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(54) PHUONG PHAP VA THIET BI MA HOA BANG MA CUC

(57) Sang ché dé cap dén phuong phap va thiét bi ma hod bang ma cuc. Phuong phap nay
bao gdm cac budc: anh xa M bit danh trudc cia bao hiéu quang ba lan luot vao M bit
thong tin c6 dd tin cay thép trong s6 K bit thong tin cua ma cuc, va anh xa cac bit con lai
ctia bao hiéu quang ba ndy vao cac bit thong tin con lai trong sé K bit thong tin nay, dé thu
dugc cac bit sau khi anh xa, trong d6 M<K, va ca M va K déu 1a cac s6 nguyén duong; va
thue hién thao tac ma hoa bang mi cuc d6i véi cac bit sau khi anh xa d6, dé thu duoc cac
bit duoc ma hod sau khi ma hoa. Sang ché co thé cho phép cai thién do tin cay truyén bao
hi€u quang ba.

Anh xa M bit dinh trude ciia bao hi¢u quing bd lin lugt vio M bit thing tin
cb 46 tin ciy thip trong =0 K hit théng tin cua md cyc, va dnh x3 cic bit cin 101
Ipi ciia bio hidu quing bi niy vio cic bit théng tin edn Ipd trong s6 K bit o
thédng tin ndy, dé thu dwge cic bit sau khi dnh xa, trong 36 M<K, vl cd M vd
K déu 14 cie sd nguyén dirong
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Linh vuc ky thuit dwoc dé cip
Sang ché lién quan dén linh vuc m3 ho4 va gidi m3, cy thé 1a dé cap dén

phuong phap va thiét bi ma hoa bing ma cuc.

Tinh trang ky thuit ciia sing ché

Trong hé thdng truyén thong, thi viéc ma hod kénh thuong dﬁqc thuc
hién dé cai thién do tin cay truyén dit liéu va bao dam chét luong truyén
thong. Ma cyc (Polar code) la céch thirc ma hod ma cé thé dat duoc dung
luong Shannon va c6 do phuc tap ma hoa-giai ma thap. Ma cuc 1a ma khéi
tuyén tinh, bao gdm mét hogc nhiéu bit thong tin va mdt hodc nhiu bit déng
bang. Ma tran sinh cda mé cyc 13 Gy, va tién trinh mi hod cta ma cuc la

N_.N N _
x, =u; G u; ={u,u,,..

N trong d6 1) 13 vecto hang nhi phan voi chiéu dai
N .

Tuy nhién, khi ma cuc dugc dung dé ma hoa kénh dbi voi kénh quang ba
vét ly (Physical Broadcast Channel - PBCH), thi do tin ciy truyén kénh

quang ba cé thé duoc cai thién hon nira.

Bin chat k§ thudt ciia sang ché

Muc dich ctia séng ché 1a d& xuat phuong phép va thiét bi ma hod bang
ma cuc, dé cai thién do tin cay truyén bdo hi€u quang ba.

Theo khia canh thir nhét, theo mot phuong 4n, sang ché dé xuét phuong
phap m3 hoa bang mi cuc, trong d6 phuong phép nay bao gdm céc budc:

anh xa M bit danh trudc cua bao hiéu quéng ba lan luot vao M bit thong
tin c6 do tin cdy thip trong s6 K bit thong tin clia mé cuc, va dnh xa céc bit
con lai ctia bao hiéu quang ba ndy vao céc bit thong tin con lai trong s6 K bit

thong tin nay, dé thu duoc cac bit sau khi anh xa, trong d6 M<K, va ca M va
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K déu 1a cac sb nguyén duong; va

thuc hién thao tdc ma hoa béng mé cuc ddi v6i cac bit sau khi 4nh xa do,
dé thu dugc cac bit duge ma hoé sau khi ma hoa.

Dya vao khia canh thtr nhét, theo céch thirc thuc hién thi nhat cia khia
canh thtr nhat, M bit thong tin c6 do tin cay thdp néu trén bao gdm M bit
thong tin c6 do tin cay thip hon ngudng dinh trude, hodc M bit thong tin ¢
do tin cay thap do6 bao gém M bit thong tin c6 do tin cdy thdp nhét trong s6 K
bit thdng tin néu trén.

Dua vao khia canh th@ nhét va cach thirc thyc hién néu trén cta khia
canh thir nhét, theo c4ch thirc thyc hién tht hai ciia khia canh tht nhét, truée

budc anh xa M bit danh trude cua bao hidu quang ba 1an luot vao M bit thong
| tin ¢6 do tin cdy thap trong sb K bit thong tin cuia mé cyc, thi phuong phap
ma ho4 néu trén con bao gém bude:

sap xép K bit thong tin theo d¢ tin cdy cua K bit thong tin dé.

Dua vao khia canh thi nhét va nhitng cach thic thuc hién néu trén clia
khia canh thir nhat, theo cach thitc thuc hién thir ba ciia khia canh thir nht,
do tin cdy cta mot trong sd K bit thdng tin dugc xac dinh theo dung luong bit,
thong s Bhattacharyya ching han nhu khoang cach Bhattacharyya, hodc xac
sudt 13i.

Dua vao khia canh thi nhét va nhitng cach thic thuc hién néu trén cta
khia canh th@ nh4t, theo cach thic thuc hién tht tu cua khia caﬁh thtr nhét,
sau khi thuc hién thao tdc ma hoa béng ma cuc dbi véi céc bit sau khi anh Xa,
dé thu dugc céc bit duge ma hod sau khi ma ho4, thi phuong phap mi hoa
néu trén con bao gdm cac bude:

thuc hién thao tdc dan xen dong du c6 sép xép dbi véi cac bit duoc ma
ho4 sau khi m4 ho4, dé thu dugc céc bit duge ma hod sau khi dan xen; va

nhép, theo gia tri £ dinh trudc, E bit dau tién trong sb cac bit dugc
ma hod sau khi dan xen, vao b dém tudn hoan; hoac

thyc hién tién trinh déo thir tu déi véi céc bit duoc mi hoa sau khi dan
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xen, va nhép, theo gid tri £ dinh truée, E bit dau tién cla céc bit duge ma
hod sau tién trinh dao thir tur, vao bd dém tuln hoan.

Dua vao khia canh thr nhét va nhiing cach thirc thuc hién néu trén cla
khia canh thir nht, theo cach thirc thyc hién tht ndm cta khia canh tha nhét,
bude thuc hién thao tic dan xen dong du c6 sép xép ddi véi cac bit duge ma
hoé sau khi ma hod, dé thu dugc cac bit dugc mi hod sau khi dan xen, bao
gdm céc budc:

thu thap ddy dong du theo chiéu dai cla céc bit dwoc ma hod sau khi ma
hoa;

thuc hién tién trinh sip xép ddi voi day ddng du nay theo quy tic dinh
truge, dé thu dugc day tham chiéu;

xédc dinh ham 4nh xa theo day dong du va day tham chiéu nay; va

dan xen c4c bit duoc ma hod sau khi ma hod theo ham 4nh xa nay, dé thu
dugc cac bit dugc ma hod sau khi dan xen.

Dua vao khia canh th( nhét va nhiing cach thic thue hién néu trén cia
khia canh thr nhét, theo cach thirc thuc hién thr sdu cta khia canh tha nhét,
bude thu thap diy ddng du theo chiéu dai clia cac bit duoc ma hod sau khi ma
hoa bao gbém budc:

xéc dinh dy dong du theo cOng thirc sau:

x(0) = %o. va

x(n+1)=[a*x(n)+c]lmod m , trong d6 =O,1,...,(N—2),

trong @6 N 14 chiéu dai cta céc bit dugc ma hod cua ma cuc sau khi ma
hoa, ¥, @, ¢ va m 1 cic thong sb cu thé, va *(0) 3. x(N=1) 13 day
dong du.

Theo khia canh thtr hai, theo mot phuong an, sang ché dé xuét thiét bi
m3 ho4, trong d6 thiét bi nay bao gdm:

khéi 4nh xa, dugc tao ciu hinh dé: 4nh xa M bit danh trudc ctia béo hiéu

quang ba lan luot vao M bit thong tin ¢6 d¢ tin cay thip trong sb K bit thong
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tin cia ma cuc, va 4nh xa cac bit con lai cua bédo hiéu quang ba nay vao céac
bit thong tin con lai trong s6 K bit thong tin nay, dé thu duoc cac bit sau khi
anh xa, trong d6 M<K, va ca M va K déu 1a cac sb nguyén duong; va

khéi ma hod, dugc tao cAu hinh dé thuc hién thao tdc ma hoa béng ma
cuc dbi véi cac bit sau khi 4nh xa d6, dé thu duoc cac bit dugc ma hoa sau
khi ma hoa.

Dua vao khia canh thir hai, theo cach thtrc thuc hién tht nhét cta khia
canh thir hai, M bit thong tin ¢6 d0 tin cay thap néu trén bao gém M bit thong
tin ¢6 do tin cay thip hon ngudng dinh trudc, hodc M bit théng tin c6 do tin
cdy thap d6 bao gdm M bit théng tin c6 do tin cdy thAp nht trong sé K bit
thong tin néu trén.

Duya vao khia canh thir hai va cach thirc thuc hién néu trén ctia khia canh
thtr hai, theo cach thirc thuc hién thir hai cua khia canh thr hai, thiét bj ma
ho4 néu trén con bao gdm khdi sép xép, dugc tao ciu hinh dé sip xép K bit
thong tin theo d¢ tin cdy cia K bit thong tin do.

Dua vao khia canh thtr hai va nhitng cach thirc thuc hién néu trén cia
khia canh thtr hai, theo cach thirc thyuc hién thr ba cta khia canh thir hai, d6
tin cdy clia mot trong sd K bit thong tin dugc x4c dinh theo dung luong bit,
thong sé Bhattacharyya ching han nhu khoang cach Bhattacharyya, hodc xac
sudt 13i.

Dua vao khia canh thtr hai va nhitng cach thirc thuc hién néu trén cia
khia canh thir hai, theo cach thurc thue hién thir tu ctia khia canh thi hai, thiét
bi mi hoa néu trén con bao gém khéi dan xen va khéi ghi, trong d6

khéi dan xen duogc tao ciu hinh dé thuc hién thao tdc dan xen dong du c6
sép xép d6i véi cac bit duge ma hoa sau khi ma hoa, d& thu dugc céc bit duoc
ma hoa sau khi dan xen; va

khdi ghi dugc tao cAu hinh d& nhap, theo gia tri £ dinh trude, E bit
dau tién trong sb cac bit dugc ma hod sau khi dan xen, vao bé dém tuén hoan;

hodc
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duoc tao cu hinh dé: thuc hién tién trinh dao tht tw di véi céc bit duoc
ma hoé sau khi dan xen, va nhép, theo gid tri £ dinh truéc, £ bit dau tién
cla c4c bit dugc ma hod sau tién trinh dao tha ty, vao bo dém tuin hoan.

Dua vao khia canh thtr hai va nhiing c4ch thitc thyc hién néu trén cia
khia canh thir hai, theo cach thic thyc hién thr nim cta khia canh tha hai,
khéi dan xen duoc tao ciu hinh cu thé dé:

thu thap day ddng du theo chilu dai clia cac bit dugc mé hoa sau khi m3
hoa;

thyc hién tién trinh sip xép dbi voi ddy dong du nay theo quy tic dinh
truge, dé thu dugc day tham chiéu;

xéac dinh ham 4nh xa theo diy dong du va day tham chiéu nay; va

dan xen céc bit dugc ma hoa sau khi m4 hod theo ham anh xa nay, dé thu
dugc céac bit dugc ma hod sau khi dan xen.

Dya vao khia canh thir hai va nhiing céch thtrc thuc hién néu trén cta
khia canh th{ hai, theo cach thtc thue hién thir su ctia khia canh th hai,
khdi dan xen duogc tao cAu hinh cu thé dé xé4c dinh ddy dong du theo cong
thirc sau:

x(0) = %o: v

x(n+1)=[a*x(n)+c]mod m trong d6 "= 0,....,(N-2)
trong @6 N 1a chiéu dai cda céc bit dugc ma hoa cia ma cuc sau khi ma

hod, *0, a, ¢, va m la c4c thong s6 cu thé, va *Os ¥ x(V=1) 13 g5y
dong du.

Theo khia canh thir ba, theo mot phuong 4n, séng ché d& xuét phuong
phép so khép téc d6 ma cuc, trong d6 phuong phap nay bao gdm cac budc:

thu thap ddy dong du theo chidu dai clia céc bit dugc méa hoa ctia mi cyc
ciia bao hiéu didu khién;

thuc hién tién trinh sap xép dbi véi diy dong du ndy theo quy tic dinh

truge, dé thu duoc day tham chiéu;
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xé4c dinh ham 4nh xa theo ddy déng du va ddy tham chiéu nay; va

dan xen cdc bit dugc ma hoa clia mi cuc ctia bao hidu didu khién nay
theo ham 4nh xa, dé tao ra c4c bit dugc ma hoa sau khi dan xen.

Dua vao khia canh tht ba, theo c4ch thirc thuc hién thi nhéat cia khia
canh thir ba, bdo hiéu diéu khién nay la bdo hiéu quang b4, va phuong phap
néu trén con bao gdm céc budc:

nhdp, theo gid tri £ dinh truéc, £ bit dau tién trong sd cac bit dugc
ma hod sau khi dan xen, vao bd dém tuan hoan; hoic

thuc hién tién trinh d4o tht ty d6i véi cac bit duoc ma hod sau khi dan
xen, va nhép, theo gid tri £ dinh trudc, E bit dau tién clia c4c bit dugc ma
ho4 sau tién trinh d4o thi tu, vao bd dém tudn hoan.

Dua vao khia canh thir ba va cach thic thyc hién néu trén cta khia canh
thir ba, theo cach thirc thuc hién thi hai cta khia canh thit ba, bugc thu thap
day déng du theo chiéu dai cta céc bit dugc mé hoa cia méi cuc cua bdo hiéu
diéu khién bao gbém bude:

xac dinh diy ddng du theo cOng thic sau:

*0)=%,. 3

x(n+1)=[a*x(n)+c]mod m ,trong d6 "= 0,L...,(N=2) ,

trong d6 N 14 chiéu dai ctia céc bit duge ma hod clia mi cuc cia béo
hiéu didu khién, %, a, ¢, va m 13 céc théng s6 cu thé, va
H0) x5V D) 13 day dbng du.

Dya vao khia canh thr ba va nhiing cich thic thuc hién néu trén cia
khia canh thir ba, theo cach thirc thuc hién thi ba ctia khia canh thit ba, = 75,
c=0 va m=231—1_

Dya vao khia canh thr ba va nhiing cach thic thuc hién néu trén cia
khia canh thir ba, theo céch thirc thuc hién thtr tu cda khia canh thr ba, bao
higu diéu khién néu trén bao gdm, nhung khong chi gi6i han &, mot trong sb

cac kénh diéu khién sau ddy: kénh diéu khién dudng xudng vat ly PDCCH
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(Physical Downlink Control Channel), kénh quéng b4 vat Iy PBCH (Physical
Broadcast Channel), hoic kénh diéu khién duong l1én vat ly PUCCH
(Physical Uplink Control Channel).

Dua vao khia canh thtr ba va nhiing cach thirc thuc hién néu trén cuia
khia canh thir ba, theo cach thirc thyc hién thit nim cta khia canh thi ba, khi
N =128  thi ham 4nh xa la:

{0, 112, 35, 14, 48, 1, 99, 54, 28, 120, 126, 46, 114, 110, 43, 32, 81, 18,
113, 63,75, 38, 64,7, 15,37, 19, 70, 27, 12, 34, 50, 17, 86, 3, 68, 98, 23, 111,
62,57, 61, 89, 59, 13, 56, 66, 107, 47, 41, 124, 30, 2, 49, 44, 88, 65, 45, 123,
104, 10, 85, 102, 103, 122, 91, 121, 58, 73, 60, 26, 8, 55, 105, 94, 82, 115, 69,
74, 83, 106, 95, 9, 108, 53, 90, 29, 11, 36, 42, 87, 39, 101, 76, 4, 67, 93, 31,
97, 119, 100, 72, 6, 5, 22, 118, 25, 117, 125, 92, 80, 77, 21, 79, 116, 33, 20,
71,52,109, 84, 51, 96, 24, 40, 78, 16, 127}.

Dua vao khia canh thr ba va nhitng cach thirc thuc hién néu trén cuia
khia canh thir ba, theo cach thirc thuc hién thtr sau cta khia canh tht ba, khi
N'=256 | thi ham 4nh xa la:

{0, 188, 112, 128, 183, 35, 150, 14, 48, 149, 148, 154, 130, 1, 229, 152,
131, 197, 182, 2438, 253, 99, 54, 245, 231, 165, 28, 226, 120, 132, 136, 185,
168, 196, 187, 200, 159, 211, 147, 126, 46, 157, 114, 110, 210, 43, 32, 81, 18,
113, 63, 158, 75, 222, 38, 170, 219, 208, 237, 220, 252, 64, 137, 230, 216,
133, 7,192, 218, 15, 37, 217, 19, 70, 27, 173, 155, 12, 34, 239, 50, 207, 175,
169, 223, 242, 240, 17, 161, 86, 3, 68, 98, 23, 145, 111, 62, 189, 202, 57, 61,
89, 59, 13, 56, 66, 199, 167, 214, 179, 215, 221, 107, 47, 41, 124, 234, 30, 2,
49, 44, 88, 201, 65, 195, 205, 45, 123, 104, 10, 85, 193, 102, 177, 103, 122,
225, 241, 181, 227, 91, 172, 121, 58, 142, 174, 73, 134, 60, 250, 180, 26, 8,
55, 236, 105, 94, 235, 194, 82, 162, 160, 243, 115, 69, 74, 83, 106, 191, 95,
232,19, 108, 206, 53, 212, 209, 90, 29, 11, 139, 36, 42, 87, 39, 178, 101, 144,
151, 138, 247, 76, 4, 238, 143, 67, 146, 93, 254, 31, 198, 97, 119, 100, 171,
163, 204,72, 6, 5, 22, 118, 190, 233, 141, 213, 25, 117, 125, 92, 246, 153, 80,

-8
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186, 135, 77, 251, 21, 79, 249, 116, 203, 164, 129, 33, 20, 71, 184, 52, 244,
109, 84, 51, 96, 24, 255, 40, 224, 176, 78, 140, 228, 16, 127, 166, 156}.

Theo khia canh thir tu, theo mdt phwong 4n, sang ché dé xuét thiét bi so
khép tde d6 ma cuc, trong d6 thiét bi nay bao gom:

khéi thu thap, dugc tao cAu hinh dé thu thap ddy ddng du theo chidu dai
cta cac bit duge ma hod clia ma cuc clia bao hiéu didu khién;

khéi sép Xép, duoc tao cdu hinh dé thuc hién tién trinh sép Xép dbi voi
day dong du nay theo quy tic dinh trude, dé thu duoc ddy tham chiéu;

khéi xac dinh, duoc tao ciu hinh dé xac dinh ham anh xa theo day déng
du va day tham chiéu nay; va

khéi dan xen, dugc tao ciu hinh d& dan xen cac bit duoc ma hod cia ma
cuc cua bao hiéu diéu khién nay theo ham 4nh xa, dé tao ra cac bit duoc ma
ho4 sau khi dan xen.

Dya vao khia canh th(r tu, theo cich thic thuc hién tht nhét ctia khia
canh thtt tu, béo higu diéu khién néu trén 13 béo hiéu quang ba, va thiét bi so
khép téc do con bao gom khdi ghi, trong d6 khdi ghi ndy duoc tao cdu hinh
dé:

nhép, theo gid tri £ dinh trude, £ bit diu tién trong sb cac bit duoc
ma hod sau khi dan xen, vao bé dém tuin hoan; hodc

thyc hién tién trinh dao tht ty dbi v6i céc bit duoc ma hoa sau khi dan
xen, va nhép, theo gid tri £ dinh trudc, £ bit diu tién cia cac bit dugc ma
hod sau tién trinh d4o thir tw, vao bd dém tudn hoan.

Dya vao khia canh thtr tu va c4ch thitc thuc hién néu trén cia khia canh
thir tu, theo cach thic thuc hién th hai cia khia canh thr tu, khdi thu thap
duoc tao c4u hinh cu thé dé xac dinh day déng du theo cdng thirc sau:

x(O):xo; Vé
x(n+1)=[a*x(n)+c]mod m trong dé n=0,1,..,(N-2)

trong d6 N la chi€u dai ctia cac bit dugc ma hoé cia ma cuc cua bdo
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hiéu dieu khién, %, @, ¢, va m I3 cic thong sé cu thd, va
50) 50, XN =) 13 qay déng dr

Dua vao khia canh thir tw va nhiing cach thirc thuc hién néu trén cua
khia canh thtr tu, theo c4ch thirc thuc hién thtr ba cia khia canh tht tu, a= 7 ,
c=0 vy m=2""-1

Dua vao khia canh tht tu va nhiing cach thirc thuc hién néu trén cua
khia canh thir tu, theo cach thirc thuc hién thir tu cua khia canh th tu, béo
hidu diéu khién néu trén bao gdm, nhung khong chi giéi han &, mot trong sb
c4c kénh diéu khién sau déy: kénh diéu khién duong xubng vat ly PDCCH
(Physical Downlink Control Channel), kénh quang bd vat ly PBCH (Physical
Broadcast Channel), hoic kénh diéu khién dudong lén vat ly PUCCH
(Physical Uplink Control Channel).

Duva vao khia canh th tu va nhitng céch thic thuc hién néu trén cua
khia canh thir tu, theo cach thirc thyc hién thir ba cta khia canh th tu, khi
N =128 thi ham 4nh xa la;

{0, 112, 35, 14, 48, 1, 99, 54, 28, 120, 126, 46, 114, 110, 43,32, 81, 18,
113, 63,75, 38, 64,7, 15, 37, 19, 70, 27, 12, 34, 50, 17, 86, 3,68,98,23, 111,
62,57, 61, 89, 59, 13, 56, 66, 107, 47, 41, 124, 30, 2, 49, 44, 88, 65, 45, 123,
104, 10, 85, 102, 103, 122, 91, 121, 58, 73, 60, 26, 8, 55, 105, 94, 82, 115, 69,
74, 83, 106, 95, 9, 108, 53, 90, 29, 11, 36, 42, 87, 39, 101, 76, 4, 67,93, 31,
97,119, 100, 72, 6, 5, 22, 118, 25, 117, 125, 92, 80, 77, 21, 79, 116, 33, 20,
71,52, 109, 84, 51, 96, 24, 40, 78, 16, 127}.

Dua vao khia canh tht tu va nhitng cach thirc thyc hién néu trén cua
khia canh thit tu, theo céch thic thuc hién tht ba cta khia canh thr tu, khi
N'=256 thi ham 4nh xa la:

{0, 188, 112, 128, 183, 35, 150, 14, 48, 149, 148, 154, 130, 1, 229, 152,
131, 197, 182, 248, 253, 99, 54, 245, 231, 165, 28, 226, 120, 132, 136, 185,
168, 196, 187, 200, 159, 211, 147, 126, 46, 157, 114, 110, 210, 43, 32, 81, 18,

-10-
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113, 63, 158, 75, 222, 38, 170, 219, 208, 237, 220, 252, 64, 137, 230, 216,
133, 7,192, 218, 15, 37, 217, 19, 70, 27, 173, 155, 12, 34, 239, 50, 207, 175,
169, 223, 242, 240, 17, 161, 86, 3, 68, 98, 23, 145, 111, 62, 189, 202, 57, 61,
89, 59, 13, 56, 66, 199, 167, 214, 179, 215, 221, 107, 47, 41, 124, 234, 30, 2,
49, 44, 88, 201, 65, 195, 205, 45, 123, 104, 10, 85, 193, 102, 177, 103, 122,
225, 241, 181, 227, 91, 172, 121, 58, 142, 174, 73, 134, 60, 250, 180, 26, 8,
55, 236, 105, 94, 235, 194, 82, 162, 160, 243, 115, 69, 74, 83, 106, 191, 95,
232, 9, 108, 206, 53, 212, 209, 90, 29, 11, 139, 36, 42, 87, 39, 178, 101, 144,
151, 138, 247, 76, 4, 238, 143, 67, 146, 93, 254, 31, 198, 97, 119, 100, 171,
163,204, 72,6, 5, 22, 118, 190, 233, 141, 213, 25, 117, 125, 92, 246, 153, 80,
186, 135, 77, 251, 21, 79, 249, 116, 203, 164, 129, 33, 20, 71, 184, 52, 244,
109, 84, 51, 96, 24, 255, 40, 224, 176, 78, 140, 228, 16, 127, 166, 156},

Dua trén cic giai phap k§ thuat néu trén, khi béo hidu quang ba (ching
han kénh quang ba vat ly PBCH) duoc gui, thi thao tic anh xa dugc thuc hién
trude tién theo do tin cdy cua céac bit thong tin trong ma cyc, sau d6 hoat
dong ma hoa béng mé cuc duge thue hién ddi voi cac bit sau khi 4nh Xa.
Theo cach nay, cac bit hitu ich trong béo hiéu quang ba c6 thé duoc ngan
khong cho bi anh xa vao céc bit thong tin cé dd tin cay thép, nho do6 cai thién

hiéu suat ma hoa ctia ma cuec.

MO ta vin tit cic hinh vé

Pé mo ta cac giai phap k¥ thuét cla sang ché mot cach rd rang hon, phan
sau ddy s& mé ta vin tit cac hinh v& kém theo, vbn cén thiét dé md ta céac
phuong 4n ctia sang ché. Céc hinh v& kém theo trong phdn mé ta sau day chi
thé hién mot s6 phuong &n clia sang ché, va ngudi co kién thirc trung binh
trong linh vuc ndy c6 thé tao ra cac hinh v& khic dua vao cc hinh v& kém
theo nay ma khong can dén hoat dong c6 tinh sang tao nao.

Fig.l 1& hinh v& thé hién hé thdng truyén thong khong day theo cac

phuong an cuia sang che;
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Fig.2 1a hinh v& thé hién so d6 khdi cia hé théng ma dugc st dung cho
phuong phap ma hoé bing mé cuc va ¢6 thé 4p dung duoc cho sang ché trong
méi trudng truyén thong khong day;

Fig.3 1 hinh v& thé hién luu dd cia phuong phap ma hoa bing ma cuc
theo mdt phuong 4n ctia sang ché;

Fig.4 13 hinh v& thé hién so d6 khéi cua thiét bj ma ho4 bing ma cuc
theo moét phuong 4n cia sang ché;

Fig.5 1a hinh vé thé hién so dd cua thiét bi ddu cubi truy cép hiru ich dé
thuc hién phuong phap ma hoa bang ma cyc néu trén trong hé théng truyén
thong khong day;

Fig.6 1a hinh v& thé hién so dd ciia hé thdng hitu ich dé thyuc hién phuong
phép mi hoa bang ma cuc néu trén trong mdi trudng truyén thong khong day;

Fig.7 14 hinh v& thé hién hé théng ma trong d6 phuwong phép ma hoa
bang mi cuc c6 thé duoc sir dung trong moi truong truyén thong khong day;

Fig.8 12 hinh v& thé hién luu dd ctia phuong phéap so khép tde d6 ma cyc
theo mét phwong an cta sang ché; va

Fig.9 1a hinh v& thé hién so dd khdi cta thiét bi so khép tbc d6 ma cuc

theo mot phuong 4n cia sang ché.

M6 ta chi tiét cic phwong 4n thwe hién sing ché

Phén sau s& mo ta rd cac giai phap k¥ thudt cua sang ché dua vao cac
hinh v€ kém theo va céc phuong an thuc hién séng ché. Tét nhién 1 cac
phuong an dugc md ta chi 1 mot phin chir khéng phai tt ca cic phuong 4n
ctia sang ché. T4t ca cac phuong 4n khac ma ngudi c6 kién thirc trung binh
trong linh vuc nay c6 thé tao ra dua trén cac phuong 4n nay cla sang ché ma
khong can dén hoat dong sang tao ndo thi cling ndm trong pham vi bao ho
clia sang ché.

Céc thuat ngit nhu "thanh phan", "médun", va "hé thdng" ma dugc st

dung trong ban mo ta nay la duge ding dé biéu thi cac thuc thé lién quan dén
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mady tinh, phan ctmg, phdn sun, t6 hop cta phin cimg va phin mém, phin
mém, hoic phén mém dang dugc thyc thi. Vi dy, mét thanh phén 6 thé 14,
nhung khong chi gidi han &, tién trinh chay trén bd xur ly, b xr ly, dbi tuong,
tép tin thyc thi dugc, tiéu trinh thuc thi, chuong trinh, va/hoac may tinh. Ca
thiét bi dién toan va Umg dung chay trén thiét bi dién toan d6 déu c6 thé 1 cac
thanh phan. Mot hodc nhidu thanh phan cé thé nim trong mot tién trinh
va/hodc tiéu trinh thuc thi, va mot thanh phén c6 thé ndm trén mot may tinh
va/hodc ndm rai rdc gitta hai hodc nhidu may tinh. Ngoai ra, cac thanh phan
nay co thé duoc thuc thi tir cac phuong tién doc dugc béng may tinh khéc
nhau ma luu giit céc cdu tric dir 1iéu khac nhau. Vi du, cac thanh phin nay ¢6
thé giao tiép véi nhau bang tién trinh cuc bd va/hoic tién trinh & xa va theo,
vi du, tin hiéu c6 mdt hodc nhidu géi dit liéu (vi du, dir liéu tir thanh phan nay
tuong tac voi thanh phan khac trong hé théng cuc bg, hé théng phan tan,
va/hodc qua mang, chéng han mang Internet, ma tuong tac voi cac hé théng
khac bang tin hiéu nay).

Ngoai ra, cac phuong an nay dugc md ta dua vao thiét bi dau cubi truy
cap. Thiét bi dau cudi truy cép cling c6 thé duoc goi 1a hé théng, don vi thué
bao, tram thué bao, tram di dong, thiét bi di dong, tram & xa, thiét bi dau cudi
& xa, thiét bi di dong, thiét bj dau cudi ngudi ding, thiét bi dau cudi, thiét b
truyén thong khong day, tac nhan ngudi ding, thiét bi ngudi ding, hoic UE
(User Equipment - thiét bi ngudi ding). Thiét bi ddu cudi truy cép nay co thé
la dién thoai di dong, dién thoai khong day, di¢n thoai SIP (Session Initiation
Protocol - giao thirc khéi tao phién), tram WLL (Wireless Local Loop - mang
vong cuc bd khong day), PDA (Personal Digital Assistant - may trg giup ca
nhan k§ thust sb), thiét bi cAm tay cé chic ning truyén thong khong day,
thiét bi dién todn, hodc thiét bi xir Iy khac dwoc nbi v6i modem khong day.
Ngodi ra, cac phuong 4n ndy dugc md ta dua vao tram gdc. Tram gdc c6 thé
dugc dung dé truyén thong vai thiét bi di dong; va tram gbc d6 c6 thé 1a BTS

(Base Transceiver Station - tram thu phat gbc) trong hé théng GSM (Global
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System for Mobile communication - hé théng truyén théng di dong toan ciu)
hodc hé théng CDMA (Code Division Multiple Access, da truy nhdp phén
chia theo m4); hozc ¢6 thé 1a NB (NodeB, NodeB) trong hé thing WCDMA
(Wideband Code Division Multiple Access - da truy cdp phén chia theo ma
bang rong); hodc con c6 thé 1a eNB hay eNodeB (evolved NodeB - NodeB
cai tién) trong hé théng LTE (Long Term Evolution - phat trién 1au dai), tram
chuyén tiép hozc diém truy cap, thiét bi tram gdc trong mang 5G twong lai,
V.V..

Ngoai ra, cac khia canh hodc cac dau hiéu cua sang ché ¢ thé duoc thuc
hién dudi dang phuong phép, thiét bi, hoic san phdm ma st dung cac cong
nghé 1dp trinh vd/hodc k¥ thuét ti€u chuan. Thuat nglt "san phém" dugc st
dung theo sang ché bao trim chwong trinh may tinh ma cé thé duoc truy cap
tir thanh phﬁn, vat mang hodc phuong tién bét ky doc duogc béng may tinh. Vi
du, phuong tién doc dugc bing may tinh ¢ thé bao gdm, nhung khong chi
gi6i han ¢: thanh phan luu trit ti tinh (vi dy, dia cing, dia mém hodc bang tur),
dia quang (vi du, dia CD (Compact Disk - dia com péc), DVD (Digital
Versatile Disk - dia da ning k§ thuat s5), thé théng minh va thanh phin bd
nh¢ flash (vi du, EPROM (Erasable Programmable Read-Only Memory - b0
nhé chi doc lap trinh duge va xoa duoc), thé nhd, thanh nhd, hodc & dia di
dong). Ngoai ra, cac phuong tién luu trif khac nhau ma dugc md ta trong ban
md ta ndy c6 thé bidu thi mot hodc nhiéu thiét bi va/hodc cac phuong tién doc
dugc bang méay khac ma dugc ding dé luu gift théng tin. Thuat nglt "cac
phuong tién doc dugc bang may" c6 thé bao gdm, nhung khong chi giéi han
&, kénh vo6 tuyén, va cac mdi trudong khac ma co thé luu gilt, chra va/hoac
mang 1&nh va/hodc dir liéu.

Fig.1 13 hinh v& thé hién hé thng truyén thong khong day 100 theo céc
phuong an ctia sang ché. Hé théng 100 nay bao gdm tram gbc 102. Tram gbe
102 nay c6 thé bao gdm nhidu nhém ang ten. Vi du, mot nhém ang ten c6 thé

bao gdm ang ten 104 va ing ten 106, nhém ang ten khac ¢6 thé bao gbm ang
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ten 108 va ang ten 110, va nhom nita ¢6 thé bao gdm ng ten 112 va dng ten
114. Hai ang ten duogc thé hién d6i v6i mdi nhém ang ten; tuy nhién, nhiéu
hodc it ang ten hon c6 thé dugc st dung cho mdi nhém. Tram gbc 102 6 thé
con bao gdm chudi bd phat va chudi bd thu, va ngudi ¢6 kién thire trung binh
trong linh vuc ndy c¢6 thé hiéu rang ca chudi bd phét va chudi bd thu déu c6
thé bao gdm nhidu thanh phan (vi du, bd xit 1y, bd diéu ché, bd ghép kénh, bd
gidi diéu ché, bo giai ghép kénh, va ang ten) lién quan dén viéc giri va nhén
tin hiéu.

Tram gbc 102 ¢ thé truyén théng v6i mét hodc nhidu thiét bi dau cudi
truy cap (vi du, thiét bi dau cudi truy cép 116 va thiét bi ddu cudi truy cap
122). Tuy nhién, can hiéu réng tram gdc 102 ¢6 thé truyén thong véi gan nhu
mdt lugng bat ky cac thiét bi dau cudi truy cip ma twong tu nhu thiét bi du
cudi truy cap 116 va thiét bi dau cubi truy cdp 122. Thiét bi dau cudi truy cép
116 va thiét bi dau cudi truy cép 122 c¢6 thé 14, vi du, dién thoai di dong, dién
thoai thong minh, may tinh xéch tay, thiét bi truyén théng cim tay, thiét bi
dién toan cim tay, thiét bi vo tuyén vé tinh, hé théng dinh vi toan cau, may
PDA (Personal Digital Assistant - mdy trg giap c4 nhan k§ thuat sd), va/hodic
thiét bi phit hop bat ky khac ma dugc tao cAu hinh dé thyc hién hoat dong
truyén thong trong hé thdng truyén thong khong day 100. Nhu duoc thé hién
trén hinh v&, thiét bi dau cudi truy cap 116 truyén thong véi ang ten 112 va
ang ten 114, va Ang ten 112 va dng ten 114 g thong tin dén thiét bi ddu cudi
truy cép 116 bang lién két thuén 118, va nhan théng tin tir thiét bi du cudi
truy cdp 116 bang lién két ngwoc 120. Ngoai ra, thiét bi dau cubi truy cap 122
truyén thong véi dng ten 104 va ang ten 106, va dng ten 104 va ang ten 106
giri thong tin dén thiét bi dau cudi truy cap 122 bing lién két thuan 124, va
nhan théng tin tir thiét bi dau cudi truy cdp 122 bang lién két nguoc 126.
Trong hé théng FDD (Frequency Division Duplex - song cdng phén chia theo
tan s) thi, vi du, lién két thuén 118 c6 thé sir dung dai tin khac voi dai tin

ma lién két nguoe 120 st dung, va lién két thuan 124 c6 thé st dung dai tin
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khac v6i dai tin ma lién két nguoc 126 st dung. Ngoai ra, trong hé théng
TDD (Time Division Duplex - song cong phéan chia theo thoi gian), thi lién
két thuan 118 va lién két ngugc 120 co thé st dung cing mot dai tin, va lién
két thusn 124 va lién két nguoc 126 c6 thé st dung cling mot dai tan.

MJi nhém dng ten va/hodc ving ma duoc thiét ké dé truyén thong thi
duoc goi 1a phan khu cta tram géc 102. Vi dy, mét nhom éng ten cé thé duoc
thiét ké dé truyén thong véi thiét bj ddu cudi truy cap trong phan khu trong
ving pht séng cta tram gc 102. Khi truyén thong bang lién két thuan 118
va lién két thun 124, thi ang ten phat cla tram géc 102 c6 thé cai thién, béng
ky thuat hudng biip séng, cac ti sb tin hidu trén tap 4m cta lién két thuén 118
va lién két thuan 124 cho thiét bi dau cudi truy cép 116 va thiét bi ddu cudi
truy cap 122. Ngoai ra, so véi viée tram gdc giri théng tin bang mot dng ten
dén tat ca cac thiét bi ddu cubi truy cdp cua nd, thi khi tram gbc 102 g
thong tin bang k¥ thuat huéng bip séng dén thiét bi dau cudi truy cap 116 va
thiét bj ddu cudi truy cép 122 ma phan tan ngiu nhién trong ving phii song
lién quan, thi thiét bi di dOng trong t& bao 14n can sé it bi nhiéu hon.

Trong mot khoang thoi gian cu thé, thi tram gbc 102, thiét bi dau cudi
truy cdp 116, va/hodc thiét bi dau cudi truy cép 122 c6 thé 1a thiét bi truyén
thong khong ddy glri va/hodc thiét bi truyén théng khéng ddy nhan. Khi gui
dir liéu, thi thiét bi truyén thong khong diy giri c6 thé ma héa dir liéu dé
truyén. Cu thé 13, thiét b truyén thong khong day gui c¢6 thé ¢ (vi du, bing
cach tao ra, thu thip, hoac luu vao bd nhd) mot luong bit thong tin cu thé dé
giri qua kénh dén thiét bi truyén thong khong ddy nhan. Cac bit thong tin nay
c6 thé duqc'bao g6n1110ng mot khdi van chuyén (hodc nhidu khéi véan
chuyén) cta dit liéu, va khdi van chuyén nay cd thé duge phan doan dé tao ra
céc khdi ma. Ngoai ra, thiét bi truyén thong khong day gui c6 thé ma hod mdi
khéi ma bang bd ma hoa bang ma cuc (khong dugc thé hién trén hinh v&), dé
cai thién do tin cdy truyén dir liéu, va con dé bao dam chit lugng truyén

thong.
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Fig.2 1a hinh vé& thé hién so dd khéi cta hé théng ma dugc su dung cho
phwong phap ma hoé bang mé cuc va c6 thé ap dung dugc cho sang ché trong
mdi trudng truyén thong khong ddy. Hé thdng 200 nay bao gdm thiét bi
truyén thong khong day 202. Nhu dugc thé hién trén hinh v8, thiét b truyén
thong khong day 202 giri dit 1iéu qua kénh. Mic du hinh v& nay thé hién ring
thiét bi truyén théng khéng day 202 gui dit lidu, nhung thiét bi truyén thong
khong day 202 ciing c6 thé nhéan dir liéu qua kénh (vi du, thiét bj truyén thong
khong day 202 c6 thé dong thoi giri va nhan dit liéu, hodc thiét bi truyén
thong khéng day 202 c¢6 thé gui va nhan dit liéu tai cac thoi diém khac nhau,
hozc thiét bi truyén thong khong day 202 c6 thé dong thoi gui va nhan dix
lidu, va cling c6 thé giri va nhén dit lidu tai cac thoi diém khéac nhau). Thiét bi
truyén thong khéng day 202 c6 thé 13, vi du, tram gdc (vi du, tram gdc 102
trén Fig.1) hodc thiét bi dau cudi truy cap (vi du, thiét bi dau cubi truy cap
116 trén Fig.1 hodc thiét bi dau cubi truy cap 122 trén Fig.1).

Thiét bi truyén thong khong day 202 ¢6 thé bao gdm bd ma hod bang ma
cuc 204, thiét bi so khép tde d6 205, va bd phat 206. Tuy ¥, khi thiét b
truyén thong khong day 202 nhéan dit liéu qua kénh, thi thiét bi truyén thong
khéong day 202 c6 thé con bao gdm bo thu. B thu ndy c6 thé tdn tai doc lap,
hodc c6 thé dugce tich hop v6i bd phat 206 dé tao thanh bo thu phat.

Bo ma hoa béng mi cuc 204 duoc tao ciu hinh d& m3 hod dit lidu cin
truyén tir thiét bi truyén thong khong day 202, dé thu duoc ma cuc sau khi ma
hoa.

Theo phuong 4n nay cua sang ché, bd ma hod bang ma cuc 204 dugc tao
céu hinh dé: 4nh xa M bit danh trudc cua bao hiéu quang bé 13n luot vao M
bit thong tin c6 d tin cdy thap trong s K bit thong tin cia ma cuc, va 4nh xa
cac bit con lai cua bdo hiéu quang ba nay vao cac bit thong tin con lai trong
s6 K bit thong tin nay, dé thu duoc cac bit sau khi 4nh xa, trong d6 M<K, va
ca M va K déu 1a céc sé nguyén duong; va thuc hién thao tdc ma hod bing

ma cuc doi voi cac bit sau khi anh xa do, dé thu duogc cac bit duoc méa hoa
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-sau khi ma hoa.

Ngoai ra, bd phat 206 c6 thé truyén sau do, qua kénh, bit d4u ra ma da
dugc thiét bi so khop téc do 205 xtt Iy, & do viée so khép toe d6 da duoc thuc
hién. Vi dy, bd phat 206 c6 thé giri dit ligu lién quan dén thiét bi truyén thong
khong day khac (khong dugc thé hién trén hinh v&).

Tién trinh xir 1y cu thé cua b0 ma hod béng ma cuc s& duge mé ta chi tibt
duéi day. Can luu y rang cac vi du nay chi nhim cho phép ngudi 6 kién thic
trung binh trong linh vuc hiéu rd hon vé cdc phuong 4n cta séng ché cha
khong nham gi61 han pham vi ctia cac phuong 4n cua sang ché.

Fig.3 1a hinh v& thé hién luu dd cua phuong phédp ma hoa bing ma cuc
theo mdt phuong an cia sang ché. Phuong phap trén Fig.3 c¢6 thé duogc thuc
hién béng thiét bi truyén thong khong day, vi du, bd ma hoa bﬁng ma cuc 204
& thiét bi truyén thong khong day trén Fig.2. Phuong phdp ma ho4 trén Fig.3
bao gdm c4c budc nhu sau.

301. Anh xa M bit danh truéc ctia bdo hidu quang ba I3n lugt vao M bit
théng tin c6 do tin cdy thap trong s6 K bit thdng tin ca ma cyc, va 4nh xa
cac bit con lai cua bdo hiéu quang bé nay vao cac bit thong tin con lai trong
s K bit thong tin nay, dé thu duoc céc bit sau khi 4nh xa, trong d6 M<K, va
ca M vaK déu 1a cac sb nguyén duong.

Cén hiéu rang béo hiéu quang ba la bdo hiéu dugc mang trén kénh quang
ba (vi dy, kénh quang ba vat ly PBCH). Béo hiu quang ba nay néi chung 13
bao gdm nhidu bit danh truéc ma thuc sy khéng mang thong tin hitu ich nao.
Do d9, trong tién trinh ma hoa bang ma cuc, thi céc bit danh trude nay dugc
anh xa vao cdc bit thong tin ¢6 df tin cdy thap, nén viéc giai ma dung dbi véi
bao hiéu quang ba d6 khong bi anh hudng ngay ca khi cac bit danh trudce nay
thay dbi trong qué trinh truyén.

Ciing can hiéu rang phuong 4n nay cta sang ché khong gi6i han dang
métric (thudce do) do tin cdy. Vi du, c6 thé dua vao métric d tin cdy hién c6

ddi voi ma cuc, ching han dung lugng bit, thong s6 Bhattacharyya chiang han
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nhu khoang cach Bhattacharyya, hodc x4c suét 13i.

Vi du, gia st rang két qua thu duoc sau khi thao tic kiém d6 du vong
(Cyclic Redundancy Check - CRC) duoc thuc hién dbi v6i bao hiéu quang ba
(béo hiéu dugc mang trén kénh PBCH) 14 ay, ay, ..., a3, a4, ..., a3, a4, ...,
va azo, trong doé ayy, ..., va azs la cac bit danh trudc (sé luong 1a 10), va ay, ...,
va asotong Ung v6i cac bit kiém tra (ma c¢6 thé bao gdm bit mat na). Gia su
réng 10 bit théng tin c6 d6 tin cay thap trong ma cuc 1an luot 1a {79, 106, 55,
105, 92, 102, 90, 101, 47, 89}. Do d6, khi 10 bit danh trudc néu trén duoc
anh xa vao 10 bit thong tin c6 d¢ tin cay thdp néu trén, thi c¢6 thé thu duoc két
qua 1a u(79)=ay,, u(106)=a;s, u(55)=a;s, u(105)=a;;, u(92)=a;z, u(102)=a,,,
u(90)=a,, u(101)=a,;, u(47)=ay,, va u(89)=ay; béng bo dan xen, dé hoan tit
tién trinh 4nh xa céc bit danh trudc ndy vao céc bit thong tin. Tuong tu, khi
cac bit con lai ciia bao hiéu quang ba dugc anh xa vao cac bit thong tin con
lai ctia mA cuc, thi ¢6 thé xem phuong phap néu trén. Chi tiét khong dugc mo
ta & ddy dé tranh su tring l3p.

302. Thuc hién thao tic mi hod bing mi cuc (Polar code) dbi véi céc bit
sau khi 4nh xa d6, dé thu duge cdc bit duoc ma hoé sau khi ma hoa.

Vi du, khi chudn bi gii bao hiéu quang ba bing kénh PBCH (kénh
quang ba vt ly), thi trude hét, thiét bi truyén théng khong day c6 thé thuc
hién thao t4c ma ho4 bang ma cuc ddi véi bao hiéu quang ba d6. Pau ra ma

hod cia ma cyc c6 thé duogc bicu dien bang cong thirc (1):

X' =u'G, (1),
N _ S
trong d6 " = {1t} 1y vecto hang nhi phén véi chiéu dai 1a N
. — ®n .
va 9% la ma tran N*N | Gy =ByF ,trong d6 N 1a chidu dai cta céc bit duoc ma
~ {1 0}
ho4 sau khi ma ho4, va 720 va & day, 11 , By la ma trdn duoc chuyén Vi,

®@n y A A \ . . . N
F la cong suat Kronecker (Kronecker power), va no6 dugc xéac dinh la:

F®n :F ® F®(n—1)
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Trong tién trinh ma ho4 bang ma cyc, mot s bit trong ' dugc dung
dé mang théng tin (tirc 12 théng tin ma can duoc giri dén dau nhan), trong d6
cac bit nay duge goi 14 cac bit thong tin, va tip hop chi sb cia cac bit nay
duoc biéu thi 13 A. Cac bit con lai ¢ cac gia tri c¢b dinh, va duoc goi la cac
bit déng bang, va, vi du, thuong c6 thé dugc dit bang 0.

Theo phuong phép theo phuong én nay cua sang ché, cac bit danh trude
cua bao hiéu quang ba duoc anh xa, theo chiéu dai cta cac bit danh truée nay,
tirc 1a, mot lugng M trong sb cac bit danh truée nay, vao M bit thong tin cé
d6 tin cdy thip nhat ctia mi cyc, va céc bit con lai cia bdo hiéu quang ba nay
duoc 4nh xa vao céc bit thong tin con lai cia mé cuc. Sau d6, cé thé thu dugc
mi cyc sau khi ma hoa theo tién trinh ma ho4 duoc thé hién & cong thirc (1).
Tuc la thu dugc cac bit dwgc ma hod sau khi ma hoa.

M3 cuc sau khi ma hod, ma duoc xuét ra sau tién trinh ma hoa duoc thuc

hién boi bd md hod bing mi cuc, ¢6 thé dugc gian luge dudi dang:
N_ . R . N .
5 =u,G (4 trong 46 %4 13 tap hop chc bit théng tin trong * ; ¥4 1a vecto

hang véi chiéu dai K; K 1a s6 luong bit thong tin; Gy (4 1a ma trdn con ma

duge hinh thanh béi cac hang tuong tmg véi céc chi sb trong tAp hop A va

nam trong GN-; va v ama tran K*N.

Duya trén gidi phap k¥ thudt néu trén, khi bao hi€u quang ba dugc gui, thi
thao tac anh xa dugc thuc hién trudce tién theo do tin cdy cua céac bit thong tin
trong ma cuc, sau d6 hoat dong ma hoa béng mi cuc dugc thuc hién dbi voi
cac bit sau khi 4nh xa. Theo cach nay, cac bit hitu ich trong bao hiéu quang
bé c6 thé dugc ngin khong cho bi anh xa vao cac bit thong tin c¢6 do tin ciy
thép, nho dé cai thién d9 tin cay truyén bao hiéu quang ba.

Tuy ¥, theo mdt phwong 4n, M bit thong tin ¢6 d6 tin ciy thip néu trén
bao gébm M bit thong tin ¢é do tin cdy thip hon ngudng dinh trudc, hoic M
bit thong tin c¢6 do tin cay thip d6 bao gdm M bit thong tin c¢6 do tin cdy thap

nhét trong s6 K bit thong tin néu trén.
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Tuy y, theo phuong an khéc, trude khi M bit danh trude cia bao hidu
quéang béa duoc 4nh xa 1an luot vao M bit thong tin ¢6 do tin cdy thap trong sb
K bit théng tin cia ma cuc, thi K bit thong tin nay c6 thé dugc sip xép theo
dd tin céy cua K bit thong tin nay. Trong trudong hop nay, khi M bit danh
trude cua bao hiéu quang ba dugc anh xa 14n luot vao M bit thong tin c6 d6
tin cdy thip trong sb K bit thong tin ciia ma cuc, thi M bit danh truée nay
duoc 4nh xa 1an luot vao M bit thong tin ¢6 do tin cay thip trong sb K bit
thong tin d6 theo két qua sép xép.

Vi du ma trong d6 ma cuc c¢6 do dai ma la 128 bit sé€ dugc md ta. Ma cuc
nay bao gdm 40 bit thong tin. 40 bit théng tin ndy dugc sip xép theo do tin
cdy voi thir tu giam dén, va thu duoc céc chi sé sau khi sép xép nhu sau:

{127, 126, 125, 23, 119, 111, 95, 124, 122, 63, 121, 118, 117, 115, 110,
109, 107, 94, 93, 103, 91, 62, 120, 87, 61, 116, 114, 59, 108, 113, 79, 106, 55,
105,92, 102, 90, 101, 47, 89}.

Gia sir ring mot béo hidu quang ba ¢6 chiéu dai 1a 40 bit, va bao gdm 10
bit danh trudc. Do d6, 10 bit danh trude nay can dugc anh xa 1an luot vao céac
bit thong tin twong ung {79, 106, 55, 105, 92, 102, 90, 101, 47, 89}. Cac bit
con lai cua bao hi€u quang ba dugc anh xa vao céc bit thdng tin khac ma khac
v6i 10 bit néu trén.

Tuy v, theo phuong 4n khac, do tin cdy cia mét trong sd K bit thong tin
duge xac dinh theo dung luong bit, théng sé Bhattacharyya ching han nhu
khoang céch Bhattacharyya, hodc x4c suét 13i.

Vi dy, khi dung luong bit dugc dung lam métric d9 tin cay cua bit thong
tin, thi dung lwong bit cia mdi bit théng tin cia mi cuc c6 thé duoc xac dinh
trudce tién, va dung lugng bit ndy dugc dung dé biéu thi do tin cdy cua bit
thong tin d6. Bit ma cé dung lugng bit 16n hon thi cé do tin cdy cao hon.

Theo cach khac, khi théng s& Bhattacharyya duoc dung lam métric do
tin cdy ctia bit thong tin, thi théng sb Bhattacharyya ctia mi bit théng tin cua

mi cuc ¢6 thé duoc xac dinh trudc tién, va thong sb Bhattacharyya nay duoc
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ding dé biéu thi do tin cdy cta bit thong tin d6. Bit théng tin ma c6 thong sb
Bhattacharyya nho hon thi cé d9 tin cdy cao hon.

Tuy v, theo phuwong an khac, sau khi hoat dong ma hod bang ma cuc
duoc thuc hién ddi véi cac bit sau khi anh xa dé thu duoc céc bit dugc ma
hoa sau khi ma ho4, thi thao tic dan xen dong du c6 sdp xép c¢6 thé dugc thuc
hién d6i véi céc bit dugc ma hod sau khi ma ho4 d6, dé thu duoc cac bit dugce
méa hod sau khi dan xen. Sau d6, theo gia tri £ dinh truéc, thi E bit déu
ti€n cda cac bit dugc ma hod sau khi dan xen s€ dugc nhap vao by dém tuan
hoan. Theo céch khéc, tién trinh dao thu tu duge thuc hién ddi véi cac bit
duge ma hod sau khi dan xen; va theo gia tri £ dinh trudc, thi £ bit déu
tién clia cac bit duoc ma hod sau tién trinh dao tht ty d6 duoc nhdp vao bo
dém tudn hoan.

Cén hiéu rang gia tri £ dinh tru6c néu trén 13 lién quan dén dinh dang
khung ctia bao hiéu quang ba. Do d6, phuwong an nay cua sang ché ¢ thé cai
thién hiéu quéd ma hod hon nira.

Vi du, tién trinh dan xen ¢6 thé duoc thuc hién bﬁng thiét bi so khép tbc
d6 205 & thidt bi truyén thong khong ddy 202 trén Fig.2. B6 ma hoé bing ma
cuc 204 ¢6 thé thuc hién thao tic méi hod bang mé cuc theo phuong phap néu
trén, va xuét ra cac bit dugc ma hod sau khi ma hoa. Thiét bi so khop tde do
205 thyc hién thao tac dan xen ddng du c6 sép xép dbi vé6i cac bit duge ma
hoa ma bo mi hoé bing ma cuc 204 xudt ra. £ bit d4u tién sau khi dan xen
duogc ghi lai va dugc léy lam céc két qua dau ra cudi cung, va dugc xuat dén
bd dém tudn hoan. Noi chung 14 by dém tuan hoan nay dugc dat & bo phat
206 trén Fig.2. Do d6, bd phét nay truyén di dit lidu trong bd dém tudn hoan
do.

-22-



28187

Bang 1
D6 loi hiéu suit tuong dbi gifta ma

Chiéu dai danh sach cuc va ma chdp c6 bit dudi theo ti€u
chuan LTE

16 0,8 dB

32 1,0 dB

64 1,2dB

128 1,4 dB

1024 1,9 dB

Bang 1 thé hién cac do loi hidu suét tvong ddi gitta kénh PBCH dua trén
ma cuc va kénh PBCH dua trén ma chap c6 bit dudi theo tiéu chudn LTE khi
ti 18 16i goi muc tiéu 1a 1% va chiéu dai cua cac danh sach 1a khac nhau. C6
thé thay tir Bang 1 rang, déi véi cung mot d§ phuc tap giai ma, so vdi giai
phap PBCH duya trén ma chap c6 bit dudi theo tiéu chudn LTE, thi giai phap
PBCH dya trén ma cuc dugc dé xuét c6 do loi it nhét 13 0,8 dB.

Tuy y, theo phuong 4n khac, khi thao tic dan xen ddng du c6 sép xép
duoc thyuc hién ddi véi cac bit duoc mé hoa sau khi ma hod, dé thu duge céc
bit duge ma hoé sau khi dan xen, thi ¢6 thé thu dugc day ddng du trudce tién
theo chiéu dai ctia cac bit dugec mi hod sau khi mé hod. Sau dé, tién trinh sép
xép duoc thuc hién déi voi diy dong du nay theo quy tc dinh trudce, dé thu
dugc day tham chiéu. Do d6, ham anh xa c¢6 thé dwoc x4c dinh theo diy dong
du va diy tham chiéu; va thao tic dan xen dugc thuc hién dbi véi cac bit
dugc ma hod sau khi m& hod theo ham anh xa nay, dé thu duoc cac bit duge
ma hod sau khi dan xen.

Tuy ¥, theo phuong 4n khéc, khi diy déng du duoc thu thap theo chiéu
dai clia c4c bit dugc ma hod sau khi ma ho4, thi diy déng du c6 thé duoc xéac

dinh theo cong thtc (2) sau day:
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X(O) = xo; Vé

x(n+1)=[a*x(n)+c]mod m , trong d6 "= 0,L,....,(N=2) (2),

trong @ N 13 chidu dai cla cac bit duoc ma hoa clia mi cyuc sau khi ma
hoa, *, a, ¢, va m la céc thong sb cu thé, va *(Ox(M, . xX(V=1) 15 g5y
dong dur.

Cén hiéu ring, viéc N 1a chidu dai cua cac bit dugc ma hod cta ma cuc
sau khi ma hoa cé nghiala N 1a chidu dai ma ctia ma cuec.

Cu thé 13, gia st rang Q 13 s6 nguyén dirong cho truée. Néu hai sb
nguyén A va B duogc chia cho Q, va cac s6 du thu duoc 12 béng nhau, thi A va
B 14 dong du v6i modun Q. Cong thirc (2) biéu thi phwong phdp dong du
tuyén tinh, m biéu thi médun, va m>0; a biéy thi cong bdi; ¢ bibu thi
cong sai; va ¥(0) pidy thi gia tri khoi tao.

Tuy ¥, theo phuong 4n khac, % =831 a=7" ¢=0 vy m=2"-1

Theo phwong 4n nay ctia sang ché, day ddng du c¢6 thé duoc tao ra bing
chuong trinh dya trén cong cy Matlab sau déy:

function [seq_x]=multiplieCongru_interg(length, initial) c&u lénh 1

seq_x(1)=initial; cau 1énh 2
a=7"5; cau lénh 3

=(0; cau lénh 4
m=2"31-1; cau lénh 5
tor k=1: (length—1); cau 1énh 6
seq_x(k+1)=mod(a*seq x(k)+c, m); cau lénh 7
end

Chuong trinh nay dugc md ta cu thé nhu sau:

cau lénh (statement) 1 x4c dinh ham multiplieCongru_interg dé thuc
hién day ddng du, trong d6 gid trj tra vé cliia ham nay 1a seq_x; initial la gia
tri khoi tao ctia ddy dong du nay, va 14 thong s§ déu vao cta ham; va length

1a s6 lugng  phén tir trong day dong du, tic 1a length=N, va N la d6 dai ma
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cla mai cuc;

cau Iénh 2 xac dinh phan tir dau tién trong day dong du, tirc 1a seq x(1)
13 gia tri khéi tao duoc thiét dat trudc;

cau 1énh 3 x4c dinh réng thong s a=7;

cdu 1énh 4 x4c dinh ring théng s§ ¢=0;

cau lénh 5 xé4c dinh réng thong sb m=2""~1;

céu 1énh 6 x4c dinh ring khoang gié tri cta k 1a [1, length—1]; va

cau Iénh 7 x4c dinh rang seq x(k+1) 1a két qua cua a*seq x (k)*+c mod

Cén luu ¥ rdng céc sb tudn ty clia mot mang trong matlab 13 bat dau tir 1,
do 6, cac s6 tudn tu clia cac ma gia trong matlab 13 bat dau tir 1 dén N.

Sau d9, thiét bi truyén thong khong day c6 thé thyc hién tién trinh sép
xép ddi véi ddy ddng du xac dinh duge néu trén theo thir ty ting dan (1a mot
vi du vé quy tic dugc thiét dat trudc). Theo phuong 4n nay cua sang ché, vi
du, mot ham sép xép cé thé duoc dung dé thuc hién tién trinh sép Xép néu
trén. Ham sip xép d6 c6 thé dugc bidu dién duoi dang sort ([first, last]), tic
13, cac phan tir trong [first, last] la dugc sép xép theo thtr ty ting dan.

Ngoai ra, theo phuong 4n nay ctia sang ché, thao tac sip x&p c6 thé dugc
thuc hién d6i véi ddy dong du dugc tao ra, bang chuong trinh dya trén matlab
nhu sau:

st2=4831;

[seq_x]=multiplieCongru_interg(N, st2);

[ign, p]=sort (seq_x); |

Interleaver RM=p;

Do d6, dy ddng du sau tién trinh sép xép néu trén cé thé dugc dung lam
day tham chiéu.

Do d6, ham 4nh xa c6 thé dugc xac dinh theo ddy dong du va ddy tham

chiéu thu dugc néu trén. Cu thé 1, tién trinh sap x€p dugce thuc hién ddi vai
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cac phén ti trong day déng du ndy; do dé, ham anh xa néu trén c6 thé duoc
xéc dinh theo vi tri ctia cic phan tr trong diy ddng du va day tham chiéu nay.

Vi dy, nhung khong nhim muc dich gidi han, néu day A 1a [0, 7, 1], thi
day B thu duoc sau khi thao tac sip xép dugc thuc hién dbi v6i day A theo
thir tu tang dan 13 [0, 1, 7]. Do dé, quy tic 4nh xa (hay ham é&nh xa) p tir day
A sang diy B c6 thé duoc bidu dién dudi dang [0, 2, 1]. Ttc 13, phin tir déu
tién (v6i s6 tudn ty 13 0) trong day B 14 phdn tir dAu tién (vi sé tudn tyu 1a 0)
trong ddy A; phan tir thir hai (voi sd tudn tu 13 1) trong day B 1a phéan tir thir
ba (v6i sb tudn ty 13 2) trong diy A; va phan ti thir ba (v6i sb tudn tu 1a 2)
trong ddy B 1a phan t&r thir hai (v6i s6 tudn ty 14 1) trong déy A.

Tuong tu, ¢6 thé thu dugc ham anh xa nay theo diy tham chiéu va day
déng du thu duogc néu trén. Do d6, tién trinh dan xen c6 thé duoc thuc hién
d6i v6i ma cuc sau khi ma hod theo ham 4nh xa thu duoc néu trén.

Vi dy, nhung khong nhim muc dich gidi han, néu ham 4nh xa pla[o0, 2,
1], thi gia tri bit clia bit dau tién (v6i s6 tudn tu 0) ctia ma cuc sau khi dan xen
1a gia tri bit cta bit ddu tién (v6i sb tuan tu 0) clia ma cuc trude tién trinh dan
xen; gia tri bit cta bit thr hai (vdi s6 tuln tr 1) cia ma cyc sau tién trinh dan
xen 1& gia tri bit ctia bit thir ba (voi sé tudn ty 2) cia ma cyc trude tién trinh
dan xen; va gia tri bit clia bit thit ba (véi sb tudn tu 2) clia ma cuc sau tién
trinh dan xen 14 gia tri bit cta bit thir hai (v6i s6 tudn tu 1) ciia mi cuc trude
tién trinh dan xen.

Fig.4 12 hinh v& thé hién so dd khdi ctia thiét bi ma hoa bang ma cuc
theo mdt phuong an ciia sang ché. Thiét bi ma hod 400 trén Fig.4 c6 thé duoc
dat & tram géc hoéac thiét bi dau cudi truy cép (vi dy, tram géc 102 hoic thiét
bi dau cubi truy cap 116), va bao gébm khéi anh xa 401 va khdi ma ho4 402.

Khdi 4nh xa 401 dugce tao cdu hinh dé: 4nh xa M bit danh trude clia bao
hidu quang ba 1an lugt vao M bit thong tin ¢6 d6 tin cdy thip trong s K bit -
thong tin clia ma cuc, va anh xa céc bit con lai cua bao hiéu quang ba nay vao

céc bit thong tin con lai trong s6 K bit thong tin ndy, dé thu duge cac bit sau
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khi 4nh xa, trong d6 M<K, va ca M va K déu 1a c4c sb nguyén duong.

Cén hiéu ring bao hiéu quang b4 la béo hiéu dwoc mang trén kénh quang
ba (vi dy, kénh quéng ba vat ly PBCH). Béo hiéu quang ba nay ndi chung la
bao gdm nhiéu bit danh truéc ma thue sy khong mang théng tin hiru ich nao.
Do d6, trong tién trinh ma ho4 bﬁng ma cuc, thi cac bit danh trudce nay duoc
anh xa vao cac bit thong tin ¢ do tin cay thip, nén viéc giai ma dung ddi véi
bao hiéu quang ba do khong bi anh hudng ngay cé khi céc bit danh trude nay
thay ddi trong qué trinh truyén.

Ciing can hiéu ring phuong 4n nay cia sang ché khong gi6i han dang
métric (thudc do) do tin cdy. Vi du, ¢6 thé dua vao métric dd tin cay hién c6
d6i v6i ma cue, chang han dung lugng bit, théng sé Bhattacharyya chéng han
nhu khoang cach Bhattacharyya, hodic x4c suét 15i.

Vi du, gia st rang két qua thu duoc sau khi thao tac kidm do du vong
(Cyclic Redundancy Check - CRC) dugc thuc hién dbi véi béo hiéu quang ba
(bdo hiéu dugc mang trén kénh PBCH) 1a ay, ay, ..., ai3, @, ..., @23, 8, ...,
va azg, trong do ayy, ..., va azs la cac bit danh trude (sé luong 1a 10), va ay, ...,
va aso tuong Umg véi cac bit kiém tra (ma c6 thé bao gdm bit mit na). Gia su
rang 10 bit thong tin ¢6 d6 tin cdy thap trong ma cuc lan luot 1a {79, 106, 55,
105, 92, 102, 90, 101, 47, 89}. Do d6, khi 10 bit danh trudc néu trén duoc
anh xa vao 10 bit thong tin c6 do tin cdy thép néu trén, thi c6 thé thu duoc két
qua la u(79)=ay4, u(106)=a;s, u(55)=as;s, u(105)=a;;, u(92)=as, u(102)=a,,
u(90)=ayy, u(101)=ay;, u(47)=ay;, va u(89)=ay béng bd dan xen, dé hoan tit
tién trinh 4nh xa céc bit danh trudc nay vao céc bit théng tin. Twong tu, khi
cac bit con lai cia bdo hiéu quang ba dugc anh xa vao cac bit thdng tin con
lai cia mé cuec, thi c6 thé xem phuong phap néu trén. Chi tiét khoéng dugc méo
ta & day dé tranh su trung lap.

Khéi ma hoa 402 duoc tao cdu hinh dé thyc hién thao tic ma hoa bang
ma cuc d6i véi céc bit sau khi anh xa d6, dé thu dugc cac bit dugc ma hoa

sau khi ma hoa.
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Chi tiét vé tién trinh ma trong d6 khdi ma ho4 thuc hién thao tic ma hod
béng mé cuc dbi voi cac bit sau\ khi anh xa c¢6 thé dugc tim thdy & phin mé ta
ctia cac phuong 4n néu trén. Chi tiét khong dugc md ta & ddy dé tranh su
trung ldp.

Duva trén giai phap k¥ thuat néu trén, khi bao hiéu quang ba dugc g, thi
thao tac 4nh xa dugc thuc hién trudce tién theo do tin cdy cua cac bit thong tin
trong mi cuc, sau d6 hoat dong ma hoa bang ma cuc dugc thuc hién ddi vai
cac bit sau khi 4nh xa. Theo cach nay, cac bit hitu ich trong bao hiéu quang
ba c6 thé duoc ngan khéng cho bi 4nh xa vao céc bit thong tin ¢6 do tin cay
thap, nhd d6 cai thién do tin cdy truyén bao hiéu quang ba.

Tuy y, theo mdt phuong 4n, M bit théng tin ¢6 d6 tin cdy thip néu trén
bao gém M bit thong tin ¢6 do tin céy thép hon ngudng dinh trudc, hoac M
bit théng tin c6 d9 tin cay thap d6 bao gdbm M bit thong tin ¢6 do tin cay thap
nhét trong s6 K bit thong tin néu trén.

Tuy y, theo phuong 4n khéc, thiét bi m& hoa 400 con bao gém khéi sép
xép 403.

Khéi sép xép 403 nay duoc tao cAu hinh dé sdp xép K bit thong tin theo
dod tin cdy cua K bit thong tin do.

Trong trudng hop nay, kh6i ma hod 402 duoc tao ciu hinh cu thé dé anh
xa, theo két qua sip xép, M bit danh trude 1an luot vao M bit thong tin c6 do
tin cdy thap trong s6 K bit thong tin nay.

Vi du ma trong dé ma cuc c6 d6 dai ma la 128 bit s& duge mo ta. Ma cuc
nay bao gém 40 bit thong tin. 40 bit théng tin nay duoc sip xép theo do tin
cay vdi tha ty giam dan, va thu dugc cac chi s sau khi sép xép nhu sau:

{127, 126, 125,23, 119, 111, 95, 124, 122, 63, 121, 118, 117, 115, 110,
109, 107, 94, 93, 103, 91, 62, 120, 87, 61, 116, 114, 59, 108, 113, 79, 106, 55,
105,92, 102, 90, 101, 47, 89}.

Gia st ring mot béo hidu quang b c6 chidu dai 1a 40 bit, va bao gdm 10

bit danh trudce. Do d6, 10 bit danh trude nay can duoc anh xa 1an luot vao céc
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bit thong tin twong tng {79, 106, 55, 105, 92, 102, 90, 101, 47, 89}. Cac bit
con lai cda bao hi€u quang ba dugc anh xa vao céc bit thong tin khac ma khac
v6i 10 bit néu trén.

Tuy ¥, theo phuong 4n khéc, d6 tin cdy cia mot trong s K bit thong tin
dugc x4c dinh theo dung luong bit, théng sé Bhattacharyya chang han nhu
khoang cach Bhattacharyya, hoic xac suét 15i.

Vi dy, khi dung lugng bit dugc dung lam métric dd tin cdy cta bit thong
tin, thi dung lugng bit ctia mdi bit théng tin ctia ma cuc ¢ thé dugc xac dinh
trude tién, va dung luong bit nay dugc ding dé biéu thi do tin ciy cua bit
thong tin d6. Bit ma cé dung lugng bit 16n hon thi ¢é d6 tin cdy cao hon.

Theo cach khac, khi thong s6 Bhattacharyya dwoc dung lam métric do
tin cdy ctia bit thong tin, thi théng sb Bhattacharyya ctia mdi bit thong tin ctia
mi cuc ¢6 thé duoc xac dinh trudce tién, va thong sb Bhattacharyya nay duoc
duing dé biéu thi d6 tin cay cia bit thong tin d6. Bit thong tin ma c6 thong s6
Bhattacharyya nho hon thi ¢6 d9 tin cay cao hon.

Tuy ¥, theo phuong an khac, thiét bi ma hoa 400 con bao gdm khdi dan
xen 404 va khéi ghi 405. Khdi dan xen 404 va khdi ghi 405 c6 thé dugc dit &
thiét bi so khép tdc do 205 cua thiét bi truyén thong khong day 202 trén Fig.2.
Do d6, thiét bi so khdp tc d6 205 va bd ma hoa bing ma cuc 204 cung nhau
tao thanh thiét bi ma ho4 bﬁng ma cuc 400.

Khéi dan xen 404 duoc tao cau hinh dé thuc hién thao tic dan xen déng
du c6 sép xép dbi véi cac bit dwoe ma hoé sau khi ma hod, dé thu duge cac
bit dugc ma hoa sau khi dan xen.

Khéi ghi 405 duoc tao cdu hinh dé nhép, theo gid tri E dinh truge, E
bit dau tién trong sb cac bit dugc ma hod sau khi dan xen, vao b6 dém tuan
hoan.

Theo cach khac, khéi ghi 405 duoc tao cAu hinh d& thuc hién tién trinh
dao thtr tu ddi v6i cée bit duge ma hod sau khi dan xen, va nhap, theo gia tri

E dinh trude, E bit ddu tién cta cac bit duoc ma hod sau tién trinh dao thir

-20-



28187

tw, vao bd dém tudn hoan.

Cén hiéu rang gid tri E dinh tru6e néu trén 1a lién quan dén dinh dang
khung cta bdo hig¢u quang ba. Do d6, phuong an nay cua sng ché co thé cai
thién hi€u qua ma ho4 hon nita.

Tuy y, theo phuong 4n khac, khéi dan xen 404 duoc tao cdu hinh cu thé
dé thu thap ddy dong du theo chiéu dai cia céc bit dugc mé hod sau khi ma
hod; sau dd, thuc hién tién trinh sép xép dbi véi day dong du ndy theo quy tic
dinh trude, dé thu duoc diy tham chiéu; x4c dinh ham anh xa theo ddy déng
du va ddy tham chiéu nay; va cubi cung, dan xen céc bit dugc ma ho4 sau khi
ma hoa theo ham 4nh xa nay, dé thu duoc cac bit duoc ma hod sau khi dan
xen.

Cu thé v& tién trinh ma trong d6 khéi dan xen 404 dan xen cac bit duoc
ma hod sau khi ma ho4 c6 thé dugc tim thdy & phn mé ta cu thé cua phuong
4n néu trén. Chi tiét khong duge mo ta & day dé tranh su trung lap.

Tuy y, theo phuong 4n khéc, khéi dan xen 404 dugc tao cdu hinh cy thé
dé xac dinh day dong du theo cong thirc (3) sau day:

x(0)=x, VA

x(n+1)=[a*x(n)+c]lmod m , trong d6 "= 0,L....,(N=2) 3),

trong @& N 1a chiéu dai cta céc bit duoc méa hod cia ma cuc sau khi ma
hod, ™, @, ¢, va m 1a céc thong sd cu thé, va (O %D, x(N=1) 13 gy
ddng du.

Cén hiéu réng, vidc N 1a chidu dai ciia c4c bit duoc mé hod ctia ma cuc
sau khi ma hod c6 nghiala V' 1a chidu dai ma cua m3 cuc.

Cu thé 13, gia st ring Q 13 sb nguyén duong cho trudc. Néu hai sb
nguyén A va B dugc chia cho Q, va céc s6 du thu duogc la béng nhau, thi A va
B la dong du véi modun Q. Céng thire (2) bibu thi phuong phéap ddng du
tuyén tinh, 7 biéu thi moédun, va m >0; a biéu thj cong bdi; ¢ bidu thi

cong sai; va *(0) pidy thi gi4 tri khoi tao.
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Tuy y, theo phuong an khac, % =481 a=7 c=0 y3 m=2"-1,

Fig.5 1a hinh v& thé hién so dd cta thiét bi dau cubi truy cap hiru ich dé
thuc hién phuong phdp mi hod bing mé cuc néu trén trong hé théng truyén
thong khong day. Thiét bi dau cudi truy cap 500 bao gém bd thu 502. B6 thu
502 duoc tao cAu hinh dé nhén tin hiu tr, vi dy, &ing ten thu (khong duoc thé
hién trén hinh v&), thuc hién thao tac thong thudng (vi du, loc, khuéch dai,
hogc chuyén déi gidm) ddi voi tin hidu nhan duoc, va sé hod tin hicu da duogc
dieu chinh dé thu duoc mAu. Bo thu 502 c6 thé 1a, vi du, by thu cé sai sb binh
phuong trung binh nhé nhit (Minimum Mean Square Error - MMSE). Thiét
bi dau cudi truy cap 500 c6 thé con bao gdm bd gidi diéu ché 504. B giai
diéu ché 504 c6 thé dugc tao cAu hinh dé giai didu ché céc ki hiéu nhan duoc
va cung cép céc ki hiéu d6 dén bd xt Iy 506 dé uéc luong kénh. B4 xir ly 506
¢6 theé 1a by xir Iy danh riéng dé phan tich thong tin ma bd thu 502 nhan
dugc va/hodc tao ra thong tin dé giri bang bd phét 516, bd xr ly duoc tao cau
hinh dé diéu khién mét hogc nhidu thanh phin cia thiét bj diu cuéi truy cap
500, va/hoic bd didu khién duoc tao ciu hinh dé phén tich théng tin ma bo
thu 502 nhén dugc, tao ra thong tin dé giri bang bo phat 516, va didu khién
mdt hodc nhiéu thanh phan ciia thiét bi diu cubi truy cap 500.

Thiét bi dau cudi truy cap 500 c6 thé con bao gém bd nhd 508. Bo nhd
508 dugc ghép ndi theo cach hoat dong duoc véi bd xir 1y 506, va chia cac
dit liéu sau day: dit liéu can guti, dit liéu nhan duoc, va cac thong tin phu hop
bat ky khac lién quan dén viéc thuc hién cac hoat dong va cac chirc ning
khac nhau dugc néu trong ban mé ta nay. B6 nhé 508 c6 thé con chira giao
thirc va/hodc thuét toan lién quan dén viéc xUr ly mi cuc.

Can hiéu réng thiét bi luu trr dit ligu (vi dy, bd nhé 508) di duge mo ta
trong ban mo ta nay cé thé la bd nhd kha bién hodc bd nhé bét bién, hoac ¢o
thé bao gom ca bo nhé kha bién 1n b nhé bét bién. Vi du, nhung khong
nhim myc dich giéi han, bd nhé bat bién c6 thé bao gdm: bd nhé chi doc

(Read-Only Memory - ROM), bd nhé chi doc lap trinh dugc (Programmable
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ROM - PROM), bd nh& chi doc 14p trinh duoc va xoa duoc (Erasable PROM
- EPROM), bd nh¢ chi doc 14p trinh duoc va xo0a duoc béng dién (Electrically
EPROM - EEPROM), hogc bd nh¢ flash. B nh¢ kha bién c6 thé bao gdm bd
nh¢ truy cdp ngu nhién (Random Access Memory - RAM), ma dugc dung
lam by dém ngoai. Vi dy, nhung khong nhim muc dich gioi han, cac dang
RAM, ching han RAM tinh (Static RAM - SRAM), RAM dong (Dynamic
RAM - DRAM), DRAM dong bd (Synchronous DRAM - SDRAM),
SDRAM téc db dit lieu gap d6i (Double Data Rate SDRAM - DDR SDRAM),
SDRAM téng cudng (Enhanced SDRAM - ESDRAM), DRAM lién két ddng
bd (Synchlink DRAM - SLDRAM), va RAM cé6 Rambus truc tiép (Direct
Rambus RAM - DR RAM), ¢6 thé duogc st dung. B nhé 508 trong hé théng
va phuong phéap duoc mé ta trong ban mé ta nay bao gom, nhung khong chi
gidi han &, cac by nhd nay va céc loai by nhé phu hop bit ky khac.

Ngoai ra, thiét bi ddu cudi truy cdp 500 con bao gdm bd ma hoa bang ma
cuc 512 va thiét bi so khép toe do 510. Trong Ung dung thuc t&, b thu 502
¢6 the con dwoc ghép ndi véi thiét bj so khép toe dd 510. Thiét bi so khép tde
d6 510 ¢6 thé vé co ban twong ty nhu thiét b so khép tée do 205 trén Fig.2.
B0 ma hoa béng ma cuc 512 13 co ban tuong tu nhu bd mi ho4 béng ma cuc
204 trén Fig.2.

B0 ma hoa béng ma cuc 512 ¢6 thé duoc taor ciu hinh dé: 4nh xa M bit
danh trudc ctia bdo hiéu quang ba l1an luot vao M bit thong tin c¢6 do tin cay
thép trong s6 K bit thong tin clla m& cuc, va 4nh xa cac bit con lai ctia bao
hiéu quéng ba nay vao cac bit thong tin con lai trong s6 K bit thong tin nay,
dé thu duge céc bit sau khi 4nh xa, trong d6 M<K, va ca M va K déu 14 cic sé
nguyén duong; va sau d6 thuc hién thao tdc ma hoa béng ma cuc d6i véi cac
bit sau khi 4nh xa d6, dé thu dugc cac bit dugc ma hod sau khi ma hoa.

Theo phuong 4n nay cua sang ché, khi bdo hiéu quang ba duoc g, thi
thao tdc anh xa duoc thuc hién trudc tién theo do tin cdy cua céc bit thong tin

trong ma cuc, sau d6 hoat dong mé hod bang ma cuc duoc thuc hién doi véi
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cac bit sau khi dnh xa. Theo céch nay, céc bit hitu ich trong bdo hiéu quang
ba c6 thé duoc ngén khong cho bi 4nh xa vao céac bit théng tin ¢6 do tin cay
thép, nh d6 cai thién d6 tin cay truyén bo hidu quang ba.

Tuy ¥, theo mdt phuong 4n, M bit théng tin c¢6 d6 tin cay thdp néu trén
bao gdm M bit théng tin ¢6 d¢ tin cdy thip hon ngudng dinh trudc, hodac M
bit thong tin ¢6 df tin cdy thip d6 bao gdm M bit thdng tin c6 d6 tin cay thip
nhét trong sb K bit thong tin néu trén.

Tuy y, theo phuong 4n khac, bo ma hoa bang ma cuc 512 sip xép K bit
thong tin theo d9 tin cdy cta K bit thong tin d6. Sau d6, bo ma hoa bang ma
cyc 512 4nh xa, theo két qua sdp xép, M bit danh trudc 1an luot vao M bit
thong tin ¢6 do tin cdy thap trong s6 K bit thong tin nay.

Tuy y, theo phuong 4n khéc, d¢ tin cdy clia mot trong sb K bit thong tin
dugce xdc dinh theo dung lugng bit, théng sb Bhattacharyya chéng han nhu
khoang cach Bhattacharyya, hodc x4c suit 1i.

Tuy y, theo phuong 4n khéc, thiét bj so khop tbe do 510 thuc hién thao
tac dan xen dong du c6 sap xép ddi véi céc bit dugc ma hod sau khi ma hoa,
dé thu dugc cdc bit duge ma hoa sau khi dan xen; va nhép, theo gia tri £
dinh trude, E bit diu tién trong sb céc bit duoc mé hod sau khi dan xen, vao
b dém tuan hoan.

Theo céach khac, thiét bi so khép tdc do 510 thuc hién thao tac dan xen
dong du c6 sép xép dbi vdi céc bit duge ma hoa sau khi ma hod, dé thu duoc
cac bit duge méa hod sau khi dan xen; va thuc hién tién trinh déo tha tu dbi
VGi cdc bit dugec méa hod sau khi dan xen, va nhép, theo gia tri £ dinh trudc,
E bit ddu tién cta cac bit duoc ma hod sau tién trinh ddo thir tu, vao bo dém
tudn hoan.

Tuy ¥, theo phuong én khac, thiét bi so khép téc d6 510 thu thap ddy
déng du theo chiéu dai cta cac bit duoc md hoa sau khi ma ho4; sau do, thuc
hién tién trinh sép xép dbi voi diy dong du ndy theo quy tic dinh trudc, dé

thu dugc ddy tham chiéu; xac dinh ham anh xa theo day ddng du va day tham
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chiéu nay; va cudi cung, dan xen cac bit dugc ma hod sau khi mi hod theo
ham 4nh xa nay, dé thu dugc céc bit dugc ma hoa sau khi dan xen.

Tuy ¥, theo phuong 4n khéc, thiét bi so khép téc do 510 xac dinh diy
dong du theo cong thirc (4) sau day:

x(0) = xo; va

x(n+1)=[a*x(n)+c]lmod m , trong d6 "= 0,1,....,(N-2) (4),

trong d6 N 1a chiéu dai cua céc bit dugc ma hod clia ma cuc sau khi ma
hoa, ™, a, ¢, va m la cic thong s6 cu thé, va ¥ 3D x(V=1) 13 g5y
dong du.

Cén hiéu réng, viec N 14 chiéu dai cta céc bit dugc méa hoa ctia mi cuc
sau khi mé hod ¢6 nghiala N 13 chidu dai mé cua mi cuc.

Fig.6 12 hinh v& thé hién so dd cta hé thng hitu ich d& thuc hién phuong
phép ma hoa bang ma cyuc néu trén trong mdi trudng truyén thong khong day.
Hé théng 600 bao gém tram géc 602 (vi dy, diém truy ca@p, NodeB, hoic
eNB). Tram gdc 602 ¢6 bg thu 610 dé nhan tin hidu tir mot hogc nhidu thiét bj
dau cudi truy cap 604 bing cac ang ten thu 606, va bo phat 624 dé truyén tin
higu dén mot hogc nhiéu thiét bi diu cudi truy cap 604 bing ang ten phét 608.
B¢ thu 610 c6 thé nhan théng tin tir cac ang ten thu 606, va duoe lién két theo
cach hoat dong duoc voi bd giai dicu ché 612 dé giai didu ché thong tin nhan
dugc. Ki higu giai dieu ché duge duge phan tich boi bd xir Iy 614 ma tuong
ty nhu bo xtr ly d& dugc md ta trén Fig.5, bd xtr ly 614 nay duoc ndi véi bd
nh¢ 616, va bd nhd 616 nay duge tao ciu hinh dé lwu gitt dit liéu cAn gui dén
thiét bj dau cudi truy cép 604 (hodc tram gdc khac (khong dugc thé hién trén
hinh v&)), hogc dit ligu nhan dugc tir thiét bi dau cudi truy cap 604 (hoic tram
gbc khac (khéng dugc thé hién trén hinh v€)), va/hodc thong tin phu hop bét
ky khac ma lién quan dén viéc thuc hién cac hoat dong va céac chirc ning
khdc nhau trong ban mé ta nay. Bo xt Iy 614 ¢6 thé con duogc ghép ndi véi

bd ma hod bang ma cyc 618 va thiét b so khép tée do 620.
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B6 mi hoa béng mi cuc 618 c6 thé duogc tao ciu hinh dé: anh xa M bit
danh truéc cia bao hidu quang ba lan lugt vao M bit thong tin ¢6 dd tin cay
thdp trong sb K bit théng tin clia ma cuc, va anh xa cac bit con lai cia bdo
higu quang bé nay vao céac bit théng tin con lai trong s6 K bit thong tin nay,
dé thu duoc céc bit sau khi 4nh xa, trong d6 M<K, vaca M va K déu 1a céc sb
nguyén duong; va sau d6 thuc hién thao tic ma hoa bang ma cuc ddi véi cac
bit sau khi anh xa do, dé thu dugc cac bit dugc ma hoa sau khi mi ho4.

Theo phuong 4n ndy cta sang ché, khi bao hiéu quang ba duoc gir, thi
thao tadc 4nh xa dugc thuc hién trude tién theo df tin cdy cla cac bit thong tin
trong ma cuc, sau d6 hoat dong ma hoa béng ma cuc duge thue hién dbi véi
céc bit sau khi 4nh xa. Theo cach nay, cac bit hitu ich trong bao hiéu quang
ba c6 thé dwgc ngin khong cho bi 4nh xa vao céc bit thong tin c6 dd tin cay
thip, nho d6 cai thién d tin cdy truyén bao hiéu quang ba.

Tuy y, theo mdt phuong 4n, M bit thdng tin ¢ do tin cdy thap néu trén
bao gdm M bit théng tin ¢6 dd tin cdy thdp hon ngudng dinh trude, hodc M
bit thong tin c¢6 do tin cdy thip d6 bao gdm M bit thdng tin ¢6 dd tin cdy thip
nhét trong s K bit thong tin néu trén.

Tuy ¥, theo phuong 4n khéc, bd ma hoa bing mé cyc 618 sip xép K bit
thong tin theo d6 tin cdy ctia K bit thong tin d6. Sau d6, bd mi hoa bang ma
cuc 618 4nh xa, theo két qua sép xép, M bit danh trude lan luot vao M bit
thong tin c6 do tin cay thap trong s K bit théng tin nay.

Tuy y, theo phuong an khac, dg tin cay ctia mot trong s6 K bit thong tin
dugc xé4c dinh theo dung lugng bit, théng sé Bhattacharyya ching han nhu
khoang cach Bhattacharyya, hodc x4c suét 151.

Tuy ¥, theo phwong an khac, thiét bj so khép tdc d6 620 thuc hién thao
tac dan xen ddng du c6 sép xép ddi véi cac bit duge ma hod sau khi ma hoa,
dé thu duoc cac bit duoc ma hoé sau khi dan xen; va nhép, theo gia tri £
dinh trude, E bit dau tién trong sd cac bit dugc ma hoa sau khi dan xen, vao

bd dém tuén hoan.
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Theo cach khac, thiét bi so khép téc d6 620 thuc hién thao tac dan xen
ddng du c6 sap xép dbi voi cac bit duge mi hoa sau khi mé hod, dé thu duogc
c4c bit duge mé hod sau khi dan xen; va thuc hién tién trinh ddo tht tu dbi
Vi cac bit dugc ma hod sau khi dan xen, va nhép, theo gid tri £ dinh trudc,
E bit d4u tién cla céc bit duge ma hod sau tién trinh dao th tu, vao bd dém
tun hoan.

Tuy ¥, theo phuong 4n khéc, thiét bi so khép tde do 620 thu thap day
déng du theo chiéu dai cua cac bit duoc ma hoa sau khi mé hoa; sau do, thuc
hién tién trinh sép xép ddi v6i diy ddng du nay theo quy tic dinh trude, dé
thu dugc ddy tham chiéu; xac dinh ham 4nh xa theo diy dong du va day tham
chiéu nay; va cubi ciing, dan xen céc bit duoc ma hod sau khi ma ho4 theo
ham anh xa nay, dé thu duoc céc bit duge ma hod sau khi dan xen.

Tuy ¥, theo phuong an khac, thiét bi so khép téc d6 620 xac dinh day
ddng du theo cong thirc (5) sau day:

x(0)=x, - va

x(n+D) =[axx(m+elmod m trono g n=0L...(N=2) (5

trong do N 1a chiéu dai cta cac bit dugc ma hod ciia ma cuc sau khi ma
hoa, ¥, a, ¢ va m 1a cac thong sé cu thé, va *(O:x¥Ds.x(N=1) 13 g5y
déng du. Can hiéu réng, viéc NV 1a chiéu dai cta céc bit dugc ma hoa cua
mé cuc sau khi ma hod c6 nghia1a N 14 chidu dai ma ctia ma cuec.

Ngoai ra, trong hé théng 600, thi bo didu ché 622 c6 thé ghép kénh
khung, dé bd phat 624 giri thong tin dén thiét bi dau cudi truy cép 604 bing
ang ten 608. Mac du bo ma hoa béng ma cuc 618, thiét bi so khép toe do 620,
va/hodic bd didu ché 622 duoc thé hién 14 tach biét v6i b xir Iy 614, nhung c6
thé thdy rang bd mi hod bing mi cuc 618, thiét bi so khép tde do 620,
va/hodc bd didu ché 622 c6 thé 13 mot phan cua bd xtr Iy 614 hodc nhiéu bd
xtr ly (khéng duoc thé hién trén hinh vé).

Can hiéu rang cac phuong 4n da dugc md ta trong ban mé ta nay la cé
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thé duoc thyc hién bing phan cimg, phin mém, phén’ sun, phdn mém trung
gian, vi m3, hodc t6 hop cia chung. Khi thuc hién bang phén cung, thi khéi
xtr 1y ¢6 thé duoge thuc hién trong mot hodc nhidu mach tich hop chuyén dung
(Application Specific Integrated Circuit - ASIC), b xir 1y tin hiéu s (Digital
Signal Processor - DSP), thiét bi xir 1y tin hiéu s6 (Digital Signal Processing
Device - DSPD), thiét bi logic 1ap trinh duoc (Programmable Logic Device -
PLD), méang cong lap trinh duoc dang truong (Field-Programmable Gate
Array - FPGA), bd xtt 1y, b diéu khién, b vi diéu khién, bo vi xit ly, va céc
don vi dién tir khac ma duge tao cdu hinh dé thuc hién céc chtic niang da dugc
md ta trong ban md ta nay, hodc t6 hop clia ching.

Khi cac phuong an d6 duoc thuc hién bing phin mém, phén sun, phin
mém trung gian, vi ma, ma chwong trinh, hodc doan ma, thi ching c6 thé
duogc luu gitt trong, vi du, phuong tién doc duoc bing may cta thanh phin
luu trlt. Doan ma nay cé thé biéu thi tién trinh, ham, chuong trinh con,
chuong trinh, médun, nhom phén mém, hoic tb hop bét ky cta lénh, cAu tric
dit liéu, va cau 1énh chuong trinh. Poan ma nay cé thé duoc ghép véi doan
mé khéc hodc mach phan cting bing cach truyén va/hodc nhan théng tin, dit
lidu, bién sd ddc 1ap, thong s6, hodic ndi dung bd nhé. Thong tin, bién sé doc
18p, thong 36, dit liéu, v.v., d6 c6 thé duoc truyén, duoc chuyén tiép, hoac
dugc gui bang cach phil hop bét ky, ching han chia sé bd nhd, truyén thong
diép, truyén thé bai, hodc truyén mang.

Khi thuc hién bang phan mém, thi cac céng nghé trong ban md ta nay ¢6
thé duoc thuc hién béng cach thuc hién cac modun chirc ning (vi du, mot tién
trinh v& ham) trong ban mé ta nay. Ma phan mém c6 thé dugc luu gitr trong
khéi Iuu trir va duoc thuc thi bing b xi 1y. Khdi luu trit ndy ¢6 thé duoc
thuc hién bén trong bd xtr ly hodc bén ngoai bd x ly, va trong truong hop
duge thue hién bén ngoai bd xit 1y, thi khdi luu trit nay c6 thé dugc ghép néi
v6i bd xtr Iy bang cach truyén théng bang cac phuong tién khéc nhau d3 biét

trong linh vyec.
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Fig.7 13 hinh v& thé hién hé théng ma trong d6 phuong phdp mi hoa
bing ma cuc c6 thé dugc st dung trong méi trudng truyén thong khong day.

Vi duy, hé théng 700 nay c6 thé nam it nhit mot phan trong tram gdc.
Theo vi du khac, hé théng 700 nay c6 thé nim it nhit mot phén trong thiét bi
dau cudi truy cap. Can hiéu ring hé thdng 700 c6 thé duogc thé hién 14 bao
gdm khéi chire ning, ma cé thé bidu thi khdi chirc nang cua chuc nang duoc
thuc hién béng bd xt ly, phén mém, hoic to hop cua ching (vi duy, phén sun).
He théng 700 nay bao gdm nhém logic 702 véi cac thanh phin dién ti ma
cung nhau thuc hién hoat dong

Vi dy, nhém logic 702 cé thé dugc tao cdu hinh dé: anh xa M bit danh
trudc clia bao hiu quang ba 1an lugt vao M bit thong tin ¢6 do tin cdy thip
trong s6 K bit thong tin cua m3 cuc, va 4nh xa cac bit con lai cia bao hiéu
quang ba nay vao cac bit thong tin con lai trong s6 K bit thong tin nay, dé thu
dugc cdc bit sau khi 4nh xa, trong d6 M<K, va ca M va K ddu 13 cac sé
nguyén duong. Nhom logic 702 nay c6 thé con duoc tao ciu hinh dé thuc
hién thao tdc ma hoé bang ma cyc ddi véi céc bit sau khi 4nh xa do, dé thu
dugc céc bit dwoc ma hod sau khi m4 ho4.

Theo phuong 4n nay cia sang ché, khi bao hiéu quang ba duoc g, thi
thao tac dnh xa duoc thyc hién trudc tién theo do tin cdy cua cdac bit thong tin
trong ma cuc, sau d6 hoat dong ma hoa béng ma cuc duoc thuc hién dbi véi
cac bit sau khi 4nh xa. Theo cach nay, c4c bit hitu ich trong bao hi€u quang
ba c6 thé duge ngédn khong cho bi anh xa vao cdc bit thong tin ¢6 do tin cay
thép, nhor d6 cai thién do tin cdy truyén béo hiéu quang ba.

Ngoai ra, h¢ thong 700 c6 thé bao gdm bo nhé 712. B nhé 712 nay luu
gift c4c 1énh dé thyuc hién cac chic ning lién quan dén cac thanh phén dién tr
704, 706, va 708. Mic du céc thanh phéan dién tir 704, 706, va 708 duoc thé
hign 1a duoc dat bén ngoai bd nhé 712, nhung c6 thé thdy ring mot hodc
nhiéu trong s6 c4c thanh phén dién tr 704, 706, va 708 cé thé ton tai bén
trong by nhé 712.
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Fig.8 1a hinh v& thé hién luu dd cta phuong phap so khép tde do ma cuc
theo mot phuong 4n cia sang ché. Phuong phap trén Fig.8 c6 thé dugc thuc
hién bang thiét b truyén théng khong day, vi dy, thiét bi so khép toc do 205
trong thiét bj truyén thong khong day trén Fig.2. Phuong phap so khop toe do
trén Fig.8 bao gdm cac budc nhu sau:

801. Thu thap ddy ddng du theo chidu dai cua céc bit dugc ma hoé cla
mi cuc cta béo hidu diéu khién.

802. Thuc hién tién trinh sép xép dbi v6i day ddng du nay theo quy tic
dhﬁr&uéc,déﬂnlduchﬁythanldﬁéu.

803. Xéc dinh ham énh xa theo diy ddng du va ddy tham chiéu nay.

804. Pan xen cac bit dugc mi hod clia m3 cuc cla bio hiéu diéu khién
nay theo ham anh xa, dé tao ra céc bit duoc ma hoa sau khi dan xen.

Theo phwong phap so khdp tde d6 mé cuc theo phuong 4n nay cia séng
ché, day déng du duoc x4c dinh dya trén chiéu dai cua cac bit duoc ma hoa
clia mé cuc cia bao hiéu diéu khién; va céc bit dugc mé hod nay ciia ma cuc
cta bao hiéu didu khién duge dan xen bang ddy ddng du, nén céu tric day bit
sau khi dan xen c6 thé ddng déu hon, ti 18 18i khung c6 thé duoc ha thip, va
d6 tin cdy truyén thong c6 thé dwoc cai thién; va phuong phap nay ap dung
duoc cho tién trinh so khéq)téc d6 dbi voi cac ma cuc c6 dd dai ma khac
nhau, va c¢6 tinh phd dung va kha ning 4p dung tt.

Cu thé 13, & budc 801, diu truyén c6 thé thyuc hién, béng cach str dung,
vi du, b6 ma hoa béng m3 cuc, tién trinh ma hod béng ma cuc di véi thong
tin can dugc gui dén dau nhén, dé tao ra ma cuc (tic 1a cac bit dugc ma hoa
ctia bdo hiéu didu khién). M& cyc 13 ma khdi tuyén tinh, va duge ching minh
vé& mat 1y thuyét 14 cach thirc ma hod ma c6 thé dat dugc dung luong Shannon
va cb do phtrc tap ma hoé-giai ma thip. Pau ra ma hod cla ma cuc c6 thé
duoc biéu dién nhu sau;

N__ N
X =u; Gy,

i)
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N _
u, ={u,u,,.

trong do Ui} 13 vecto hang nhi phén véi chiéu dai N; Gy,

— Q®n .
Gy =By , trong d6 chiéu dai ma N=2", va n>0; va ¢ day,

la ma tran N*N, va
10
|11 B, .. N PO LA £
, ¥ la ma trén dugc chuyén vi, la cdng suat Kronecker (Kronecker

power), va né duoc xac dinh duéi dang: £ T=F @ FY

Trong tién trinh ma hod béng mi cuc, mot sd bit trong u' duogc dung
dé mang thong tin (térc 1a thong tin dit 1iéu ma can dugce giri dén diu nhan),
céc bit nay duge goi 13 céc bit théng tin, va tap hop chi sd cua cac bit nay
duoc biéu thi 14 A. Cac bit con lai ¢6 céac gia tri cd dinh, va dugc goi la cac
bit déng bang, va, vi du, thudng c6 thé duoc dat bang 0.

Do d6, ddy bit ma cuc duge xuit ra sau tién trinh ma hod4 ma dugc thuc
hién bdi b6 mi hoa béng mi cuc 1a c¢b thé duge gian lugc dudi dang:
3 =Gy (4) , trong d6 *4 la tap hop céc bit thong tin trong ”IN; “1 1a vecto
hang véi chiéu dai K; K 1a s luong bit thong tin; ¥ 13 ma tran con
dugc hinh thanh béi cac hang twong Gmg vdi cac chi sd trong tip hop A va

GN-; G 13 ma tran K*N; va hiéu sudt cia ma cuc phu thu@c

nam trong
vao viéc chon tdp hop A.

Cén hiéu rang cac vi du néu trén vé tién trinh thu thdp ma cuc la chi
nhdm muc dich minh hoa, chtr sang ché khong bi gioi han & cac vi du do. Cac
phuong phép khac dé thuc hién tién trinh ma hod ddi véi thong tin dé thu
duoc day bit c6 ddu hiéu ctia mé cyc thi cling ndm trong pham vi bao ho cta
sang ché.

Cling can hiéu rrfmg céc bit dugc mi hod cua ma cuc cla bao hiéu didu
khién 13 cac bit dugc ma hoa thu duoc béng cach thyc hién thao tdc ma hod
bang ma cyc dbi véi bao hiéu diéu khién.

Tuy ¥, theo mdt phuong én, bdo hiéu diéu khién 1 bao hidu quang ba.

Trong truong hop nay, theo gia tri £ dinh trude, thi £ bit dau tién cla cac
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bit dugc mi hoa sau khi dan xen 13 dugc nhdp vao bd dém tudn hoan; hodc
tién trinh dao tha tu duoc thuc hién dbi voi céc bit duoc ma hod sau khi dan
xen, va theo gia tri £ dinh truée, thi E bit dau tién cia céc bit dwoc ma
hod sau tién trinh déo thir ty d6 duoc nhap vao bd dém tuén hoan.

Tuy ¥, theo phuong 4n khac, khi ddy ddng du duoc thu thap theo chiéu
dai ctia cac bit duoc ma hod cua mi cuc cua béo hiéu diéu khién, thi day
d6ng du d6 duoc xac dinh theo cong thire sau:

x(0) = %o va

x(n+1)=[a*x(n)+c]mod m , trong d6 "= 0,L...,(N-2) ,

trong d6 N 1a chidu dai cua céac bit dugc ma hod cta ma cyc cia béo
hiéu didu khién, %, a, ¢, va m i cic théng s6 cu thé, va
X(0), x(Ds -, (N =1 13 g5y ddng dw. Cin hiéu rang, viec N 1a chiéu dai cua
cac bit dugc ma hoa cia mé cuc cta bdo hiéu diéu khién co6 nghiala NV la
chiéu dai ma cta ma cuc.

Cu thé 13, gia st rdng Q 13 sb nguyén duong cho trudc. Néu hai sb
nguyén A va B dugc chia cho Q, va cac s6 du thu duoc 13 béng nhau, thi A va
B la dong du véi mddun Q. Céng thic (2) biéu thi phuong phép ddng du
tuyén tinh, 7 biéu thi mddun, vA m>0; a biéu thi cong boi; ¢ biéu thi
cong sai; va (0 bidu thi gia trj khéi tao.

Do d6, ham 4nh xa c6 thé dugc xac dinh theo ddy ddng du va diy tham
chiéu thu dugc néu trén. Cu thé 13, tién trinh sap xép dugc thyc hién dbi voi
cac phan tir trong ddy dong du ndy; do d6, ham anh xa néu trén c6 thé duogc
xéc dinh theo vi trf clia cac phdn tir trong ddy ddng du va day tham chiu nay.

Vi du, nhung khéng nhdm muc dich gi6i han, néu day A 1a [0, 7, 1], thi
day B thu dugc sau khi thao tac sap xép duoc thyc hién déi v6i day A theo
thir ty tang dan 1a [0, 1, 7]. Do d6, quy tic 4nh xa (hay ham 4nh xa) p tu day
A sang diy B c6 thé duoc biéu dién duéi dang [0, 2, 1]. Ttc 13, phén tt diu

tién (v6i sd tuan tu 13 0) trong déy B 1a phan tir dau tién (voi sb tudn tu 13 0)
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trong diy A; phan tir thir hai (v6i sb tudn tu 14 1) trong déy B 1a phéan tr thir
ba (v6i sb tudn ty 14 2) trong ddy A; va phan tir tht ba (v6i sb tudn tu 1a 2)
trong ddy B 1a phén t&r th hai (voi s6 tudn tu 13 1) trong déy A.

Tuong tw, c6 thé thu duge ham 4anh xa nay theo ddy tham chiéu va day
déng du thu dugc néu trén. Do dd, tién trinh dan xen c6 thé duoc thuc hién
ddi v6i ma cuc sau khi ma hoa theo ham énh xa thu duogc néu trén.

Vi dy, nhung khong nhdm muc dich gi6i han, néu ham anh xapla|o, 2,
1], thi gié tri bit ctia bit dau tién (v6i sb tudn tu 0) cia ma cyc sau khi dan xen
la gia tri bit cua bit dau tién (v6i sb tudn tu 0) clia ma cuc trude tién trinh dan
xen; gid tri bit cta bit th hai (v6i s tudn tir 1) ciia ma cyc sau tién trinh dan
xen 14 gia tri bit cua bit thi ba (voi s6 tudn tu 2) ctia ma cuc trude tién trinh
dan xen; va gia trj bit cta bit tht ba (véi sb tudn tu 2) clia ma cuc sau tién
trinh dan xen 13 gia trj bit cta bit thir hai (voi sd tudn tu 1) cia mé cuc trude
tién trinh dan xen. |

Tuy ¥, theo phuwong 4n khéac, bao hiéu diéu khién néu trén bao gdm,
nhung khong chi giéi han &, mot trong s6 céc kénh didu khién sau day: kénh
didu khién duong xudng vat ly PDCCH (Physical Downlink Control
Channel), kénh quang ba véat ly PBCH (Physical Broadcast Channel), hoac
kénh diéu khién duong 1én v4t Iy PUCCH (Physical Uplink Control Channel).
Cén hiéu ring bao hiéu didu khién ciing c6 thé dugc goi 1a kénh diéu khién.

Tuy ¥, theo phuong 4an khac, khi & =128 thi ham 4nh xa la:

{0, 112, 35, 14, 48, 1, 99, 54, 28, 120, 126, 46, 114, 110, 43, 32, 81, 18,
113, 63, 75, 38, 64,7, 15,37, 19, 70, 27, 12, 34, 50, 17, 86, 3, 68, 98, 23, 111,
62, 57, 61, 89, 59, 13, 56, 66, 107, 47, 41, 124, 30, 2, 49, 44, 88, 65, 45, 123,
104, 10, 85, 102, 103, 122, 91, 121, 58, 73, 60, 26, 8, 55, 105, 94, 82, 115, 69,
74, 83, 106, 95, 9, 108, 53, 90, 29, 11, 36, 42, 87, 39, 101, 76, 4, 67, 93, 31,
97, 119, 100, 72, 6, 5, 22, 118, 25, 117, 125, 92, 80, 77, 21, 79, 116, 33, 20,
71,52, 109, 84, 51, 96, 24, 40, 78, 16, 127}. '

Trong trudng hop nay, day dong du 1a:
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{4831, 81195000, 985810000, 707190000, 1586500000, 1714800000,
1700400000, 585280000, 1278700000, 1462300000, 1076700000,
1500100000, 645300000, 845220000, 38367000, 586604271, 2108042967,
692938163, 407887860, 603461796, 1964624238, 1878495441, 1715782340,
743376464, 2015855849, 1787239071, 1273295708, 606422001, 177182145,
1487976273, 970150996, 1631941748, 383819152, 1955095723, 646533714,
24877378, 1502264528, 594684317, 470422681, 1506694960, 2042510943,
955321706, 1504167770, 370217906, 992220783, 1044180926, 312459998,
917669471, 43246343, 991814115, 651762791, 2010628637, 1980316514,
1478089592, 160944248, 1308064563, 851016002, 784856594, 1240215484,
825361806, 1258997469, 814087592, 751843707, 443404601, 532873917,
1005115029, 861925101, 1597973492, 709990662, 1393913502, 605122991,
1967041192, 1698052026, 1250215999, 1400292945, 450239142,
1584371213, 1877237738, 2052404489, 1879908509, 1842896099,
398095212, 1374667679, 1410606527, 1991920056, 1077808109,
696325518, 1504588523, 999362636, 818220065, 1486840714, 1212163706,
1805531300, 1620626990, 1342726029, 1438206727, 2012013704,
1636817466, 725632992, 154065231, 1656542782, 1536537366,
1092655187, 1123062412, 1076185001, 1334036773, 1426769131,
906382315, 1466060034, 1991109407, 338132248, 746962174, 3858056,
417837782, 328076384, 1389264039, 1918493289, 1797232165,
1723502100, 1640363964, 202082762, 1233335027, 1149637945,
1054569556, 967989001, 1802513782, 297325845, 2108513993 }.

Tuy y, theo phuong an khac, khi N =256 | thi ham 4nh xa la:

{0, 188, 112, 128, 183, 35, 150, 14, 48, 149, 148, 154, 130, 1, 229, 152,
131, 197, 182, 248, 253, 99, 54, 245, 231, 165, 28, 226, 120, 132, 136, 185,
168, 196, 187, 200, 159, 211, 147, 126, 46, 157, 114, 110, 210, 43, 32, 81, 18,
113, 63, 158, 75, 222, 38, 170, 219, 208, 237, 220, 252, 64, 137, 230, 216,
133,7,192,218,15,37,217,19,70,27,173,155,12,34,239,50,207,175,
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169, 223,242, 240, 17, 161, 86, 3, 68, 98, 23, 145, 111, 62, 189, 202, 57, 61,
89,59, 13, 56, 66, 199, 167, 214, 179, 215, 221, 107, 47, 41, 124, 234, 30, 2,
49, 44, 88, 201, 65, 195, 205, 45, 123, 104, 10, 85, 193, 102, 177, 103, 122,
225, 241, 181, 227, 91, 172, 121, 58, 142, 174, 73, 134, 60, 250, 180, 26, 8,
55,236, 105, 94, 235, 194, 82, 162, 160, 243, 115, 69, 74, 83, 106, 191, 95,
232, 9, 108, 206, 53, 212, 209, 90, 29, 11, 139, 36, 42, 87, 39, 178, 101, 144,
151, 138, 247, 76, 4, 238, 143, 67, 146, 93, 254, 31, 198, 97, 119, 100, 171,
163,204, 72,6, 5,22, 118, 190, 233, 141, 213, 25, 117, 125, 92, 246, 153, 80,
186, 135, 77, 251, 21, 79, 249, 116, 203, 164, 129, 33, 20, 71, 184, 52, 244,
109, 84, 51, 96, 24, 255, 40, 224, 176, 78, 140, 228, 16, 127, 166, 156}.

Trong trudng hop nay, diy dong du 1a:

{4831, 81194617, 985812074, 707191113, 1586533693, 1714817099,
1700440153, 585277195, 1278713105, 1462300206, 1076705974,
1500095396, 645304792, 845221794, 38366853, 586604271, 2108042967,
692938163, 407887860, 603461796, 1964624238, 1878495441, 1715782340,
743376464, 2015855849, 1787239071, 1273295708, 606422001, 177182145,
1487976273, 970150996, 1631941748, 383819152, 1955095723, 646533714,
24877378, 1502264528, 594684317, 470422681, 1506694960, 2042510943,
955321706,1504167770,370217906,992220783,1044180926,312459998,
917669471, 43246343, 991814115, 651762791, 2010628637, 1980316514,
1478089592, 160944248, 1308064563, 851016002, 784856594, 1240215484,
8253618006, 1258997469, 814087592, 751843707, 443404601, 532873917,
1005115029, 861925101, 1597973492, 709990662, 1393913502, 605122991,
1967041192, 1698052026, 1250215999, 1400292945, 450239142,
1584371213, 1877237738, 2052404489, 1879908509, 1842896099,
398095212, 1374667679, 1410606527, 1991920056, 1077808109,
696325518, 1504588523, 999362636, 818220065, 1486840714, 1212163706,
1805531300, 1620626990, 1342726029, 1438206727, 2012013704,
1636817466, 725632992, 154065231, 1656542782, 1536537366,
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1092655187, 1123062412, 1076185001, 1334036773, 1426769131,
906382315, 1466060034, 1991109407, 338132248, 746962174, 3858056,
417837782, 328076384, 1389264039, 1918493289, 1797232165,
1723502100, 1640363964, 202082762, 1233335027, 1149637945,
1054569556, 967989001, 1802513782, 297325845, 2108513993, 19537557,
1950206155, 71942924, 111430407, 205110265, 576970420, 1253182735,
1870101016, 217118420, 534568687, 1571827008, 1500181709,
2095967383, 1749544340, 1245627656, 1593423436, 1546610762,
745013646, 1614686312, 281998645, 54817586, 48683339, 29609066,
1570849805, 108716417, 1835720569, 58046734, 633882600, 2145969080,
314476195, 444154098, 244768114, 1386507993, 694784754, 1378771739,
1668066243, 1937818163, 172875139, 2114570429, 878326000, 222492522,
662787827, 477331400, 1657418255, 1218226548, 624501738, 1248127677,
661603443, 2046225982, 1116956416, 1531925285, 886821112,
1265919204, 1183570799, 133396632, 24266556, 1973597409, 219241501,
1857452702, 237786075, 3495458, 766104137, 1747766794, 1435183092,
585904140, 1078359485, 1373367362, 1031015178, 226549003, 120587290,
1633503909, 869255315, 242828664, 1002426548, 773781521, 1932540862,
1671590406, 1038883588, 1474413406, 652311909, 502236628,
1480274086, 368512907, 253590001, 1479591159, 1775460700, 882709835,
887163369, 575781662, 601079852, 585997076, 492851190, 505523851,
894056225, 459895516, 670291859, 2043545698, 1166579815, 181253595,
1197359719, 2103024843, 105190328, 554801215, 170025231, 1460806907,
1748633445, 968600920, 1349618180, 1310471646, 504670690,
1587364827, 651300708, 686850597, 1173381154, 674724877, 1387351579,
1988032774, 168768945, 1821244575, 1573151334, 135808674,
1908750804, 1264043942, 1878297070, 529244590, 136558256,
1622073596, 2033512954}.

Tuy ¥, theo phuong an khac, a=7", ¢=0 vy m=2""-1

-45-



28187

Fig.9 1a hinh vé& thé hién so db khéi ciia thiét bi so khép tée d6 ma cuc
theo mot phuong 4n cta sang ché. Thiét bi so khép tde d6 900 trén F ig.9 bao
gbm khéi thu thap 901, khdi sip xép 902, khéi xac dinh 903, va khéi dan xen
904.

Khéi thu thap 901 duoc tao cAu hinh dé thu thap diy dong du theo chiéu
dai ctia céc bit dugc ma hod cia ma cuc clia bao hiéu diéu khién.

Khéi sép xép 902 dugc tao chu hinh dé thuc hién tién trinh sép xép déi
v6i ddy dong du nay theo quy tac dinh trude, dé thu duoc day tham chiéu.

Khéi xac dinh 903 duge tao cdu hinh dé x4c dinh ham é&nh xa theo day
ddng du va ddy tham chiéu nay.

Khdi dan xen 904 duoc tao cdu hinh dé dan xen cac bit dugc ma hod cua
mi cuc ciia bdo hiéu diéu khién ndy theo ham 4nh xa, dé tao ra céc bit duoc
ma hoa sau khi dan xen.

Theo thiét bi so khép tde d6 mé cuc theo phuong 4n nay cla sang ché,
thi day déng du duogc x4c dinh dua trén chiéu dai cua cac bit dugc mi hoa
clla ma cuc ciia bao hiéu didu khién; va cac bit dugc ma hod nay ctia ma cuc
clia béo hiéu didu khién duoc dan xen bang day ddng du, nén ciu trac day bit
sau khi dan xen c6 thé ddng déu hon, ti 1¢ 151 khung c6 thé duoc ha thép, va
do tin cay truyén thong c6 thé dugc cai thién; va thiét bj nay ap dung duogc
cho tién trinh so khép téc d6 dbi voi cac ma cuc c6 do dai ma khéc nhau, va
c6 tinh phd dung va kha ning 4p dung tot.

Tuy ¥, theo mt phuong 4n, bao hiéu didu khién 13 bao hiéu quang ba, va
thiét bi so khép tbc d6 nay con bao gdm khéi ghi 905. Khéi ghi 905 dugc tao
céu hinh dé:

nhép, theo gid tri £ dinh truée, £ bit ddu tién trong sd céc bit duoc
m4 hod sau khi dan xen, vao bd dém tudn hoan; hodc

thuc hién tién trinh dao tha tur d6i voi céc bit duoc ma hod sau khi dan
xen; va nhdp, theo gid tri £ dinh trude, E bit ddu tién cta cac bit dugc ma

hod sau tién trinh dao thir tu, vao bd dém tuan hoan.

-46-



28187

Tuy y, theo phuong 4n khac, khéi thu thap 901 duoc tao ciu hinh cu thé
dé:
xéc dinh diy ddng du theo cong thire sau:

x(0) = xa; va

x(n+1)=[a*x(n)+c]mod m , trong d6 n=0,l,...,(N—2),

trong &6 N 1a chiéu dai cua cac bit dugc ma hoa ciia mi cuc cua bao
higu diéu khién, %, a, ¢, va m 13 cac thong sb cu thé, va
0), ¥, (N =) 13 day ddng dw. Can hidu ring, viéc N 1a chidu dai cta
céc bit dugc ma hod cia ma cuc cua bao hiéu diéu khién cé nghiala N 13
chiéu dai ma ctia ma cuc.

Cu thé 13, gia st rang Q 1a sb nguyén duong cho trudc. Néu hai sb
nguyén A va B duogc chia cho Q, va céc s du thu duoc la béng nhau, thi A va
B la dong du véi mddun Q. Céng thirc (2) bidu thi phuong phap ddng du
tuyén tinh, 7 biéu thi modun, v m>0; a bidu thi cong bi; ¢ bidu th
cong sai; va *(0) bidy thi gia tri khoi tao. v

Do d6, ham 4nh xa c6 thé duoc xac dinh theo day déng du va day tham
chiéu thu dugc néu trén. Cu thé 14, tién trinh sép xép duoc thuc hién déi véi
céc phan tir trong day dong du nay; do d6, ham 4nh xa néu trén c6 thé duoc
xéc dinh theo vi trf clia cac phan tir trong diy dong du va ddy tham chiéu nay.

Vi dy, nhung khong nham muc dich gidi han, néu day A 1a [0, 7, 1], thi
ddy B thu dugc sau khi thao tac sép xép duoc thuc hién déi véi day A theo
th tu ting dan 1a [0, 1, 7]. Do ds, quy téc 4nh xa (hay ham anh xa) p tir day
A sang dly B c6 thé duogc biéu dién dudi dang [0, 2, 1]. Téc 13, phan tir du
tién (v6i s0 tudn ty 1a 0) trong ddy B 1a phin tir dAu tién (véi sé tudn tu 12 0)
trong diy A; phan tir thi hai (v6i s6 tudn ty 12 1) trong day B 1a phan tir thi
ba (v6i s6 tuan ty 1a 2) trong diy A; va phin tir thir ba (v6i s tudn tu 13 2)
trong ddy B 1a phan tir thi hai (v6i s6 tudn tu 14 1) trong day A.

Tuong tu, c6 thé thu dugc ham 4nh xa ndy theo diy tham chiéu va day
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déng du thu duge néu trén. Do d6, tién trinh dan xen c6 thé duoc thuc hién
dbi v6i ma cuc sau khi mé hoa theo ham anh xa thu duoc néu trén.

Vi dy, nhung khéng nhim muc dich gi6i han, néu ham énh xa p 13 [0, 2,
1], thi gié trj bit ca bit dAu tién (véi s6 tuan tu 0) cia ma cuc sau khi dan xen
14 gi4 tri bit clia bit du tién (v6i sé tuln tu 0) ctia ma cuc trudce tién trinh dan
xen; gid tri bit cla bit th hai (véi s tudn tw 1) cia ma cuc sau tién trinh dan
xen la gid tri bit cla bit thit ba (véi sd tudn tu 2) cda ma cyc trude tién trinh
dan xen; va gid tri bit cla bit thir ba (véi sé tudn tu 2) cta ma cuc sau tién
trinh dan xen la gié tri bit cua bit thi hai (v6i s6 tudn tu 1) cia ma cuc trude
tién trinh dan xen.

Tuy ¥, theo phwong 4n khac, a=7", ¢=0 vy m=2"-1

Tuy y, theo phuong 4an khac, béo hidu didu khién néu trén bao gdm,
nhung khong chi giéi han &, mét trong sb céc kénh didu khién sau day: kénh
didu khién duong xuéng vat Iy PDCCH (Physical Downlink Control
Channel), kénh quing ba vat Iy PBCH (Physical Broadcast Channel), hodic
kénh didu khién duong 1én vat Iy PUCCH (Physical Uplink Control Channel).
Cén hiéu rang béo hidu diéu khién cling ¢6 thé duge goi 1a kénh didu khidn,

Tuy y, theo phuong 4n khac, khi - 128 'thi ham 4nh xa 1a:

{0, 112, 35, 14, 48, 1, 99, 54, 28, 120, 126, 46, 114, 110, 43, 32, 81, 18,
113, 63,75, 38, 64,7, 15,37, 19, 70, 27, 12, 34, 50, 17, 86, 3, 68, 98, 23, 111,
62, 57, 61, 89, 59, 13, 56, 66, 107, 47, 41, 124, 30, 2, 49, 44, 88, 65, 45, 123,
104, 10, 85, 102, 103, 122, 91, 121, 58, 73, 60, 26, 8, 55, 105, 94, 82, 115, 69,
74, 83, 106, 95, 9, 108, 53, 90, 29, 11, 36, 42, 87, 39, 101, 76, 4, 67, 93, 31,
97,119, 100, 72, 6, 5, 22, 118, 25, 117, 125, 92, 80, 77, 21, 79, 116, 33, 20,
71,52, 109, 84, 51, 96, 24, 40, 78, 16, 127}.

Trong trudng hop ndy, diy dong du 1a:

{4831, 81195000, 985810000, 707190000, 1586500000, 1714800000,
1700400000, 585280000, 1278700000, 1462300000, 1076700000,
1500100000, 645300000, 845220000, 38367000, 586604271, 2108042967,
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692938163, 407887860, 603461796, 1964624238, 1878495441, 1715782340,
743376464, 2015855849, 1787239071, 1273295708, 606422001, 177182145,
1487976273, 970150996, 1631941748, 383819152, 1955095723, 646533714,
24877378, 1502264528, 594684317, 470422681, 1506694960, 2042510943,
955321706, 1504167770, 370217906, 992220783, 1044180926, 312459998,
917669471, 43246343, 991814115, 651762791, 2010628637, 1980316514,
1478089592, 160944248, 1308064563, 851016002, 784856594, 1240215484,
825361806, 1258997469, 814087592, 751843707, 443404601, 532873917,
1005115029, 861925101, 1597973492, 709990662, 1393913502, 605122991,
1967041192, 1698052026, 1250215999, 1400292945, 450239142,
1584371213, 1877237738, 2052404489, 1879908509, 1842896099,
398095212, 1374667679, 1410606527, 1991920056, 1077808109,
696325518,1504588523,999362636,818220065,1486840714,1212163706,
1805531300, 1620626990, 1342726029, 1438206727, 2012013704,
1636817466, 725632992, 154065231, 1656542782, 1536537366, .
1092655187, 1123062412, 1076185001, 1334036773, 1426769131,
906382315, 1466060034, 1991109407, 338132248, 746962174, 3858056,
417837782, 328076384, 1389264039, 1918493289, 1797232165,
1723502100, 1640363964, 202082762, 1233335027, 1149637945,
1054569556,967989001,1802513782,297325845,2108513993}.

Tuy y, theo phuong an khac, khi N =256 thi ham 4nh xa la:

{0,188,112,128,183,35,150,14,48,149,148,154,130,1,229,152,
131, 197, 182, 248, 253, 99, 54, 245, 231, 165, 28, 226, 120, 132, 136, 185,
168,196,187,200,159,211,147,126,46,157,114,110,210,43,32,81,18,
113, 63, 158, 75, 222, 38, 170, 219, 208, 237, 220, 252, 64, 137, 230, 216,
133,7, 192, 218, 15, 37, 217, 19, 70, 27, 173, 155, 12, 34, 239, 50, 207, 175,
169,223,242,240,17,161,86,3,68,98,23,145,111,62,189,202,57,61,
89, 59, 13, 56, 66, 199, 167, 214, 179, 215, 221, 107, 47, 41, 124, 234, 30, 2,
49,44,88,201,65,195,205,45,123,104,10,85,193,102,177,103,122,
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225,241,181,227,91,172,121,58,142,174,73,134,60,250,180,26,8,
55,236,105,94,235,194,82,162,160,243,115,69,74,83,106,191,95,
232,9,108,206,53,212,209,90,29,11,139,36,42,87,39,178,101,144,
151,138,247,76,4,238,143,67,146,93,254,31,198,97,119,100,171,
163,204,72,6,5,22,118,190,233,141,213,25,117,125,92,246,153,80,
186,135,77,251,21,79,249,116,203,164,129,33,20,71,184,52,244,
109,84,51,96,24,255,40,224,176,78,140,228,16,127,166,156k
Trong trudng hop nay, diy dong du 1a:
{4831,81194617,985812074,707191113,1586533693,1714817099,
1700440153, 585277195, 1278713105, 1462300206, 1076705974,
1500095396,645304792,845221794,38366853,586604271,2108042967,
692938163,407887860,603461796,1964624238,1878495441,1715782340,
743376464,2015855849,1787239071,1273295708,606422001,177182145,
1487976273,970150996,1631941748,383819152,1955095723,646533714,
24877378,1502264528,594684317,470422681,1506694960,2042510943,
955321706,1504167770,370217906,992220783,1044180926,312459998,
917669471,43246343,991814115,651762791,2010628637,1980316514,
1478089592,160944248,1308064563,851016002,784856594,1240215484,
825361806,1258997469,814087592,751843707,443404601,532873917,
1005115029,861925101,1597973492,709990662,1393913502,605122991,
1967041192, 1698052026, 1250215999, 1400292945, 450239142,
1584371213, 1877237738, 2052404489, 1879908509, 1842896099,
398095212, 1374667679, 1410606527, 1991920056, 1077808109,
696325518,1504588523,999362636,818220065,1486840714,1212163706,
1805531300, 1620626990, 1342726029, 1438206727, 2012013704,
1636817466, 725632992, 154065231, 1656542782, 1536537366,
1092655187, 1123062412, 1076185001, 1334036773, 1426769131,
906382315, 1466060034, 1991109407, 338132248, 746962174, 3858056,
417837782, 328076384, 1389264039, 1918493289, 1797232165,
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1723502100, 1640363964, 202082762, 1233335027, 1149637945,
1054569556, 967989001, 1802513782, 297325845, 2108513993, 19537557,
1950206155, 71942924, 111430407, 205110265, 576970420, 1253182735,
1870101016, 217118420, 534568687, 1571827008, 1500181709,
2095967383, 1749544340, 1245627656, 1593423436, 1546610762,
745013646, 1614686312, 281998645, 54817586, 48683339, 29609066,
1570849805, 108716417, 1835720569, 58046734, 633882600, 2145969080,
314476195, 444154098, 244768114, 1386507993, 694784754, 1378771739,
1668066243, 1937818163, 172875139, 2114570429, 878326000, 222492522,
662787827, 477331400, 1657418255, 1218226548, 624501738, 1248127677,
661603443, 2046225982, 1116956416, 1531925285, 886821112,
1265919204,1183570799,133396632,24266556,1973597409,219241501,
1857452702, 237786075, 3495458, 766104137, 1747766794, 1435183092,
585904140, 1078359485, 1373367362, 1031015178, 226549003, 120587290,
1633503909, 869255315, 242828664, 1002426548, 773781521, 1932540862,
1671590406, 1038883588, 1474413406, 652311909, 5022366238,
1480274086, 368512907, 253590001, 1479591159, 1775460700, 882709835,
887163369, 575781662, 601079852, 585997076, 492851190, 505523851,
894056225, 459895516, 670291859, 2043545698, 1166579815, 181253595,
1197359719, 2103024843, 105190328, 554801215, 170025231, 1460806907,
1748633445, 968600920, 1349618180, 1310471646, 504670690,
1587364827, 651300708, 686850597, 1173381154, 674724877, 1387351579,
1988032774, 168768945, 1821244575, 1573151334, 135808674,
1908750804, 1264043942, 1878297070, 529244590, 136558256,
1622073596, 2033512954} .

Can hiéu rang céc sb tht tu cia céc quy trinh néu trén khong c6 nghia la
cac trinh ty thyc hién trong cac phuong an khéc nhau cta sang ché. Trinh tu
thuc hién cia céc tién trinh duoc x4c dinh theo céc chirc ning va logic ndi tai

cua chung, chu khong bi gidi han theo qua trinh thuc hién céc phuong an cta
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sang ché.

Nguoi ¢6 kién thic trung binh trong linh vuc c6 thé nhan thdy rang céc
khéi va cac budce trong cac vi dy ma da dugc mo ta dua vao cac phuong an &
day 1a c6 thé duge thuc hién bing phan cling dién tr, phan mém may tinh,
hoc t0 hop cua ching. Dé md ta rd kha ning hoén dbi gitta phin cimg va
phan mém, phan néu trén da mo ta téng quat cac thanh phan va cac budc cla
timg vi du theo cdc chirc néng. Viéc cac chirc ning nay duoc thuc hién bang
phan ctmg hay phan mém phu thudc vao cac ing dung cu thé va céc didu
kién rang budc vé thiét ké k§ thuat. Ngudi c6 kién thire trung binh trong linh
vuc nay c6 thé st dung céc phuong phap khac nhau dé thuc hién céc chic
ning dugc md ta dbi véi mdi tmg dung cu thé, nhung diéu nay khéng co
nghia 14 cach thic thyc hién ndy ndm ngoai pham vi ctia sang ché.

Nguoi c6 kién thirc trung binh trong linh vuc nay cé thé thiy ro rang, dé
tién loi cho viéc mé ta va nham muc dich m6 ta vén tit, thi qua trinh hoat
dong chi tiét cuia h¢ thdng, thibt bi, va cdc don vi néu trén c¢6 thé duoc tim
thiy & qué trinh tuong Ung trong c4c phuong 4n vé phuong phap trén day,
nén khong dugc mo ta ¢ day.

Theo mot s6 phwong 4n trong don nay, can hiéu ring hé théng, thiét bj
va phuong phép duogc boc 16 ¢6 thé duogc thyc hién theo nhiing c4ch khac. Vi
dy, phuong 4n vé thiét bj d dugc mé ta chi 1a mét vi dy. Vi du, nhém don vi
néu trén chi la nhém chirc néng logic, va né cé thé 1a nhém khéc khi thuc
hién thuc €. Vi dy, cac don vi hodc cc thanh phan cé thé duoc két hop hoic
duge tich hop vao hé thong khéc, hodc mot sb ddu hiéu c6 thé duoge béd qua,
hogc khong dugc thyc hién. Ngoai ra, cac mbi ghép véi nhau hoic cac méi
ghép hodic cac mdi ndi giao tiép truc tiép dd duoc thé hién hodc dugc md ta
néu trén 14 c6 thé duoc thuc hién qua mdt s6 giao dién, cac ghép ndi gian tiép
hodc cac két ndi truyén thong gitta cac thiét bi hodc cac don vi, hoic cac két
ndi dién, cac két ndi co hoc, hoac cac dang két ndi khac.

Cac don vi dugc mo ta dudi dang cac bd phan riéng r& cé thé 14, hoic
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khéng phai 13, riéng r& vé mit vat ly, va cac b phan dugc thé hién dudi dang
cac don vi c6 thé 1a, hodc khéng phai la, cdc don vi vt 1y, ¢6 thé dugc dat tai
mdt vi tri, hodic c6 thé duoc rai rac trén nhiéu don vi mang. Mot phén hodc tht
ca trong s6 céc don vl nay cé thé dugc chon theo cac nhu cau thuc té dé dat
dugc cac muc dich cta cac phuong 4n cia sang ché.

Ngoai ra, cac don vi chirc nang ¢ cac phuong 4n ciia sang ché c6 thé
dugc tich hop vao mot bo xtr 1y, hodc mdi trong s6 céc don vi nay co thé ton
tai mot minh vé mit vat 1y, hodc hai hoic nhidu don vi duoc hop nhét thanh
mét don vi. Pon vi hop nhét dugc c6 thé dugc thuc hién duéi dang phan
cting, hodc c6 thé dugce thuc hién dudi dang don vi chirc ning phan mém.

Khi don vi hop nhét nay dugc thuc hién duéi dang don vi chirc nang
phin mém va duogc ban hodc duoc sir dung duéi dang san phdm doc 1ap, thi
don vi hop nhét nay c6 thé duoc luu gilt trén phuong tién luu trit doc duoc
bang may tinh. Do do, giai phdp cua sang ché, hoic phan khéc phuc nhuogc
diém cua giai phap da biét, hodc tit ca hoic mdt phan cla cic giai phap ky
thuat nay, c6 thé dugc thuc hién dudi dang san phdm phin mém. San pham
phan mém nay duoc luu gift trén phuong tién luu trit va bao gdm mot sé 1énh
de ra Ignh cho thiét b may tinh (c6 thé 1a m4y tinh c4 nhan, méy chi, hodc
thiét bi mang) thuc hién toan bo hozic mdt phan clia cic budc clia cac phuong
phap da dugc mb ta trong cac phuong 4n theo séng ché. Phuong tién luu triy
néu trén bao gdm: phuong tién bat ky ma c6 thé luu gitt ma chuong trinh,
ching han § dia USB (Universal Serial Bus - buyt ndi tiép van nang), dia
cimg thdo ra dugc, ROM (Read Only Memory - bd nhé chi doc), RAM
(Random Access Memory - bd nhé truy cép ngiu nhién), dia tlr, hodc dia
quang.

Phin mé ta néu trén chi néu céc phuong 4n cu thé ciia sang ché, cha
khong nham giéi han pham vi bdo ho cua sang ché. Cac phuong 4n cai bién
hotc thay thé bit ky ma ngudi c6 kién thuc trung binh trong linh vyc nay tao

ra trong pham vi k§ thuat ctia séng ché ciing déu nim trong pham vi bao hd
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cua sang ché. Do do, pham vi bado h{ cta sang ché duoge x4c dinh theo pham

vi bdo hd cta cac di€m yéu cau bao ho kém theo.
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YEU CAU BAO HO

1. Phuong phap mé hoa bang ma cuc, trong d6
chd,bao gdbm cac budc:

anh xa M bit danh trudc cia bao hi¢u quang ba 14n luot vao M bit thong tin
c6 do tin cay thép trong s6 K bit thong tin cua ma cuc, va anh xa céc bit con lai
clia b4o hiéu quang ba nay vao céc bit thong tin con lai trong s6 K bit thong tin
ndy, dé thu duoc K bit sau khi 4nh xa, trong d6 M<K, va ca M va K déu 1a cac
s6 nguyén duong (301); trong d6 cac bit danh trude khong mang thong tin hiru
ich; va

thue hién ma hoa bang mi cuc d6i véi K bit sau khi anh xa do, dé thu dugc
céc bit dugc ma hod sau khi méa hoa (302).
2. Phuong phap ma hoa theo diém 1, trong &6 M bit thong tin c6 do tin cdy
thap néu trén bao gdm M bit thong tin c6 d0 tin cdy thap hon ngudng dinh trudc,
hodc M bit thong tin ¢6 do tin cdy thip dé bao gdm M bit thong tin c6 d6 tin cdy
thip nhét trong s6 K bit thong tin néu trén.
3. Phuong phap ma hod theo diém 1 hodic 2, trong @6 trude budc anh xa M bit
danh trudc cua bao hi€u quang ba 14n luot vao M bit thong tin ¢6 d tin cay thép
trong s6 K bit thong tin ciia mé cuc, thi phuong phap ma hoa nay con bao gbm
budec:

sép xép K bit thong tin theo db tin cy ctia K bit thong tin do.
4. Phuong phap ma hoé theo diém 3, trong d6 do tin cdy cia mot trong s6 K
bit thong tin 12 dugc xac dinh theo dung lugng bit, thong s Bhattacharyya, hodc
xé4c sudt 16i.
5.  Phuong phap ma hoa theo diém bAt ki trong s6 cic diém tir 1 dén 4, trong
d6 sau bude thuc hién tién trinh ma hoé bing ma cyc dbi véi K bit sau khi anh
xa, thi phwong phap méa hod nay con bao gbm cac budc:

thuc hién thao tac dan xen dong du c6 sip xép ddi véi cac bit dwgc ma hod

sau khi ma ho4, dé thu dugc céac bit dugec ma hoa sau khi dan xen; va
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nhép, theo gia tri £, E bit dAu tién trong sb céc bit dugc ma hod sau khi
dan xen, vao bo dém tudn hoan; hoic, thuc hién tién trinh dao thi tu dbi véi cac
bit duoc ma hod sau khi dan xen, va nhép, theo gia tri £, £ bit dau tién cla
céc bit dugc ma hod sau tién trinh dao thi tu, vao bd dém tudn hoan.
6. Phuong phap theo diém 5, trong d6 buédc thuc hién thao tidc dan xen dong
du ¢6 sip xép dbi véi céc bit dugc mi hod sau khi ma hod, dé thu dugc cac bit
duoc ma hod sau khi dan xen, bao gbm cac budc:

thu thap day dong du theo chiéu dai cta céc bit duge mi hod sau khi ma
hoa;

thyre hién tién trinh sép xép dbi véi day ddng du nay theo quy tac, dé thu
dugc day tham chiéu;

xac dinh ham anh xa theo day ddng du va ddy tham chiéu nay; va

dan xen céc bit dugc m3 hoa sau khi ma hoa theo ham énh xa nay, dé thu
duogc céc bit duge méa hod sau khi dan xen.
7. Phuong phép theo diém 6, trong d6 bude thu thap day dong du theo chidu
dai ciia céc bit duge ma hoa sau khi mé hod 1a céc budc:

xé4c dinh ddy dong du theo cong thirc sau:

x(0) =x, - va

x(n+1)=[a*x(n)+c]mod m

trong d6 7=0L-»(V=2) trong d6 N 1a chiu dai clia c4c bit duge ma
hoé cia mi cuc sau khi md hod, Y, 4, ¢, va m 1a céc thong sb cu thé, va
x(0), x(1), .., x(N=1) 13 day déng du.
8. Thiét bi ma hoa bang mi cuc, trong do thiét bi nay khac biét & chd, bao
gbm:

khéi 4nh xa (401), dugc tao cAu hinh dé: 4nh xa M bit danh trude clia bao
hiéu quang ba 1An luot vao M bit thong tin c¢6 do tin cay thap trong s6 K bit
thong tin ctia ma cyc, va dnh xa céc bit con lai ciia bdo hiéu quang ba nay vao

céc bit thong tin con lai trong s6 K bit théng tin nay, dé thu duge céc bit sau khi
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anh xa, trong d6 M<K, vacaMvakK déu 12 céc sb nguyén duong; va

khdi ma hoé (402), duoc tao cAu hinh dé thyc hién thao tic ma hod bing
ma cuc d6i véi K bit sau khi anh xa d6, dé thu duoc cac bit dugc mi hod sau khi
ma hoa.
9. Thiét bi ma hod theo diém 8, trong d6 M bit théng tin c6 do tin cdy thap
néu trén bao gdbm M bit thong tin ¢4 dd tin cay thap hon ngudng dinh trudc,
ho#c M bit thdng tin c6 do tin cay thip d6 bao gbdm M bit théng tin c6 d tin cay
thip nhét trong sd K bit théng tin néu trén.
10. Thiét bi m3 hoa theo diém 8 hoic 9, trong do thiét bi m3 hod nay con bao
gbm khdi sap xép (403), dugc tao cAu hinh dé sép xép K bit thong tin theo d tin
cdy cua K bit thong tin nay.
11. Thiét bi ma hod theo diém 10, trong d6 do tin ciy clia mét trong sd K bit
thong tin 1a duge x4c dinh theo dung luong bit, thong s6 Bhattacharyya, hodc
xé4c suét 16i.
12. Thiét bi ma ho4 theo didm bat ki trong sb cac diém tir 8 dén 11, troﬁg do
thiét bi ma hod ndy con bao gdm khéi dan xen (404) va khdi ghi (405), trong dé:

khdi dan xen (404) dugc tao cAu hinh d thuc hién thao tic dan xen déng
du c6 sap xép ddi véi cac bit duge ma hoa sau khi ma hoa, dé thu dugc céc bit
duoc ma hod sau khi dan xen; va

khéi ghi (405) dugc tao céu hinh dé nhap, theo gid tri £, E bit dau tién
trong sb cac bit duoc mi hod sau khi dan xen, vao bd dém tudn hoan; hoic,
dugc tao cAu hinh d&: thuc hién tién trinh dao thi ty doi v6i céc bit duoc mé hod
sau khi dan xen, va nhép, theo gia tri £, E bit diu tién cua céc bit dugc ma
ho4 sau tién trinh dao thir tu, vao bd dém tudn hoan.
13. Thiét bi ma ho4 theo diém 12, trong d6 khdi dan xen (404) dugc tao cAu
hinh cu thé dé:

thu thap ddy ddng du theo chiéu dai cua céc bit duge md hod sau khi ma
hoa;

thuc hién tién trinh sap xép dbi voi day dong du nay theo quy téc, dé thu
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duogc day tham chiéu;

xac dinh ham anh xa theo day d(‘Sng du va day tham chiéu nay; va

dan xen cac bit duoc ma hod sau khi ma hoa theo ham anh xa nay, dé thu
duoc céc bit duoc ma hoa sau khi dan xen.
14. Thiét bi m3 hoa theo diém 13, trong do khdi dan xen (404) duogc tao cAu
hinh cu thé dé x4c dinh day dong du theo cong thirc sau:

x(n+1)=[a*x(n)+c]lmod m

trong d6 "7 OL....(N=2) trong @6 N 14 chidu dai ctia cac bit dugc ma

ho4 cia m3 cuc sau khi ma hoa, Y, a, ¢, va m la cac thong so cu the, va

x(0), (1) - x(N=1) 13 day ddng du.
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Anh xa M bit danh trudc clia bao hiéu quang b 1an luot vao M bit thong tin
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