu thé hon, dén
phuong phép m3 hoéa cuc, thiét bi ma héa, phuong phép giai ma, va thiét bi giai ma, va

vat ghi luu trit doc dugce b%mg may tinh.
Tinh trang ky thuit cia sang ché

Trong hé théng truyén thong, ma hda kénh thuong dugce stt dung dé cai thién d6 tin
cdy cua viée truyén dit lidu, dé dam bao chét luong truyén thong. Ma cuc (Polar code)
duoc d& xuét boi gido su Arikan ngudi Thd Nhi Ky 1a mé t6t dau tién duge ching minh

vé mit ly thuyét la ¢6 kha nang dat dugc gidi han Shannon va cé d§ phirc tap ma hoa va
giai mé thap. M4 cuc 1a ma khéi tuyén tinh. Ma trdn ma héa ciia ma cyc 14 Gy , va quy

s N L ~ s xN =yl o u = (..U \ X .
trinh ma héa ctia ma cyc la ® =% O trong d6 “ (5. 1y ) 1a vecto hang nhi

Gy

phan c6é chiéu dai 1a ¥ (cy thé, chiéu dai md ngudn), 1a ma trdin NXN

. F2®(log2 N ))

®(log, (N
GN:Fz(g()),Va

duoc dinh nghta 12 tich Kronecker (Kronecker) ctia 1082 ¥
F,

cac matran “2.

i
F, =
Ma tran nay la L]

Trong quy trinh ma héa mé cuc, mot sb bit trong u' duoc str dung d& mang thong
tin va dugc goi 1a céc bit thong tin, va tdp hop cac chi s6 ctia céc bit nay dugc ky hi¢u la
A ; va céc bit khac 1a tip hop gid tri ¢6 dinh dugc tan thanh so bd boi dAu thu va ddu phat
va dugc goi 1a cac bit c¢b dinh hoic cac bit déng bang (frozen bits), va tdp hop cac chi s0
clia c4c bit nay dugc biu didn boi A° 1a tap hop bu cia A . Quy trinh m3 héa ctia ma

N _ c) .
X' =u,Gy(8)®u Gy (A ) O day, Gn(A) 1a ma tran con cua Gy
Y.

cuc tuong duong vdi:
va thu duoc dua vao cac hang tuong rng véi cac chi s6 trong tdp hop A, va GN(AC) la ma

trdn con cta Gy va thu dugc dua vao cac hang tuong ing v6i cac chi s6 cta tap hop AS.
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N 4
YA 1a tap hop céc bit thong tin trong " va sb luong cac bit thong tin 1a K. Mac 1a tap

hop cac bit ¢d dinh trong 0 56 lwong céc bit ¢b dinh 1a (N-K), va c4c bit ¢b dinh 1a cac
bit da biét. Céc bit ¢b dinh nay thuong dugc thiét 1ap 1a 0. Tuy nhién, céc bit ¢d dinh co
thé dugc thiét 1ap 12 gié tri bt ky midn 12 gié tri nay dugc tan thanh so bo boi dau thu va
dau phat. Khi cac bit c¢b dinh duoc thiét 1ap 14 0, thi dAu ra mi héa clia ma cuc co thé

xIN =u, Gy, (A)

dugc don gian hoa dudi dang: , 1a ma tran KxN

Quy trinh xay dung ma cuc la quy trinh chon tap hop A Piéu nay x4c dinh hiu
suit ctia ma cuc. Quy trinh xay dung ma cuc thuong la: x4c dinh, dya vao chiéu dai ma
ngudn N, ring c6 tong N kénh cuc 1an lugt twong tng v6i N hang clia ma trdn ma hoa,
tinh d6 tin cdy cua cac kénh cuc, sit dung céc chi sé ctia K kénh cuc dau tién c6 d6 tin
cdy tuong dbi cao lam cac phan tir trong tap hop A, va st dung céc chi s6 cua (N-K)
kénh cuc con lai 1am céc phan tir trong tap hop chi s& A° cua cdc bit ¢b dinh. Vi tri cua
céc bit thong tin dugc xéac dinh dya vao tap hop A, va vi tri ciia cac bit ¢d dinh dugc xac

dinh dua vao tip hgp A°.

C6 thé biét dugc tir ma trdn ma hoa ring chidu dai ma cta ma cuc ban dau (ma
ngudn) tang theo liy thira 2 ctia mot sb nguyén, va trong tng dung thuc té, su thich tng

tdc do cin dugc thuc hién dé trién khai ma cuc ¢6 chiéu dai ma bat ky.

Hién nay, c6 ba gian b thich ing tdc dd chinh cho ma cyc: duc 16 (Puncturing),
rt gon (Shortening), va 1ap lai (Repetition). Trong hai gidn dd dau tién, xac dinh dugc
rang chidu dai ma ngudn ting theo 1y thira 2 clia mot s6 nguyén va 16n hon hodc bang
chidu dai ma dich M, vi tri duc 16 hodc rat gon duoc xac dinh theo quy tac dinh trude, va
bit duwgc ma hda & vi tri trong tmg dugc xoa dé thuc hién thich tmg tbe d0. Ty s6 log-hgp
1& (LLR, Log-Likelihood Ratio) & vi tri trong ing dugc phuc hdi theo quy tic dinh trudc

trude khi giai ma, dé trién khai thich tmg giam toc do.

Pé dat duoc su cin bang giita hiéu sut va do phirc tap ma hoa, gian dd thich g toc
dod dua vao su lap lai co thé duoc xac dinh, theo quy tdc dugc tan thanh, dé str dung trong
mdt hé théng truyén thong. Ma cuc duoc ma héa béang cach st dung chiéu dai ma ngudn
dwoc 13p lai dé thu dugc chidu dai ma dich 16n hon chiéu dai ma ngudn, nhd d6 thuc hién

thich tmg toc d0 ma cyc. Su khéc biét gilta sy 13p lai voi duc 16 hodic rat gon nam & cho,
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chudi bit dugc ma hoa co chiéu dai ma nguén dugce gui nhiéu 14n theo th tu cu thé cho
dén khi dat duoc chidu dai ma dich, d& thuc hién thich tng tdc d9. O phia bd giai ma, cac
LLR & cac vi tri 1ap lai duoc xép chong dé thuc hién thich tmg giam tdc @0, va viéc giai
mi duoc thue hién bing cach st dung chiéu dai ma ngudn dugc xac dinh. Sy thich ting
tdc d6 dugce thuc hién theo cach lap lai co thé lam giam d9 phtc tap ctia viée gidi ma, va
giam do tré va ving trién khai phan ctmg. Tuy nhién, trong mot s6 truong hop, su lap lai

gay ra ton hao hiéu suat cu the doi v6i ma cyec.
Ban chat ky thuét clia sang ché

Cac phuong an cua sang ché d& xuit phuong phép ma hoa, thiét bi ma hoa,
phuong phéap giai mé, va thiét bi giai ma, dé 1am gidm s6 14n st dung ciia gian do thich

g toc 46 dya vao su 1dp lai, va giam ton hao hiéu suat gay ra bdi su 1ap lai.

Theo khia canh thir nhét, phuong phép ma héa cuc duge d& xuét, phuong phap nay

bao gdm céc budc:
thu duoc khdi thong tin can dugc giri va chiéu dai ma dich M ciia ma cuc; va

x4ac dinh chiu dai ma nguén N duogc st dung dé ma hoa cuc; khi chiéu dai mi dich
M 16n hon N, néu tham s ma hoa cua khéi thong tin nay théa man diéu kién dinh trudc,
thi phan doan chudi bit thong tin cAn dugc ma hoa thanh p doan con, va thuc hién ma hoa
cuc doc lap dbi voi p doan con nay, dé thu dugc p chudi bit dugc ma hoa co chiéu dai lan
luot 1a chiéu dai ma ngudn clia cac doan con nay, trong d6 p la s6 nguyén 16n hon hodc
bang 2; thuc hién thich tng tbc do rieng biét ddi véi p két qua ma hoa, dé thu duoc p
chudi bit duge ma hda co chidu dai 14n luot 12 chiéu dai ma dich cua cac doan con nay;
va két hop p chudi bit dugc ma héa dugce thich g tdc do nay, dé thu duoc chudi bit

dugc ma hoa cé chiéu dai 1a M.

Theo phuong an thyc hién kha di tha nhét cia khia canh thir nhét, phuong phap
nay bao gdm céc bude: néu tham s ma héa cua khéi thong tin khong thoa man didu kién
dinh trudec, thi thye hién ma héa cuc dbi v6i chudi bit thong tin cin dugc ma hoa bing
cach st dung chidu dai ma ngudn N, dé thu dugc chudi bit duge ma hoa thir nhat c6
chidu dai 1a N, va lap lai it nhat mot s8 bit trong chudi bit duge mé hoa thir nhét nay, dé

thu duge chudi bit dugc ma hoa c6 chidu dai la M.
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Theo phuong an thyc hién kha di thr hai cta khia canh th nhét, phuong phap nay
bao gbm céc budc: néu chidu dai mi dich M nhé hon hoic bing chidu dai ma ngudn N,
thi thuc hién ma héa cuc dbi vé6i chudi bit thong tin can dugc ma hoa béng cach str dung
chiéu dai ma nguén N, dé thu duoc chudi bit duge ma hoa thi hai, va rit gon hodc duc 16

chudi bit dugc ma héa thir hai nay, dé thu dugc chudi bit duge ma hoa co chiéu dai [a M.

V6i tham chiéu dén phuong an bat ky ctia khia canh thir nhat va tit ca cac phuong
4an thuc hién kha di néu trén cia khia canh thu nhét, theo phwong 4n thyc hién kha di tha
ba clia khia canh tht nhat, tdng chidu dai ctia chudi bit thong tin can dugc ma héa la Ke,
céc chiéu dai bit théng tin ctia p doan con 1an luot 14 K1, K2, ..., Kp, cac chiéu dai ma
ngudn duge st dung @& thuc hién ma hoa cuc doc lap d6i véi p doan con nay lan luot 13
N1, N2, ..., Np, cac chidu dai ma dich twong tng lan lugt 1a M1, M2, ..., Mp, Kc =K1
+K2+ ... +Kp, M=MI + M2+ ... + Mp, chudi bit thong tin cin duge ma héa bao gdm
khéi théng tin, va K¢ 16n hon hogc bing chiéu dai K ctia khdi thong tin; va phuong phap
nay bao gdm céc buédc: d6i v6i mdi Mi, néu chiéu dai ma dich Mi ctia doan con tuong
ung v6i Mi 16n hon chidu dai ma ngudn Ni, va tham s ma hoa clia doan con tuong ng
v6i Ki théa man diéu kién dinh trude, thi phan doan thém doan con tuong ng véi Mi
thanh p doan con, thyc hién méa hoéa va thich ing tdc do doc 1ap dbi voi p doan con nay,
dé thu duoc p chudi bit duge ma hoa twong tng, va két hop p chudi bit dugc ma hoa nay,

dé thu dugc chudi bit duoc ma héa cd chiéu dai ma dich 1a Mi, trong d6i=1, 2, ..., p.

Vé6i tham chiéu dén phuong 4n thyc hién kha di thi ba clia khia canh thtr nhét,
theo phuong 4n thuc hién kha di th@ tu clia khia canh thir nhét, phuwong phap nay bao
gdm cac bude: néu chidu dai ma dich Mi 16n hon chiéu dai ma ngudn Ni, va tham s ma
hoéa ctia doan con tuong ng v4i Mi khong thoa man diéu kién dinh trude, thi thuc hién,
bang céach st dung chiéu dai ma ngudn Ni, ma héa cuc dbi voi doan con tuong tng véi
Mi, d& thu duoc chudi bit duge ma héa thir ba ¢6 chidu dai 13 Ni, va 1ap lai it nhét mot s6
bit trong chudi bit dugc ma hoa thir ba nay, dé thu dugc chudi bit duge ma hoa co chiéu
dai 1a Mi; hodic néu chiéu dai ma dich Mi nh6 hon hodc bang chiéu dai ma ngudn Ni, thi
thuc hién, béng cach st dung chiéu dai ma nguén Ni, ma héa cuc dbi vai doan con tuong
ung véi Ki, dé thu dugc chudi bit duge ma hda thir tu, va rat gon hodc duc 16 chudi bit

dugc mé hoéa thu tu nay, dé thu dugc chudi bit duge ma hoa cd chiéu dai 12 Mi.
Theo khia canh thir hai, thiét bi ma héa dugc d& xuét, thiét bi nay bao gom:
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bd phén thu, dugc tao cAu hinh d@é thu duoc khéi thong tin can duoc giri va chiéu

dai ma dich M cua ma cuc;

bd phan ma hoda, dugc tao cAu hinh d&: x4c dinh chidu dai ma ngudn N dugc sir
dung dé ma hoa cuc, khi chiéu dai mi dich M 16n hon N, néu tham s6 ma hoa cua khéi
thong tin théa man diéu kién dinh truéc, thi phan doan chubi bit thdng tin can dugc ma
hoa thanh p doan con, va thyc hi¢n ma héa cuc doc 1ap dbi voi p doan con nay, dé thu
duoc p chudi bit dugc ma héa cb cac chidu dai 1an luot 14 cac chidu dai ma nguén cua cac

doan con nay, trong d6 p la s6 nguyén 16n hon hoic bang 2;

bd phén thich Ung tbc do, duoc tao cdu hinh dé thuc hién thich tmg tbc do riéng
biét d6i vi p két qua ma hoa, dé thu duoc p chudi bit duge ma hoa co cac chiéu dai 1an

lugt 13 cac chiéu dai ma dich cua céc doan con nay; va

bd phan két hop, dugc tao cAu hinh dé két hop p chudi bit dugc ma hoa dugc thich

g toc d9, dé thu duoc chudi bit dugc ma hda cé chiéu dai la M.

Theo phuong an thyc hién kha di tha nhét cua khia canh thi hai, bd phan ma hoa
duoc tao cAu hinh dé: néu tham s ma hoa cua khdi thong tin khong théa man diéu kién
dinh trudec, thi thuc hi€n ma hoa cuc d6i véi chudi bit thong tin can dugc ma hoa béng cach
str dung chiéu dai ma nguén N, dé thu dugc chudi bit duge ma hoa thir nhét ¢6 chiéu dai 1a
N; va bd phan thich tmg td¢ d duge tao cAu hinh dé lap lai it nhat mot s bit trong chudi bit

duoc ma hoa thir nhét nay, dé thu duoc chudi bit duge ma hoa co chiéu dai 1a M.

Theo phuong én thyc hién kha di thi hai cua khia canh thir hai, b phan ma hoa
dugc tao cdu hinh d8: néu chidu dai ma dich M nho hon hozc bing chiéu dai ma nguén N,
thi thuc hién ma hoa cuc d6i v6i chudi bit thong tin cAn duge ma hoa bang cich st dung
chiéu dai ma nguén N, dé thu dugc chudi bit dugc ma hda thit hai; va bd phén thich ing
tdc d6 dugce tao cAu hinh @& rat gon hozc duc 15 chudi bit dugc ma hoa thir hai nay, dé thu

dugc chudi bit duge ma hoa co chicu dai la M.

V6i tham chiéu dén phurong 4n bat ky clia khia canh thir hai va tat ca cac phuong an
thue hién kha di néu trén ctia khia canh tht hai, theo phuong én thyc hién kha di thir ba cua
khia canh thi hai, bd phan ma héa dugc tao cdu hinh dé: néu chiéu dai ma dich Mi 16n hon

chidu dai ma ngudn Ni, va tham s6 ma héa ctia doan con twong ing v6i Mi khong thoa
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man diéu kién dinh trudce, thi thuc hién, béng cach st dung chiéu dai ma nguén Ni, ma
héa cuc dbi véi doan con twong tmg véi Mi, dé thu duoc chudi bit duge ma hoa thi ba co
chiéu dai 12 Ni; va bd phan thich tng tdc d6 duoc tao cAu hinh dé lap lai it nhét mot sb bit
trong chudi bit dugc ma hoa thtr ba nay, 8 thu duoc chudi bit duge ma hoa c6 chidu dai
14 Mi; hodc bd phan ma hoa dugc tao cAu hinh dé: néu chiéu dai ma dich Mi nhd hon
hodc bing chidu dai ma ngudn Ni, thi thuc hién, bang cach st dung chidu dai ma ngudn
Ni, ma hoa cuc ddi véi doan con tuong tmg véi Ki, dé thu duoc chudi bit duge mi hoa
thir tu; va bd phan thich tng tdc @6 dugce tao cAu hinh dé rut gon hodc duc 16 chudi bit

duoc ma hoa thi tu nay, dé thu dugc chudi bit duge ma hoa c6 chiéu dai 1a Mi.
Theo khia canh th ba, thiét bi ma héa khac dugc dé xudt, thiét bi nay bao gdm:

bo nhd, dugc tao cAu hinh dé luu trit chuong trinh; va b xu 1y, dugc tao cu hinh
dé: thuc thi chuong trinh duge Ivu trit trong bd nhd, va khi chuong trinh nay dugc thuc
thi, thi thu dugc khdi thong tin can duoc gui va chiéu dai ma dich M cia ma cuc; xac
dinh chiéu dai ma ngudn N duge sir dung d& ma hoa cuc, khi chidu dai ma dich M 16n
hon N, néu tham s ma hoa caa khdi thong tin théa man didu kién dinh trudc, thi phan
doan chudi bit thong tin can dugc ma hoéa thanh p doan con, va thue hién ma hoéa cuc doc
1ap dbi véi p doan con nay, dé thu duge p chudi bit duge ma hoa co cac chiu dai 1an luot
14 c4c chiu dai mad ngudn ciia cdc doan con nay, trong do p la s6 nguyén 16n hon hodc
bang 2; thuc hién thich tng tbc d6 riéng biét d6i voi p két qua ma hoa, dé thu duoc p
chudi bit dugc ma hoa ¢6 cac chidu dai 1an luot 12 cac chiéu dai mi dich cua cac doan
con nay; va két hop p chudi bit dugc ma héa dugc thich ting tbc do nay, dé thu duge

chudi bit dugc ma hoa ¢ chiéu dai 1a M.

Theo phuong an thyc hi¢n kha di thir nhét ctia khia canh tht ba, bo xir Iy dugc tao
c4u hinh dé: néu tham s ma héa cta khéi thong tin khong thoa man diéu kién dinh truéc,
thi thuc hién ma hoa cuc dbi v6i chudi bit thong tin cAn dugc ma hoa bang cach sit dung
chidu dai ma ngudn N, dé thu duoc chudi bit dugc ma hoa tha nhét ¢6 chidu dai 1a N, va
I3p lai it nhét mot sb bit trong chudi bit duge ma hoa thir nhat nay, dé thu duge chudi bit

duge ma hoa c6 chieu dai 1a M.

Theo phuong 4n thyc hién kha di thir hai cua khia canh thir ba, bo xu ly duogc tao

cAu hinh dé: néu chiéu dai ma dich M nho hon hodc bang chiéu dai ma nguon N, thi thuc
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hién ma hoa cuc d6i véi chudi bit thong tin can dugc mé hoa bang cach st dung chiéu
dai ma ngudn N, dé thu dugc chudi bit dwgc méa hoa thi hai, va rat gon hodc duc 15 chudi

bit dwoc ma héa th hai nay, dé thu duoc chudi bit duge ma héa ¢6 chiéu dai 1a M.

Vé6i tham chiéu dén phwong an bét ky ctia khia canh thir ba va tAt ca cac phuong an
thuc hién kha di néu trén cua khia canh thir ba, theo phuong an thyc hién kha di thi ba
cua khia canh thir ba, téng chidu dai cta chudi bit thong tin can dugc ma hoa 1a Ke, céac
chidu dai bit thong tin ctia p doan con lan luot 14 K1, K2, ..., Kp, cac chiéu dai ma ngudn
duogc st dung dé thuc hién ma héa cuc doc lap dbi véi p doan con lan luot AN, N2, ...,
Np, céac chiéu dai ma dich twong tng lan luot 1aM1, M2, ..., Mp, Kc =K1 +K2 + ... +
Kp, M =M1 + M2 + ... + Mp, chui bit thong tin can duge ma héa bao gbm khdi thong
tin, va Kc 16n hon hodc bang chidu dai K cua khéi thong tin; va bd xir ly dugc tao ciu
hinh dé&: déi v6i mdi Mi, néu chidu dai ma dich Mi ctia doan con twong Ung v6i Mi 16n
hon chiéu dai ma ngudn Ni, va tham s& ma hoa cia doan con trong ng v6i Ki thdéa mén
diéu kién dinh trudc, thi phin doan thém doan con tuong g v6i Mi thanh p doan con,
thuc hién ma hoa va thich ing tbc dd doc lap d6i véi p doan con nay, dé thu duoc p chudi
bit dwoc ma hoa twong tng, va két hop p chudi bit dugc mé hoa nay, dé thu dugc chudi

bit dugc mi héa c6 chidu dai ma dich 1a Mi, trong d6i=1,2, ..., p.

Theo khia canh thir tu, thiét bi ma hoa khéc nira duoc dé xuét, thiét bi nay bao

gom:

it nhAt mot dau vao, duge tao cAu hinh d& nhan khéi thong tin; bo xir 1y tin hi¢u,
dugc tao chu hinh dé: thu duoc khéi thong tin can duoc giti va chiéu dai ma dich M cua
ma cuc; xac dinh chiéu dai ma nguén N duoc st dung dé ma hoéa cuc, khi chiéu dai ma
dich M 16n hon N, néu tham s6 ma hoa ctia khdi thong tin thoa man diéu kién dinh trude,
thi phan doan chudi bit thong tin cAn dugc ma hoa thanh p doan con, va thuc hién ma hoa
cuc doc lap dbi véi p doan con nay, dé thu duge p chudi bit dugc ma hoa co cac chiéu dai
1an luot 1a cac chidu dai ma ngudn ctia cac doan con nay, trong d6 p 1a s6 nguyén 16n hon
hodc b'fmg 2; thuc hién thich tng tdc d6 riéng biét dbivéip Kkét qua ma hoa, dé thu duoc
p chudi bit dugc ma hoa co cac chidu dai 14n luot 13 cac chiéu dai ma dich cua cac doan
con nay; va két hop p chudi bit duge mad hoa duge thich (mg tbc do nay, dé thu duoc
chudi bit dwogc ma héa ¢ chiéu dai 1a M; va it nhit mot dau ra, duogc tao cAu hinh dé két

xuét chudi bit dugc ma héa thu duge boi b xir ly tin hidu.
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Theo phuong an thyc hién kha di tht nhét cta khia canh thit tu, bo x{t 1y tin hiéu
duoc tao cAu hinh dé: néu tham s6 ma héa cla khdi thong tin khong théa man diéu kién
dinh trudce, thue hién ma héa cuc dbi vé6i chudi bit thong tin can dugc méi hoa béng cach
str dung chiéu dai ma ngudn N, & thu dugc chudi bit duge ma héa thir nhit ¢6 chiéu dai
1a N, va lap lai it nhét mot s bit trong chudi bit dugc ma hoa thu nhét nay, dé thu duoc

chudi bit dwoc ma hoa co6 chicu dai la M.

Theo phuong 4n thuc hién kha di thtr hai ciia khia canh thir tu, b xu ly tin hiéu
duoc tao cu hinh d8: néu chiéu dai ma dich M nhé hon hozc bang chiéu dai ma nguén N,
thi thuc hién ma hoa cuc dbi véi chudi bit thong tin can duge ma hoa bang cach st dung
chiéu dai ma nguén N, dé thu duoc chudi bit duge ma hoa thtr hai, va rit gon hodc duc 16

chudi bit duoc ma héa thit hai nay, dé thu dugc chudi bit duge ma héa c6 chiéu dai 1a M.

Vé6i tham chiéu dén phuong an bét ky ciia khia canh thir tu va tAt ca cac phuong an
thuc hién kha di néu trén cla khia canh thi tu, theo phwong én thuc hién kha di th ba
ciia khia canh thtt tu, tdng chidu dai ctia chudi bit thong tin can dugc mi héa 1a Kc, cac
chiéu dai bit thong tin ctia p doan con lan lwot1aK1,K2, ..., Kp, cac chiu dai ma nguén
duoc str dung dé thuc hién ma héa cuc doc 1ap ddi véi p doan con lan lwot AN1, N2, ...,
Np, céc chiéu dai ma dich twong tmg lan lwot AM1, M2, ..., Mp,Kc =K1 +K2+ ... +
Kp,M=MI1+M2+ ... + Mp, chudi bit thong tin can duge ma hoa bao gb6m khdi thong
tin, va K¢ 16n hon hodc béng chidu dai K caa khéi thong tin; va bo xt Iy tin hi¢u dugc
tao cdu hinh dé: dbi véi mdi Mi, néu chiéu dai ma dich Mi cua doan con twong tmg v6i
Mi 16n hon chidu dai ma ngudn Ni, va tham s6 ma hoa ctia doan con twong Gng voi Ki
théa min didu kién dinh trude, thi phan doan thém doan con twong tng v6i Mi thanh p
doan con, thuc hién mé hoa va thich Ung tbc do doc lap d6i v6i p doan con nay, dé thu
duge p chudi bit duge ma hoa tuong ing, va két hop p chudi bit duge ma hoa nay, dé thu

duogc chudi bit duge ma hoa cd chiéu dai ma dich 1a Mi, trong d6i=1,2, ..., p.

Theo khia canh thtr ndm, phwong phép giai ma mi cuc dugc dé xuét, phuong phap

nay bao gom cac budc:

nhan céc t s6 log-hop 18 (LLR, Log-Likelihood Ratio) trong tmg vdi cac bit can duoc giai mé,
trong d6 chiéu di clia céc bit cén duoc gidi ma 1 chidu dai ma dich M duoge str dung trong qué trinh
m héa cuc; xéc dinh chidu dai ma ngudn N duge st dung trong qu trinh ma héa cye, khi chiéu dai
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mé dich M 16n hon chiéu dai ma ngué)n N, néu tham s6 mi hoa théa man diéu kién dinh trude,
thi phan doan cac LLR twong tmg véi cac bit can duoc giai ma thanh p doan con, va thuc hién
thich tmg giam tdc do tach biét d6i véi p doan con nay, trong do p la sb nguyén 16n hon hodc
bang 2; thuc hién giai ma SCL doc lap dbi vé6i cac LLR cua p doan con duogc thich timg giam
tde do, dé thu duoc cac két qua giai ma ciia p doan con ndy; va két hop cac két qua giai ma cua

p doan con nay, dé két xuat chudi bit duoc gidi ma.

Theo phuong an thyc hién kha di thix nhét ctia khia canh thtr nam, cac chiéu dai ma
ngudn duge st dung dé ma hoa p doan con 1an luot 14 N1, N2, ..., Np, cic chidu dai ma
dich 1an lugt 1a M1, M2, ..., Mp, va céc chiéu dai bit thong tin trong tng 1a K1, K2, ..., Kp;
va phuong phép nay bao gdm cac bude: ddi véi mdi Mi, trong d6i=1,2, ..., D, néu Mi 16n
hon chiéu dai ma ngudn Ni, va tham s& ma héa cia doan con twong tmg v6i Mi thda mén
didu kién dinh trudc, thi phan doan thém chudi LLR ctia doan con twong Gmg v6i Mi thanh
p doan con, thyc hién thich img giam tdc d6 va giai ma riéng biét d6i véi p doan con nay, aé
thu duoc céc két qua giai ma twong tmg cua p doan con nay, va két hop céc két qua giai ma
cua p doan con nay, dé thu duoc Ki bit thong tin twong Gmg; hodc d61 v6i mdi Mi, trong d6 i
=1,2,...,ps néu Mi 16n hon chiéu dai ma nguén Nj, va tham s& ma hoa cia doan con turong
g v6i Mi khong thoa mén diéu kién dinh trudc, thi xép chong cac LLR ¢ céc vi tri 13p lai,
d& thu duoc chudi LLR duge thich tmg giam tdc 40 6 chieu dai 1a Ni, va giai ma chudi

LLR nay, dé thu dugc két quéa giai ma cta doan con tuong (g voi Mi.

Theo phwong 4n thyc hién kha di tht hai cta khia canh thtr ndm, phuong phap nay
bao gdm bude: khi chidu dai ma dich M nho hon chiéu dai ma ngudn N, thi phuc hdi
LLR & vi tri duc 16 hodc vi tri rat gon, dé thu dugc chudi LLR dugce thich ing giam tde

6 co6 chidu dai 1a N, va giai ma chudi LLR nay, dé thu dugc chudi bit dugc giai ma.
Theo khia canh tha sau, thiét bi giai ma duoc d2 xuét, thiét bi nay bao gém:

bd phén nhédn, dugc tao cdu hinh dé nhén cac ty sb log-hgp 1€ (LLR,
Log-Likelihood Ratio) twong ung vdi cac bit cAn dugc giai ma, trong do chiéu dai
clia cdc bit can dugc giadi ma la chidu dai ma dich M duoc st dung trong qua trinh
ma hoa cuc; bd phan thich ing giam toc @6, duoc tao c4u hinh dé: xac dinh chiéu
dai ma ngudn N duge st dung trong qua trinh ma hoa cuc, khi chiéu dai ma dich

M 16n hon chidu dai ma ngudn N, néu tham sO ma hoa théa man diéu kién dinh
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trudc, thi phan doan cac LLR tuong Gng voi céc bit can duoc giai ma thanh p doan con,
va thyc hién thich tmg giam téc dd riéng biét d6i v6i p doan con ndy, trong d6 p la s&
nguyén 16n hon hodc béng 2; by phén giai ma, dugc tao cAu hinh dé thuc hién giai ma
SCL ddc 1ap d6i v6i cac LLR ctia p doan con nay, dé thu duoc cac két qua giai ma cta p
doan con nay; va b phan dAu ra, duoc tao ciu hinh dé két hop cac két qua giai ma cuap

doan con nay, dé két xuat chudi bit duoc giai ma.

Theo phuong an thuc hién kha di thir nhét cia khia canh thir sau, céac chiéu dai ma
ngudn duoc st dung dé ma hoa p doan con lan luwot 1a N1, N2, ..., Np, cac chidu dai ma
dich 13n lugt 1a M1, M2, ..., Mp, va céc chiéu dai bit thong tin tuong ing 1 K1, K2, ...,
Kp; va bo phéan thich ing gidm tdc d6 duoc tao cAu hinh dé: d6i véi mdi Mi, trong doi=1,
2, .. Ps néu Mi 16n hon chiéu dai ma nguén Ni, va tham sb ma hoa cta doan con twong
ung voi Mi thda mén diéu kién dinh trude, thi phan doan thém chudi LLR ctia doan con
tuong tng véi Mi thanh p doan con, va thuc hién thich Gng giam tc do riéng biét dbi véi
p doan con nay; by phan gidi ma dugc tao cAu hinh dé giai ma cac LLR cua p doan con
duoc thich Gmg giam toc d9, dé thu duoc cac két qua giai ma tuong ing ciia p doan con
nay; va by phan két hop duoc tao cAu hinh dé két hop cac két qua giai ma ctia p doan con
nay, dé thu dugc Ki bit thong tin twong Gng; hodc bo phén thich tng giam tdc do duoc tao
cAu hinh dé: déi v6i mbi Mi, trong d6i= 1, 2, ..., p, néu Mi 16n hon chiéu dai ma ngudn
Ni, va tham s6 ma hoa ciia doan con twong ung véi Mi khong théa méan diéu kién dinh
trude, thi Xép chéng cac LLR & cac vi tri 1ap lai, dé thu duogc chudi LLR dugc thich Gng
tbc do c6 chidu dai 1a Ni; va bd phén giai ma dugce tao cAu hinh dé giai ma chudi LLR c6
chidu dai 1a Ni, dé thu duogc két qua giai ma cua doan con tuong tng v6i Mi.

Theo phuong én thyc hién kha di thi hai cia khia canh th{ sau, bd phan thich ung
giam téc do dugc tao cAu hinh dé: khi chidu dai ma dich M nhé hon chiéu dai ma ngudn
N, thi phuc hdi LLR & vi tri duc 16 hodc rat gon, dé thu dugce chudi LLR duoc thich tng
tdc d6 co chiu dai 1a N, va bo phan giai ma duoc tao cAu hinh dé gidi ma chudi LLR ¢6

chidu dai 1a N, dé thu duoc chudi bit dugc giai ma.
Theo khia canh thi by, thiét bi giai ma dugc d& xudt, thiét bi nay bao gom:
bd nhd, dugce tao cAu hinh dé luu trit chuong trinh; va b xt ly, duoc tao cAu hinh

dé: thuc thi chuwong trinh dugc luu trit trong bo nhé, va khi chuong trinh nay dugc thuc
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thi, nhan céc ty sb log-hop 1& (LLR, Log-Likelihood Ratio) turong ung véi céc bit can
duoc giai ma, trong do chidu dai cua céc bit cin duoc giai ma la chiéu dai ma dich M dugc
str dung trong qué trinh mé hoéa cuc; xéc dinh chidu dai ma ngudn N dugce st dung trong
qua trinh ma hoa cuc, khi chidu dai ma dich M 16n hon chiéu dai ma nguén N, néu tham )
m3 hoa thoa man diéu kién dinh trudc, thi phan doan cac LLR tuong tng v6i céc bit cAn
duoc giai ma thanh p doan con, va thuc hign thich ing giam téc do riéng biét ddi véi p
doan con nay; thuc hién giai ma SCL ddc lap ddi vé6i cac LLR cua p doan con nay, dé thu
duoc cac két qua gidi ma cia p doan con nay; va két hop cac két qua giai ma cua p doan

con nay, dé két xuét chudi bit duge giai ma, trong do p la s6 nguyén 16n hon hogc bang 2.

Theo phuong an thyc hién kha di thu nhét cta khia canh thir bay, cac chiéu dai ma
ngu@)n duoc st dung dé ma hoa p doan con lan luot 1a N1, N2, ..., Np, céc chiéu dai ma
dich 1an luot 1a M1, M2, ..., Mp, va cic chiéu dai bit thong tin twong ung laK1, K2, ...,
Kp; va b xur ly duoc tao chu hinh d&: d6i véi mdi Mi, trong d6i=1,2, ..., p, néu Mi 16n
hon chidu dai ma ngudn Ni, va tham s6 ma hoa ctia doan con twong ing véi Mi thoa mén
diéu kién dinh trudce, thi phan doan thém chudi LLR cta doan con tuong ung v6i Mi
thanh p doan con, thuc hién thich ng gidm tdc d6 va giai ma riéng biét d6i vé6i p doan
con ndy, dé thu duge cac két qua giai ma tuong tmg ctia p doan con nay, va két hop céc
két qua giai ma ctia p doan con nay, dé thu duoc Ki bit thong tin twong tung; hodc bo xur
Iy nay dugc tao cAu hinh dé: dbi v6i mdi Mi, trong d6i=1.2, ..., p, néu Mi 16n hon
chidu dai ma ngudn Ni, va tham s6 ma hoa cta doan con tuong ung v6i Mi khong thoa
min diéu kién dinh trudec, thi xép chf?)ng cac LLR & céc vi tri 1ap lai, dé thu dugc chudi
LLR duoc thich tng gidm tbc do co chidu dai 1a Ni, va giai ma chudi LLR nay, dé thu

dugc két qua gidi ma cua doan con tuong Ung vGi Mi.

Theo phuong an thuc hién kha di thi hai cta khia canh th bay, bd xt ly duoc tao
chu hinh d@é: khi chidu dai ma dich M nho6 hon chidu dai ma ngudn N, thi phuc hdi LLR
& vi tri duc 16 hodc rit gon, dé thu dugc chudi LLR dugc thich ing giam tdc do c6 chidu

dai 1a N, va giai ma chudi LLR nay, dé thu duoc chudi bit dugc giai ma.
Theo khia canh thr tam, thiét bi giai ma duoc d& xuét, thiét bi nay bao gém:
it nhit mot dau vao, dugc tao chu hinh d nhan céc ty sb log-hop 1€ (LLR, Log-Likelihood

Ratio) twong (mg véi céc bit can duge giai mé, trong d6 chiéu dai cta cac bit can dugc giai ma
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1a chidu dai ma dich M dugc str dung trong qué trinh ma hoa cuc; bd xtr ly tin higu, duoc
tao cAu hinh dé: x4c dinh chidu dai ma ngudén N dugc str dung trong qué trinh ma hoa,
khi chiéu dai ma dich M 16n hon chidu dai ma ngudn N, néu tham s6 ma hoa thoa mén
diéu kién dinh trudc, thi phan doan cac LLR tuong Gng voi cac bit can duoc giai ma
thanh p doan con, va thyc hién thich g giam tdc do riéng biét ddi véi p doan con nay;
thuc hién giai ma SCL ddc lap d6i v6i cac LLR ctia p doan con duge thich tmg giam tbe
d6, dé thu duoc cac két qua giai ma cla p doan con nay; va két hop céc két qua gii ma
cta p doan con nay, dé két xut chudi bit duge gidi ma, trong d6 p 12 s6 nguyén 16n hon
hodic bang 2; va it nhét mét dau ra, duoc tao ciu hinh dé két xuit chudi bit dugc giai ma

thu dugc bdi bd xit 1y tin hicu.

Theo phuong an thuc hi¢n kha di thir nhét cta khia canh thit tam, céc chiéu dai ma
nguén duogc st dung dé ma hoa p doan con lan lwot 1a N1, N2, ..., Np, cac chiéu dai ma
dich 1in luot 1a M1, M2, ..., Mp, va céc chiéu dai bit thong tin twong tng 1a K1, K2, ...,
Kp; va by xtr 1y tin hiéu duoc tao cAu hinh dé: d6i véi mdi Mi, trong d6i=1,2, ..., p,
néu Mi 16n hon chiu dai ma ngudn Ni, va tham s6 ma hoa cta doan con twong ng vai
Mi thoa man diéu kién dinh trude, thi phan doan thém chudi LLR cta doan con tuong
{mg v6i Mi thanh p doan con, thuc hién thich ing giam tc do va giai ma riéng biét doi
v6i p doan con nay, dé thu duoc cac két qua giai ma twong ing cua p doan con nay, va
két hop céc két qua giai ma clia p doan con nay, dé thu duoc Ki bit thong tin twong ung;
hodc bd xtt 1y tin hi¢u dugc tao cAu hinh dé: d6i véi mdi Mi, trong d6i=1,2, ..., p, néu
Mi 16n hon chiéu dai ma nguén Ni, va tham sd ma hoa cia doan con twong ing véi Mi
khong théa mén diéu kién dinh trude, thi xép chdng cac LLR & cac vi tri 1ap lai, dé thu
duogc chudi LLR dugc thich ang giam tdc do co chiéu dai 12 Ni, va gidi ma chudi LLR

nay, dé thu duoc ket qué giai ma cta doan con twong tng v6i Mi.

Theo phuong an thyc hién kha di thtr hai cua khia canh thir tdm, bd x1r 1y tin hiéu
duoc tao cAu hinh dé: khi chidu dai ma dich M nho hon chidu dai ma ngudn N, thi phuc
hdi LLR & vi trf duc 18 hodc it gon, dé thu duoc chudi LLR dugc thich tng giam tde do

¢6 chidu dai 1a N, va giai ma chudi LLR nay, de thu dugc chudi bit dugc gidi ma.

Theo mot khia canh hodc phuong 4n thyc hién bét ky trong sb céac khia canh hoidc
phuong an thyc hi¢n néu trén, tham s6 ma héa bao gdm mot trong s6: tbc do ma héa R,

chiéu dai Kc ctia chudi bit thong tin can duge ma hoa, chicu dai K cua khoi thong tin,
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hodc chiéu dai ma dich M; va diéu kién dinh trudc bao gém mot trong s6: ddi vai toe do
ma héa di cho R, chidu dai K¢ cta chudi bit thong tin can dugc mi hoéa 16n hon ngudng
dinh trude; déi véi tde do ma hoa da cho R, chiéu dai K ciia khéi thong tin 16n hon
ngudng dinh trude; hoac dbi voi tbe @6 ma hoa da cho R, chiéu dai ma dich M 16n hon

ngudng dinh trude.
Theo mdt khia canh hodc phwong an thuc hién bét ky trong sb céac khia canh hodc
phwong 4n thuc hién néu trén, phwong phap nay bao gdm bude: xac dinh chidu dai ma

A = mi [logz M] I o R . \ 1A in(+) 1:& .
ngudn NV = min C +Nmax) | trong d6 11 bidu thi sw 1am tron 1én, min () pidy thi
gia tri cyc tiéu duge trd vé, va Npae biéu thi chiéu dai ma ngudn dugc hd trg boi hé

théng cuc dai.

Khi p = 2, Nmax = 1024, va ma hoa cuc 1a ma hoa cuc PC dugc st dung 1am vi du,

va diéu kién dinh trude 12 mot trong so:

@6i v6i R = 1/12, chidu dai Kc ctia chudi bit théng tin cin dugc méd hoéa 16n hon

ngudng dinh truée Kcl, trong d6 Kcl 1a sd nguyén trong doan [330, 370];

@61 v6i R = 1/6, chidu dai Kc cta chudi bit théng tin cin duge mé héa 16n hon

ngudng dinh trude Kc2, trong d6 K2 1a s6 nguyén trong doan [345, 365];

d6i véi R = 1/4, chidu dai Kc cta chudi bit thong tin cAn dugc ma hoa 16n hon

ngudng dinh trude K3, trong d6 K3 12 s& nguyén trong doan [370, 380];

@61 vGi R = 1/3, chidu dai Kc cia chudi bit théng tin can duge ma héa 16n hon

ngudng dinh trude Kc4, trong d6 Ked 12 s6 nguyén trong doan [450, 460];

d6i véi R = 2/5, chidu dai Kc ctia chudi bit théng tin can duge ma héa 16n hon

ngudng dinh trude Kc5, trong d6 Ke5 12 s6 nguyén trong doan [500, 510];

d6i v6i R = 1/12, chiéu dai K cua khéi thong tin 16n hon ngudng dinh trude Ktl,
trong d6 Ktl 1a s6 nguyén trong doan [314, 354];

d6i v6i R = 1/6, chiéu dai K cua khéi thong tin 16n hon ngudng dinh trude Kt2,

trong d6 Kt2 1a s6 nguyén trong doan [329, 349];

d6i v6i R = 1/4, chidu dai K cua khdi thong tin 16n hon ngudng dinh trude Ki3,
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trong d6 Kt3 1a sb nguyén trong doan [354, 364];

d6i v6i R = 1/3, chidu dai K cua khéi thong tin 16n hon ngudng dinh trudce Kt4,

trong d6 Kt4 1a sd nguyén trong doan [434, 444];

d6i v6i R = 2/5, chidu dai K cta khéi thong tin 16n hon ngudng dinh trude Kt5,
trong d6 Kt5 1a sb nguyén trong doan [484, 494];

d6i v6i R = 1/12, chidu dai ma dich M 16n hon ngudng dinh truée Mtl, trong d6
Mtl 1a s6 nguyén trong doan [3768, 4248];

d6i v6i R = 1/6, chidu dai ma dich M 16n hon ngudng dinh truéc Mt2, trong d6
Mt2 1a s6 nguyén trong doan [1974, 2094];

d6i v6i R = 1/4, chiu dai ma dich M 16n hon ngudng dinh trude Mt3, trong do
Mt3 14 s& nguyén trong doan [1416, 1456];

d6i v6i R = 1/3, chiéu dai ma dich M 16n hon ngudng dinh truéc Mt4, trong do
Mt4 12 s6 nguyén trong doan [1302, 1332]; hodc

d6i v6i R = 2/5, chidu dai ma dich M 16n hon ngudng dinh truéc Mt5, trong d6
Mt5 14 s& nguyén trong doan [1210, 1235].

Trong mdt vi du, ngudng néu trén co thé 12 mot trong sb: Kel =360, Kc2 =360,
Kc3 = 380, Kcd = 460, Ke5 = 510, Ktl = 344, Kt2 = 344, Kt3 = 364, Kt4 = 444, Kt5 =
494, Mt1 = 4128, Mt2 = 2064, Mt3 = 1456, Mt4 = 1332, hodc Mt5 = 1235.

Khi p =2, Nmax = 1024, va ma héa cyc 1a mé hoa cuc CA dugc str dung lam vi du,

va diéu kién dinh trudc 1a mdt trong so:

d6i véi R = 1/12, chiéu dai Kc cla chudi bit thong tin can dugc mi hoa 16n hon

ngudng dinh trude Kel, trong do Kel la sb nguyén trong doan [310, 340];

ddi véi R = 1/6, chidu dai Kc cta chudi bit thong tin can dugc ma hoa 1én hon

ngudng dinh trude Ke2, trong do Ke2 1a sb nguyén trong doan [350, 365];

ddi véi R = 1/4, chidu dai Kc cta chudi bit thong tin can dugc ma hoa 16n hon

ngudng dinh trude Ke3, trong d6 Ke3 la sb nguyén trong doan [410, 450];
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d6i v6i R = 1/3, chiéu dai Kc cta chudi bit thong tin can dugc ma hoéa 16n hon
ngudng dinh trude Kc4, trong do6 Ke4 1a s6 nguyén trong doan [470, 495];

d6i v6i R = 2/5, chiéu dai Kc cuia chubi bit thong tin can dugc ma hoa 16n hon

ngudng dinh trude Ke5, trong d6 K3 1a sb nguyén trong doan [520, 530];

d6i v6i R = 1/12, chidu dai K cia khdi thong tin 16n hon ngudng dinh trude Ktl,

trong do Ktl 1a s6 nguyén trong doan [291, 321];

d6i voi R = 1/6, chidu dai K cta khéi thong tin 16n hon ngudng dinh truée Kt2,

trong d6 Kt2 1a s6 nguyén trong doan [331, 346];

d6i voi R = 1/4, chidu dai K cta khéi thong tin 16n hon ngudng dinh trude Ki3,
trong d6 Kt3 1a s6 nguyén trong doan [391, 431];

d6i voi R = 1/3, chidu dai K cta khéi thong tin 16n hon ngudng dinh trudc K4,

trong d6 Kt4 1a s6 nguyén trong doan [451, 476];

d6i véi R = 2/5, chidu dai K cua khéi thong tin 16n hon ngudng dinh truée KtS,

trong d6 Kt5 1a s6 nguyén trong doan [501, 511];

d6i v6i R = 1/12, chidu dai ma dich M 1én hon ngudng dinh truée Mtl, trong d6
Mt 1a s6 nguyén trong doan [3492, 3852];

d6i v&i R = 1/6, chiéu dai ma dich M 16n hon ngudng dinh truéc Mt2, trong do
Mt2 1a s& nguyén trong doan [1986, 2076];

d6i véi R = 1/4, chidu dai ma dich M 16n hon ngudng dinh truéc Mt3, trong d6
Mt3 12 s& nguyén trong doan [1564, 1724];

d6i v&i R = 1/3, chiéu dai ma dich M 16n hon ngudng dinh truéc Mt4, trong do
Mt4 1 sb nguyén trong doan [1353, 1428]; hodc

dbi v&i R = 2/5, chidu dai ma dich M 16n hon ngudng dinh trude MtS, trong do
Mt5 1a s6 nguyén trong doan [1253, 1278].

Trong mdt vi du, ngudng néu trén co6 thé 1a mt trong s6: Kcl =320, Kc2 = 360,

Kc3 = 430, Ke4 = 490, Ke5 = 530, Kt1 =301, Kt2 = 341, Kt3 = 411, Kt4 = 471, Kt5 =
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511, Mtl = 3612, Mt2 = 2046, Mt3 = 1644, Mt4 = 1413, hodc Mt5 = 1278.

Theo khia canh thir chin, thiét bi truyén thong dugc dé xuit, thiét bi nay bao gém:
bus, bo xir ly, vat ghi luu trit, giao dién bus, bd diéu hgp mang, giao dién ngudi st dung,

va ang ten.

Bus duoc tao ciu hinh dé ndi bo xur 1y, vat ghi luu trlr, giao dién bus, va giao dién

nguoi st dung.

Bd xtt ly duogc tao cAu hinh dé thuc hién phuong phap ma héa theo khia canh thi
nhit hoic phuong 4n thuc hién bt ky ciia khia canh thtt nhét, hodc dugc tao céu hinh dé
thue hién phuong phap giai ma theo khia canh thir ndm hodc phuong an thuc hién bat ky

cua khia canh tht nam.

Vit ghi luu trit dugc tao cAu hinh @8 luu trit hé diéu hanh, va, dit liéu can dugc guri

hodc dit liéu nhén duogc.
Giao dién bus dugc ndi véi bd dicu hgp mang.

Bo diéu hop mang dugc tao cAu hinh dé thyc hién chtrc nang xi 1y tin hi¢u ctia 16p

vét ly trong mang truyén thong khong day.
Giao dién ngudi st dung duoc tao cAu hinh dé ndi véi thiét bi dau vao nguoi sir dung.
Ang ten dugc tao cAu hinh dé gti va nhan tin hiéu.

Theo khia canh khac cia sang ché, vat ghi Iuu trit doc duge bang may tinh dugc dé xuét.
Vit ghi luu trit doc duge bing mAy tinh nay luu trlt 1énh, va khi 1¢nh nay chay trén may tinh,
thi mdy tinh nay duoc cho phép thuc hién cac phuong phdp theo cac khia canh nén trén.

Theo khia canh khac nita ciia sang ché, san pham chuong trinh may tinh bao gdm
1énh dugc dé xuit, va khi san pham chuong trinh may tinh nay chay trén may tinh, thi

may tinh nay dugc cho phép thuc hién cdc phuong phap theo cac khia canh nén trén.

Theo khia canh khéc nita ciia sang ché, chuong trinh may tinh dugc dé xuét, va khi
chuong trinh mdy tinh nay chay trén mdy tinh, thi may tinh nay dugc cho phép thuc hién

céc phuong phap theo cac khia canh nén trén.
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Theo cac phuong an cua sang ché, khi chiéu dai ma dich vuot qua chidu dai ma
ngudn duge xac dinh theo quy thc duge tan thanh, néu tham s6 ma hoa théa man diéu
kién dinh truéc, thi ma hoa phan doan doc 14p duoc thuc hién dbi voi chudi bit thong tin
can dugc ma hoéa, nho d6 lam gidm xdc suét str dung gian dd thich tmg tdc d6 dua vao su

13p lai, va lam giam ton hao hiu suat gay ra boi sy 1ap lai.
M6 ta van tat cac hinh vé

FIG.1 12 so dd gian lugc cla quy trinh co ban vé truyén thong khong day giita dau

phét va dau thu;

FIG.2 1a luu dd gian lugc cuia phuong phap ma hoa theo mot phuong 4n cua sang

ché;

FIG.3 1a luu dd gian lugc cia phuong phép giai ma theo mot phuong an cla sang

r
A

ché;

FIG.4 1a lwu d6 gian luge cua phuong phap mé hoa cuc Arikan va phuong phap

gial ma;

FIG.5 1a luu d6 gian lugc cia phuong phap mé hoa cuc PC va phuong phéap giai

FIG.6 13 lvu dd gian luge cua phuong phap giai ma PC-CA-SCL;

FIG.7 12 so dd so sanh hiéu suét giai ma gitta ma hoa cyc PC thong thuong va ma

hoéa phén doan cuc PC;

FIG.8 12 Iuu dd gian luge cua phuong phdp ma hoa cuc CA va phuong phép giai

FIG.9 13 Iwu db gian lugc cua phuong phap mé hoa cuc CA khéc va phuong phap

giai mé;

FIG.10 1 luu dd gian luge ciia phwong phdp mé hoa cuc CA khéc nita va phuong

phép gidi ma;
FIG.11 1 so @6 ciu tric gian lugc clia thiét bi ma hoa 1100 theo mdt phuong an
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cla sang che;

FIG.12 12 s0 dd cAu tric gian luge cua thiét bi ma hoa khac 1200 theo mdt phuong

an cua sang che;

FIG.13 1a so dd céu tric gian luge cla thiét bi ma hoa khéc nita 1300 theo mot

phuong an cua sdng ché;

FIG.14 14 so dd cAu trac gian lugc ctia thiét bi giai ma 1400 theo mdt phuong dn

cua sang ché;

FIG.15 la so dd cAu trtic gian lugc cua thiét bi giai ma 1500 theo mot phuong 4n

cta sang ché;

FIG.16 13 so d6 cAu trac gian luge cla thiét bi giai ma 1600 theo mot phuong dn

cua sang ché; va

FIG.17 1a so d cAu tric gian lugc cta thiét bi truyén thong 1700 theo mot phuong

an cta sang che.
Mo ta chi tiét sang che

FIG.1 1a quy trinh co ban cia truyén thong khong day. O diu phat, tin hiéu dugc
gui tir ngudn tin hiéu sau khi qua trinh ma hoa ngudn, ma hoa kénh, va diéu bién s6 duoc
thuc hién tudn tu ddi véi tin hiéu nay. O dau thu, tin hiéu duge két xuét dén noi chtra tin
hiéu sau khi qua trinh didu bién sb, ma hoa kénh, va ma hoa nguén duoc thuc hién tudn
tur i v6i tin hidu nay. Ma cuc c6 thé duge sir dung dé ma hoa/giai ma kénh. Chiéu dai
ma clia ma cuc ban dau (ma ngudn) ting theo liiy thira 2 ciia mdt s nguyén. Do do,
trong ng dung thuc té, thich tung tdc do can dugc thuc hién d8 trién khai ma cuc co6
chidu dai ma bét ky. Nhu dugc thé hién trén FIG.1, & dau phat, thich ing tbc do duge
thuc hién sau qua trinh ma hoa kénh, dé trién khai chiéu dai ma dich bét ky;va & dau thu,

thich Gng giam tdc do dugc thuc hién trude qua trinh ma hoa kénh.

Céc giai phép k¥ thuét theo cdc phuong an cua sang ché c6 thé dugc ép dung cho
hé théng truyén thong 5G, va cling c6 thé dugc 4p dung cho cac hé théng truyén thong
khac nhau khac, chang han nhu: hé théng truyén thong di dong toan cau (GSM, Global
System of Mobile communications), hé théng da truy nhap chia md (CDMA, Code
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Division Multiple Access), hé théng da truy nhap chia ma bang thong rong (WCDMA,
Wideband Code Division Multiple Access), dich vu vo tuyén goi tong hop (GPRS,
General Packet Radio Service), h¢ théng tién hoa dai han (LTE, Long Term Evolution),
hé thdng song cong chia tdn (FDD, Frequency Division Duplex) LTE, hé théng song
cong chia thoi (TDD, Time Division Duplex) LTE, va hé théng vién thong di dong toan

cdu (UMTS, Universal Mobile Telecommunications System).

Trong mot sd trudng hop, trong mot hé théng truyén thong, chidu dai ma ngudn
thuong dugce xac dinh theo quy tic duge tan thanh. Khi chidu dai ma ngudn duge xac
dinh 16n hon chiéu dai ma dich, thi gian dd thich ung tdc d6 dua vao su rat gon hodc dua
vao su duc 16 ¢6 thé duge str dung dé thyc hién thich tng tbc d. Khi chidu dai ma ngudn
duogc xac dinh nho hon chiéu dai ma dich, thi gian d6 thich tng tdc d6 dua vao su lap lai
c6 thé duoc st dung dé thuc hién thich tng tdc do. Tuy nhién, gian dd dya vao su lap lai
gdy ra ton hao hiéu suét. Trong mot s6 hé thdng truyén thong, chidu dai ma ngudn cuc
dai dugc st dung cho ma cye con ¢ thé dugc chi dinh. Vi dy, chi dinh duoc réng chiéu
dai ma ngudn dudng xubng cuc dai 1a 512 va chidu dai ma ngudn dudng én cyc dai la
1024 trong mdt hé théng truyén thong. Do gidi han vé chiéu dai ma ngudn cuc dai duoc
str dung dé ma hoa ma cuc, nén khi chiu dai ma dich 16n hon Nmax, chi can glri ma cuc
¢6 chidu dai ma Nimax nhidu 1dn c6 thé gay ra tdn hao hiéu suét, va nhiéu bit 13p lai lam

cho tdn hao 16n hon.

Viéc thuc hién ma hoéa doan va sau do két hop dbi véi mi cuc cling gy ra t6n hao hiéu
Suét. Tuy nhién, dudi diéu kién cu thé (vi dy, khi tbc dd ma hoa nguén, cu thé 13, K/N, tuong
d6i 16n), murc ting ma hoa do ma héa phan doan mang lai, bu lai cho tdn that do ma hoa phan
doan dén mot muc d6 nao d6. Do do, dudi diéu kién cu thé (vi dy, khi tbc d6 ma hda cuia mdi
doan trong qua trinh ma hoa phan doan 16n hon tdc @9 ma hoa ngudn cu thé), hiéu suét trong

qué trinh m& hoa phan doan t6t hon hiéu suét trong gidn d6 thich tng tdc do dua vao su lap lai.

Theo sang ché, khi tham s6 ma hoa thoa man diéu kién dinh trudc, thi ma hoa phan
doan dugc thyc hién dbi vé6i céac bit thong tin can dugc ma hoa, dé 1am gidm tdn hao hiéu
suAt ma cuc gdy ra boi gian dd thich tng tdc do hién co (su 13p lai). Khi chiéu dai m4 dich
M nhé hon chiéu dai ma nguén N, thi m4 hda cyc cd thé duoc thuc hién dya vao chiéu dai
ma nguén N, dé thu duoc chudi bit duge ma hoa c¢6 chiéu dai 1a N, va sau d6 qua trinh duc

16 hoic rut gon dugc thuc hién dé thu duogc chudi bit dugec ma héa ¢ chiéu dai 1a M.
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FIG.2 12 luu d6 gian lugc ctia phuong phap ma hoa theo mdt phuong 4n clia sang

ché. Phuong phap nay bao gdm cac budc sau.

201. Thu dugc khdi théng tin can dugc giri va chiéu dai ma dich M cia ma cye, va

xéc dinh chiéu dai ma ngudn N dugc st dung d€ ma hoa cuc.

Chidu dai ctia khéi thong tin 13 K, téc do ma héa la R, ¥ = INT(K/R) y; INT

biéu thi sy lam tron.

203. Khi chidu dai ma dich M 16n hon chidu dai ma ngudn duge xac dinh trong
buéc 201, néu tham s6 ma hoa cua khéi thong tin théa man diéu kién dinh trudc (cling
dugc goi 14 didu kién ma hoa phan doan), thi phan doan chudi bit thong tin can duoc ma
hoéa thanh p doan con, va thuc hién ma héa doc 1ap d6i voi p doan con nay, dé thu dugc
p chudi bit dwgc ma hoa, trong d6 p 1a s6 nguyén 16n hon hodc bing 2, tong chiéu dai ctia
chudi bit thong tin cAn duge ma hoa laKe, cac chiéu dai bit thong tin ctia p doan con nay

1in luot 1K1, K2, ..., Kp, vaKc =K1 +K2 + ... + Kp.

Cu thé 13, cac chidu dai ma dich sau khi ma héa cuc doc 1ap duge thuc hién dbi vai
p doan con 1an luot 1a M1, M2, ..., Mp, trong d6 M =M1 + M2 + ... + Mp. Xéc dinh
dugc, dua vao M1, M2, ..., Mp, réng cac chiéu dai ma nguén cua cic doan con nay lan
lwgt 1A N1, N2, ..., Np. Ma hoa cuc duge thue hién riéng biét d6i véi p doan con béng

cach sir dung cac chiéu dai ma nguén N1, N2, ..., Np.

Cu thé 13, di v6i mdi Mi, trong d61=1,2, ..., p, khi Mi > Ni, mi héa cuc duoc
thuc hién biang cach st dung chiéu dai ma ngudn Ni dbi v6i doan con twong Gtng véi Mi,
dé thu duoc chudi bit duge ma héa co chiéu dai 1a Ni, va sau do, gian db thich g tdc do
dua vao su lp lai duge st dung. Khi Mi < Ni, thi mi hoa cuc duge thyc hién béng cach
stt dung chiéu dai ma ngudn Ni dbi v&i doan con twong tng véi Ki, dé thu dugc chudi bit
duoc ma hoéa co chiéu dai 14 Ni, va sau do, gian dd thich tng tdc @6 dua vao su rat gon

ho#c dua vao su duc 16 duge st dung.
C6 nhidu cach x4c dinh chiéu dai ma ngudn N, va ba cach duge md ta dudi day:
(1) Néu chiéu dai ma ngudn cuc dai Nmax dugc chi dinh trong mot h¢ thong truyén

thong, thi gid tri cua chidu dai md ngudn c6 thé dugc xac dinh theo
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N = min (2"°%*), Nmax) | Cu thé 13, khi M > Nimax, N = Nimax durgc x4c dinh, thi ma héa
dugc thuc hién b.'?lng cach st dung chiéu dai ma nguén N, dé thu dugc chudi bit dugc ma
héa c6 chiéu dai 1a N, va it nhéit mot s bit duoc lip lai, dé thu duoc chudi bit dugc ma
héa c6 chidu dai 1a M. Khi M < Nimax, thi ma hoa dugc thuc hién bang cach sir dung
N = 2MeeM 42 b1 durge chudi bit duge ma héa c6 chidu dai 1a N, va gian db thich tmg
tdc do dua vao su rat gon hodc dya vao su duc 16 dugce st dung, dé thu dugc chudi bit

dugc ma hoa co chiéu dai 1a M, trong d6 [1 pidu thi sy lam tron 1én.

(2) Gié tri nho hon chidu dai ma dich va théa man tde d9 ma héa nguon nhé hon
hodc bing ngudng téc dd ma hoa vu tién duge chon dbi voi N, nguge lai N = 2ftee: 3]
dugc chon, trong do [ biéu thi sy lam tron [én. Tbc do ma hoa nguén duoc dinh nghia
14RO =K/N, trong d6 N=2"nla s6 nguyén nhé hon hodc bang logoM, vaK 1a chiéu dai
ctia khéi thong tin. Vi du, ngudng téc do ma hoa co thé duoc thiét 1ap 1 1/6 hodc 1/4.
Gia st ring nguong toc do ma hoa 1a 1/4, M =288, va K = 40, thi gié tri ciia N théa man
K/N nhé hon 1/4 13 256. Trong trudong hgp nay, N = 256. Néu K = 80, thi khong gia tri
nao nho hon hodc bé“lng 256 va thda man 80/N nho hon hodc bé“lng 1/4 ¢6 thé duge chon

d6i véi N, bang ting theo liiy thira 2 ctia mdt s6 nguyén. Trong truong hop nay,

N = 2M°eM _ 519 ¢ thé duoc xdc dinh.

(3) Gi tri nho hon chidu dai ma dich va théa man M =N = (1 + 5) wu tién duoc
chon déi voi N, ngugc lai N = 2Mee=™ 4i10¢ chon, trong d6 [ biéu thi sy 1am tron 1én.
8 c6 thé 1a hing s6, vi du, c6 thé duge thiét 1ap 12 1/8, 1/4, hoge 3/8. ¢ ¢o thé la gi tri
lién quan dén tbc dd ma hoa ngudn, va & = FUNCTION (RQ), trong 46 RO =K/N, vaK la
chidu dai ciia khéi thong tin va thudng giam theo mirc ting cua RO. Ham § lién quan dén
téc d6 ma hoa R c6 thé duge trinh bay dusi dang: 8 = x (1 - R0), trong do B 1a hing sd
dinh trude, vi dy, B ¢ thé 1a 1/2, 3/8, 1/4, 1/8, hodc 1/16. Noi cach khac, o la ham tuyén
tinh ciia RO. Gié trj 16n hon ctia RO biéu thi gid tri nhé hon ctia 8, cu the Ia, biéu thi s6
luong bit 1p lai cho phép nho hon. Ham 8 lién quan dén téc do ma hoa R ¢ thé dugc
trinh bay duéi dang: 5 = x (1 —R0)"2, trong d6 B 12 hing s6, vi du, B co thé 1a 1/2. Noi
cach khéc, & 1a ham béc hai cua RO. Gié tri 1én hon ciia RO biéu thi gié tri nho hon cua 3,

cu thé 13, biéu thi s lugng bit 1ap lai cho phép nho hon.

Ba céach nay 4p dung dugc cho viée chon chiéu dai ma nguodn cho chuoi bit
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thong tin can dugc ma hoa, va cling dp dung dugc dé chon chiéu dai ma nguoén cho doan

con thu dugc sau khi phan doan.

205. Thue hién thich g tdc do tuong Gng riéng biét doi v6i p doan con, dé thu
duogc p chudi bit duge ma hoa co cac chidu dai 1a cac chidu dai ma dich twong ng cua
cac doan con nay. Cu thé 13, néu chidu dai ma dich Mi ctia mdi doan con 16n hon chiéu
dai ma ngudn Ni, thi it nhat mdt sb bit cuia chudi bit duge ma hoa co chiéu dai 12 Ni duge
3p lai, dé thu dugc chudi bit duge ma héa c6 chiéu dai la Mi. Néu chiéu dai ma dich Mi
ctia mdi doan con nhd hon hodc béng chiéu dai ma ngudn Ni, thi gian dd thich ung tdc
do dya vao su duc 16 hoidc dya vao sy rut gon dugc st dung dé xo6a bit duge ma hoa & vi

tri duc 16 hodc vi tri rt gon, dé thu dugc chudi bit dugec ma hoa c6 chiéu dai 1a Mi.

206. Két hop p chudi bit duge ma hoa thu duge trong budc 205, dé thu dugc chudi

bit duoc ma hoa c6 chiéu dai 1a M.

Mot céch tiy ¥, sau khi p doan con thu dugc thong qua sy phén doan trong budc
203, mot doan con, c6 tham s& ma hoa thoa man diéu kién dinh trudce, trong p doan con
nay co thé dugc phan doan thém thanh p doan con, va ma hoa va thich ing tdc @6 doc lap

dugc thuc hién do6i véi p doan con nay.

Cu thé 13, dbi véi mdi Mi, trong d6 1= 1,2, ..., p, néu chidu dai ma dich Mi 16n
hon chiéu dai ma ngudn Ni, va tham s6 ma hoa cua doan con twong tng v6i Mi thoa man
diéu kién dinh trudc, thi doan con twong ung v6i Mi duge phan doan thém thanh p doan
con, mi hoa va thich ung tdc do doc 1ap dugc thuc hién dbi véi p doan con nay, dé thu
dugc p chudi bit duge ma hoa twong Gng, vap chudi bit duoc ma hda nay dugc két hop,
8 thu duoc chudi bit duoc ma héa cé chidu dai ma dich 1a Mi. Néu chicu dai mé dich Mi
161 hon chiéu dai ma ngudn Ni, nhung tham s6 ma hoa cta doan con tuong tng véi Mi
khong thoa mén didu kién dinh trudc, thi ma héa cuc duge thuc hién bang cach st dung
chiéu dai ma ngudn Ni dbi voi doan con tuong Gng v6i Mi, dé thu duoc chudi bit duge
ma hoa thtr ba ¢ chiéu dai 1a Ni, va it nhéit mot s6 bit trong chudi bit dugc ma hoa thir ba
nay duoc lap lai, dé thu duoc chudi bit dugc ma hoa cd chidu dai 13 Mi. Néu chiéu dai ma
dich Mi nho hon hodc béng chiéu dai ma nguén cuc dai Ni, thi ma héa cuc dugc thyc
hién bang cach st dung chiéu dai ma ngudn Ni d6i véi doan con twong Gmg vdi Ki, dé

thu duoc chudi bit duge ma hoa, va chudi bit duge méd hoa nay duge rit gon hodc duge duc
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15, dé thu duoc chudi bit duge ma hoa co chidu dai 1a Mi.

Mot cach tuy y, khi chidu dai ma dich M 16n hon chiéu dai ma ngudn dugc xéc
dinh trong budce 201, néu tham s6 ma hoa cia khoi thong tin khong thoéa man diéu kién

dinh trudce (diéu kién m4 héa phan doan), thi budc 204 co thé duoc thuc hién.

204. Thuc hién ma héa cyc d6i véi chudi bit thong tin can duge ma héa bang cach
stt dung chidu dai ma ngudn N, va sir dung gian dd thich ung tdc d dya vao su lap lai.
Cu thé 13, chudi bit dugc ma hoa co6 chidu dai 1a N thu dugc sau khi ma hda cuc, va it
nhét mot s bit clia chudi bit dugc ma hoa cd chiéu dai 1a N duoc lap lai, dé thu duogc

chudi bit dugc ma hda co chiéu dai 1a M.

Mot cach tiy ¥, néu chiéu dai ma dich M nhé hon ho#c bang chiéu dai ma ngudn

N, thi budc 202 c6 thé duge thyc hién.

202. Thuc hién ma hoa cuc ddi voi chudi bit thong tin can duoc mi hoa béng cach
stt dung chiéu dai ma ngudn N, va st dung gian b thich ung tdc do dya vao su rit gon
hoic dwa vao su duc 15. Cu thé 13, chudi bit duge mé hoa 6 chidu dai 1a N thu dugc sau
khi ma héa cuc, va chudi bit dwgc ma hoa co chiéu dai 1a N duoc rat gon hodc dugce duc

13, dé thu duge chudi bit dugc ma hoa c6 chidu dai 1a M.

FIG.3 13 luu db gian lugc cua phuong phép giai ma theo mdt phuong an cia sang

ché. Phuong phap nay bao gbm céc budc sau.

301. Nhan céc LLR tuong Gng v6i cac bit thong tin can dugc gidi md, va xac dinh
chidu dai ma ngudn N, trong do chiéu dai cia cac bit thong tin can dugc giai ma la chiéu

dai ma dich M duoc st dung trong qua trinh ma héa cuc.

Dau thu c6 thé thu dugc, béng cach str dung thong tin 1ap lich cua hé théng, tham
sb ma hoa, vi du, cac gia tri chéng han nhu K, M, R, va N, 1én quan dén phia bd ma hoa.

DPau thu cling ¢ thé x4c dinh chidu dai ma dich M dua vao cac LLR nhén duogc.

303. Khi chidu dai ma dich M 16n hon chiéu dai ma nguon N dugc xéc dinh trong
bude 301, néu tham s ma hoa thoa méan diéu kién dinh trudce (cling dugc goi la diéu
kién ma hoa phan doan), thi phan doan chudi LLR twong tmg véi cac bit thong tin can

dugc giai ma thanh p doan con, va thyuc hién thich tng giam tdc do riéng biét dbi véip
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doan con ndy. Cu thé 13, chudi LLR tuong (mg v&i cac bit thong tin can dugc giai ma
duogc phan doan thanh p doan con, trong d6 p la s6 nguyén 16n hon hodc bang 2. Tong
chidu dai cua chudi bit thong tin cin dugc gidi ma 1a M, va cac chiéu dai bit thong tin clia

p doan con lan lugt 1a M1, M2, ..., Mp, trong d6 M =M1+ M2 + ... + Mp.

Chiu dai ma ngudn N va gian dd thich tmg tdc d6 twong tng duge xac dinh theo
quy tic dugc tin thanh. Phuong phép cu thé gidng v&i phuong phap duge sir dung 6 phia
bd ma hda, va dbi v6i nodi dung chi tiét, c6 thé thyc hién tham chiéu dén ba cach duge mo

ta trong bude 203 trong quy trinh nay.

Cu thé 14, x4c dinh duoc réng céc chiéu dai ma nguén cua cac doan con 1an luot 12
N1, N2, ..., Np. Péi v6i mdi Mi, trong @6 i=1, 2, ...., p, khi Mi > Ni, x4c dinh dugc rang
d4u phét thyce hién thich Gng tdc d6 dua vao gian 6 lap lai, va cac LLR & cac vi tri 1ap lai
duge xép chong, dé thu dugc chudi LLR dugc thich ung giam tdc d6 co chidu dai 1a Ni.
Khi Mi < Ni, xéc dinh dugc ring dau phét thuc hién thich img tdc do theo cach rit gon
hodc duc 15, va LLR & vi tri rit gon hodc duc 16 (ma gia tri ¢ dinh duge tan thanh dugc

thiét 1ap) duoc phuc hdi, dé thu duoc chudi LLR dugce thich ing tdc d0 ¢6 chiéu dai 1a Ni.

305. Thuyc hién giai ma SCL doc lap d6i véi p doan con, dé thu dugc cac két qua
giai ma cia p doan con nay. Cy thé 13, giai ma SCL dugc thuc hién dbi v6i cac LLR duge

thich Gmg téc d6 ctia p doan con nay, @8 thu duogc p két qua giai ma.

306. Két hop cac két qua giai ma, thu duoc trong budce 305, cua p doan con nay, dé

két xuat chuoi bit dugce giai ma cudi cung.

Mot cach tity ¥, sau khi p doan con thu duge thong qua sy phan doan trong budc
303, mot doan con, c6 tham s6 ma hoa thoa man diéu kién dinh trude, trong p doan con
¢6 thé duge phan doan thém thanh p doan con, thich ing giam tdc d6 va giai ma dugc
thuc hién riéng biét d6i voi p doan con nay, dé thu duoc cac két qua gidi ma cua p doan

con ndy, va cac ket qua giai ma nay dugc ket hop.

Mot cach tuy y, khi chidu dai ma dich M 16n hon chiéu dai ma ngudn N, néu tham
s6 ma hoa ciia khéi thong tin khong théa man didu kién dinh trude (diéu kién ma hoa
phén doan), thi budc 304 ¢ thé dugc thuc hién.

304. Xép chéng cac LLR & cac vi tri ldp lai, dé thu duge chudi LLR dugc thich
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ting tdc d6 ¢6 chidu dai 1a N, va giai ma chudi LLR nay.

Mot cach tity ¥, néu chiéu dai ma dich M nho hon hodc bang chi€u dai ma ngudn

N, thi budc 302 c¢6 thé duge thuc hién.

302. Phuc hdi LLR & vi tri duc 18 hodc rat gon, dé thu duogc chudi LLR dugc thich

tmg toc dd co6 chiéu dai 1a N, va giai ma chudi LLR nay.

Theo phwong phéap ma hoa va phuong phap giai ma theo cac phuong an clia sang
ché, p doan con co thé 14 cac doan con déu nhau. Vi dy, téng chidu dai ctia chudi bit cin
dugc ma hoa 1a Ke, chiéu dai ctia mdi doan con 1a Ke/p, va chiéu dai ma dich twong
ung cua mdi doan con 1a M/p. Néu Kc hodc M khong chia hét cho p, thi sy diéu chinh
duoc thuc hién mdt chit. Theo céc loai khac nhau cua cac phuong phép ma hoa cuc,
chudi bit thong tin can duge ma hoa c¢b thé chi bao gdm khéi thong tin can duge g,
tic 13, Kc = K. Theo cach khéc, chudi bit thong tin can dugc ma héa cod thé bao gém
khdi thong tin va bit CRC. Trong trudong hop nay, Ke = K + Lcre, trong d6 Lere 1a
chiéu dai bit CRC.

Tham s& ma hoa duge md ta trong ban md ta nay bao gdm mot hogc nhi€u trong so:
tdc d6 ma hoa R, chiéu dai ma dich M, chiéu dai ma ngudn N, chiéu dai K ctia khoi
thong tin, chiéu dai bit CRC Lcre, va tham sd twong tu. Diéu kién dinh trudc (diCu kién

ma héa phan doan) theo sang ché c6 thé bao gdm mot didu kién bat ky trong s

(1) Dbi véi the @d ma héa da cho R, chidu dai K ciia khoi thong tin 16n hon ngudng

dinh trudc.

(2) Péi véi the do ma héa da cho R, chiéu dai ma dich M 16n hon ngudng dinh

trude.

(3) Dbi véi tdc d6 ma hoa da cho R, chiéu dai Kc cta chudi bit thong tin can dugc

m4 hoa 16n hon ngudng dinh trude.

Khbi thong tin dugc dé cap trong ban md ta nay 1a thong tin cin duoc gii thuc té
trong mot hé théng truyén thong. “Chubdi bit thong tin can duge ma héa" duge mo ta theo
cac phuong an cua sang ché 12 chudi bao gdm thong tin duoc mang bang cach st dung

c4c bit thong tin twong Gmg vai tap hop céc chi sb bit thong tin trong qua trinh ma hoa
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cuc. “Chiéu dai" trong ban mo ta nay co thé dwoc goi 1a "sd lugng".

M3 cuc duge mo ta theo cac phuong 4n cuia sang ché bao gdbm nhung khong bi gidi
han & ma cuc Arikan, va theo cach khac ¢ thé 12 m3 cuc CA, mi cuc PC, hodc ma cuc
PC-CA. Mi cuc Arikan 1a ma cuc ban déu, khong duoc ghép ndi v6i ma khédc, va chi bao
gdm cac bit thong tin va cac bit dong bang. Ma cyc CA la ma cuc duoc ghép ndi véi ma
kidm tra phan du tudn hoan (Cyclic Redundancy Check, viét tit 1a CRC). Ma cuc PC 1a
ma cyuc dugc ghép ndi v6i ma chin 16 (Parity Check, viét tit 1a PC). Mi cuc PC-CA 1a
ma cuc dugc ghép ndi v&i ca ma CRC va ma PC. Ma cuc PC, ma cuc CA, va mi cuc
PC-CA néng cao hi¢u sudt cia ma cuc bang cach ghép ndi mé cuc Arikan véi cac ma

khéc nhau.

“Néu M 16n hon chidu dai ma ngudn N" duge md ta trong ban md td nay co thé
dugc bidu didn tvong duong véi "néu 2Mee=M1 15 hon chidu dai ma ngudn N". Vi chiéu
dai ma ngudn ting theo lily thira 2 cia mot s6 nguyén, tir goc do hiéu qua, "M 16n hon
chidu dai ma ngudén N" ¢6 thé chic chin dugc suy ra tir n2Mee:31 15 hon chidu dai ma
ngudn N"; nguoc lai, nallee:M 100 hon chidu dai ma ngudn N ciing ¢6 thé chic chin

duoc suy ra tr "M 16n hon chiéu dai ma nguén N", trong do [1 bidu thi sy lam tron lén.

V6i tham chiéu dén céc loai khac nhau cta cac cach ma héa ma cuc, phéan tiép
theo md ta phuong phap ma hoa va giai ma theo céc phuong an khéac nhau. Theo cung
mdt phwong 4n, phuong phdp ma héa va phuong phap giai ma dugc két hop dé mb ta,
nhung ngudi co hiéu biét trung binh trong linh vuc k¥ thudt c6 thé hiéu ring phuong
phap ma hoa & d4u phat va phuong phép giai ma & dau thu 12 cac quy trinh twong Gmg voi
nhau va ddc 1ap vdi nhau. Dé d& dang cho viéc md ta, theo tat ca cac phuong an dugc md

ta dudi day, p = 2, tic 13, hai doan bang nhau thu dugc théng qua sy phén doan.

Céch (1) duge md ta trong bude 201 cia phuong phap ma héa duoc st dung lam
vi du cta cach xéc dinh chidu dai ma ngudn. Gia st rang chiu dai ma ngué)n cuc dai
Nmax dugc chi dinh trong mot hé théng truyén thong. Gid tri cua chiéu dai ma ngudn
duoc st dung trong mdi quy trinh ma hoa duge xac dinh theo N = min (275, Nmax)  Cy
thé 13, khi M > Ninax, thi N = Ninax, va gian d thich (g toc do dua vao sy 13p lai thuong
dugc st dung. Tuy nhién, trong ban mo ta nay, viéc xem liéu ¢6 thyc hién ma hoa phén

doan hay khong con dugc xac dinh, @8 1am giam t6n hao gay ra boi su lap lai. Do do, néu gia
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tri cia N dugc xac dinh theo N=min @@=, Nmax) | trong phuong phdp ma hoa va
phuong phép gidi ma theo sang ché, "khi M 16n hon N" ¢6 thé dugc don gidn hoa dudi
dang "khi M > Nmax hodc 2MoeMl > Nmax " Néu xé4c dinh dugc ring tham sb ma hoa thoa
man diéu kién dinh trude, thi phuong phéap mé héa phan doan duoc st dung. Néu tham
$6 ma hoa khong thda man diéu kién dinh trude, thi ma hoa cuc duge thuc hién mot lan
van béng cach str dung N = Nmax, va gian dd thich tng tdc d6 dua vao su lap lai dugc st
dung. Khi M <N, thi N = 2% < Nmex Do @6, "khi M <N" ¢6 thé dugc don gian hoa
dudi dang "khi M < Nmax hodc 2™l < Nmax "' Trong trudng hop nay, ma hoa cuc duge
thuc hién b%lng cach st dung N=3ﬁ°g"m, va phuong phép thich img tdc d6 dua vao su rit
gon hodc dua vao sy duc 16 duoc str dung dé thu dugc chiéu dai ma dich. Do d6, khi "M
16n hon N" dugc thay thé bang n2M8 M1 160 hon Nimax", va "M nho hon hodc bang N"
duoc thay thé bing n2ftee™1 116 hon hodc bing Nimax'"; hodc chic chin 1a khi "M 16n
hon N" ¢ thé dugc thay thé bang "M 160 hon Niax", va "M nh6 hon hozc bang N" ¢6 thé
dugc thay thé bang "M nho hon hodc bang Nmax", cac muyc tiéu clia sing ché van c6 thé

dat duoc theo cac phuong 4n sau day.

DPéi v6i ma cuc Arikan, céac bit thong tin chi mang khdi thong tin, va do d6 chiéu
~dai cua khéi thong tin 13 s6 luong bit thong tin. Ma hoa phan doan ma cyc duge thuc
hién d6i v6i chudi bit can dugc ma hda co chidu dai ma dich M 16n hon chiéu dai ma
ngué)n cuc dai Nmax va thda man diéu kién ma héa phan doan ma cuc, va dau thu thuc
hién giai ma va két hop cac két qua giai ma. FIG.4 1a luu d gian lugc cta phuong phap
ma hoa va phuong phép giai ma cuc Arikan. Quy trinh mé héa va giai ma bao gbm céc

budc sau:
(1) Xéc dinh chiéu dai ma dich M bang cach st dung tai nguyén vat Iy dugc cap
phét hodc sb lugng K pit thong tin va tdc 46 ma hoa R vidy, M = INT(K/ R), trong do

INT piéu thi sy 1am tron.

(2) Xac dinh chidu dai ma ngudn N = min (2" Npmex) dya vao chiéu dai ma dich
M trong d6 ™ 1a sb nguyén cuc tiéu 16n hon hodc bing 1°8:M  Noi cach khac,
N =min (2= N, ), trong do ['] bidu thi sy lam tron lén, ™0 (') biéu thi gia tri

cuc ti€u dugce tra veé, va Npax biéu thi chiéu dai ma ngudn duge ho tro bdi hé thong cuc
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dai.

(3) Néu 2MeeM1 161 hon chidu dai ma ngudn cuc dai Nmax, va didu kién ma hoa
phan doan ma cyc thoa mén, thi phan doan thong tin thanh doan con 0 va doan con 1, va
thuc hién ma héa ma cuc riéng biét, tirc 1a, thuc hién mé hoa phan doan ma cuc riéng
biét dbi véi doan con 0 va doan con 1 bang cach st dung (K+, M+) va (K-, ML), trong d6
K=K:+K,vaM=M:+M_.K+1la sb luong bit thong tin cta doan con 0, K- 1a $b
luong bit thong tin clia doan con 1, M+ la chidu dai ma dich cta doan con 0, va M- 1a
chidu dai m3 dich ctia doan con 1. Néu chiéu dai ma ngudn ctia doan con 0 hodc doan
con 1 van 16n hon chiéu dai ma nguén cuc dai, va diéu kién ma hoa phan doan ma cuc
thda man, thi sy phan doan dugc tiép tuc. Khi diéu kién m4a hoa phan doan khong thoa

mén, thi gian do thich tng tdc dd dua vao su lap lai duoc st dung.

O day, K+ twong tmg v6i K1 duge dé cap & trén, K_tuong Gmg v6i K2 dugce dé cap
& trén, M twong tng v6i M1 duoce dé cap & trén, va M tuong tmg v6i M2 dugc dé cap
& trén. Dé d& dang cho viéc md ta trong phin tiép theo, K+ va K- 1an luot biéu dién K1 va

K2, va M+ va M_ 1n luot biéu dién M1 va M2.

Diéu kién ma hoa phan doan ma cyuc duge xic dinh boi tdc do ma héa R va chiéu
dai K ctia khéi thong tin, chidu dai ma dich M, hogc chiéu dai Kc clia chudi bit thong tin
can dugc mi hoa. Péi voi tbe dd ma hoa da cho R, chiéu dai K cta khéi thong tin 16n
hon ngudng dinh trudec, chiéu dai ma dich M 16n hon ngudng dinh trude, hodc chiéu dai
Kc cia chudi bit thong tin cin dugc ma hoa 16n hon ngudng dinh trudc. Céc didu kién
ciia cac tham s6 khac nhau twong tmg véi cac ngudng khac nhau, va viée thiét 1ap céc

ngudng cho cac gia tri Nmax khac nhau co thé ciing khac nhau.

(4) Thyc hién thich ing tdc d. Néu ma hoéa phan doan dugc thuc hién trong budc
(3), thi két hop chudi bit duge ma hoa thu duge béng cach ma hoa tat ca cac doan con, dé

thu dugce chudi bit duge ma hoa cudi cung.

(5) Pau thu thyc hién thich ing gidm tbe do tuong tmg, cudi clng gii ma thong
tin ctia cac doan con theo quy tic ma héa, va hoan thanh viéc két hop thong tin.
M3 hoa phan doan ma cuc ap dung dugc cho quy tinh ma hoa va giai ma cuc PC.

Luu dd gian luge duge thé hién trén FIG.5 bao gém cac budc sau:
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(1) Xac dinh chidu dai ma dich M bang cach sir dung tai nguyén vat ly dugc cap
phét hodc sd lugng X bit thong tin va tbc do ma hoa &, vi dy, M = INT(K/ R}, trong do

INT pidy thi sy 1am tron. Vi dy, néu K =30, va R =1/6, M = 180.

(2) Xéc dinh chidu dai ma ngudn ¥ = min (2% Nyar) dya vao chiéu dai ma dich
M trong d6 ™ 1a sb nguyén cuc tiéu 16n hon hodc bing °82M Néi cach khac,
N =min (ng‘mn’" mazx), trong do [l piéu thi sy 1am tron Ién, min () piéy thi gia tri
cuc tiéu dugce tra vé, va Nmax biéu thi chidu dai ma ngudn duoc hd trg boi hé thdng cuc
dai. Vi du, néu M = 180, va Nimax = 1024, thi n = 8, N = min(256, 1024) = 256. Vi du
khéc, néu M = 1800, va Ninax = 1024, thi n =11, va N = min(20438, 1024) = 1024.

3) Néu 2" 16n hon chiéu dai ma nguén cuc dai, va diéu kién ma hoa phan doan
ma cuc PC théa man, thi thye hién ma héa phan doan mé cuc ma cuc dbi voi chudi bit
can dugc ma hoa, cu thé 13, thyc hién ma hoa ma cyc PC riéng biét dbi v6i doan con 0 va
doan con 1 bang cach st dung (K+, M) va (K-, M), trong d6 K+Lcre =K+ + K, M=
M. + M., Lere 1a chidu dai bit CRC, Ki = [(K+Leac)/2L K- =K + Lere - Ko, Ms =
M/ 3], va ML =M — M. Néu chiéu dai ma nguén cua doan con van 16n hon chiéu dai ma
nguén cuc dai, va diéu kién ma héa phan doan ma cyc PC thoa man, thi sy phan doan
duoc tiép tuc. Néu 2" 16n hon chiu dai ma nguén cuc dai Nmax, va diéu kién ma hoa
phéan doan mé cyc PC khong thoa man, thi ma hda dugc thyc hién bang cach st dung N
= Nmax, va cach thich ting tdc d6 dua vao su 13p lai duoc st dung. Néu 2" nhé hon hoic
bing chiéu dai ma ngudn cuc dai Nmax, thi mi héa duoc thyc hién bang cach st dung N
=2" , va cach thich ung tdc dd dua vao su rat gon hodc dua vao sy duc 16 duoc sur dung.

o) day, ma cuc PC dugc ghép ndi voi bit CRC, cling duge goi 1a ma cuc PC-CA, duoc
str dung lam vi du, va bit CRC ¢6 thé duoc st dung dé hd trg trong qua trinh gidi ma PC-SCL
(hiéu chinh 16i). D6i véi ma cuc PC thuan, bit CRC khong dugc st dung dé hd trg trong qué
trinh gidi ma PC-SCL, nhung c6 thé dugc st dung d& hiéu chinh 15i sau khi gi&i ma.

Didu kién ma héa phan doan mé cuc PC duge x4c dinh boi tdc @6 ma hoa R va
chidu dai Kc ctia chudi bit thong tin can duge ma hoa, chiéu dai K cia khoi thong tin,
hozic chiéu dai ma dich M, trong d6 Kc twong ung v6i s luong bit thong tin duge st

dung trong 1énh ma cyc. Céc di€u kién ma héa phan doan ma cuc PC & cac toc dd ma
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hoa khac nhau dugc thé hién trong bang 1. Bang 1 liét ké céc gia tri tdc do ma hoa khac
nhau va céc diéu kién ma héa phan doan trong g véi cac tdc d6 ma hoa nay. Tuy nhién,
khong phai tat ca céc tdc @6 ma hoa va céac diéu kién ma hoa phan doan twong Umg véi
cac tbc do ma hoa ndy c6 thé duoc list ké. Ngudi co hiéu biét trung binh trong linh vuc

k¥ thuit co thé dé ra diéu kién m4 hoa phan doan thich hop & tbc 40 ma hoa khéc.

Béang 1

R 1[12] 1/6 1/4 1/3 2/5
K >Kecel >Kc2 >Kc3 >Kc4 >Kc5
K >Ktl > Kt2 >Kit3 > Kt4 > Kt5
M > Mtl > Mt2 > Mt3 > Mt4 > Mt5

Néu Nmax = 1024, thi gia tri cia Kcl ¢ thé 1a sb nguyén nam trong doan [330,
370]; gia tri cia Kc2 ¢o thé 1a s6 nguyén ndm trong doan [345, 365]; gia tri cia Kc3 ¢6
thé 1a s6 nguyén nim trong doan [370, 380]; gia tri ctia Kc4 ¢o thé 1a s& nguyén nim

trong doan [450, 460]; va gia tri ciia Kc5 ¢6 thé 12 s6 nguyén nam trong doan [500, 510].

Néu Niax = 1024, thi gia tri cda Ktl ¢ thé 1a s6 nguyén nam trong doan [314, 354];
gia tri cia Kt2 ¢6 thé 1a s6 nguyén nim trong doan [329, 349]; gié tri ciia Kt3 co thé 1a s6
nguyén nim trong doan [354, 364]; gia tri ciia Kt4 c6 thé 1a s6 nguyén nam trong doan

[434, 444]; va gia tri ctia Kt5 ¢6 thé 1a s6 nguyén nam trong doan [484, 494].

Néu Nmax = 1024, thi gia tri cia Mtl ¢d thé 12 sb nguyén nam trong doan [3768,
4248]; gia tri ctia Mt2 c6 thé 1a sé nguyén nim trong doan [1974, 2094]; gid tri cia Mt3
¢6 thé 1a sb nguyén nim trong doan [1416, 1456]; gia tri cua Mt4 c6 thé 1a s6 nguyén
nim trong doan [1302, 1332]; va gia tri cua Mt5 c6 thé 12 s6 nguyén nam trong doan

[1210, 1235].

Néu Npax = 1024, trong mot vi du, thi Kel = 360, Kc2 = 360, Ke3 = 380, Ked =
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460, Kc5 =510, Ktl = 344, Kt2 = 344, Kt3 = 364, Kt4 = 444, Kt5 = 494, Mt = 4128,
Mt2 = 2064, Mt3 = 1456, Mt4 = 1332, hodac Mt5 = 1235. Cac didu kién ma héa phan

doan dugc thé hién trong bang 2.

Bang 2 Nmax = 1024

R 1/12 1/6 1/4 1/3 2/5
Ke > 360 > 360 > 380 > 460 >510
K > 344 > 344 > 364 > 444 > 494
M > 4128 > 2064 > 1456 > 1332 > 1235

Néu Nmax = 512, thi gia tri ctia Kcl ¢6 thé 1 sé nguyén nam trong doan [200, 2207;
gia tri cua Kc2 ¢o thé 1a s6 nguyén nam trong doan [205, 225]; gid tri ctia Ke3 ¢6 thé 1a
sd nguyén nam trong doan [210, 220]; gid tri cua Kc4 co thé 1a s6 nguyén nam trong

doan [120, 240]; va gia tri ctia Kc35 ¢ thé 1a sb nguyén nam trong doan [265, 275].

Néu Nmax = 512, thi gid tri ctia Ktl ¢6 thé 1a s6 nguyén nam trong doan [184, 204];
gia tri cia Kt2 cé thé 1a s6 nguyén nam trong doan [189, 209]; gia tri ctia Kt3 c6 thé 1 s6
nguyén nam trong doan [194, 214]; gié tri ctia Kt4 ¢6 thé 12 s6 nguyén nim trong doan

[214, 224]; va gia tri cua Kt5 ¢ thé 12 s nguyén nam trong doan [249, 259].

Néu Nmax = 512, thi gié tri cia Mtl c6 thé 1a s6 nguyén nam trong doan [2208,
2448]; gia tri cua Mt2 ¢o thé 1a s6 nguyén nam trong doan [1134, 1254]; gid tri cua Mt3
c6 thé 13 sd nguyén nam trong doan [776, 856]; gia tri ciia Mt4 ¢o thé 1a s6 nguyén nam

trong doan [642, 672]; va gia tri cia Mt5 ¢6 thé 1a sé nguyén nam trong doan [623, 648].

Trong mét vi du, 180 Nimax = 512, thi Ke1 =210, Kc2 =220, K3 =220, Ked = 235,
Kc5 =270, Ktl = 194, Kt2 = 204, Kt3 = 204, Kt4 =219, Kt5 = 254, Mtl =2328, Mt2 =
1224, Mt3 = 816, Mtd = 657, hodc Mt5 = 635. Cac diéu kién ma hoa phan doan duoc thé

hién trong bang 3.
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Bang 3

R 1/12 1/6 1/4 1/3 2/5
Ke >210 > 220 >220 >235 > 270
K > 194 > 204 > 204 >219 > 254
M > 2328 > 1224 > 816 > 657 > 635

Déi vé6i diéu kién dinh trude trong ban mo ta nay, cu thé 13, diéu kién ma héa phan
doan, mdi gia tri R trong cac bang 1 dén 3 va nguong Kc tuong Gng véi gid tri R nay céu
thanh diéu kién ma héa phan doan, mdi gia tri R va ngudng K twong tmg voi gid tri R
nay cu thanh diéu kién ma hoa phéan doan, va mdi gid tri R va ngudng M twong ng véi
gié tri R nay cAu thanh didu kién ma héa phan doan. Do d6, trong céc bang 1 dén 3, cac
diéu kién ma hoa phan doan dugc thé hién cting nhau chi dé d& trinh bay. Tuy nhién, didu
nay khong c6 nghia la mdi bang trong sb toan bd cac bang dugc str dung 1a mot diéu kién
m3 hda phan doan. Noi cach khac, didu nay khong c6 nghia 1a cac diéu kién duoc liet ké

trong cac bang can duogc théa man cung mot lc.

Gia sir ring Nimax = 1024, va diéu kién ma hoa phéan doan la Kc 16n hon ngudng
dinh truge. Vi dy, néu K =401, thi Lere = 16, N=1024, R = 1/6, va M = 2406, Kc =K
+ Lere = 417. Theo bang 2, diéu kién ma héa phan doan 1a Kc > 360, va diéu kién ma
héa phan doan dugc thoa mén. Trong trudng hop nay, K+ = [(401+ 16)/2]1=209 K =
417 — 209 = 208, M+ = 2406/2 = 1203, va M_ = 2406 — 1203 = 1203. Ma héa cuc dugc
thuc hién bé‘mg cach stir dung tham s6 ma hoa (Kc, M), va do d6 ma hoa cuc duoc thuc
hién d6i véi hai doan con bing cach sir dung (209, 1203) va (208, 1203). D6i véi hai
doan con nay, cac chidu dai ma ngudn ciia hai doan con nay thu dugc trong budc (2)1aN
— N = 1024, va M > N (2"°%*! > Nmax). Trong trudng hop ndy, diéu kién ma hoa
phan doan khong duoc théa man. Do do, su phén doan khong dugc tiép tuc, va gian )
thich tng tdc do dwa vao su lap lai duge sir dung: 179 (1203-1024) bit trong 1024 bit

dugc ma hoa dugc lap lai, dé thu duoc 1203 bit duge ma hoa.

Gia st ring Nmax = 1024, va didu kién ma héa phan doan la Kc 16n hon ngudng

dinh trude. Vi du, néu K = 800, thi Lere = 16, N = 1024, M = 2400, R = 1/3, Kc =K +
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Lere = 816, va didu kién phan doan K€ = 460 duge thoa man, K+ = (800 + 16)/2 = 408,
K_= 816 — 408 = 408, M. = 2400/2 = 1200, va M_= 2400 — 1200 = 1200. M4 hoa cyuc
duoc thuc hién ddi v6i hai doan con bang cach st dung (408, 1200) va (408, 1200). Céc
chidu dai ma ngudn thu dugc trong budce (2) 1a N = 1024. Trong truong hop nay, didu
kién 1dp lai va diéu kién ma héa phan doan dugc thda mén, va sy phan doan duge tiép
tuc. Mot doan (408, 1200) trong sb hai doan nay dugc st dung 1am vi dy, K+ =204, M+
=600, K_=204, M_= 600, va ma hda cyc dugc thuc hién b%mg cach str dung (204, 600).
Céc chiéu dai ma ngudn thu dugc trong bude (2) 1a N = 1024 > M. Do do, gian dd thich
ung tdc d6 dua vao su duc 16 hodic dua vao sy rat gon duge st dung: 1024 bit dugc mé

héa duge duc 18 hodc duge rit gon thanh 600 bit dugc ma hoa.

(4) Thuc hién thich (mg téc d9; va néu ma hoa phén doan xay ra, thi két hop céc
chudi bit dugc ma hda cta cac doan con, dé thu dugc chudi bit dwge ma hoa c6 chiéu dai

la M.

(5) Sau khi truyén kénh, du thu xr Iy chudi LLR nhan dugc (chudi LLR tuwong

ung véi céc bit can duoc giai m&) dua vao thong tin 1ap lich theo quy tac duoc tan thanh.

2. Sau khi biét duoc tham sé ma hoa (K, M, R, N), dau thu xac dinh xem liéu diéu
kién ma hoa phan doan c6 thoéa man hay khong theo bude (3), va néu diéu kién ma héa
phan doan nay thoa man, thi phan doan chudi LLR nhan dugc thanh hai doan va thyuc

hién xr Iy riéng biét trong cac budc tiép theo.

M1 _

(i) Gia sir ring Numax = 1024, K = 400, M = 2400, R = 1/6, N = 1024, 2ftee:
4096 > 1024, Kc = 400 + 16 = 416 > 360, va diéu kién 13p lai va diéu kién phan doan
théa man, thi chudi LLR nhén dugc ¢ chiéu dai 12 2400 duoc phan doan thanh hai doan
dé xu ly.

M1 _

(ii) Gia st ring Nimax = 1024, K =200, M = 2400, R = 1/12, N = 1024, 2ftes:
4096 > 1024, Kc =216 <360, va diéu kién ma héa phan doan khong thoa man, thi giai
ma phin doan khong duoc thuc hién ddi v&i chudi LLR nhan duogc ¢6 chiu dai 1a 2400.
(iii) Gia sir ring Numax = 1024, K =200, M = 800, R = 1/4, N = 1024, 2ftee1
1024 = Nimax, va diéu kién phan doan khong théa man, thi giai ma phan doan khong dugc

thuc hién ddi v6i chudi LLR nhan dugc co chiéu dai 1a 800.
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b. Theo gian dd thich tng tdc do, cac gia tri khong hodc vo cung dugc thém vao
cac LLR, hodc su xép chdng duge thuc hién dbi vé6i cac LLR (twong Umg v&i gian )
thich Gng tdc @6 dua vao sy duc 15, hodc dua vao sy rit gon hodc dua vao sy 1ap lai), dé

thu dugc chudi LLR dugc thich Gtng giam tdc do.

(i) Gian dd thich tng tdc d6 dua vao su 1dp lai duge sir dung, va cdc LLR & 176
(1200 — 1024) vi tri Iap lai dwoc xép chdng theo ché do lap lai. Cudi cing, chiéu dai

chudi LLR ctia mdi doan 13 1024, va ¢6 hai doan;

(i1) Gian db thich tmg tdc d6 dua vao sy lap lai duge st dung, va cac LLR & 1376
(2400 — 1024) vi tri 1dp lai duogc Xép chéng theo ché @6 13p lai, dé thu duoc chudi LLR ¢
chiéu dai 14 1024.

(iii) Gian dd thich tng tdc do dua vao su rut gon duge su dung, va céc gia tri v
cling duogc thém vao cac LLR. Chudi LLR c6 chiéu dai 1a 800 dugc phuc hdi theo ché do
rat gon, va cac gia tri vo cing dugc thiét lap & 224 (1024 — 800) vi tri rut gon, dé thu
dugce chudi LLR c6 chiéu dai 1a 1024.

(6) Néu ma hoa phan doan dugce thuc hién ¢ phia b mé hoa, thi dau thu thuc hién
giai ma PC-SCL doc lap dbi v&i cac LLR cuia cac doan con thu dugce trong budc (3), dé
két xuht két qua giai ma cia mdi doan con, va cubi cing két hop céc két qua giai ma cua
hai doan con nay. Trong trudng hop ndy, bit CRC khong dugc sir dung dé hd tro trong
qua trinh gidi ma PC-SCL.

Theo cach ty y, ddi véi gidi ma PC-SCL cta mdi doan con, tham chiéu dén FIG.6.
Trong trudng hop nay, bit CRC dugc sir dung dé hd tro viéc giai ma. Bo giai ma PC-SCL
¢6 thé két xuét L, mAu thong tin ing vién va L gia tri PM, két hop téng 2L, dudng dan
mg vién ctia doan con 0 va doan con 1 theo cép, dé thu duge L, x L, duong déan Gng
vién, va cong céc gia tri PM cla cac duong dan tng vién ctia hai doan con va trong moi
dudng dan thu dugc thong qua su két hop. L, x L, dudng dan Gng vién dugc luu trit theo
thi tw ting dan hodc giam dan cua gié tri PM, Tp dudng dAn tng vién téi wu duge chon
dé kidm tra CRC, va duong dan thir nhét vuot qua su kiém tra dugc chon lam dau ra
giai mé; hodc kiém tra CRC dugc thuc hién d6i voi tat ca T, dudng dan tmg vién, va
duong dan, trong cac dudng dan ng vién vugt qua sy kiém tra, co gid tri PM t6i wu

duoc chon, trong d6 Tp <Ly % Lp, Lp bang s lwgng danh sach tng vién ctia PC-SCL, va
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T, 1a s6 luong duong dan Ung vién tham gia vao lya chon kiém tra CRC.

Vi du, mot bo giai ma PC-SCL két xuét tdm mau thong tin g vién va tdm gia tri
PM. Tng 16 mau thong tin tmg vién dugc két xudt béi hai bd giai ma duge két hop theo
cdp, dé thu dugc 64 mAu thong tin Gmg vién, va cac gia tri PM twong tng dugc cong. 64
mau thong tin Gng vién nay dugc sip xép theo tht ty tang dan cta gia tri PM, va tdm
méau thong tin (g vién t8i wu duge chon dé kiém tra CRC. Trong truong hop nay, loga(8)
= 3 bit cAn duoc thém vao bit CRC ban diu dé dam bao ty 1¢ bao dong gia (False Alarm
Rate, FAR). Viéc kiém tra bét dAu tir duong din tmg vién t5i wu, va duong dan thir nhét

vuot qua sy kiém tra dugc chon lam dau ra giai ma.

FIG.7 1a so db két qua md phong budce thiét 14p diéu kién ma hoa phan doan bang
cach str dung Kc khi Nmax = 1024, va thé hién su so sanh gifta hi¢u suét giai ma cua ma
hoéa cuc PC thong thuong va hiéu suit giai ma cia ma hoéa phan doan cyc PC ¢ cac tbe
d6 ma hoa khac nhau. Trén FIG.7, Kc = 380, dudng nét lién thé hién hiéu suat giai ma
ctia mi hoa phan doan, va dudng nét dat thé hién hiéu suét giai ma cua ma hoa cuc PC
thong thuong. Co thé thdy dugc rang, & cung tdc d6 ma hoa, hiéu suét giai ma ctia ma

hoa phan doan cao hon hi¢u suit giai ma ctia ma hoa cyc PC thong thuong.

M4 héa phan doan mé cuc &p dung dugce cho quy trinh ma hoa va giai ma cuc CA,

nhu duge thé hién trén FIG.8, va quy trinh nay ¢6 thé bao gdm céc budc sau:

(1) Xéc dinh chidu dai ma dich M bang cach st dung tai nguyén vét ly duoc cp
phéat hodc s6 luong K bit thong tin va tdc 46 ma hoa R viduy, M = INT(K/ R), trong do

INT pidy thi 1am tron 1én.

(2) Xéc dinh chiéu dai ma ngudn NV = min (2™ Ninax) dya vao chidu dai ma dich
M trong d6 ™ la sb nguyén cuc tiéu 16n hon hoic bing 1982 N¢i cach khac,
N =min (218N, ), trong do ['] bidu thi su 1am tron Ién, min (") pidy thi gid tri
cuc tiéu duoc tra vé, va Nmax biéu thi chiéu dai ma nguén duoc hd trg boi hé théng cuc

dai.

A n r <A ) ~ A . \ o A [N ~ r A
(3) Néu 2™ 16n hon chidu dai ma ngudn cuc dai, va diéu ki¢n ma hoa phén doan

ma cuc CA théa man, thi thuc hién mé hoa phan doan ma cuc doi voi chudi bit can dugc
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ma hoa, cu thé 13, thuc hién riéng biét ma hoa ma cuc CA dbi véi doan con 0 va doan con
1 bing cach st dung (K+, M) va (K-, ML), trong d6 K + Lere = Ks + K, M=Ms + M.,
Lere 12 chidu dai bit CRC, K = 2", K=K + Lere - Ko, M = [(K+Lerc) /2] vam =
M — M.

Trong mot vi du, chidu dai bit CRC c6 thé 12 19. Néu chiéu dai ma ngudn cua doan
con van 16n hon chiéu dai ma nguén cuc dai, va diéu kién ma hoéa phan doan ma cyc CA
théa man, thi sy phén doan duoc tiép tuc; nguoc lai, phuong phap thich tng tdc do khac

dugce st dung.

Néu 2" 16n hon chidu dai ma ngudn cuc dai Nimax, va diéu kién ma hoéa phan doan
ma cuc CA khong thda man, thi ma héa duge thye hién béng cach stir dung N = Niax, va
gian dd thich tmg tdc do dua vao su ldp lai duge sir dung. Néu 2" nho hon hoic bing
chiéu dai ma nguén cuc dai Nimax, thi ma héa duoc thuc hién béng cach str dung N = 2" ,

va gian do thich ung toc d dua vao su rit gon hodc dua vao su duc 16 duge st dung.

(4) Thuc hién thich tmg toc d9; va néu ma héa phén doan xay ra, thi két hgp cac
chudi bit dugc ma hoa ctia cac doan con, dé thu dugc chudi bit dugc ma hda cé chicu dai

la M.

(5) Dau thu thyc hién thich Gmg giam tdc d6, va thuc hién giai ma SCL doc lap abi
v6i cac doan con, dé két xuét L, duong dan ng vién cua cac doan con va Lp gid tri PM,
trong d6 L, 12 kich thudc cna danh sach Gng vién, két hop 2L, duong dan timg vién doan
con theo cap, dé thu dugc Lp X Lp duong din tmg vién, va chon Tj, dudng dan tng vién
t8i wu dua vao céc gia tri PM. Ma cuc CA duge ghép néi véi bit CRC dé hd tro gidi ma
SCL. Do d6, kiém tra CRC ¢c6 thé bit ddu tr mot dudng dan, trong Tp dudng dan tng
vién, ¢ gia tri PM t8i wu, va duong dan thi nhét vuot qua kiém tra CRC duoc chon lam
d4u ra giai ma, trong d6 Ty =1, XL,

Didu kién ma héa phan doan mé cuc CA dugce x4c dinh boi toc do ma héa R va
chidu dai Kc cta chudi bit thong tin cin dugc ma hoa, chidu dai K cta khéi thong tin,
hozic chiéu dai ma dich M, trong d6 Kc tuong ung v6i sb lugng bit thong tin duge st

dung trong 1énh ma cuc.
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Néu Npax = 1024, thi gia tri caa Kel ¢ thé 1 sb nguyén nim trong doan [310,
340]; gia tri ctia Kc2 ¢o thé 1a s6 nguyén nam trong doan [350, 365]; gia tri cia Kc3 ¢6
thé 1a s nguyén nam trong doan [410, 450]; gi tri ctia Kc4 ¢ thé 1a s6 nguyén nim
trong doan [470, 495]; va gia tri cia Kc5 6 thé 1a sb nguyén nam trong doan [520,

530].

Néu Nmax = 1024, thi gia tri ctia Kt c6 thé 1a sb nguyén nam trong doan [291,
321]; gia tri ctia Kt2 ¢6 thé 1a s nguyén nam trong doan [331, 346]; gia tri cua Kt3
c6 thé 14 s6 nguyén nam trong doan [391, 431]; gid tri cua Kt4 ¢co thé 1a s6 nguyén
nam trong doan [451, 476]; va gia tri ctia Kt5 ¢6 thé 1a s6 nguyén nam trong doan

[501, 511].

Néu Npax = 1024, thi gia tri cua Mtl c6 thé 1a sb nguyén nam trong doan [3492,
3852]; gia tri cia Mt2 ¢o thé 1a s6 nguyén ndm trong doan [1986, 2076]; gia tri ctia Mt3
¢6 thé 1a sb nguyén nim trong doan [1564, 1724]; gid tri cia Mt4 co thé 1a sb nguyén
nim trong doan [1353, 1428]; va gid tri cua Mt5 ¢0 thé 1a s6 nguyén nim trong doan

[1253, 1278].

Néu Nmax = 1024, trong mot vi dy, thi Kel =320, Ke2 = 360, Kc3 =430, Ked =
490, Kc5 = 530, Kt1 =301, Kt2 = 341, Kt3 = 411, Ktd =471, Kt5 =511, Mtl = 3612,
Mt2 = 2046, Mt3 = 1644, Mt4 = 1413, hodc Mt5 = 1278. Céc diéu kién ma hoa phéan

doan cuc CA dugc thé hién trong bang 4.

Bang 4

R 1/12 1/6 1/4 1/3 2/5
Ke >320 > 360 > 430 > 490 > 530
K >301 > 341 >411 > 471 > 511
M >3612 > 2046 > 1644 > 1413 > 1278

Néu Nmax = 512, thi gid tri ctia Kcl ¢ thé 1a s6 nguyén nam trong doan [170,
190]; gia tri ciia Kc2 ¢ thé 1a s6 nguyén ndm trong doan [185, 195]; gia tri ciia Kc3 ¢6

thé 1a s6 nguyén nim trong doan [210, 230]; gi tri cua Kc4 ¢6 thé 1a sd nguyén nim
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trong doan [250, 260]; va gia tri ciia Kc5 ¢ thé 1a s nguyén nam trong doan [270, 280].

Néu Nmax = 512, thi gié tri cia Ktl ¢6 thé 1a s6 nguyén nam trong doan [151,
171]; gia tri ciia Kt2 ¢6 thé 1a sb nguyén nam trong doan [166, 176]; gia tri ctia Kt3
¢6 thé 1a sb nguyén nam trong doan [191, 211]; gia tri cia Kt4 c6 thé 1a sd nguyén
nam trong doan [231, 241]; va gid tri cuia Kt5 ¢6 thé 1a sé nguyén nam trong doan

[251, 261].

Néu Npax = 512, thi gia tri cia Mtl ¢é thé 1a sd nguyén nim trong doan [1812,
2052]; gia tri cua Mt2 ¢6 thé 1 sé nguyén nam trong doan [996, 1056]; gi4 tri cia
Mt3 ¢6 thé 1a sd nguyén nam trong doan [764, 844]; gid tri cia Mt4 co thé 1a sb
nguyén nam trong doan [693, 723]; va gid tri cia Mt5 ¢6 thé 12 sé nguyén nim trong

doan [693, 723].

Trong mot vi du, 180 Njnax = 512, thi Kc1 = 180, Kc2 =190, Kc3 =220, Kc4 =255,
Kes =275, Ktl = 161, K2 = 171, Kt3 =201, Kt4 =236, Kt5 = 256, Mtl = 1932, Mt2 =
1026, Mt3 = 804, Mt4 = 708, hogc Mt5 = 640. Céac didu kién ma héa phan doan dugc thé

hién trong bang 5.

Bang 5

R 1/12 1/6 1/4 1/3 2/5
K. > 180 > 190 > 220 > 255 > 275
K > 161 > 171 >201 > 236 > 256
M > 1932 > 1026 > 804 > 708 > 640

FIG.8 md ta phuong phap ma hoa va gidi ma phan doan cuc CA. Theo mot phuong
an khac, nhu dugc thé hién trén FIG.9, trong qud trinh ma hoa phan doan cuc CA, céc bit
thong tin can dugc mi hoa bao gdm bit CRC thong thudong dugc st dung dé kiém tra 15i,
nhung khong bao gdm bit CRC dugc sir dung dé hd trg giai ma SCL. Sau khi khéi thong
tin c6 chidu dai 1a K+Lcre duge phan doan thanh doan con 0 va doan con 1, thi bit CRC

duoc stir dung dé hd tro gidi ma SCL ¢ thé dugc phan doan thanh hai doan 14n luot 12 duoc
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thém vao doan con 0 va doan con 1, va ma héa doc 1ap duoc thuc hién. Néu 2" 16n
hon chiéu dai ma nguén cuc dai, va diéu kién ma hoa phan doan ma cuc CA théa man,
thi khéi thong tin dugce phén doan thanh hai doan, va chiéu dai ctia doan con 0 1a K+,
va chidu dai ctia doan con 113 K_. M&i bit CRC c¢6 chiéu dai Lerez 1an lugt duge thém
vao doan con 0 va doan con 1, va ma hoa phin doan ma cuc dugce thuc hién riéng biét
bang céach stt dung (K++Lcre2, M+) va (K-+ LcretLere2, Mo), trong d6 K + Lere = K+
+ LereHKo, M= M + M, va Lere 12 chiéu dai bit CRC cia cde bit CRC duge sir dung
d4 kidm tra 181, Leres 12 chidu dai bit CRC ciia cac bit CRC dugc st dung dé hd trg
giai ma SCL. Néu chiéu dai ma ngudn ctia doan con vAn 16n hon chidu dai ma ngudn
cuc dai, va diéu kién ma hoa phan doan ma cuc CA théa man, thi sy phan doan dugc
tiép tuc; nguoc lai, phuong phap thich ing tdc @6 khac dugce su dung. Déu thu thuc
hién thich Gng giam téc d¢, thuc hién giai md CA-SCL doc lap dbi v4i cac doan con,
dé két xuét két qua gidi ma cia mdi doan con, va cubi cung két hop cac két qua giai

ma cua hai doan con nay.

Theo mdt phuong an khac, nhu duge thé hién trén FIG.10, trong .qué trinh ma hoéa
phan doan cuc CA, céc bit thong tin cin duge ma hoa khong bao gdm bit CRC bét ky.
Tuy nhién, sau khi khdi thong tin ¢6 chiéu dai 1a K dugc phan doan thanh doan con 0 va
doan con 1, thi bit CRC duoc st dung dé hd trg giai ma SCL dugc phan doan thanh hai
doan 14n lugt 1a duge thém vao doan con 0 va doan con 1, va ma hoa doc 1ap dugc thyuc
hién. Do do, néu 2" 16n hon chiéu dai ma nguén cuc dai, va diéu kién ma hda phan
doan ma cuc CA thoa man, thi khéi thong tin duge phan doan thanh hai doan. Chiéu dai
cia doan con 0 1a K+, va chiéu dai cia doan con 1 laK_. M3i bit CRC ¢6 chiéu dai Lerez
lan luot duge thém vao doan con 0 va doan con 1, va mad héa phan doan ma cuc duoc
thuc hién riéng biét bang cach sir dung (K++Lcrez, M) va (K+Lcrc2, M), trong d6 K =
Ki—K,M=M:+M,K:=[K2],K-=K-Ks, M+ = [M/2], M-=M—-M, vaKe =K.
Néu chiéu dai ma nguén ctia doan con van 16n hon chiéu dai ma nguén cuc dai, va didu
kién mé héa phan doan ma cuc CA thda man, thi sy phan doan dugc tiép tuc. Nguoc lai,
phuong phép thich tng tdc d6 khac duge st dung. Dau thu thuc hién thich Gng giam tbe
do, thuc hién giai ma CA-SCL doc lap dbi véi cac doan con, dé két xuét két qua gidi ma

ctia mdi doan con, va cudi cung két hop cac ket qua giai ma cua hai doan con nay.

Céc sb chi dan duoc st dung trong céc budc clia phuong phap dugc mo ta trong ban
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mé ta ndy chi duoc st dung la cac ky hiéu, va khong biéu thi thtr tw dé thuc hién cdc

budc nay.

Su duc 18 dugc md ta theo cac phuong 4n cua sang ché bao gbébm duc 18 gn déu
(Quasi-Uniform Puncturing, viét tit 1a QUP). Trudc tién, xac dinh duoc rang chiéu dai ma
ngudn ting theo Iy thira 2 ciia mot sd nguyén va 16n hon hogc béng chiéu dai m3 dich, va
sau d6 ché do duc 18 (vi tri duc 18) dugce xac dinh dua vao chidu dai ma ngudn va chiéu dai
ma dich. Ché do duc 18 c6 thé dugc bidu di®n bang cach st dung chudi nhi phéan
(00..011... 1), trong do6 "0" biéu dién vi tri duc 16, va "1" biéu thi vi tri ma duc 16 khong
duoc thue hién. Dung lugng kénh tuong tmg voi vi trf duc 18 duge thiét 1ap 1a 0 (hodc xéac
suét 13i duoc thiét 1ap 12 1 hogc ti 18 tin hiéu-nhiéu (SNR, Signal-to-Noise Ratio) dugc thiét
1ap 1a vO cing nho), d9 tin cdy cua cac kénh cuc dugc tinh bang cich st dung phuong phép
khai cin mat do, xap xi Gaussian, hodc khép ham tuyén tinh, va céc kénh cuc dugce sp xép
dua vao cac do tin cdy nay, dé xé4c dinh céc vi trf cia bit thong tin va bit ¢d dinh (bit dong

bang). Phia bd méa hoa xo6a bit dugc ma héa & vi tri duc 16, dé thu duge ma cuc.

Theo gian dd rt gon (Shorten) ma cyc dugc md ta trong ban mo ta ndy, xac dinh
duge ring chidu dai ma ngudn ting theo lity thira 2 ctia mot s nguyén va 16n hon hodc
bang chidu dai ma dich. Bit dugc ma hoa & vi tri rit gon (Shorten) chi lién quan dén bit
¢ dinh. Quy trinh bao gom cac bude: tinh dd tin cdy cta cac kénh cuc dya vao chiéu dai
ma nguén, sau d6 x4c dinh vi tri rat gon, dinh vi bit ¢b dinh trén kénh cyc tuong Gng, Xac
dinh, tir cac kénh cuc con lai dua vao cac dd tin cdy, cac vi tri cia bit thong tin va bit
dong bang (bit ¢d dinh), va x6a bit dugc ma hoa & vi tri rt gon, dé thu dugc ma cuc, dé
thuc hién thich ing tdc dd. Trong gian dd ma héa dua vao su rt gon va thich ing tbc do,
d6 tin cay cta kénh cuc khong cin duoc tinh lai dya vao vi tri rat gon, ma bit ¢b dinh
duoc dinh vi trén kénh cyuc tuong Ung v6i Vi tri rat gon ndy, nho d6 giam dang ké do

phtrc tap cia 1énh mé cuc.

FIG.11 la so dd ciu tric gian luge cia thiét bi ma hoa 1100 theo sang ché, va thiét

bi ma hoa 1100 bao gbm:

bd phan thu 1101, dugc tao cAu hinh dé thu duogc khdi thong tin can dugc gli va

chiéu dai ma dich M cta ma cuc;
b6 phén ma hoa 1102, duge tao cau hinh dé: x4c dinh chiéu dai ma ngudn N duge st
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dung dé ma hoéa cuc, khi chidu dai ma dich M 16n hon N, néu tham s6 ma hoa cta khoi
thong tin théa man diéu kién dinh trude, thi phan doan chudi bit thong tin can dugc mi
hoéa thanh p doan con, va thyc hién ma héa cuc doc lap dbi véi p doan con nay, dé thu
duge p chudi bit duge ma hoa cd cac chidu dai 13n luot 1a cac chiéu dai ma nguén cua cac

doan con nay, trong d6 p 1a sd nguyén 16n hon hodc bing 2;

b6 phan thich g tdc do 1103, dugc tao ciu hinh dé thyc hién thich img tbe do
riéng biét dbi véi p két qua ma héa, dé thu duge p chubi bit duge ma hda c6 cac chidu dai

1an luot 1a cac chiéu dai ma dich cuia cac doan con nay; va

bd phan két hop 1104, dugc tao cAu hinh @8 két hop p chudi bit dugc ma héa duge

thich tmg téc dd, d& thu duge chudi bit duge ma héa c6 chicu dai la M.

M&dt cach tly ¥, bd phan ma hoa 1102 con dugc tao cAu hinh d&: néu tham sé ma
héa cia khdi thong tin khong théa méan diéu kién dinh trudc, thi thyc hién ma hoa cuc
d6i v6i chudi bit thong tin cdn duge ma hoa bang cach sit dung chiéu dai ma ngudn N, dé
thu duoc chudi bit duoc ma hoa thir nhit c6 chiéu dai 1a N; va b phan thich Gmg tbc do
duoc tao cAu hinh dé 1ap lai it nhat mot sd bit trong chudi bit duge ma hoa thi nhét, dé

thu dwge chudi bit duge ma hoa ¢ chidu dai 1a M.

Mt cach tly ¥, bd phin mé hoa 1102 con dugc tao cAu hinh dé: néu chiéu dai ma
dich M nho hon hodc bé“mg chiéu dai ma nguﬁ‘)n N, thi thuc hién ma héa cuc dbi véi chudi
bit thong tin cAn dugc ma hoa bang cach st dung chidu dai ma ngudn N, dé thu dugc
chudi bit dwgc ma héa thir hai; va bd phan thich ing tdc do duoc tao cAu hinh dé rat gon
hosic duc 16 chudi bit dugc ma hoa thit hai nay, dé thu dugc chudi bit duge ma hoa cd

chiéu dai 1a M.

Mot cach tiy ¥, bd phdn ma héa 1102 con duoc tao cAu hinh dé: néu chiéu dai ma
dich Mi 16n hon chiéu dai ma ngudn Ni, va tham s6 ma hoa cua doan con tuong ung véi
Mi khong théa man didu kién dinh truge, thi thye hién, bing cich st dung chiéu dai ma
nguén Ni, ma hoa cuc ddi v6i doan con tuwong ing véi Mi, dé thu duoc chudi bit dugc
mé hoa thit ba c6 chidu dai 1a Ni: va bo phan thich tng toc do duge tao cAu hinh dé 13p lai
it nhat mot sb bit trong chudi bit duge ma hda thr ba nay, dé thu dugc chudi bit duge ma

hoa c6 chiéu dai 1a Mi.
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Mot céach tuy y, bd phan mi hoa 1102 con dugce tao c4u hinh d&: néu chiu dai ma
dich Mi nho hon hoic bing chiéu dai ma nguén Ni, thi thuc hién, bang cach st dung
chidu dai ma ngudn Ni, ma héa cyc ddi v6i doan con twong Gng voi Ki, dé thu duoc
chudi bit dugc ma hoa thi tu; va bd phan thich ing tdc 6 dugce tao cAu hinh dé rat gon
hodc duc 15 chudi bit dugc ma hoa thi tw ndy, dé thu dugc chudi bit dugc ma hoa cb

chiéu dai la Mi.

FIG.12 12 so dd cAu tric gian luge cua thiét bi ma hoa 1200 khac theo sang ché, va

thiét bi ma hoa 1200 bao gom:
bd nhé 1201, dugc tao cAu hinh dé luu trit chuong trinh; va

bd xur ly 1202, duoc tao cAu hinh dé: thuc thi chuong trinh dugc luu trit trong bo
nhé, va khi chuong trinh nay duoc thuc thi, thu duoc khdi thong tin can dugc giri va
chiéu dai ma dich M cua ma cuc; xac dinh chiéu dai ma nguén N duogc st dung dé ma
héa cuc, khi chidu dai ma dich M 16n hon N, néu tham s6 ma hoa ctia khéi thong tin thoa
man diéu kién dinh trudc, thi phan doan chudi bit thong tin cin dugc ma hoa thanh p
doan con, va thuc hién mé héa cuc doc lap dbi voi p doan con, dé thu duoc p chudi bit
dugc ma hoa cod cac chidu dai 14n luot 1a cac chiéu dai ma ngudn cla cac doan con nay,
trong d6 p 1a s6 nguyén 16n hon hodc bang 2; thuc hién thich tng tbc do rieng biét aoi
v6i p két qua ma hoa, dé thu dugc p chudi bit duge ma hoa c6 cac chiéu dai 14n luot 1a
cac chiéu dai ma dich cua cac doan con nay; va két hop p chudi bit dugc ma héa duoc

thich ing tdc do nay, dé thu duge chudi bit dugc ma hoéa c6 chiéu dai 1a M.

Mot cach tury v, bo xtr 1y 1202 con duge tao cAu hinh d&: néu tham s6 ma héa cua
khdi thong tin khong théa man diéu kién dinh trudc, thi thuc hién ma hoa cuc dbi véi
chudi bit thong tin cdn dugc ma hoa bang cach st dung chiéu dai ma ngudn N, dé thu
duoc chudi bit dugc ma hoa thir nhét c6 chiéu dai 1a N, va 1ap lai it nhAt mot sd bit trong

chudi bit duoc ma héa thir nhét, dé thu duge chudi bit dwge ma héa co chiéu dai 1a M.

Mot céch tiy ¥, bo xii Iy 1202 con duge tao céu hinh dé: néu chiéu dai ma dich M
nho hon hodc bé‘mg chiéu dai ma nguén N, thi thyc hién ma hoa cuc dbi vai chudi bit
thong tin can dugc ma hoa bang cach st dung chidu dai ma ngudn N, dé thu dugc chudi
bit dugc ma hoa thir hai, va rat gon hodc duc 15 chudi bit duge ma hoda thir hai nay, dé thu

duoc chudi bit duge ma hoa ¢ chiéu dai 1a M.
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Mot cach tiy ¥, tbng chidu dai ctia chudi bit thong tin can dugc ma héa 1a Ke, céc
chiéu dai bit thong tin ctia p doan con lan lwot1aK1,K2, ..., Kp, cac chiéu dai ma nguén
duoc st dung dé thuc hién ma hoa cuc doc 1ap dbi voi p doan con lan lwot 1AN1, N2, ...,
Np, céc chiéu dai ma dich twong tng lan lugt 1aM1, M2, ..., Mp,Kec=K1+K2+ ... +
Kp,M=M1+M2+ ... + Mp, chudi bit thong tin can duge ma hoa bao gdm khdi thong
tin, va Kc 16n hon hodc bing chidu dai K cua khéi thong tin. Bo xir Iy 1202 con duoc tao
cAu hinh dé: @i véi mdi Mi, néu chidu dai ma dich Mi ctia doan con tuong ung véi Mi
16n hon chidu dai ma ngudn Ni, va tham sb ma hoa ciia doan con tuong tng véi Ki thoa
man diu kién dinh trudc, thi phan doan thém doan con tuong tmg v6i Mi thanh p doan
con, thuc hién ma hoéa va thich tng tdc do doc lap dbi voi p doan con nay, dé thu duge p
chudi bit dwoc ma hoa tuong Gng, va két hop p chudi bit duge ma hoa nay, dé thu duogc

chudi bit dugc ma hoa co chiéu dai ma dich 1a Mi, trong d6i=1,2, ..., p.

Thiét bi ma héa trén FIG.12 ¢6 thé con bao gdm bo phat (khong duge thé hién trén
hinh v& nay), dugc tao cAu hinh dé truyén chudi bit dugc ma hoa thu dugce boi bo xu ly

va ¢b chiéu dai la M.

FIG.13 12 so dd cdu trac gian luge cla thiét bi ma hoa 1300 khéc nita theo sang

ché, va thiét bi ma hoa 1300 bao gém:
it nhAt mot dau vao 1301, dugc tao cAu hinh d& nhén khdi thong tin;

bd xur Iy tin hi€¢u 1302, dugc tao c4u hinh dé: thu dugc khéi thong tin can dugc gui
va chiéu dai m3 dich M ctia mi cuc; xac dinh chiéu dai ma nguén N dugc st dung dé ma
hoa cuc, khi chidu dai ma dich M 16n hon N, néu tham s6 ma hoa cta khéi thong tin théa
mian diéu kién dinh trudce, thi phan doan chudi bit thong tin can dugc ma hoéa thanh p
doan con, va thuc hién ma héa cyc doc lap dbi véi p doan con nay, dé thu dugc p chudi
bit dugc ma hda co cac chidu dai 1an luot 13 céac chiéu dai ma nguén cua cac doan con
nay, trong do p 1a sb nguyén 16n hon hodc béng 2; thuc hién thich tng tdc @6 riéng biét
d6i voi p két qua ma hoa, dé thu duoc p chudi bit dugc ma hoa c6 cac chidu dai 14an luot
14 c4c chiu dai ma dich cua cac doan con nay; va két hop p chudi bit duge ma hoa duogc

thich irng tdc do, dé thu duge chudi bit dugc ma hoa cd chiéu dai 1a M; va

it nhat mot dau ra 1303, dugce tao cAu hinh dé két xuit chudi bit dugc ma hoa thu

dugc boi bo xtr 1y tin hiéu.
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Mot cach tiy ¥, bo xit Iy tin hidu 1302 con duoc tao cau hinh dé: néu tham s6 ma
héa cta khéi thong tin khdng thda man diéu kién dinh trudc, thi thuc hién ma héa cuc
d6i véi chudi bit thong tin can dugc ma hoa béng cach sir dung chiu dai ma ngudn N, dé
thu dwoc chui bit duge ma héa thit nhat c6 chidu dai 1a N, va lp lai it nhét mot sb bit
trong chudi bit dugc ma hoa thir nhit nay, dé thu dugc chudi bit dwoc ma hoa co6 chidu

dai la M.

Mot cach tuty v, bd xi 1y tin hi¢u 1302 con dugce tao cAu hinh dé: néu chidu dai ma
dich M nho hon hoac béng chiéu dai ma nguén N, thi thuc hién ma hoa cuc dbi véi chudi
bit thong tin cAn dugc ma hoa bang cach st dung chidu dai ma ngudn N, dé thu duogc
chudi bit dugc ma hda thir hai, va rit gon hodc duc 18 chudi bit dugc ma hoa thir hai nay,

d thu duoc chudi bit duoc ma hoa cé chiéu dai 1a M.

Mdt cach tly ¥, tong chidu dai cia chudi bit thong tin can dugc ma hoa 1a Kc, cic
chiéu dai bit thong tin ctia p doan con lan luot 1aK1, K2, ..., Kp, céc chiéu dai ma nguﬁ”)n
duoc st dung dé thuc hién ma hoa cuc doc lap d6i voi p doan con lan luot 1AN1, N2, ...,
Np, céc chiéu dai ma dich twong Gng lan lwgt 1A M1, M2, ..., Mp, Kc =K1+ K2+ ... +
Kp,M=M1+M2+ ... + Mp, chudi bit thong tin can duge ma hoa bao gbm khéi thong

tin, va Kc 16n hon hodc bang chiéu dai K ctia khoi thong tin; va

bo xt Iy tin hiéu 1302 con dugce tao chu hinh d8: d6i véi mdi Mi, néu chiéu dai ma
dich Mi cta doan con twong ung v6i Mi 16n hon chidu dai ma ngudn Ni, va tham s6 ma
hoa cta doan con twong Gng v6i Ki thdéa mén diéu kién dinh trude, thi phan doan thém
doan con tuong tmg v6i Mi thanh p doan con, thue hién ma hoa va thich img tdc do doc
1ap dbi véi p doan con nay, dé thu dugc p chudi bit duge ma héa twong Gng, va két hop
p chudi bit duge ma hoa nay, dé thu duge chudi bit duge ma héa ¢6 chiéu dai ma dich 1a

Mi, trong d6i=1, 2, ..., p.

Thiét bj ma héa trén FIG.13 c6 thé con bao gdm bo phat (khong dugc thé hién trén
hinh v& nay), dugc tao cAu hinh dé truyén chudi bit dugc ma hoa duge két xuit boi it

nhat mot dau ra va c6 chicu dai 1a M.

Céc thit bi ma hoéa trén FIG.11 dén FIG.13 trong bin md ta ndy c6 thé 1a thiét bi
bét ky c6 chirc nidng truyén thong khong déy, vi du, diém truy nhap, tram, thiét bi ngudi

st dung, hodc tram co s&. Doi v6i cac chirc nang dugc thuc hién boi cac thanh phan
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trong cac thiét bi ma hoa va phuong phap thuc thi cu thé, tham chiéu dén FIG.2, FIG 4,
FIG.5, FIG.8 dén FIG.10, va cac phdn m ta lién quan theo cac phuong én cia ching.

Nbi dung chi tiét khong dugc mo ta 14n nita & day.

FIG.14 13 so dd cAu tric gian lugc cla thiét bi giai ma 1400 theo sang ché, va thiét

bi giai ma 1400 bao gbm:

b6 phan nhan 1401, duge tao céu hinh dé nhén cac ty s6 log-hop 1& (LLR,
Log-Likelihood Ratio) twong trmg v6i céc bit cAn dugc gidi ma, trong do chiéu dai cua céc

bit cAn dugc giai ma 1a chiéu dai ma dich M dugc sir dung trong qué trinh mé hoa cuc;

b phan thich tng giam tée do 1402, dugc tao cau hinh dé: x4c dinh chiéu dai ma
ngudn N duge sir dung trong qué trinh giai ma, khi chidu dai ma dich M 16n hon chiéu dai
ma nguén N, néu tham s6 ma hoa théa man diéu kién dinh trude, thi phén doan cac LLR
tuong tmg v6i cic bit cAn duoc giai ma thanh p doan con, va thuc hién thich tng giam toc

do riéng bict d6i véi p doan con nay, trong d6 p la s6 nguyén 16n hon hodc bang 2;

bo phan giai ma 1403, duge tao cAu hinh dé thye hi¢n giai ma SCL doc lap d6i véi
céc LLR cua p doan con dugc thich img giam tdc do, dé thu duge cac két qua giai ma cia

p doan con nay; va

bd phan dAu ra 1404, dugc tao cau hinh dé két hop céc két qua giai ma cua p doan

con ndy, dé ket xuat chuoi bit dugc giai ma.

FIG.15 1a so d chu trac gian lugc cta thiét bi giai ma 1500 theo sing ché, va thiét

bi giai ma 1500 bao gdm:
bd nhd 1501, dugc tao chu hinh dé luu trit chuong trinh; va

bo xtr ly 1502, dugc tao cAu hinh dé: thyc thi chuong trinh dugc luu trit trong bd nhé, va
khi chwong trinh n&y dugc thye thi, thi nhan cac ty s6 log-hop 16 (LLR, Log-Likelihood Ratio)
twong (g vai cac bit can dugc giai ma, trong do chidu dai ctia céc bit can dugc gidi ma 1a
chidu dai ma dich M duge st dung trong qué trinh ma hoa cuc; xac dinh chiéu dai ma
ngudn N dugc sir dung trong qua trinh giai ma, khi chidu dai ma dich M 16n hon chiéu dai ma
nguf?)n N, néu tham s& ma hoa thoa man diéu kién dinh trude, thi phan doan cac LLR tuong

{mg véi cée bit cAn duge giai ma thanh p doan con, va thyc hién thich tng giam tdc do riéng biét
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d6i v6i p doan con nay; thuc hién gidi ma SCL doc 1ap doi vai cac LLR cua p doan con
dwoc thich Gng giam tdc do, de thu dugc cac ket qua giai ma cua p doan con nay; va két
hop céc két qua giai ma cua p doan con nay, dé két xuét chudi bit duge giai ma, trong do

p 1a s nguyén 16n hon hogc bang 2.

FIG.16 12 so dd cdu tric gian luge cia thiét bi giai ma 1600 theo sang ché, va thiét

bi giai ma 1600 bao gom:

it nhAt mot dau vao 1601, dugc tao chu hinh d& nhan cac ty s6 log-hop 1& (LLR,
Log-Likelihood Ratio) tuong tmg véi cac bit can duoc giai ma, trong do6 chidu dai cua
c4c bit cAn dugc gidi ma la chidu dai ma dich M duoc str dung trong qué trinh ma hoa

cuc;

bo xit Iy tin hidu 1602, dugc tao cdu hinh dé: xéc dinh chidu dai ma ngudn N dugce
st dung trong qua trinh giai ma, khi chidu dai ma dich M 16n hon chidu dai ma ngudn N,
néu tham s& ma hoa théa man didu kién dinh trude, thi phan doan cac LLR tuong ung
v&i cac bit cn duge giai ma thanh p doan con, va thuc hién thich ung giam tdc d6 riéng
biét d6i véi p doan con nay; thuc hién giai ma SCL doc lap ddi voi cac LLR cua p doan
con dugc thich mg giam tdc do, dé thu dugce cac két qua giai ma cua p doan con nay; va
két hop cac két qua giai ma cta p doan con nay, d8 két xuht chudi bit dugc giai ma, trong

d6 p 1a s6 nguyén 16n hon hodc bang 2; va

it nhat mot diu ra 1603, dugc tao cAu hinh dé két xuit chudi bit duoc giai ma thu

duge boi bd xtt 1y tin higu.

Mot cach tuy y, cac chiéu dai ma nguén dugc st dung dé ma hoa p doan con lan
lwgt 13 N1, N2, ..., Np, cdc chiéu dai ma dich 1an Iuot 1a M1, M2, ..., Mp, va céc chiéu
dai bit thong tin tuong Ung lan lwot 14 K1, K2, ..., Kp.

B xit Iy tin hiéu 1602 con duge tao cAu hinh dé: d6i véi mdi Mi, trong d6 i =1,
2, .. D5 néu Mi 16n hon chiéu dai ma ngué)n Ni, va tham sd ma hoa cta doan con twong
g v6i Mi thdéa mén didu kién dinh trudc, thi phan doan thém chudi LLR cua doan con
tuong tmg v6i Mi thanh p doan con, thuc hién thich tng giam tdc do va giai ma riéng biét
d6i v6i p doan con nay, d8 thu duoc cac két qua giai ma tuong mg clia p doan con nay, va

két hop cac két qua gidi ma cia p doan con nay, dé thu dugc Ki bit théng tin twong tng.
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Bo xit 1y tin hiéu 1602 con dugc tao cAu hinh dé: dbi véi mdi Mi, trong d6 i =1,
2, ..., P néu Mi 16n hon chiéu dai ma nguf‘)n Ni, va tham sb ma hoa ciia doan con twong
ung véi Mi khong thoa méan diéu kién dinh trudc, thi xép chéng cac LLR ¢ céc vi tri 1ap
lai, dé thu duoc chudi LLR duge thich Gng gidm tdc do co chidu dai 1a Ni, va giai ma

chudi LLR nay, dé thu duoc két qua gidi ma cta doan con tuong Gmg véi Mi.

Mot cach tity ¥, bd xtt Iy tin hig¢u 1602 con duge tao cAu hinh d&: khi chiéu dai ma
dich M nhé hon chidu dai ma ngudn N, thi phuc hdi LLR & vi tri duc 15 hogc rat gon, dé
thu duoc chudi LLR dugc thich img giam tdc do c6 chidu dai 1a N, va gidi ma chudi LLR

nay, dé thu dugc chudi bit duge giai ma.

M3i thiét bi giai m3 trén FIG.14 dén FIG.16 trong ban md ta ndy ¢6 thé 12 thiét bi
bét ky c6 chirc ning truyén thong khong day, vi du, diém truy nhép, tram, thiét bi nguoi
st dung, hodc tram co s0. Péi vé6i cac chuc niang duge thuc hién bdi cac thanh phén
trong céc thiét bi gidi ma va phwong phap thyc thi cu thé, tham chiéu dén FIG.3 dén
FIG.6, FIG.8 dén FIG.10, va cac phin mo ta lién quan theo cac phuong 4n cua chung.

Nbi dung chi tiét khong duge mo ta 1an nita & day.

Ngudi ¢6 hiéu biét trung binh trong linh vuc k§ thudt c6 thé hiéu ring phuong
phap ma héa hodc phuong phép giai mé theo sang ché ¢ thé duge thuc hién béi phan
-cing hodc sy két hop cua phan cting va phan mém. Trong nhiéu trudng hop, thiét bi
truyén théng trong mot he théng truyén thong c6 ca chirc nang gl va chirc nang nhan,
va khong chi ¢6 thé déng vai tro 1a dAu phat dé g thong tin dén dau thu, ma con dong
vai tro 1a ddu thu dé nhan thong tin dugc giri bdi dau phat. Do do, thiét bi truyén thong
nay c6 ca chirc ndng mé héa va chirc ndng giai ma. Thiét bi truyén thong c6 thé duoc tao
cAu hinh dudi dang hé théng xtr 1y da ning, vi dy, thuong duoc goi la chip. Heé théng xir
ly da ndng nay bao gdm: mot hodc nhiéu bd vi xir Iy cung cép chirc nang x Iy, va bd nhé
ngoai dong vai tro 1a it nhét mot phan ctia vat ghi luu trit. T4t ca cac thanh phan ndy c6

thé dugc ndi v6i mach hd trg khac bang cach st dung kién tric bus bén ngoai.

Thiét bi truyén thong co thé bao gdm ASIC (Application-Specific Integrated
Circuit, mach tich hop chuyén dung) c6 bd xir ly, giao dién bus, va giao dién nguoi su
dung; va it nhit phan cia vat ghi luu trit dugc tich hop trong mot chip. Theo cach khac,

thiét bi truyén thong c6 thé bao gdbm mot hodc nhiéu FPGA (Field Programmable Gate
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Array, mang cbng 1ap trinh dugc dang truong), PLD (Programmable Logic Device, thiét
bi logic 1ap trinh dugc), bd didu khién, may trang thai, cbng logic, thanh phén phan ciing
roi rac, mach thich hgp khac bét ky, hodc su Kkét hop bét ky cta cac mach c6 kha néng

thuc hién cac chirc nang khac nhau duge mo ta trong ban mo ta nay.

FIG.17 13 so d chu tric gian luge cta thiét bi truyén thong 1700 (thiét bi truyén
thong chéng han nhu diém truy nhap, tram co s&, tram, hodc thiét bi dau cudi) theo mot
phuong 4n cua sang ché. Nhu duoc thé hién trén FIG.17, thiét bi truyén thong 1700 co
thé dugc thuc hién bang cach st dung bus 1701 dudi dang kién trac bus chung. Dya vao
ung dung cu thé va tong thé rang bude thiét ké dbi véi thiét bi truyén thong 1700, bus
1701 ¢6 thé bao gdbm s6 luong bus va cau lién két bat ky. Bus 1701 ndi cac mach khéc
nhau véi nhau. Cac mach nay bao gbm bd xi Iy 1702, vat ghi luu trir 1703, va giao di€n
bus 1704. V4t ghi luu trit 1703 dugc tao cdu hinh ¢ luu trir hé diéu hanh, dir lidu can
duoc giri, va dy liéu nhan dugc. Mot cach tuy v, thiét bi truyén thong 1700 ndi bo didu
hop mang 1705 va cac thanh phan twong tu thong qua bus 1701 bang cach st dung giao
dién bus 1704. Bo diéu hgp mang 1705 ¢ thé dugc tao cdu hinh dé: thuc hién chirc nang
xtr ly tin hiéu cta 16p vét Iy trong mang truyén thong khong ddy, va gui hodc nhan tin
hiéu tin s6 vO tuyén bang cach st dung dng ten 1707. Giao dién ngudi sit dung 1706 ¢o6
thé dugc ndi véi cac thiét bi du vao ctia ngudi st dung khac nhau ching han nhu ban
phim, man hién thi, chuot, hodc can didu khién. Bus 1701 c6 thé con dugc ndi vai cac
mach khac nhau ching han nhu nguén thoi gian, thiét bi ngoai vi, bd diéu chinh dién ap,
hoic mach quan ly niang luong. Cac mach nay da dwoc biét dén trong linh vuc k¥ thuat

nay, va do d6 ndi dung chi tiét khong dugc mo ta & day.

Bo xir ly 1702 chiu trach nhiém vé viéc quan 1y bus va thuc hién xir Iy chung (bao
gbm thyc thi phan mém duoc luu trit trong vat ghi luu trit 1703). BO xt ly 1702 ¢o thé
dugc thyc hién béng cach st dung mot hodc nhidu bd xir Iy da nang va/hodc bo xtr ly
chuyén dung. Cac vi du vé bd xir 1y bao gém bo vi xtr 1y, bd vi didu khién, DSP, hoéc
mach khéc co thé thuc thi phﬁn mém. Phan mém co thé duoc bién dich dudi dang 1énh,
dit liéu, hodc su két hop bat ky ctia chiing theo nghia rong, b4t ké 12 phan mém nay dugc
goi la phan mém, phan sun, phan mém trung gian, vi md, ngoén nglt md ta phan cing,

hodc tén khac.
Nhu dugc thé hién trén FIG.17, vét ghi luu tr 1703 tach biét voi bd xu ly 1702.
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Tuy nhién, nguoi ¢6 hiéu biét trung binh trong linh vyre k§ thuat c6 thé d& dang hiéu rang
vt ghi luu trit 1703 hodc phin bét ky ctia vat ghi lwu trit 1703 ¢6 thé dugc dit bén ngoai
thiét bi truyén thong 1700. Vi duy, vét ghi luu trlt 1703 co6 thé bao gdm dudng truyén,
dang s6ng mang duoc didu bién bang cach st dung dit liéu, va/hodc san phim mdy tinh
tach biét v4i niat khong day. T4t c& cac vat ghi nay truy nhdp dugc boi bo xtr Iy 1702
bing cach st dung giao dién bus 1704. Theo céach khéc, vat ghi luu trit 1703 hodc mot
phn bit ky ctia vt ghi luu trit 1703 ¢6 thé dugc tich hop vao b xir Iy 1702, vidu, c6 thé
12 bd nhd cache va/hodc thanh ghi da néng.

Bo xtr Iy 1702 c6 thé dugc tao cAu hinh dé thuc hién cac chirc ning ctia bo xtr ly
1202 trén FIG.12 va bd xur Iy 1502 trén FIG.15, va b xu ly 1702 ¢6 thé thyuc hién
phuong phép ma hoa va phuong phap giai ma duoc mé ta trong ban md ta nay. Quy trinh

duoc thye hién béi bd xtr Iy 1702 khong dugc mo ta 14n nita & day.

Thuét toan giai ma danh sach hiy bo lién tiép (SCL, Successive Cancellation List)
duoc md ta theo cac phuong 4n cla sang ché bao gdm thuat toan giai ma khic tuong tu
vé6i thudt toan giai ma SCL, tao ra cac duong dan mg vién, va bang cach st dung céac
dudng dan nay viéc méi hoéa dugc thuc hién theo tht tu, hodc thudt toan dugc cai tién dua

vao thuét toan giai ma SCL.

Thiét bi ma héa va thiét b giai ma dugc md ta theo cdc phuong an cta sang ché c6
thé 1a cac thiét bi doc 14p trong qua trinh st dung thuc té, hodc ¢6 thé 1a thiét bi tich hop,
duoc tao cAu hinh dé: ma hoa thong tin cAn dugc gii va sau d6 giri thong tin dugc ma

héa, hodc giai ma thong tin nhén duge.

Trong céac vi du dugc md ta theo céc phuong an cua sang ché, cac bd phan va céac
quy trinh phuong phép c6 thé dugc thuc hién boi phan ctmg dién tir hodc sy két hop ctia
phin mém méy tinh va phan ctng dién tir. Vigc céc chirc nang dugc thyc hién boi phan
cing hay phan mém tiy thudc vao cac mg dung va cac rang budc thiét ké cu thé cia cac
giai phap k¥ thuat. Nguoi co hidu biét trung binh trong linh vuc k¥ thuat co thé str dung
cac phuong phap khac nhau dé thuc hién cic chuc nang duge mo ta dbi voi mdi Gmg

dung cu thé.

Theo mdt vai phuong an dugc dé xuat trong ban md ta nay, can dugc hiéu rang

thiét bi va phuong phap dugc boc 16 ¢6 thé duoc thuc hién theo cach khac. Cac phuong
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4n ctia thiét bi duoc md ta chi 1a cac vi dy. Vi dy, viéc phén chia bd phén chi 1a phan chia
chirc ning logic. Trong ting dung thue té, c6 thé c6 cac cach phén chia khic. Vi dy, cac
bd phén hodc cac thanh phan c6 thé duoc két hop hodc dugc tich hop trong cac hé théng
khac. Mot sb budce trong cac phuong phap ¢6 thé duoc bd qua hodc khong duogc thuc
hién. Ngoadi ra, cac két ndi twong hd hodc cac két ndi truc tiép hodc cac két ndi truyén
thong gitta cac bd phan ¢ thé duoc thuc hién théng qua mot sb giao dién, va céc giao

dién nay co6 thé duéi dang dién, co, hodc dang khéc.

Céc bo phan nay dugc mo ta duéi dang céac phén tach biét co thé hoic co thé khong
tach biét vé mit vat ly, tic 13, co thé duoc dit & mot vi tri, hodc ¢o thé dugc phan tan trén
c4c bd phan mang. Ngoai ra, cdc by phén chirc nang theo cac phuong én cua sang ché co thé
duoc tich hop vao mot bd phan xur Iy, hodc mdi trong s6 cac bo phan nay cb thé tdn tai mot

minh vé mit vat Iy, hodc hai hodc nhidu hon hai bd phan dugc tich hgp vao mot b0 phéan.

TAt ca hogc mot sb trong s6 cac phuong an néu trén ¢ thé dugc thue hién bing
cach st dung phan mém, phan cing, phan sun, hodc su két hop bat ky cua chung. Khi
dang dugc thyc hién bang céach st dung phﬁn mém, tit ca hodc mot sb trong sb cac
phuong 4n nay co thé duoc thuc hién dudi dang san pham chuong trinh may tinh. San
pham chuong trinh mdy tinh nay bao gdbm mot hodc nhiéu 1énh chuong trinh mdy tinh.
Khi c4c 1énh chuong trinh méy tinh nay dugc tai 1én va duoc thuc thi trén may tinh, thi
tht c& hodc mot sd trong s cac thi tuc hogc cc chirc nang duge mo ta theo cac phuong
an cla sang ché dugc tao ra. May tinh ¢6 thé 1a may tinh da ning, mdy tinh chuyén dung,
mang may tinh, hodc thiét bi 1ap trinh dugc khéc. Cac 1énh may tinh co thé dugc duoc
luu trit trong vat ghi luu trit doc duoc bang mdy tinh, hodc c6 thé dugc truyén bing cach
st dung vat ghi luu trit doc duge bang may tinh. Cac 1énh may tinh nay co thé duoc
truyén tlr trang web, may tinh, may chu, hodc trung tdm dit ligu dén trang web, may tinh,
mdy chu, hodc trung tam dir liéu khac béng day (vi du, cap déng truc, soi quang, hoac
duong thué bao sd (DSL, Digital Subscriber Line)) hodc theo cach khong day (vi du,
héng ngoai, vO tuyén, hodc séng micro). Vat ghi luu trir doc dugc béng may tinh c6 thé 1a
vét ghi co sin bt ky truy nhép dugc bdi may tinh, hodc thiét bi luu trit dit liu, chéng han
nhu méy cht hodc trung tim dit liéu, tich hop mot hode nhiéu vat ghi c6 san. Vat ghi c6 san
c6 thé 1a vat ghi tir tinh (vi dy, dia mém, dia clirmg, bang tir, 8 dia nhanh USB, ROM, hodc
RAM), vét ghi quang hoc (vi dy, CD hoic DVD), vat ghi ban dan (vi du, dia luu trit thé rén
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(SSD, Solid State Disk)), hodc cac dang vét ghi tuong tu.

Céc phuong an néu trén chi nhim dé md ta cac giai phap k¥ thuét cua sang ché, ma
khong nhim gi¢i han sang ché. Miic du sang ché dugc md ta chi tiét v6i tham chiéu dén
céc phuong 4n néu trén, nhung ngudi co hiéu biét trung binh trong linh vuc k¥ thuét can
hiéu rang cac phuong 4n nay van ¢6 thé thuc hién cac stra dbi véi cac giai phap k¥ thuét
dugc md ta theo cac phuong 4n néu trén hodc thuc hién céc thay thé twong duong vai
mot s& ddu hiéu k§ thuét ciia nd, ma khong vuot ra khéi pham vi cua cac gidi phap k¥

thuat theo cac phuong 4n cla sang ché.
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YEU CAU BAO HQ
1. Phuong phap ma héa ma cuc, dugc dic trung bang cach bao gbm cic budc:
thu duoc chudi bit thong tin can dugc ma hda va chiéu dai ma dich M, trong do6

chudi bit thong tin cAn dugc ma hoa nay bao gom khoi thong tin ¢6 chidu dai K, chiéu

dai m3 dich M 16n hon Nimax, Nimax 1 chiéu dai ma ngudn 16n nhét ma bang 1024;

néu tham sé ma hoa cua khéi théng tin thda man diéu kién dinh trudc, thi phan
doan chudi bit thong tin can duoc mé hoa thanh p doan con, va thuc hién viéc ma hoa
cuc riéng biét d6i voi p doan con, dé thu duoc p chudi bit duge ma héa co6 cac chiéu dai
14n luot 1a cac chidu dai ma ngudn ctia cac doan con nay, trong d6 p 1a s6 nguyén 16n hon

hoac bf?mg 2;

trong d6 tham s6 ma h6a bao gom mot trong so sau: toc d0 ma héa R, chi¢u dai
K¢ ctia chudi bit thong tin can dugc ma hoa, chicu dai K cua khoi thong tin hodc chiéu

dai ma dich M; va
didu kién dinh trude bao gom diéu kién bat ky trong s6 cac diéu ki¢n sau:

461 v6i tdc dd ma hoa da cho R, chiéu dai Kc ctia chudi bit thong tin can dugc ma

hoa 16n hon ngudng dinh trudce thi nhét;

d6i voi toc dd ma hoa da cho R, chidu dai K cta khdi thong tin 16n hon ngudng

dinh trudc thit hai; hodc

dbi v6i tbe d6 ma hoa da cho R, chiéu dai ma dich M 16n hon ngudng dinh trude

tha ba.

2. Phuong phéap theo didm 1, trong d6 chudi bit thong tin can duge ma hoa bao gbm céc

bit kiém tra phan du tudn hoan, va:
ngudng dinh trudc thi nhét 12 mot trong sb sau:

61 v6i R = 1/12, ngudng dinh trude thir nhéat 1a Kel, trong d6 Kel 1 s6 nguyén
nam trong doan [310, 340];
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dbi voi R = 1/6, ngudng dinh trude thir nhét 12 Kc2, trong d6 Kc2 12 s nguyén
ndm trong doan [350, 365];

d6i voi R = 1/4, ngudng dinh trude thir nhét 1a Kc3, trong d6 Kc3 1a s6 nguyén
nam trong doan [410, 450];

dbi voi R = 1/3, ngudng dinh trude thi nhét 12 Kc4, trong d6 Kc4 12 s6 nguyén
nam trong doan [470, 495];

dbi véi R = 2/5, ngudng dinh trude thir nhét 1a Kc5, trong d6 Kc5 1a s nguyén
ndm trong doan [520, 530];

ngudng dinh trudce thi hai la mot trong s sau:

d6i v6i R = 1/12, ngudng dinh trude tha hai 1a Ktl, trong do Ktl 12 s6 nguyén
nam trong doan [291, 321];

d6i véi R = 1/6, ngudng dinh trude thi hai 12 Kt2, trong d6 Kt2 1a s6 nguyén nim
trong doan [331, 346];

d6i véi R = 1/4, ngudng dinh trude thir hai 12 K3, trong do K13 1a s6 nguyén nim
trong doan [391, 431];

d6i véi R = 1/3, ngudng dinh trude thi hai 1a Kt4, trong do Kt4 14 s6 nguyén nim
trong doan [451, 476];

d6i véi R =2/5, ngudng dinh trude thir hai la Kt5, trong d6 Kt5 1a sd nguyén nam
trong doan [501, 511];

ngudng dinh trudce thir ba 1a mot trong s sau:

d6i v6i R = 1/12, ngudng dinh trude thir ba la Mtl, trong d6 Mtl 1a sb nguyén
nam trong doan [3492, 3852];

dbi véi R = 1/6, ngudng dinh trude thi ba 1a Mt2, trong 46 Mt2 1a s6 nguyén nim
trong doan [1986, 2076];

d6i véi R = 1/4, ngudng dinh trudce thir ba la Mt3, trong d6 Mt3 1a s6 nguyén nim
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trong doan [1564, 1724];

dbi v6i R = 1/3, ngudng dinh trude thir ba 1a Mt4, trong d6 Mt4 la s6 nguyén nam
trong doan [1353, 1428]; hodc

d6i voi R = 2/5, nguong dinh trude thir ba 1a MtS, trong d6 Mt5 1a s6 nguyén nim
trong doan [1253, 1278].

3. Phuong phap theo diém 1, trong d6 chudi bit thong tin can dugc ma hoa bao gbm cic

bit kiém tra chén 1¢; va
ngudng dinh trude thu nhét 12 mot trong sd sau:

dbi voi R = 1/12, ngudng dinh trude thir nhét 1a Kcl, trong d6 Kcl 14 s6 nguyén
nam trong doan [330, 370];

dbi vai R = 1/6, ngudng dinh trude tha nhét 1a Kc2, trong d6 Kc2 1a s nguyén
nam trong doan [345, 365];

dbi voi R = 1/4, ngudng dinh trude thir nhét 1a Kc3, trong d6 Kc3 1a s nguyén
ndm trong doan [370, 380];

ddi v4i R = 1/3, ngudng dinh trude thir nhét 12 Kc4, trong d6 Ke4 1a sb6 nguyén
ndm trong doan [450, 460];

d6i v6i R = 2/5, ngudng dinh truée thir nhét 13 Ke5, trong d6 Kcs 1a s nguyén
ndm trong doan [500, 510];

ngudng dinh trudc thir hai la mot trong s sau:

d6i véi R = 1/12, ngudng dinh trude thir hai la Ktl, trong d6 Ktl la s6 nguyén
nam trong doan [314, 354];

d6i v6i R = 1/6, nguong dinh trude thir hai 1a Kt2, trong do Kt2 1a s6 nguyén nim
trong doan [329, 349];

d6i v6i R = 1/4, nguong dinh trude thir hai 1a Kt3, trong do Kt3 la s6 nguyén nam
trong doan [354, 364];
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d6i véi R = 1/3, ngudng dinh trudce thir hai 14 Kt4, trong d6 Kt4 1a s6 nguyén nam
trong doan [434, 444];

dbi voi R =2/5, ngudng dinh trudce thir hai 13 Kt5, trong d6 Kt5 1a s6 nguyén nim
trong doan [484, 494];

ngudng dinh trude thir ba 1a mot trong s sau:

d6i v6i R = 1/12, ngudng dinh trude thir ba 1a Mtl, trong d6 Mtl 1a s6 nguyén
nam trong doan [3768, 4248];

dbi véi R = 1/6, ngudng dinh trude thi ba 1a Mt2, trong d6 Mt2 1a s6 nguyén nim
trong doan [1974, 2094];

dbi véi R = 1/4, ngudng dinh trudce thir ba 1a Mt3, trong d6 Mt3 la s& nguyén nim
trong doan [1416, 1456];

d6i véi R = 1/3, ngudng dinh trude thit ba 1a Mt4, trong d6 Mt4 1a s6 nguyén nam
trong doan [1302, 1332]; hoac

d6i voi R =2/5, ngudng dinh trude thir ba 1a MtS, trong d6 Mt5 la s6 nguyén nim
trong doan [1210, 1235].

4. Phuong phap theo diém bét ky trong sb cic didm tir 1 dén 3, trong d6 p =2.

5. Phuong phép theo diém bét ky trong sd cac diém tir 1 dén 4, trong d6 phuong phap

nay con bao gom cac budc:

thuc hién thich tng tdc do riéng biét dbivéip chudi bit dugc ma hoa, dé thu duoc
p chudi bit duge mé hoéa dugc thich Gng tdc do co céac chidu dai 14n luot 1a cac chiéu dai

m4 dich cta cic doan con; va

két hop p chudi bit duge ma hoa duge thich tng tbe do, dé thu duge chubi bit

duoc ma hoa ¢co chiéu dai 1a M.
6. Thiét bi ma hoa, thiét bi nay bao gdm:

bd phén thu, dugc tao cAu hinh dé thu dugc chudi bit thong tin can duoc mi hoa
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va chidu dai ma dich M ctia ma cuc, trong d6 chudi bit thong tin can dugc ma hoa nay
bao gdm khdi théng tin c¢6 chiéu dai K, chiéu dai ma dich M 16n hon Niax, Nimax 12 chiéu

dai ma ngudn 16n nhit ma bang 1024; va

bd phan ma hda, dugc tao cAu hinh dé: néu tham sb6 ma hoéa ctia khdi thong tin
théa man diéu kién dinh trude, thi phan doan chudi bit thong tin can dugc mi hoa thanh
p doan con, va thuc hién viéc mé hoa cuc riéng bict dbi véi p doan con nay, dé thu duoc
p chudi bit dugc ma hda c6 cac chiu dai 14n luot 14 cac chiu dai ma nguén cua cac doan

con nay, trong d6 p 1a s6 nguyén 16n hon hodc bang 2,

trong d6 tham so6 ma hoa bao gom maot trong s6 sau: toc do ma hoa R, chiéu dai
Kc cta chudi bit thong tin can duge ma hoa, chicu dai K cta khoi thdng tin hodc chiéu
dai ma dich M; va didu kién dinh truéc bao gom diéu kién bat ky trong sd cac diéu kién

sau:

chidu dai K¢ ctia chudi bit thong tin can dugc ma hoa 16n hon ngudng dinh trude

tht nhét;
chidu dai K ctia khdi thong tin 16n hon ngudng dinh trudce thir hai; hodc
chiéu dai ma dich M 16n hon ngudng dinh trude thi ba.

7. Thiét bi theo diém 6, trong d6 chudi bit thong tin cin dwgc ma hoa bao gbm céc bit

kidm tra phan du tudn hoan, va:
ngudng dinh trude thi nhét 12 mot trong sd sau:

ddi véi R = 1/12, ngudng dinh trudc thir nhét 1a Kcl, trong d6 Kcl 1a s nguyén
nam trong doan [310, 340];

ddi véi R = 1/6, ngudng dinh trudce thi nhét 1a Kc2, trong d6 Kc2 la s6 nguyén
nam trong doan [350, 365];

@i voi R = 1/4, ngudng dinh trude thi nhét 1a Kc3, trong d6 Ke3 1a sb nguyén
nam trong doan [410, 450];

dbi v6i R = 1/3, ngudng dinh trudce thir nhét 1a Kc4, trong d6 Kc4 1a sb nguyén
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nim trong doan [470, 495];

dbi véi R = 2/5, ngudng dinh trude thir nhét 1a Kc5, trong d6 Kc5 14 s6 nguyén
nam trong doan [520, 5307;

ngudng dinh trudce thir hai 1a mot trong s sau:

d6i véi R = 1/12, ngudng dinh trude tht hai 1a Ktl, trong d6 Ktl la s nguyén
ndm trong doan [291, 321];

d6i v6i R = 1/6, ngudng dinh trude thir hai 1a Kt2, trong d6 Kt2 la s6 nguyén nim
trong doan [331, 346];

i v6i R = 1/4, ngudng dinh trude thi hai 1a Kt3, trong d6 Kt3 1a s6 nguyén nim
trong doan [391, 431];

d6i v6i R = 1/3, ngudng dinh trudce thtr hai 1a Kt4, trong d6 Kt4 1a s6 nguyén nim
trong doan [451, 476];

d6i voi R = 2/5, ngudng dinh trudce thi hai 1a Kt5, trong d6 Kt5 1a s6 nguyén nim
trong doan [501, 511];

ngudng dinh trudce thir ba 1a mot trong s sau:

d6i v6i R = 1/12, ngudng dinh true thir ba 1a Mtl, trong do Mtl 1a s& nguyén
nam trong doan [3492, 3852];

d6i véi R = 1/6, ngudng dinh trude thi ba 1a Mt2, trong d6 Mt2 1a s6 nguyén nim
trong doan [1986, 2076];

d6i véi R = 1/4, ngudng dinh trude thi ba la Mt3, trong d6 Mt3 12 s6 nguyén nim
trong doan [1564, 1724];

d6i véi R = 1/3, ngudng dinh trude thir ba 1a Mt4, trong d6 Mt4 1a s6 nguyén nim
trong doan [1353, 1428]; hodc

d6i véi R = 2/5, ngudng dinh trude thir ba 1a Mt5, trong d6 Mt5 12 s6 nguyén nim
trong doan [1253, 1278].
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8. Thiét bi theo diém 6, trong @6 chudi bit thong tin can duoc ma héa bao gdbm céc bit
kiém tra chén 1&; va
ngudng dinh trudce thir nhét 1a mot trong s sau:

dbi v6i R = 1/12, ngudng dinh truge thir nhét 1a Kcl, trong d6 Kcl 1a s nguyén
nam trong doan [330, 370];

dbi voi R = 1/6, ngudng dinh truge thu nhét 1a Kc2, trong d6 Kc2 13 sé nguyén
ndm trong doan [345, 365];

dbi v4i R = 1/4, ngudng dinh trudce thir nhit 1a Kc3, trong d6 Kc3 14 sb nguyén
nam trong doan [370, 380];

d6i v6i R = 1/3, ngudng dinh trude th nhét 1a Kc4, trong d6 Kc4 1a s6 nguyén
nam trong doan [450, 460];

dbi véi R = 2/5, ngudng dinh trude thu nhét 14 Kc5, trong d6 Kc5 1a sé nguyén
ndm trong doan [500, 510];

ngudng dinh trudc thir hai la mot trong s sau:

dbi véi R = 1/12, ngudng dinh trude tht hai 1 Ktl, trong do Ktl 1a s6 nguyén
nam trong doan [314, 354];

dbi voi R = 1/6, ngudng dinh trude thir hai 1a Kt2, trong d6 Kt2 1a s6 nguyén ndm
trong doan [329, 349];

d6i voi R = 1/4, ngudng dinh truge thi hai 1a Kt3, trong d6 Kt3 1a s6 nguyén nim
trong doan [354, 364];

d6i v6i R = 1/3, ngudng dinh trude thir hai 1a Kt4, trong d6 Kt4 1 s6 nguyén ndm
trong doan [434, 444];

d6i v6i R =2/5, ngudng dinh trude thir hai 1a Kt5, trong d6 Kt5 1a s6 nguyén nam
trong doan [484, 494];

ngudng dinh trude thir ba 1a mot trong s sau:
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d6i v6i R = 1/12, ngudng dinh trude thir ba 1a Mtl, trong d6 Mtl 1a s6 nguyén
nim trong doan [3768, 4248];

dbi voi R = 1/6, ngudng dinh trude thit ba la Mt2, trong do Mt2 1a sb nguyén nam
trong doan [1974, 2094];

d6i véi R = 1/4, ngudng dinh trude thi ba 1a Mt3, trong do Mt3 1a s6 nguyén nim
trong doan [1416, 1456];

d6i véi R = 1/3, ngudng dinh trudce thi ba 1a Mt4, trong do Mt4 1a s6 nguyén nam
trong doan [1302, 1332]; hodc

d6i véi R =2/5, ngudng dinh trude thit ba 1a Mt5, trong d6 Mt5 1a s6 nguyén nim
trong doan [1210, 1235].

9. Thiét bi theo diém bt ky trong 36 cac diém tir 6 dén 8, trong d6 p = 2.

10. Thiét bi theo diém bét ky trong s6 cac didm tir 6 dén 9, trong d6 thiét bi nay con bao

gom:

bo phén thich Gng tdc do, duoc tao cAu hinh dé thuc hién viéc thich g tdc do
riéng bict d6i véi p chudi bit dugc ma hoa, dé thu duoc p chudi bit dugc ma hoa dugce

thich Gimg tdc do; va

bd phan két hop, dugce tao chu hinh dé két hop p chudi bit dugc ma hoa dugc

thich ing tdc do, dé thu duge chudi bit dugc ma hoa co chiéu dai 1a M.
11. Thiét bi ma hoa, thiét bi nay bao gém:
bd nhd, dugc tao c4u hinh d@é luu trit chuong trinh; va

bd x1r ly, dugc tao cAu hinh dé: thyc thi chuong trinh dugc luu trir trong bd nhd,
va khi chuong trinh nay dugc thuc thi, thi thue hién phuong phap theo didm bat ky trong

36 cac diém tr 1 dén 5.
12. Thiét bi ma héa, thiét bi nay bao gbm:

it nhit mot dau vao, duoc tao céu hinh dé nhan khdi thong tin;
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bd xt Iy tin hiéu, dugc tao ciu hinh dé thyc hign phuong phép theo diém bat ky

trong 36 cac diém tir 1 dén 5, dé thu dugc chudi bit dugc ma hoa; va

it nhAt mot dau ra, dugc tao cAu hinh dé két xuit chudi bit dugc ma hoa thu dugc
bdi bd xtt 1y tin higu.
13. Phuong phép giai ma, phuong phdp ndy bao gbm cac bude:

nhan céc ty sd log-hop 1& (LLR, Log-Likelihood Ratio) tuong ung vadi céc bit can
duoc giai ma, trong do chidu dai cta céc bit can duge gidi ma 1a chiéu dai ma dich M
dugc st dung trong qué trinh ma hoa cuec, chidu dai m3 dich M 16n hon Nmax, Nmax 12

chidu dai ma ngudn 16n nhit ma bang 1024;

néu tham sd ma hoa théa man diéu kién dinh trudc, thi phan doan cac LLR tuong
Ung vai cac bit cAn dugc giai ma thanh p doan con, trong do p 1a s6 nguyén 16n hon hodc

bang 2; va

thuc hién viéc giai md SCL riéng biét dbi v6i cac LLR cua p doan con, dé thu
duoc cac két qua giai ma cia p doan con nay, trong d6 céc két qua giai ma bao gom khoi

thong tin;

trong d6 tham s6 ma hoa bao gbm mot trong sb sau: toc @0 ma hoa R, chiéu dai
Kc ctia chudi bit théng tin can dugc ma hoa tuong ung v6i khoi thong tin, chiéu dai K

ctia khoi thong tin, hodc chiéu dai ma dich M;
didu kién dinh trudc bao gdm diéu kign bat ky trong sO cac diéu kién sau:

d6i véi tbe dd ma hoa da cho R, chiéu dai Ke cua chudi bit thong tin can dugc ma

hoa 16n hon ngudng dinh trude thir nhét;

dbi vé6i toe do ma hoa da cho R, chidu dai K cua khdi thong tin 16n hon ngudng

dinh trude tht hai; hodc

d6i vé6i tdc dd ma hoa da cho R, chidu dai ma dich M 16n hon ngudng dinh trude

thir ba.

14. Phuong phép theo diém 13, trong d6 chudi bit thong tin cAn duge ma hoa bao gdm
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cac bit kiém tra phﬁn du tudn hoan, va:
ngudng dinh trudce thir nhét 12 mot trong sd sau:

d6i v6i R = 1/12, ngudng dinh trude thi nhét 1a Kcl, trong d6 Kcl 1a s6 nguyén
nam trong doan [310, 340];

d6i v6i R = 1/6, nguong dinh trude thir nhét 12 Ke2, trong d6 Kc2 1a s6 nguyén
nam trong doan [350, 365];

ddi v6i R = 1/4, ngudng dinh trude thir nhét 1 Kc3, trong d6 Kc3 1a s6 nguyén
ndm trong doan [410, 450];

ddi v6i R = 1/3, ngudng dinh trude thi nhét 1a Kc4, trong d6 Kc4 1a s6 nguyén
nam trong doan [470, 495];

ddi voi R = 2/5, ngudng dinh trudce thi nhét 14 Kc5, trong d6 Kc5 1a sb nguyén
nam trong doan [520, 530];

ngudng dinh trudc thir hai 1a mot trong s sau:

d6i v6i R = 1/12, ngudng dinh trude thi hai 1a Ktl, trong do Ktl 1a sé nguyén
nam trong doan [291, 321];

d6i voi R = 1/6, ngudng dinh trude thir hai 1a Kt2, trong d6 Kt2 1a s nguyén nam

trong doan [331, 346];

d6i v&i R = 1/4, ngudng dinh trude thir hai 1a Kt3, trong do Kt3 12 s6 nguyén nim
trong doan [391, 431];

d6i voi R = 1/3, ngudng dinh trude thir hai 1a Kt4, trong d6 Kt4 1a s6 nguyén nim
trong doan [451, 476];

d6i v6i R = 2/5, ngudng dinh trude thir hai la Kt5, trong d6 Kt5 1a s6 nguyén nim
trong doan [501, 511];

ngudng dinh trudc thir ba la mot trong s6 sau:
d6i v6i R = 1/12, ngudng dinh trude thir ba 12 Mtl, trong d6 Mtl 1a sb nguyén
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nim trong doan [3492, 3852];

dbi voi R = 1/6, ngudong dinh trude thtr ba 1a Mt2, trong d6 Mt2 1a s6 nguyén nim
trong doan [1986, 2076];

d6i véi R = 1/4, ngudng dinh trude thi ba 1a Mt3, trong d6 Mt3 1a sb nguyén nim
trong doan [1564, 1724];

dbi voi R = 1/3, ngudng dinh trude thir ba 1a Mt4, trong do Mt4 1a s6 nguyén nim
trong doan [1353, 1428]; hodc

dbi voi R =2/5, ngudng dinh trudce thir ba 1a Mt5, trong d6 MtS5 la s6 nguyén nam
trong doan [1253, 1278].

15. Phuong phap theo diém 13, trong d6 chudi bit thong tin cAn duoc ma hoa bao gdm

c4c bit kiém tra chin 1¢; va
ngudng dinh trudce thi nhét 12 mot trong sd sau:

dbi voi R = 1/12, ngudng dinh trude thi nhét 12 Kel, trong d6 Kcl 12 s6 nguyén
nam trong doan [330, 370];

dbi v4i R = 1/6, ngudng dinh trude thir nhét 1a Kc2, trong d6 Kc2 1a s6 nguyén
nam trong doan [345, 365];

dbi vai R = 1/4, ngudng dinh trudc thir nhét 1a Kc3, trong d6 Kc3 1a s nguyén
nam trong doan [370, 380];

ddi voi R = 1/3, ngudng dinh trude thir nhét 12 Kc4, trong d6 K4 1a s6 nguyén
nam trong doan [450, 460];

ddi v6i R = 2/5, ngudng dinh trudce thi nhét 1a Kc5, trong d6 Kc5 1a s6 nguyén
nam trong doan [500, 510];

ngudng dinh trude thir hai la mot trong sd sau:
d6i véi R = 1/12, ngudng dinh truée thir hai 1a Ktl, trong do Ktl la sb6 nguyén

nam trong doan [314, 354];
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d6i v6i R = 1/6, ngudng dinh trude thi hai 1a Kt2, trong d6 Kt2 1a s6 nguyén ndm
trong doan [329, 349];

d6i v6i R = 1/4, ngudng dinh trude thir hai 1a Kt3, trong d6 Kit3 1a sd nguyén nim
trong doan [354, 364];

d6i v6i R = 1/3, ngudng dinh trude thir hai 1a Kt4, trong do Kt4 1a s6 nguyén nim
trong doan [434, 444];

d6i v6i R = 2/5, ngudng dinh trude thir hai 14 Kt5, trong d6 Kt5 1a sd nguyén nim
trong doan [484, 494];

ngudng dinh trude thir ba 1a mot trong s sau:

d6i voi R = 1/12, ngudng dinh trude thi ba 1a Mtl, trong d6 Mtl 1a s6 nguyén
nam trong doan [3768, 4248];

d6i véi R = 1/6, ngudng dinh trude thi ba 1a Mt2, trong d6 Mt2 1a s6 nguyén nim
trong doan [1974, 2094];

d6i véi R = 1/4, ngudng dinh trude thi ba 1a Mt3, trong d6 Mt3 1a s6 nguyén nim
trong doan [1416, 1456];

d6i véi R = 1/3, ngudng dinh trude thi ba 1a Mt4, trong d6 Mt4 1a s& nguyén nim
trong doan [1302, 1332]; hodc

d6i v&i R = 2/5, ngudng dinh trude thi ba 1a Mt5, trong d6 MtS 1a s& nguyén nim
trong doan [1210, 1235].

16. Phuong phép theo didm 13 dén 15, trong d6 p = 2.

17. Phuong phép theo diém bat ky trong sb cac diém tr 13 dén 16, trong d6 sau bude
phan doan cac LLR tuong ung voi cac bit cAn duoc giai ma thanh p doan con, phuong

phép nay con bao gom céc budc:
thuc hién viéc thich ing giam toc do doi vai p doan con;

thuc hién viéc giai ma SCL riéng biét ddi véi cac LLR cua p doan con la: thuc
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hién viéc giai ma SCL riéng biét doi voi cac LLR ctia p doan con dugc thich ing giam

toc do; va

phuong phép nay con bao gbm budc: két hop céc két qua giai ma cia p doan con,

dé két xuét chudi bit duoc giai ma.
18. Thiét bi giai ma, thiét bi nay bao gém:

bd phan nhan, dugc tao cAu hinh d& nhan céc ty s6 log-hop 1& (LLR,
Log-Likelihood Ratio) twong tmg véi céc bit can dugc gidi ma, trong do chidu dai cta
céc bit can duge giai ma 1a chiéu dai m3 dich M dugc st dung trong qud trinh méa hoa
cuc, chidu dai ma dich M 16n hon Nimax, Nmax 12 chiéu dai ma ngudn 16n nhat ma bang

1024;

bd phén thich Gng giam tdc do, dugce tao cAu hinh dé: néu tham s ma hoéa thda
man diéu kién dinh trudc, thi phan doan cac LLR tuong ing voi cac bit can dugc gidi ma
thanh p doan con, va thyc hién vi¢c thich Gng giam tdc do riéng biét dbi véi p doan con

nay, trong d6 p 1a sb nguyén 16n hon hodc bang 2;

bd phan giai ma, dugc tao cau hinh dé thuc hién viéc giai ma SCL riéng biét doi
véi cac LLR cua p doan con, dé thu dugc cac két qua giai ma cia p doan con nay, trong

d6 cac két qua giai ma bao gdm khbi thong tin;

trong d6 tham s6 mé hoa bao gom mat trong s6 sau: toc do6 ma hoa R, chicu dai
Kc cta chudi bit thong tin can duge ma hoa twong tmg véi khoi thong tin, chi¢u dai K

ctia khéi thong tin, hodc chiéu dai ma dich M;
didu kién dinh trudc bao gom diéu kién bat ky trong so cac diéu kién sau:

ddi vaéi tbe dd ma hoa da cho R, chiéu dai Kc cua chudi bit thdng tin can dugc ma

hoa 16n hon ngudng dinh trudce thi nhit;

461 v6i the do ma hoa da cho R, chiéu dai K cta khdi thong tin 16n hon ngudng

dinh trudc thir hai; hoac

dbi v6i toe do ma hoa da cho R, chiéu dai ma dich M 16n hon ngudng dinh trude

thr ba.
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19. Thidt bi theo didm 18, chudi bit thong tin cAn dugc ma héa bao gdm céc bit kiem tra
phén du tudn hoan, va:
ngudng dinh trudce thi nhét 12 mot trong sd sau:

dbi v6i R = 1/12, ngudng dinh trude thi nhét 12 Kcl, trong d6 Kcl 12 s nguyén
nam trong doan [310, 340];

dbi v6i R = 1/6, ngudng dinh trude thir nhét Kc2, trong d6 Kc2 1a s6 nguyén nim

trong doan [350, 365];

dbi voi R = 1/4, ngudng dinh trude thi nhét 1a Kc3, trong do Kc3 1a s nguyén
ndm trong doan [410, 450];

dbi v6i R = 1/3, ngudng dinh trude thir nhét 1a Kc4, trong d6 Kc4 1a sb nguyén
ndm trong doan [470, 495];

dbi v6i R = 2/5, ngudng dinh trudce thir nhét 12 Kc5, trong d6 Kc5 1a sb nguyén
nam trong doan [520, 530];

ngudng dinh trudce thir hai 1a mot trong s sau:

dbi véi R = 1/12, ngudng dinh trude tha hai 1a Ktl, trong d6 Ktl 1a sb nguyén
nam trong doan [291, 321];

d6i véi R = 1/6, ngudng dinh trude thir hai 1a K12, trong do Kt2 12 s6 nguyén nim
trong doan [331, 346];

d6i véi R = 1/4, ngudng dinh trude thir hai la Kt3, trong d6 Kt3 1a s6 nguyén nim
trong doan [391, 431];

d6i véi R = 1/3, ngudng dinh trude thir hai 1a Kt4, trong d6 Kt4 1a s6 nguyén nim
trong doan [451, 476];

d6i voi R =2/5, ngudng dinh trude thir hai 1a Kt5, trong d6 Kt5 12 s6 nguyén nim
trong doan [501, 511];

ngudng dinh trudce thir ba 1a mot trong s sau:
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d6i v6i R = 1/12, ngudng dinh trude tht ba 1a Mtl, trong d6 Mtl la s6 nguyén
nam trong doan [3492, 3852];

d6i v6i R = 1/6, ngudng dinh trude thir ba 1a Mt2, trong d6 Mt2 la sé nguyén nim
trong doan [1986, 2076];

d6i v6i R = 1/4, ngudng dinh trudce thi ba 1a Mt3, trong d6 Mt3 1a s6 nguyén nim
trong doan [1564, 1724];

d6i v6i R = 1/3, ngudng dinh trude thi ba 1a Mt4, trong d6 Mt4 1a s6 nguyén nim
trong doan [1353, 1428]; hodc

d6i véi R =2/5, ngudng dinh trude thi ba 1a Mt5, trong d6 Mt5 1a s6 nguyén nam
trong doan [1253, 1278].

20. Thiét bi theo diém 18, trong d6 chudi bit thong tin can duoc ma hoa bao gdm cac bit

kiém tra chin 1&; va
ngudng dinh trude thi nhét 12 mot trong sd sau:

ddi vai R = 1/12, ngudng dinh trude thi nhét 12 Kcl, trong d6 Kcl 1a s nguyén
nam trong doan [330, 370];

ddi véi R = 1/6, ngudng dinh trudce thi nhét 12 Kc2, trong do Kc2 la s6 nguyén
nam trong doan [345, 365];

dbi v6i R = 1/4, ngudng dinh trudce thir nhét 1a Kc3, trong d6 Kc3 1a s nguyén
nam trong doan [370, 380];

d6i v6i R = 1/3, ngudng dinh trudce thir nhat 1a Ked, trong d6 Ke4 1a s6 nguyén
nam trong doan [450, 460];

ddi v6i R = 2/5, ngudng dinh trudce thi nhét 1a Kc5, trong d6 Kc5 1a s nguyén
nam trong doan [500, 510];

ngudng dinh trudce thir hai 1a mot trong s6 sau:

d6i v6i R = 1/12, ngudng dinh trudce tht hai 1a Ktl, trong d6 Kt1 1a sd nguyén
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nam trong doan [314, 354];

d6i voi R = 1/6, ngudng dinh trudce thi hai 1a Kt2, trong d6 Kt2 1a s6 nguyén nim
trong doan [329, 349];

d6i v6i R = 1/4, ngudng dinh trude thi hai 1 Kt3, trong d6 Kt3 1a 6 nguyén nim
trong doan [354, 364];

d6iv6i R = 1/3, ngudng dinh trude tha hai 1a Kt4, trong d6 Kt4 1a s6 nguyén nim
trong doan [434, 444];

dbi véi R = 2/5, ngudng dinh trude thi hai 1a KtS, trong d6 Kt5 1a sd nguyén nim
trong doan [484, 494];

ngudng dinh trude thir ba la mot trong s sau:

d6i véi R = 1/12, ngudng dinh trude thi ba la Mtl, trong d6 Mtl 1a sb nguyén
nam trong doan [3768, 4248];

d6i v6i R = 1/6, ngudng dinh trudce thir ba la Mt2, trong d6 Mt2 1a s6 nguyén nim
trong doan [1974, 2094];

d6i v6i R = 1/4, ngudng dinh trude thir ba 1a Mt3, trong d6 Mt3 12 s6 nguyén ndm
trong doan [1416, 1456];

d6i véi R = 1/3, ngudng dinh trudc thir ba 1a Mt4, trong d6 Mt4 1a sd nguyén nim
trong doan [1302, 1332]; hodc

d6i v6i R = 2/5, ngudng dinh trudce thit ba 1a Mt5, trong d6 Mt5 1a s6 nguyén nam
trong doan [1210, 1235].

21. Thiét bi theo diém bét ky trong sé cac didm tir 18 dén 20, trong d6 p = 2.

22. Thiét bi theo diém batky trong s6 cac didm tir 18 dén 21, trong d6 sau khi phan doan
“cac LLR tuong Gmg v6i céc bit can dugc giai ma thanh p doan con, thiét bi nay con bao

gom:

bd phan thich mg giam tdc dd, dugce tao cAu hinh d@é thuc hién viéc thich ing
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giam téc do d6i v6i p doan con nay, trong d6 b phén giai ma duoc tao cdu hinh dé thuc
hién viéc gidi ma SCL riéng biét d6i véi cac LLR cua p doan con duoc thich ng gidm

toc do; va

bd phan dau ra, duge tao cau hinh dé két hop cac ket qua giai ma cia p doan con

nay, dé két xut chudi bit dugc giai ma.
23. Thiét bi giai ma, thiét bi nay bao gbm:
bd nhd, dugc tao cAu hinh dé luu trit chuong trinh; va

bd xu ly, dugc tao cAu hinh dé: thyc thi chuong trinh dugc luu trit trong bd nhd,
va khi chuong trinh nay duge thyc thi, thi thyc hién phuong phap theo diém bt ky trong

s céc diém tir 13 dén 17.
24. Thiét bi giai ma, thiét bi nay bao gdm:

it nhdt mot dau vao, dugc tao cAu hinh dé nhén céc ty s6 log-hgp 1& (LLR,
Log-Likelihood Ratio) twong tmng vi céc bit can dugc giai ma, trong do chidu dai cta

cac bit cAn duoc giai ma 1a chiéu dai ma dich M duoc st dung trong qua trinh ma hda;

bo xir 1y tin higu, dugc tao cAu hinh dé thuc hién phuong phéap theo diém bét ky

trong sb cac diém tir 13 dén 17, dé thu dugc chudi bit dugc gidi ma; va
it nhat mot dau ra, dugc tao chu hinh d8 két xuét chudi bit duoc giai ma thu duge
bai bd xtr 1y tin hiéu.

25. Vat ghi luu trit doc dugce bing mdy tinh, trong d6 vét ghi luu trit doc duoc bing may
tinh nay luu trit 1énh, va khi 1énh nay chay trén mdy tinh, thi may tinh dugc cho phép
thuc hién phuong phép theo diém bét ky trong sé cac diém tir 1 dén 5.

26. Vit ghi luu trit doc duge bang may tinh, trong d6 vat ghi luu trir doc duge bing may
tinh nay luu trit 1&nh, va khi 1énh nay chay trén may tinh, thi may tinh dugc cho phép
thure hién phuong phép theo didm bét ky trong sb céc diém ti 13 dén 17.

-69-



[ ‘DId

1/13

37930

-70-

0s 0p 003 wers quy ugnsu nory
4 4 A » ~
u9lq Nl 7| SunyorL 7| BWIRID Tl pwen " un enyd 1oN
A
quey
A
s op 201 quoy uonsu ndry
Y <& 4 i v < x <& w
u9lq I Sun YL 20y BN 2Oy BN upy ugnsN




37930

2/13

¢ DId

JAL ] TP NQIYO 00 BOY BW 901D J1q 1QNTD)

+

U0o UBOP O8O BO

\ ¥g) BN BOY BUW 0N 31q UOJ 19NY0 doyigd| A ®[ Iep NYIYO 00 BOY BW o0np 11q 1o0YH
90¢

i

+

eoy EW gnb

re| dgp 1is oA enp op 091 doy toud
op ueI3 Surip ns gA ‘N UQN3U gW IEP NYIYO

\ 199 d 1A 19p OP 093 Bun YOI ULIY dNYL
S0T }

Sunp ns yoro Sugq BOY BUI 00NP UL UN

de[ o0p ono

\ BOY BW USIY onY) BA 100 utop d yueyy
€0 ©O[ BW 00N UED JIq IQNYD UEOP UBY

SuQU} 31q OB LOA 10 010 BOY B UYIY oYL JAL B[ I2p NQIY0 00
-\ 2y W 00N 11q 1QNYD
e

sung

Q[ otip 1is O®A BNIp 080y UOJ

01 1is oA erip Op 003 doy 19yd gp ueld

Sunp ns vA ‘N coswm BW _ﬂw :m&o Sunp

ns yoeo Jurq mom BW 00Np Emo,aﬁ 3uoyp
1nq 982 10A 19p O1o BOY EW udry oy,

J3uopy ugu
'Oy} 00 ueop ugyd
€O B UL MRIY

, N\

<0¢

: ON<IN
3und 1eg

q

015 BoY B 9P SUNp s 0ONp N UQNTU LW Tep NIYD YUIP 9LX BA
0110 UI BN JAL YOIP BUI TgP NIYO BA M3 20Np Ugo umy 3uQy) 19U 90Np nyL

10T \

nep 12

-71-



37930

3/13

pur 1213 gnb 193

i

Keu
uoo ueop d eno gu 1e1S enb 19y ovo Aoy 19yd

/

90¢

+

Aeu uod
ueop d 10 19p dg] 90p TS BUI 1813 USIY OAY

¢ DI

gw 1213 enb 193

»

/

A

S0¢

Op 00} werd
Sun yoryy udry ony) BA ‘uoo utop d yueyy gu
1213 00Np UES N SUQY) 31q 19NYD UEOP UEYJ

€0t

3ung@

Kgu Y77 1QNYD EW IBI3 A
‘N B[ I8P TQIYD 90 Op 093 Sun Yoyy3 20np Y17 1gnyo
20Np N 9p ‘Te dep o 5 00 0 Y11 980 SuQyo aox

$3uoy
ugw BOY) 00 UBOP
ugyd Boy Bur UL NIQ

w 1e13 gnb 193

¥ ~

b0€ q

Keu

Y T7119nYo gt 1e13 BA “N B[ Tep nQIyd 99 op
201 wab YOIy} 00Np YT IQNYd 2.0Np Ny} 9P
e uo3 M 080y Q] o1 1) 1A O Y TT 1Y onyd

BA ‘20Y Bw 3U0OX UMp NS oo:w A YoIp Bul Iep nQIYo g gt 1213 00Np Ugd Ul 3uQy}
11q 90 BNO TEP QIO op Suox “ul 1915 00Np Ugo Uiy SUQYR 1q JE0 BNd AT 980 UgYN

N uQn3u guI 1ep nQIyo yuip ogx

J/

10¢

nep 12g

)\

c0¢

-72-



37930

4/13

¥ "DId

1

g
e13 0g

g4
1213 0

Keénh

@b 201 e oNo ~
gunyoryy| | BOUEIN

. 0p 291 | ono ~
U0 UL goy wiAr

-73-



37930

5/13

¢ DI

T0S-0d
pw [B13 0

L

T0S-0d
pu [B13 0

Kénh

opogr | Dd oo

Sun yoyp | | “OTEN

Op 293 Dd ono
Al

Sun gL | eoy g

-74-



37930

6/13

9 DI

1DS-VO-Dd ueop ugyd gur 1810

I

)18
2311

wary

UQIA
3un yoes
qued

UQIA Jun T0S-0d
yoes yueq BW 181D
UQIA Sun TOS-0d
yops que(| | BuwIRID

<&

quey

-75-



37930

7/13

L Old

+20T XewN NOMV/ISAO 08¢ ="M

(dp) ON/SH
0 - (o € . ¢ o - o .

T I J@ i f T T T _ Toﬁ

Dd ueop ugyd

TUT=408¢ ="~ |

“ i ‘9 =408€="41 " | ]

- ! Dd ueop ugyd Vi E
p=y0se="a | eV

OdTI=d08c=" - & —| 1

: Od YT =d08E =" — 8 —| ]

. Od‘V/1=d08¢=" = % —|
| .01
”, 4,01

3 | , : | | |

m _ % _ 01

-76-



37930

8/13

TDS-VD
ueop ueyd gw g10)
uQIA S
> TOS BW IBLD) > o yoes yueq "
uIA Jun
yoes yue(
U9IA
» TDS W IB10) Sun yoes queq
20 wab ) - ono
= yory . PoU PN
RS < )
M 0p 001 ono ¥
3un oy [ voyen [Tt

-77-



9/13

6 DId

op o110 E— )0
TOS-VO ,
pui w18 og | | o1 Bun €] 20U BIA “/COdDIED] A

37930

oIy L,
o I S e m ) e B

-78-

T0S-VO 0p 093 n ol U0d UEo
/.\ gur 118 o[ Sun o[ | 20U BAL LSk o'A omw

nq WYL




37930

10/13

01 OId

TOS-VO
Bw

1213 0

el

TOS-VO
BW

1213 0

Kénh

op
o0} 3un [
oI L

210
eOY BN

op

001 3UN |

YorL

2110
BOY BN

D!

/

-

/3

uod ueop \

oeA DD
1q WYL,

b

-79-



37930

11/13
/“01 /1102 /1103 /1104
B6 phan B¢ phan B phan thich| | BO phan két
thu m3 hoa ung toc do hop
FIG.11
1200
1202
Bo xit ly
2
B6 nhé | 120
FIG.12
1300
_—
2
1301 5’0
- 1303
Dau |B6 xtrly tin
vao hiéu .
Paura
FIG.13

-80-

1100



37930

12/13

1401 1402 1403 1404
/ / ( j /- 1400
B6 phén A 1A 6 pha
BO p}lan thich tng B?, P ha~n Bc’?éﬁliin
nhan giam tée do gl ma
]
FIG.14
1500
1502
Bo xtr ly
1501
Bonhé |—
FIG.15
1600
1602
1601 /
Boxtrlytin| 00
hi¢u
FIG.16

-81-



37930

13/13

Bus 1701

Vit ghi
luu trix
1703

!

I l - — =
| rGi—ao_dié_r; ngual
st dung 1706 |

l [Giao aé;b;s}
1704

Bo xtt Iy

1702

FIG.17

-82-

r

Ang ten

1707 \

—_—— T — -

B{ didu hop

mang 1705 |

N

}
|
_

Ve





