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(57) Sang ché dé xuit phuong phap va thiét bi so khop ty 16 ma cyc. Phuong phap nay bao
gbém: thu nhén, boi thiét bi truyen thong, thong tin can dugc ma hoa hodc thong tin can
duoc giai mé; xac dinh, boi thiét bi truyén thong, ty 16 ma R; xac dinh, boi thiét b truyen
thong, phuong thirc so khép ty 1& can duge sir dung dya trén ty 18 ma, ngudng ty 1¢é ma, so
lugng cac bit thong tin, va ngudng bit thong tin, hodc xac dinh, boi thiét bj truyén thong,
phuong thire so khop ty 1€ can dugc sur dung dua trén ty 1€ ma, ngudng ty 1€ ma, do dai ma
dich, va ngudng d6 dai ma dich, hodc xac dinh, bdi thiét bi truyén thong, phuong phap so
khép ty 18 can dugc st dung dya trén ty 16 ma va hai ngudng ty 1é mi, trong d6 phuong
thire so khép ty 16 nay 13 phuong thirc danh thing hodc phuong thirc rat ngin; va so khép
ty 1€, boi thiét bi truyén thong dua trén phuong thirc so khép ty 1¢ duoc xac dinh, ma cuc
ctia thong tin can dugc ma hoa, hodc giai so khép ty 16 ma cuc cua thong tin can dugc giai
ma. Trong cach nay, phuong thirc danh thung hodc rut ngén ¢6 thé duoc lua chon linh hoat,
do d6 hiéu suit 1a kh4 t6t theo cac thong sb ma hoa khac nhau, va tranh duoc su suy giam
hiéu suét trong quy trinh danh thung hozc rat ngan. Sang ché ciing dé xuat phuong phap va
thiét bi giai so khép ty 1€, va vat ghi doc dugc bdi may tinh.



Thiét bi truyén thong thu nhin thoag th can drgc mahéahoge |/
théng tin can Awge gidi mi S0
1
Thid b truyéin théng v dih 16 ma R i
|
Thiét by truyén thong xde dinh phwong thir so khép ty Ié can
dwoe s dgng dyra trén 17 1€ A, ngudng ty 1€ ma, so hrong céc
bit théng tin v ngwdng bit thong tin, hojc thiét bj truyén théng
xdc dinh phirong thirc so khdp ty I can dirge st dyng dira trén ¥
1§ ma, ngwdng 1y ¢ md, 49 d&i ma dich, v ngwdng &9 daima [V $103
dich, hode thiet bi muyéri thong xdc dah phurong thirc so khdp ty
¢ can dwoc sw dung dya rén ty I¢ m3 va hai ngwimg ty I md,
trong 46 phveng thire so khép ty 1€ 1 phrong thive dénh thing
hu%:ph]mgﬁucmﬁ
!
Dyra tréa phrong thire 50 khdp ty 1€ dwoe xdc dinh, thiét bi truyen
théng so khép 1 1¢ rd cye cla théng tin cin dwoe ml héa, hoge V2
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Linh vwe k§ thuit dwoc dé cap

Séng ché lién quan dén linh vuc cta cac cong Nghé truyén thong, va cu thé 14
sang ché @& cip dén phuwong phap va thiét bi so khép ty 16, phuong phép va thiét bi
giai so khop ty 1€, vat ghi doc duge bai may tinh.

Tinh trang ki thuét clia sang ché

Trong hé théng truyén thong, ma hoa kénh thuong dugc thuc hién dé cai thién
d6 tin cdy cta su truyén dit liu va dam bao chit lwong truyén théng. Cong nghé
truyén thong di dong thé hé thir nam (5th-generation, 5G) yéu ciu pham vi ctia cac do
dai ma rong hon va cac ty 18 ma c6 thé dugc hd tro trong sy ma héa kénh trong twong
lai c6 d6 phic tap twong dbi thip. M4 cuc (polar code) 12 phuong phap m3 hoéa kénh
déu tién ma c6 thé “dat duoc” dung lugng kénh sau sy xdc minh nghiém ngat. Ma cuc

1a mi khéi tuyén tinh. Ma trdn sinh ctia md cuc 13 O, va quy trinh m héa I

N _

V= (st uy) la vec to hang nhi phin cta do dai N (nghia
. 10
G, =B Fl=M T
, . F®(1082(N))
trdn chuyén vi itheo thir tw ddo ngugc bit, 2 duoc xac dinh boi tich Kronecker
g
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, trong d6

1a d0 dai ma), l By 13 ma trAn chuyén vi ¥*N nhu ma

(Kronecker) ctuia log, N 1na tran F;, va xiN 13 bit duoc ma héa (cling duge goi 1a tr

N N ° N \
m3). Bit duoc ma héa thu dugc bang cach nhan ¥ véi ma trin sinh Gy , va quy trinh

cua phép nhén 1a quy trinh ma hoa.

C6 thé biét duge tir quy trinh ma hda cia ma cuc ré‘mg dd dai ma ctia ma cuc la
lity thira ctia 2. Tuy nhién, trong truyén thong thuc t&, d6 dai ma can duoc tao cdu hinh
linh hoat dwa trén kich ¢& tai nguyén. Do d6, cong nghé so khép ty 16 duoc yéu cau dé
thay dbi linh hoat d6 dai ma.

Theo phuong phap so khép ty 1€ ma cuc dua trén sy khoi phuc trong s6 céc
cong nghé cé lién quan, do6 tin ciy ctia mdi kénh duoc phén cuc can dugce tinh toén

dya trén cidc miu danh thing khac nhau, cic d6 dai mau, c4c ty 1& ma, va chat lugng


CVH140
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nghệ truyền thông, và cụ thể là
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kénh bing cach sir dung thuat toén dung hinh twong d6i phirc tap trong khi ma héa,
sau d6 vi tri cia bit thong tin hodc bit khong ddi duge xac dinh, va ma cuc me bi thiing
tir doan dAu hoc tir doan cudi. Trong phuong phap nay, hiéu sut cia ma cuc 1a tuong
dbi tdt. Trong Umg dung thuc té, vi trf cua bit thong tin can duoc chi bdo béng cach st
dung chudi. Trong khi ma héa va giai ma, cac vi tri clia céc bit thong tin ¢6 thé dugc
thdng nhat thong qua sy tinh todn thoi gian thuc hoac bd luu trit bang. Su tinh toan
thoi gian thuc ting cao dd phiic tap tai ddu truyén va du thu. Ngoai ra, bd luu trit
bang 1am d6 phirc tap cao dang ké trong viéc Iuu trit chudi dugc cu trac, do sb luong
khac nhau ciia céc bit thong tin, cdc d6 dai ma khac nhau, va cac diéu kién kénh cin
duogc xem xét. Trong s6 céc cong nghé c6 lién quan, cling c6 cong nghé trong dd su so
khép ty 1€ duge thue hién thong qua sy danh thing hodc sy rut ngén dua trén chudi
duoc ciu tric khong dbi. Khi phuong thitc danh thung dugc st dung, su so khép ty 1€
6 thé duoc thuc hién béng cach str dung chudi dugc cAu tric don 1& va phuong thiic
danh thing b dinh, va do d6, d6 phtc tap ¢6 thé duoc giam xudng. Tuy nhién, phuong
thitc ddnh thiing chi c6 thé dugc ap dung cho ty 1é mé thip. Khi phuong thirc rit ngén
duoc st dung, vi tri clia bit khong dbi dugc diéu chinh, sao cho bit duoc rit ngin chi
lién quan dén bit khong dbi biét trude. Trong phuong thirc nay, chudi duoc cu tric
khong dbi va quy luat danh thing ¢b dinh ¢6 thé duge st dung dé thu duoc hiéu suét
twong d6i 6n dinh tai cac ty 16 ma khac nhau. Tuy nhién, giai php ndy chi c6 thé ap
dung cho céc ty 1€ mi trong vung cu thé (ty 1€ ma trung binh hodc ty 1€ mi cao), va cb
su suy giam hiéu suit tuong dbi 16n theo mot sb thong s6 ma hoa.
Ban chit ky thuit cia sing ché

Sang ché dé xuAt phuong phéap va thiét bi so khép ty 16 ma cuc, dé cai thién
toan bd hiéu suit ciia ma cuc.

Theo khia canh thir nhét, sing ché d& xudt phuong phap so khép ty 1€ mé cuc
bao gdm:

thu nhan, béi thiét bi truyén théng, thong tin cAn duoc ma hoa hodc thong tin
can duge gidi ma; xac dinh, bdi thiét bi truyén thong, ty 16 ma R, trong d6 R = K/M, K
1a sb lugng cac bit thong tin, hoac K 1a téng sb cia sb luong céc bit thong tin va s6

luong céc bit kiém tra, M 14 d6 dai ma dich, va K va M 14 c4c s nguyén duong; xéac
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dinh, boi thiét bi truyén thong, phuong thirc so khép ty 1€ can dugc st dung dua trén ty
1€ ma, ngudng ty 1€ m3, s6 luong cac bit thdng tin, va ngudng bit thong tin, hoac xac
dinh, béi thiét bi truyén théng, phuong thirc so khép ty 18 cAn dugce sit dung dua trén ty
1€ ma, ngudng ty 1€ ma, d6 dai ma dich, va ngudng d6 dai ma dich, hodc xac dinh, bsi
thiét bi truyén thong, phuong thirc so khép ty 18 cin duoc str dung dua trén ty 16 ma va
hai ngudng ty 1¢ ma, trong d6 phuong thitrc so khép ty 1€ 1a phuong thirc danh thung
hodc phuong thiic it ngén; va so khép ty 18, boi thiét bi truyén thong dua trén phuong
thirc so khop ty 1€ duge xac dinh, mé cuc cta thong tin can dugc ma héa, hoic giai so
khép ty 16 mi cuc cia thong tin can duoc gidi ma. Do d6, sau khi x4c dinh ty 16 ma,
thiét bi truyén thong xac dinh phuong thitc so khép ty 1€ can duge st dung béng cach
so sanh ty 16 ma va ngudng ty 16 ma va so sanh s§ lwong cac bit thong tin va ngudng
bit thong tin, hodc xac dinh phuong thitc so khép ty 1€ can duoc st dung bﬁng cach so
sanh ty 1¢ mad va ngudng ty 1é ma va so sanh d6 dai ma dich va ngudng d6 dai ma dich,
hodc x4c dinh phuong thitc so khép ty 18 cin duoc sir dung bang céch so sanh ty 16 ma
va hai ngudng ty 1¢ mi dinh trudc. Theo cach nay, phuong thirc danh thing hodc rut
gon c6 thé dugc lya chon linh hoat, vi du, sy d4nh thing duoc st dung déi véi ty 16 ma
thép va su rut gon dugc st dung dbi véi ty 1€ ma cao hodc ty 1€ ma trung binh, do do
hidu suit 1a tuong dbi t6t theo cac thong s6 ma héa khac nhau, va tranh duoc su suy

giam hiéu suét trong quy trinh dénh thung hodc rit gon.

Trong mot thiét ké kha thi, sw dénh thung 13 phuong thirc danh thing bét ky
trong sb phuong thirc danh thing 1, phuong thirc danh thung 2, phuong thie danh
thung 3, va phuong thic danh thing 4, phuong thirc danh thing 1 13 sy danh thing
lién tuc tlr dau dwa trén s luong cac vét thung, phuong thirc danh thing 2 14 sy danh
thiing theo thir ty ting dan vé d6 tin cdy ctia cac kénh dugc phén cuc dya trén sb luong
cac vét thing, va phuong thirc dnh thing 3 13 sy danh thing dwa trén s luong cac vét
thing va céc vi tri danh thing dinh trude, trong dé

trong phuong thirc d4nh thing 3, khi sb luong cac vét thing P < N/4, trong d6
N 14 46 dai ma me ctia thong tin can dugc ma hoa, cac vi tri danh thung dinh truédc 1a P
bit dau tién, hozc khi P > N/4, cc vi tri d4nh thing dinh truéc 14 céc bit tir 1 dén N/4

va bit j, trong d6 j dugc xac dinh theo céc cong thirc sau:
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j=N/4, ., N4+ ((P-N/4)2)y —1;
J=N2, . N2+ Y@ -N42)y -1;

trong d6 ky hiéu - biéu thi lam tron 1én dén s6 nguyén gan nhét, va ky hiéu

L1 biéu thi lam tron xudng dén sb nguyén gin nhit;

phuong thitc dénh thiing 4 13: chia thong tin cdn dugc ma hoéa thanh S1 nhém
bit c6 d6 dai bang nhau, trong d6 S1 1a s nguyén duong; xac dinh ring N1 nhém bit
can dugc d4nh thing; va x4c dinh rdng N2 bit con lai cAn dugce ddnh thing, trong d6
s
N2 nho hon s6 luong céac bit c6 trong mdt nhom bit, N1 = N/S1 ,vaN2=N-M—
N1 x (N/S1);

sw rat ngén 1 phuong thirc rit ngén bat ky trong s6 phuong thirc rit ngin 1,
phwong thitc rit ngén 2, phwong thirc rut ngin 3, va phuong thirc rit ngin 4, phuong
thitc rt ngén 1 13 sy rt ngén tir cudi dua trén s6 luong cac vét thiing, phuong thie rut
ngén 2 1a su rut ngén theo thr tu dao ngugc bit tir cubi dua trén sb lugng cac vét
thing, va phwong thirc rit ngén 3 13 sy rat ngin dua trén sb lwong cac vét thing va céc

vi tri rat ngén dinh trudce, trong d6

trong phuong thirc rit ngan 3, khi s lwong cac vét thing P < N/4, trong doNla
d6 dai ma me ctia thong tin can dwoc mé héa, cac vi tri rat ngén dinh trude 1a P bit diu
tién, hodc khi P > N/4, céc vi tri rat ngén dinh trudc 14 cac bit tir (3N/4 + 1) dén N va
bit 1, trong d6 i dugc xac dinh theo cac codng thirc sau:

i=3N/4— (P-N/4)27 +1, ..., 3N/4;

i=N2-L@-Nm4)y2)d +1,..,N2;

phuong thirc rit ngén 4 13: chia théng tin cdn dwoc ma hoéa thanh S2 nhém bit
c6 d6 dai bang nhau, trong d6 S2 13 s§ nguyén duong; x4c dinh ring L1 nhém bit cin
duoc rat ngén; va xac dinh réng L2 bit con lai can duge danh thiing, trong d6 L2 nho

)

hon s6 luong cée bit c6 trong mot nhém bit, L1 = LV/S2) va12=N-M-L1 x
(N/S2).

Trong mot thiét k& kha thi, bude x4c dinh, boi thiét bi truyén thong, phuong
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thirc so khdp ty 1€ can duogc sit dung dua trén ty 1€ ma, ngudng ty 1€ ma, so lugng cac

bit théng tin, va ngudng bit thong tin bao gdm:

néu didu kién dinh trude déu tién duoc thoa mén, sit dung phuong thiic bat ky
trong s6 phuong thirc danh thing 1, phwong thitc dénh thing 2, phwong thirc danh
thing 3, va phuong thirc d4nh thing 4, trong d6 diéu kién dinh trudc dau tién 1a ty 18
mé nho hon hodc bang ngudng ty 16 ma diu tién A sb lugng cac bit théng tin it hon
hodc bang ngudng bit thong tin dAu tién Bi, A; 1a gi4 tri bt ky trong tap hop [1/12,
1/6, 1/5, 1/4, 1/3, 1/2], va By 1a gia tri bat ky trong tap hop [30, 48, 80, 200, 1000];

néu didu kién dinh trude thir hai dugc théa man, sir dung phuong thic rit ngén
1, phuong thirc rt ngén 3, hodc phuong thirc rit ngin 4, trong d6 diéu kién dinh trudc
th hai 13 ty 1& ma 16n hon hoic bing ngudng ty 18 ma thir hai A, A, 13 gia tri bat ky
trong tap hop [1/4, 1/3, 1/2, 2/3, 3/4, 5/6], va A1 nhé hon Az; hoic

néu cd dieu kién dinh trude dau ti€n va di€u kién dinh trude thir hai khdng dugce

thoa man, sir dung phuong thirc rit ngén 2.

Trong thiét ké kha thi nay, thiét bi truyén théng c6 thé so sanh ty 16 mi va
ngudng ty 1& ma va so sanh sd luong céc bit thong tin va ngudng bit théng tin. Trong
cach nay, phuong thirc danh thung va rat ngfm dugc lua chon linh hoat, vi du, danh
thimg duoc str dung d6i véi ty 18 ma thdp va rit ngin duoc st dung dbi véi ty 16 ma
cao hodc ty 1¢ ma trung binh, do d6 hi€u suét 1a tuong dbi t6t theo céc thong s6 ma héa
khac nhau, va tranh dwoc su suy giam hiéu sudt trong quy trinh danh thung va rat

ngan.

Trong mdt thiét ké kha thi, diéu kién dinh truéc dau tién 13 ty 16 ma nhod hon
ngudng ty 18 ma 1/5 va sb luong céc bit thong tin nhé hon hodc bang ngudng bit thong
tin 100, hodc ty 16 ma nhd hon ngudng ty 18 ma 1/4 va sb lwong cac bit théng tin nho
hon hoc bang ngudng bit thong tin 30, va didu kién dinh trudc thi hai 14 ty 16 mi 16n
hon ngudng ty 1€ ma 3/4; hoac

diéu kién dinh trudc ddu tién 13 ty 186 ma nhd hon ngudng ty 16 ma 1/4 va sd
lwong céc bit thong tin nho hon hoic bing ngudng bit thong tin 200, va diéu kién dinh

trude thir hai 1a ty 18 mé 16n hon ngudng ty 1& ma 3/4; va
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budc xac dinh, bai thiét bi truyén thong, phuong thire so khép ty 18 can duogce st
dung dua trén ty 1& ma, ngudng ty 18 mi, sb lugng céc bit thong tin va ngudng bit
thong tin bao gém: néu diéu kién dinh truéc dau tién duge thda man, si dung phuong
thirc danh thung 2 hoic phuong thirc dénh thing 4; néu diéu kién dinh trude tht hai
duoc thoa man, sir dung phuong thirc rit ngén 1 hodc phwong thirc rit ngén 3; hoic
néu ca didu kién dinh trudc diu tién va diéu kién dinh trude thi hai khong duge thoa
mén, sir dung phuong thirc rit ngén 2. Trong thiét k& kha thi nay, hiéu sut 13 twong
d6i tbt khi cac bit kiém tra khoéng dugc theo ddi cu thé hodc dugc theo sau boi céac bit

thong tin.

Trong mot thiét ké kha thi, budc xac dinh, bsi thiét bi truyén thong, phwong
thirc so khép ty 1€ can duogc st dung dua trén ty 1&¢ mé, ngudng ty 1€ ma, ) luong cac

bit thong tin, va ngudng bit thong tin bao gbm:

néu diéu kién dinh trudc thit ba duge thda man, si dung phuong thirc bét ky
trong s6 phuong thirc danh thung 1, phwong thitc danh thing 2, phuong thirc d4nh
thing 3, va phwong thirc danh thing 4, trong d6 diéu kién dinh truéc thi ba 13 ty 16 ma
nho hon hoac b%mg ngudng ty 1&é ma dau tién A1, sd lugng céc bit thong tin nhd hon
hodc bing ngudng bit théng tin dau tién Bi, A1 14 gia tri bit ky trong tap hop [1/12,
1/6, 1/5, 1/4, 1/3, 1/2], va By 1a gi4 tri bat ky trong tap hop [30, 48, 80, 200, 1000];
hoic néu didu kién dinh truéc thir ba khong dwoc thoa man, sir dung phuong thire rat
ngin 2, phuong thirc rit ngin 3, hodc phuong thirc rut ngén 4. Trong thiét ké kha thi
nay, chi hai phuong thirc so khép ty 1€ dugc st dung, va do do, viéc xac dinh cac didu

kién va d6 phuc tap c6 thé duoc giam bét.

Trong mot thiét k& kha thi, didu kién dinh trude thi ba 13 t§ 16 m3 nho hon hodc
béng 1/5 va sb luong cac bit théng tin nho hon hodc béng 100, hodc diéu kién dinh
trugc thir ba 13 ty 16 ma nho hon hodc bang 1/4 va sé lwong cac bit thong tin nhé hon
hogic bang 30, hofic diéu kién dinh tru¢c thit ba 1a ty 16 m& nho hon hofic bang 1/4 va
s& lugng cac bit th6ng tin nhd hon hosc bang 200; va

budce xac dinh, bai thiét bi truyén théng, phwong thirc so khép ty 18 can duoc sir
dung dya trén ty 16 mé, ngudng ty 16 m3, sd luong cac bit théng tin va ngudng bit

thong tin bao gém: néu diéu kién dinh trudc thit ba duge thda man, st dung phuong
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thirc danh thing 2 hodc phuong thitc danh thing 4; néu diéu kién dinh trudc thi ba
khong dugc thoa man, st dung phuong thirc rit ngin 2, hoic phwong thirc rut ngén 3,

hodc phuong thire rut ngén 4.

Trong mdt thiét k& kha thi, budc xac dinh, boi thiét bi truyén thong, phuong
thire so khép ty 1€ can duoc st dung dua trén ty 1€ ma, ngudng ty I¢ ma, d¢ dai ma
dich, va ngudng d6 dai mi dich bao gébm: néu didu kién dinh trude thir tu dwoc thoa
mén, st dung phuong thirc bit ky trong s6 phuong thic dénh thing 1, phuong thic
danh thing 2, phuong thire danh thing 3, va phuong thirc danh thung 4, trong d6 diéu
kién dinh trudc thir tw 13 ty 16 ma nho hon hodc bing ngudng ty 16 ma dau tién Ay, va
A1 12 gié tri bat ky trong tap hop [1/12, 1/6, 1/5, 1/4, 1/3, 1/2]; néu diéu kién dinh trude
tht nam dugc thoa min, sit dung phuong thirc rit ngén 1, phuwong thic rat ngén 3,
hodc phuong thic rat ngén 4, trong do didu kién dinh trudc thi nim 1a ty 1€ ma I6n
hon ngudng ty 16 ma thir hai Az, va d¢ dai ma dich nhé hon hodc bang ngudng d6 dai
mi dAu tién C, A, 13 gi4 tri bt ky trong tap hop [1/4, 1/3, 1/2, 2/3, 3/4, 5/6], A nhd
hon Az, C=N/2) x (1 +B), p=1/4 x (1 — (K + Kerc)/M, K 14 sb luong céc bit thong
tin, va Kere 1a sb luong céc bit kiém tra; hodc néu ca diéu kién dinh trudce thi tu va
diéu kién dinh tru6e thir nim khong duge thoa man, st dung phuong thirc rit ngén 2.
Trong thiét ké kha thi nay, thiét bi truyén thong c6 thé so sanh ty 1€ ma va ngudng ty 1&
ma va so sanh d¢ dai ma dich va ngudng d6 dai ma dich. Trong cach nay, phuong thitc
danh thiing va rit ngan duoc lya chon linh hoat, vi du, danh thing duoc st dung dbi
v6i ty 18 mi thdp va rit ngén dwoc st dung dbi véi ty 16 ma cao hodc ty 16 m3 trung
binh, do d6 hiéu suét 1a twong dbi tbt theo cic thong s6 md héa khac nhau, va tranh
dugc su suy giam hidu sudt trong quy trinh danh thing va rit ngin. Hon nita, d6 dai
mi duoc xem xét, va do dé, c6 thé dam bao rang hiéu suit khong rd rang 1a kém,

nhung 6n dinh nhét.

Trong mot thiét ké kha thi, diéu kién dinh trudce thir tr 14 ty 16 ma nho hon hodc
bang 1/4 hodc 1/3, va didu kién dinh trude thit ndm 13 ty 16 ma 16n hon 1/2 va d6 dai
mi dich nhé hon ngudng d6 dai ma diu tién C; va

bude xé4c dinh, boi thiét bi truyén thong, phuong thic so khop ty 1€ can dugc st

dung dua trén ty 1€ ma, ngudng ty 1¢ méa, d6 dai ma dich, va ngudng d6 dai ma dich
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bao gém: néu didu kién dinh trude thi tu duge théa méan, st dung phuong thirc danh
thiing 2 hoac phuong thirc danh thung 4; néu diéu kién dinh trudc thi nim duogc thoa
mén, str dung phuong thirc rit ngén 1, phuong thirc rit ngén 3, hozc phuong thirc rat
ngin 4; hoic néu ca didu kién dinh trude thir tw va didu kién dinh trudc thit nam khong

duoc théa mén, sir dung phuong thirc rit ngén 2.

Trong mot thiét ké kha thi, budc xac dinh, béi thiét bi truyén thong, phuong
thirc so khép ty 18 can dwoc sir dung dua trén ty 16 md va hai ngudng ty 16 ma bao

gom:

néu ty 16 ma nho hon hodc bing ngudng ty 1& ma thir ba As, sit dung phuong
thizc bat ky trong sb phuong thirc dénh thung 1, phuong thirc dénh thing 2, phuong
thirc danh thing 3, va phuong thirc d4nh thung 4, trong d6 A3 14 gié tri bit ky trong tap
hop [1/12, 1/6, 1/5, 1/4, 1/3, 2/5];

néu ty 16 mi 16n hon Az va nhd hon ngudng ty 16 ma thir twr A4, str dung phuong
thirc rat ngén 2, trong d6 A4 14 gid tri bt ky trong tap hop [1/2, 2/3, 3/4, 5/6]; hoic néu
ty 16 ma 16n hon hodc bing As, str dung phuong thirc rit ngén 3 hozc phwong thirc riit

ngén 4.

Trong thiét ké kha thi nay, thiét bi truyén thong c¢6 thé so sanh ty 16 ma va hai
ngudng ty 16 ma dinh trude. Trong cach ndy, phuong thirc d4nh thiing va rit ngan dugc
lwa chon linh hoat, vi du, dénh thung duoc st dung dbi v&i ty 18 ma thip va rat ngin
duoc st dung dbi voi ty 1€ mé cao hodc ty I¢ ma trung binh, do d6 hiéu sut 1a tuong
dbi tét theo cac thong s6 m3 hoa khac nhau, va tranh dugc su suy giam hiéu sut trong
quy trinh d4nh thing va rt ngén.

Trong mot thiét ké kha thi, Az 1a 1/4, va A4 12 1/2, va budc xé4c dinh, boi thiét bi
truyén théng, phuong thirc so khép ty 16 can duoc st dung dua trén ty 18 ma va hai
ngudng ty 18 mi bao gom:

néu ty 1€ ma nhd hon hodc b%lng 1/4, st dung phuong thirc danh thung 2 hodac
phuong thire danh thung 4;

néu ty 16 ma 16n hon hodc bing 1/4 va nho hon 1/2, sit dung phuong thirc rut

ngan 2; hodc
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néu ty 18 ma I6n hon hoic bing 1/2, st dung phwong thirc rat ngin 3 hoic

phuong thire rit ngén 4.

Theo khia canh th hai, sang ché d& xuét thiét bi so khép ty 1€ mé cuc, bao

gom:

modun thu nhén, duge tao cAu hinh dé thu nhin thong tin can duoc ma hoa hodc

thong tin can dugc giai ma; va

mddun xtr ly, dugce tao c4u hinh dé: x4c dinh ty 1€ ma R, trong d6 R = K/M, K
1a s6 lugng céc bit théng tin, hoic K 13 téng s ctia s& lugng céc bit thong tin va sb
luong céc bit kiém tra, M 1a d6 dai m3 dich, va K va M 1a céc sb nguyén duong; xac
dinh phuong thtrc so khép ty 1€ can duoc st dung dua trén ty 1€ ma, ngudng ty 1€ ma,
s& luong céc bit thong tin, va ngudng bit thong tin, hodc x4ac dinh phwong thic so
khép ty 1€ can dugc st dung dua trén ty 1€ ma, ngudng ty 1€ ma, d¢ dai ma dich, va
ngudng d6 dai ma dich, hodc x4c dinh phuong thirc so khdp ty 1€ can duge st dung
dua trén ty 1€ ma va hai ngudng ty 1€ ma, trong d6 phuong thirc so khép ty 1€ 1a
phuong thiic danh thing hodc phuong thire rit ngin; va dua trén phuong thic so khép
ty 1& duogc xéac dinh, so khdp ty 1€ méa cuc cta thdng tin can duoc m3 hoa, hodc giai so

khép ty 1€ ma cuc cua thong tin can dugc giai ma.

Trong mot thiét ké kha thi, sy dénh thing 13 phwong thiic bat ky trong s6
phuong thirc dénh thing 1, phuong thirc danh thing 2, phuong thitc danh thing 3, va
phuong thirc danh thuing 4, phuong thic dénh thing 1 14 sy dénh thing lién tuc tir dau
dwa trén sb luong céc vét thing, phuong thirc dénh thing 2 13 sy danh thing theo thir
tu tdng dan vé d6 tin cay cua cac kénh dugce phan cuc dua trén s6 lugng céac vét thing,
va phimng thitc danh thl’mg 3 1a su danh thl’mg‘ dﬁa trén s6 luong cac vét thing va cac

vi tri danh thing dinh trude, trong d6

trong phuong thirc danh thing 3, khi sb lugng céc vét thing P < N/4, trong d6
N la d6 dai ma me cta thong tin can dugc ma héa, céc vi tri danh thing dinh truée 1a P
bit dAu tién, hodc khi P > N/4, céc vi tri d4nh thung dinh trude 13 cac bit tir 1 dén N/4

va bit j, trong d6 j dugc xac dinh theo céc cong thirc sau:

§=N/A, . N4+ ((P-N/421 - 1;
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i=N2, ., N2+ L@ -N4y2)y —1;

trong d6 ky hidu - biéu thi 1am tron 1én dén s6 nguyén gan nhét, va ky hidu

LJ bidu thi 1am tron xubng dén s6 nguyén gan nhét;

phuong thirc d4nh thing 4 1a: chia thong tin cAn dugc mi hoéa thanh S1 nhém
bit c6 d9 dai bang nhau, trong d6 S1 1a sb nguyén dwong; x4c dinh ring N1 nhém bit
can dugc d4nh thing; va x4c dinh ring N2 bit con lai cAn dwoc danh thing, trong d6
bz
N2 nhé hon sé luong cac bit c6 trong mét nhém bit, N1 = LV/S1] yaN2=N-M -
N1 x (N/S1);

sw 1t ngén 14 phuong thic rit ngén bit ky trong sé phuong thirc rut ngin 1,
phuong thirc rit ngén 2, phuong thirc rit ngén 3, va phuong thirc rit ngin 4, phuong
thirc rt ngén 1 13 sy rit ngén tir cudi dua trén s6 lugng cac vét thing, phuong thtre rut
ngén 2 la sy rit ngén theo thir tw ddo nguoc bit tir cudi dua trén sd luong cac vét thung,
va phuong thirc rat ngin 3 13 sy rit ngén dua trén s6 lwong cac vét thing va céc vi tri
rit ngén dinh trude, trong d6

trong phuong thirc rit ngén 3, khi s§ lwvong céc vét thing P < N/4, trong d6 N 1a
do dai ma me cta thong tin can duoc ma hda, céc vi tri rat ngén dinh trude 1a P bit dAu
ti€n, hodc khi P > N/4, cac vi tri rit ngén dinh trudc 1a cac bit tr (3N/4 + 1) dén N va
bit 1, trong d6 i dugc xac dinh theo cac cong thirc sau:

1=3N/4— ((P-N/4)2 +1, .., 3N/4;

i=N2-L@-Nm42)d +1, .., N2;

phuong thirc rit ngén 4 13: chia thong tin cin dugc ma hoa thanh S2 nhém bit
¢ do dai bang nhau, trong d6 S2 13 s6 nguyén dwong; x4c dinh ring L1 nhém bit can
duoc rut ngén; va xac dinh rz‘"mg L2 bit con lai can dugc danh thiing, trong d6 L2 nho

)
hon sb luong céc bit cé trong mot nhom bit, L1 = N/S§2 ,val2=N-M-L1 x
(N/S2).

Trong mét thiét k& kha thi, mddun xir Iy dugc tao cAu hinh dé:

néu diéu kién dinh trudc dau tién duogc thoa min, st dung phuong thirc bat ky
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trong s& phuong thirc danh thing 1, phuong thirc dénh thung 2, phuong thirc dénh
thing 3, va phuong thirc danh thing 4, trong d6 diéu kién dinh truée dau tién 14 ty 18
mi nhé hon hodc bing ngudng ty 16 ma dau tién A, sb luong céc bit thong tin it hon
hodc bang ngudng bit thong tin dau tién By, A; 1 gié tri bit ky trong tap hop [1/12, 1/6,
1/5, 1/4,1/3, 1/2], va By 1a gi4 tri bét ky trong tap hop [30, 48, 80, 200, 1000];

néu diéu kién dinh trudc tht hai duoc thda man, st dung phuong thic rat ngén
1, phuong thirc it ngén 3, hodc phwong thirc rat ngén 4, trong d6 didu kién dinh trude
thi hai 13 ty 16 mé 16n hon hodc bing ngudng ty 16 ma thi hai Az, Az 13 gia tri bét ky
trong tap hop [1/4, 1/3, 1/2, 2/3, 3/4, 5/6], va A1 nhd hon As; hodc

néu ca diéu kién dinh trudc diu tién va didu kién dinh trude thi hai khong duoc
thoa méan, stir dung phuong thirc rit ngén 2.

Trong mot thiét ké kha thi, diéu kién dinh truéc dau tién 14 ty 16 mad nhd hon
ngudng ty 18 ma 1/5 va s lugng céc bit thong tin nhd hon hodc bing ngudng bit thong
tin 100, hodc ty 16 mi nhé hon ngudng ty 18 ma 1/4 va sd luong céc bit thong tin nho
hon hoac béng ngudng bit thong tin 30, va diéu kién dinh trudc thi hai 12 ty 1€ ma 16n
hon ngudng ty 1€ ma 3/4; hoac

diéu kién dinh truéc diu tién 14 ty 16 ma nhd hon ngudng ty 16 ma 1/4 va sb
Iwong cac bit thong tin nho hon hozc bing ngudng bit théng tin 200, va didu kién dinh
trudce thir hai 13 ty 1€ ma 16n hon ngudng ty 1€ ma 3/4; va

modun x1r ly duoc tao cAu hinh cu thé dé:

néu diéu kién dinh truéc diu tién dugc thoa man, st dung phuong thirc danh
thing 2 hodc phuong thitc danh thing 4;

néu didu kién dinh trudc thi hai dugc thoéa man, st dung phuong thice rut ngfm
1 hoic phwong thirc rit ngén 3; hoic

néu ca diéu kién dinh truce dau tién va didu kién dinh trude thir hai khong duoc
thoa mén, sit dung phuong thire rat ngén 2.

Trong mét thiét ké kha thi, médun xir Iy dugc tao cdu hinh dé:

néu diu kién dinh truéc thir ba duoc théa man, st dung phuong thirc bat ky
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trong s6 phuong thirc dénh thing 1, phuong thirc danh thung 2, phuong thirc dédnh
thiing 3, va phuong thirc danh thiing 4, trong do diéu kién dinh trudc tht ba 1a ty 1€ ma
nho hon hoic bing ngudng ty 16 mi ddu tién A sb luong cac bit thong tin nhé hon
hodc bang ngudng bit thong tin d4u tién By, A1 13 gia tri bat ky trong tap hop [1/12, 1/6,
1/5, 1/4, 1/3, 1/2], va By 1a gia tri bt ky trong tap hop [30, 48, 80, 200, 1000]; hoic

néu diéu kién dinh truéc thir ba khong duoc théa mén, sit dung phuong thirc rut

ngén 2, phwong thirc rit ngén 3, hosic phuong thirc rit ngén 4.

Trong mdt thiét ké kha thi, didu kién dinh trudc thir ba 13 ty 16 m3 nho hon hoic
béng 1/5 va sb luong céac bit thong tin nho hon hodc béng 100, hodc diéu kién dinh
trudc tht ba la ty 1€ ma nho hon hodc béng 1/4 va sb luong céc bit thong tin nhoé hon
hoic bang 30, hozc diéu kién dinh trudce thir ba 1a ty 16 ma nhd hon hoic bing 1/4 va

s6 luong céc bit théng tin nho hon hoic bang 200; va
mddun xir 1y duge tao cdu hinh cy thé dé:

néu diéu kién dinh trudc tht ba dugc thoa man, st dung phwong thirc danh

thing 2 hodc phuong thirc danh thung 4;

néu diéu kién dinh trudc thir ba khong duge thoa mén, sit dung phuong thirc rit

ngin 2, hoic phuong thirc rit ngén 3, hoic phuong thirc rut ngén 4.
Trong mét thiét ké kha thi, médun xtr Iy duoc tao ciu hinh dé:

néu diéu kién dinh trude thir tu duoc théa man, st dung phuong thuc bét ky
trong s6 phuong thirc d4nh thing 1, phuong thirc danh thing 2, phuong thitc d4nh
thing 3, va phuong thitc danh thing 4, trong d6 diéu kién dinh trude thir tur 14 ty 16 ma
nhé hon hoic bing ngudng ty 16 ma diu tién Ay, va A; 1a gia tri bt ky trong tip hop
[1/12, 1/6, 1/5, 1/4, 1/3, 1/2];

néu diéu kién dinh trude thit nim duoc thdéa man, st dung phuong thirc rat ngén
1, phuong thirc rit ngén 3, hodc phwong thirc rit ngén 4, trong d6 diéu kién dinh trudc
tht ndm 1a ty 1€ ma 16n hon ngudng ty 1€ ma thr hai A, va d§ dai ma dich nhé hon
hoic bang ngudng d6 dai ma dau tién C, A, 1a gia tri bat ky trong tip hop [1/4, 1/3, 1/2,
2/3, 3/4, 5/6], A1 nhd hon Az, C = (N/2) x (1 + B), p=1/4 x (1 — (K + Kere)/M, K 13 s6

luong céc bit thong tin, va Kcre 1a s6 luong céc bit kiém tra; hodic
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néu ca diéu kién dinh trude thi tu va diéu kién dinh trude thir ndm khéng duoc
thda mén, sir dung phuong thire rit ngén 2.

Trong mot thiét ké kha thi, diéu kién dinh trudc thir tu 14 ty 16 ma nhod hon hodc
béng 1/4 hodc 1/3, va diu kién dinh trude thit nam la ty 1€ ma 16n hon 1/2 va 46 dai
ma dich nhé hon ngudng d6 dai ma déu tién C; va

mddun xur ly duoc tao c4u hinh cu thé dé:

néu diéu kién dinh trudc tht tu duge théa man, s dung phuong thirc dédnh
thing 2 hozc phuong thirc danh thing 4; néu diéu kién dinh trude thi ndm dugc thoa
mén, sit dung phuong thirc rat ngén 1, phuong thirc rit ngén 3, hodc phuong thirc rit
ngén 4;

hoic néu ca didu kién dinh trudce thir tw va didu kién dinh trude thir ndm khéng
dugc thoa méan, stir dung phuong thirc rat ngén 2.

Trong mot thiét k& kha thi, mddun xt Iy duoc tao ciu hinh dé:

néu ty 16 ma nho hon hodic bing ngudng ty 1& ma thir ba Az, sit dung phuong
thirc bat ky trong sb phuong thirc danh thing 1, phuong thirc danh thing 2, phuong
thirc danh thing 3, va phuong thirc danh thing 4, trong d6 As 14 gié tri bt ky trong tap
hop [1/12, 1/6, 1/5, 1/4, 1/3, 2/5];

néu ty 16 ma 16n hon A3 va nhd hon ngudng ty 16 ma thit tu Ag, sit dung phuong
thirc rit ngén 2, trong d6 A4 1a gié tri bat ky trong tap hop [1/2, 2/3, 3/4, 5/6]; hodc

néu ty 16 md 16n hon hoic bing A4, sit dung phuong thirc rit ngén 3 hoic
phuong thirc rit ngén 4.

Trong mot thiét ké kha thi, As 12 1/4, va A4 13 1/2, va modun xr ly duoc tao cdu
hinh cu thé dé:

néu ty 16 mi nho hon hoic bang 1/4, st dung phuong thirc danh thing 2 hoic
phuong thitc dénh thung 4;

néu ty 16 ma 16n hon hodc bing 1/4 va nhoé hon 1/2, sit dung phuong thirc rat
ngén 2; hoidc

néu ty 1€ ma lén hon hodc bé“mg 1/2, st dung phuong thtc rut ngén 3 hoac

-14-



32047

phuong thire rit ngén 4.

Dbi v6i cac hidu qua c6 loi ctia khia canh tht hai va tit ca cac thiét k& kha thi
ctia khia canh th hai, tham khao cac hiéu qua c6 loi ctia khia canh tht nhét va tit ca
céc thiét ké kha thi ctia khia canh thir nhét, béi vi cac hiéu qua c6 loi 12 nhu nhau.

Phén chi tiét khéng dwoc mé ta lai & day.

Theo khia canh thit ba, sing ché dé xuat thiét bi so khdp ty 16 mi cuc, bao gdm
b thu phat, bd nhd, va bo xir ly, trong do:

bd thu phat dugc tao cAu hinh dé thu nhan thong tin can dugc méi héa hodc

thong tin can dwoc giai ma;
b6 nhé duge tao ciu hinh dé luu trit 16nh chuong trinh; va

bd xir ly duoc tao cAu hinh dé goi 1énh chuong trinh trong bd nhd, dé thuc hién
phuong phap so khép ty 1é mi cuc theo khia canh thir nhit va thiét ké kha thi bt ky
ctia khia canh thtr nhét.

Khia canh tht tu clia sang ché dé xuét vat ghi doc dugc. Vat ghi doc dugce luu
trit 1énh thyc thi. Khi it nhit mot bd xtr Iy cia thiét bi so khép ty 16 ma cuc chay 1énh
thuc thi nay, thiét bi so khép ty 16 mi cuc thuc hién phwong phap theo khia canh thir
nhét va thiét ké kha thi b4t ky ctia khia canh thir nhat.

Khia canh thir nim ctia séng ché d& xuét san phdm chuong trinh may tinh. San
phém chuong trinh may tinh bao gém 1énh thuc thi, va [énh thuc thi ndy dugc luu tri
trong vit ghi doc duoc. It nhit mot bd xir Iy ctia thiét bi so khép ty 16 ma cuc ¢ thé
doc 1énh thuc thi nay tir vat ghi doc duogc, va it nhét mot bo xir ly chay 1énh thuc thi
nay, do d6 thiét bi so khép t¥ 18 ma cuc thuc hién phuong phép theo khia canh thir nhit
va thiét ké kha thi bt ky ctia khia canh thir nht.

MB& ta vin tit cac hinh vé
FIG. 1 13 so d0 nguyén Iy ctia hé thdng truyén thong;
FIG. 2 13 50 d0 so lugc ctia quy trinh m3 héa m3 cuc;

FIG. 3 13 Iuu d ctia phuong 4n vé phuong phép thuc hién so khép ty 1€ ma cuc

theo sang ché;
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FIG. 4 12 hyu db ctia phuong 4n vé& phuong phép giai so khép ty 16 ma cuc theo

sang che;

FIG. 5 14 so @6 cAu trac so luge cia phuong an vé thiét bi so khép ty 1€ ma cuc
theo sang ché; va

FIG. 6 1 so dd so lugc vé thiét bi thuc thé so khép ty 1€ ma cuc theo sang ché.
M0 ta chi tiét sang ché

Sang ché lién quan dén cong nghé ma héa kénh duoc sir dung trong trwdong hop
truyén thong 5G dé cai thién dd tin cdy cua sy truyén thong tin va dam bao chat luong
truyén théng, va c6 thé duwoc 4p dung vao trudng hop trong d6 thong tin didu khién
duong 1én va thong tin diéu khién dudng xudng cua biang rong di dong duoc ting
cuong (Enhanced Mobile Broad Band, eMBB) dugc ma hoa va gidi ma cuc, hodc cé
thé duoc ap dung vao truong khéac khac, vi du, dugc ap dung vao phé‘ln ma hda kénh
clia sy mi héa kénh (Channel encoding), thong tin didu khién dudng 18n, thong tin
diéu khién dudong xubng, va kénh lién két phu trong didu khoan tidu chuin truyén
thong 5.1.3 ctia 3GPP TS 36.212. Piéu nay khong bi giéi han trong sang ché nay.
Ngoai ra, sang ché c¢6 thé duoc 4p dung cho cac truomg hop khéc trong d6 thong tin dit
liéu dugc ma hda va giai ma cyc.

FIG. 1 1a so d nguyén ly ctia hé thong truyén théng. CAu tric trong d6 su ma
héa kénh xay ra trong hé thdng truyén thong dugc thé hién trén FIG. 1. Trong khi
truyén, trén thiét bi giri, théng tin dwoc ma héa ngudn, ma héa kénh, va dugc so khép
ty 16 d& thu nhan bit duoc so khép ty 18, va bit duoc so khép ty 16 nay duoc didu bién
s6 va dwoc gl ra tir kénh. Trén thiét bi thu, su giai didu bién s6 duoc thuc hién trén
thong tin cAn dugc giai mi thu dugc dé thu nhan chudi ty sé ¢ kha niang ding nhap
(Log Likelihood Ratio, LLR). Sau d6, chudi LLR dugc gidi so khc’ip ty 1¢, gidi ma
kénh, va gidi mi ngudn dé thu nhan thong tin dugc giai ma. Sy mi héa kénh va so
khép ty 18 quyét dinh dén do tin cay cla sur truyén thong tin trong toan bd hé théng
truyén thong.

FIG. 2 14 so db so luge vé quy trinh m4 héa mi cuc. Ma cuc dugc md hoa béi

thiét bi giri. Nhu thé hién trén FIG. 2, quy trinh m4 héa ma cuc bao gdm ba quy trinh
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xtt 1y: cAu tric (cdu trac Cuc/Cuc kiém tra chin 1¢ (Parity-Check, PC)
(Polar/Parity-Check-Polar construction)), ma hda, va so khédp ty 1¢. Trudce khi ma hoa
ma cuc, sy danh gia trong luong phén cuc hodc su danh gid do tin cady dugc thuc hién
dAu tién trén kénh dugc phan cuc dua trén s luong cac bit théng tin dAu vao va d6 dai
mé hodc ty 16 m3, trong d6 ty 18 md = sb lugng céc bit théng tin/do dai ma (néu su
danh gia dd tin cdy dugc thuc hién, ty s6 tin hiéu trén nhidu cling can dugc dua vao).
Sau do tap hop bit thong tin A duge lya chon dya trén d0 tin cdy cta kénh dugce phan
cuc, trong d6 tap hop bit thong tin A 13 tap hop cia cac sb chudi (cac chi sd) cia cac

bit thong tin; va ma cuc nay dugc ma hoa. Trong khi ma héa ma cuc, mot s6 bit trong
N A . by A I4 2
% dugce str dung dé mang thong tin va duoc goi 14 céc bit thong tin, va tp hop céc chi

sb ciia céc bit thong tin duoc bidu thi 1a A ; céc bit khc trong ™ duoc thiét 1ap céc
gi4 tri ¢b dinh duoc théa thuin trude gitta dau truyén va dau thu va duoc goi 1a cac bit
khong dbi, va tip hop céc chi sd cta nhiitng bit nay dwoc biéu thi 1 tap hop bd sung
A © cta A . Bit khong dbi thudng duge thiét 14p 12 0. Chudi bit khong ddi ¢ thé dwoc
thiét 14p gi tri bat ky v6i diéu kién gi tri nay duoc thoa thudn trude gitta ddu truyén
va dau thu. Do dé¢, dau ra cta mi héa ma cuc c6 thé duge don gian héa nhu

N _ N
% =usGy (A), trong d6 ¥4 1a tAp hop cac bit thong tin trong %1, va “a 13 vecto

[A]

hang c6 d6 dai K, cu thé 1a: 17X trong d6 B chi béo sé lugng cac thanh phin

trong tip hop, va K 1a kich thuéc ciia khéi thong tin; va ¥ (A )13 ma trén phy chta

cac hang tuwong Ung v6i cac chi sd trong tdp hop A va trong ma trdn Gv, va

N
. Y , =u,G, (A
Gy (A )lé ma trdn K x N | Sau khi mi hoa, céc bit dugc ma hoa N TUSN ( ) duoc

A . . A . . GylA) ., « o
thu nhén, trong dé Gy 12 ma trAn m3 héa mi cuc, va ¥ ( ) 12 ma trdn phu chra cac

hang twong tmg véi cac chi s trong tp hop A va 14 trong ma trin Gy . cubi cung,
ma cyc dugc ma hoa va dugce so khép ty 1€ dua trén d¢ dai ma dich M, ma trdn ma hda

Gy (dugc xéc dinh duy nhét dua trén d6 dai ma me N) cia mi cuc, va A, dé thu

nh4n tit ma dich V™. Trong khi mi héa ma cuc, phuong thitc so khép ty 1€ duge lya
chon anh huong truc tiép toan bd hidu suit cia m3 cuc. Cac phé‘in md ta chi tiét sau

day, dua vao cac hinh v& kém theo, 1a phuong phép va thiét bi so khép ty 1& ma cuc
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dugc d€ xuat boi sang che.

Cén luu ¥ ring céc phuong 4n cua sang ché c6 thé ap dung duoc cho phuong
thire so khdp ty 1€ trong truong hop khdng ldp lai, va su 1dp lai chi bao réng phuong
thirc so khép ty 1€ c6 d6 dai ma dich duoc thu nhan bﬁng cach lap lai céc bit dugc ma
héa. Trong sang ché nay, hidu suit ctia mi cyc chi yéu ¢ nghia 14 hiéu sudt giai m3,
va ty 18 131 g6i 1a twong dbi thap trong khi giai ma.

Sang ché dugc 4p dung chit yéu cho cac hé thdng va chirc ning truyén thong
khong diy khéc nhau trén don vi xir Iy tin hiéu sé trong cac hé thdng dé cai thién do

tin cdy ciia truyén thong khong day.

Trong séng ché, thiét bi truyén théng chi yéu bao gdm thiét bi mang hozc thiét
bi dau cubi. Néu thiét bi giri trong sang ché 1a thiét bj mang, thi thiét b thu 1a thiét bi
dAu cudi; hodc thiét bi giri trong sdng ché 1a thiét bi dAu cudi, thi thiét bi thu 1a thiét b
mang. Thiét bi mang 13, vi du, tram géc, va cha yéu thuc hién truyén thong gitta thiét

bi mang va thi€t bi dau cuoi.

Trong cac phuong an ctia sang ché, thiét bi diu cudi (terminal device) bao gdm
nhung khong bi giéi han & tram di dong (MS, Mobile Station), dau cudi di dong
(Mobile Terminal), dién thoai di dong (Mobile Telephone), may thu phat cidm tay
(handset), thiét bi cam tay (portable equipment), va loai twong tw. Thiét bi ddu cudi c¢6
thé truyén théng véi mot hodc nhidu mang 15i thong qua mang truy cip vo tuyén
(Radio Access Network, RAN). Vi duy, thiét bi dAu cubi c6 thé 1a dién thoai di dong
(hodc duogc goi 1a dién thoai “t& bao”, "cellular" telephone) hodc may tinh ma c6 chuc
nang truyén thong khéng day; hodc thiét bi dau cudi c6 thé 14 thiét bi hosic may di

dong mang dugc, bd tii, cAm tay, tich hop trong may tinh hoic trong xe.

Céac phuong an cia sang ché duoc mé ta dua vao thiét bi mang. Thiét bi mang
c6 thé 1a thiét bi duoc tao cAu hinh dé truyén thong véi thiét bi dau cudi. Vi du, thiét b
mang c6 thé 1 tram thu phat gdc (Base Transceiver Station, BTS) trong mang GSM
hoac mang CDMA, c6 thé 1a nut B (NodeB, NB) trong hé théng WCDMA, hoac cé
thé 12 nut B duoc phat trién (Evolutioﬁal NodeB, eNB or eNodeB) trong hé thdng
LTE. Ngoéi ra, thiét bi mang c6 thé 13 nut chuyén tiép, diém truy cép, thiét bi trong xe,
thiét bi deo duge, thiét bi phia mang trong mang 5G tuong lai, thiét bi mang trong
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mang PLMN dugc phét trién tuong lai hoac loai tuong tu.

FIG. 3 14 Iuu d6 vé phuong phap so khép ty 16 ma cuc theo sang ché. Nhu thé

hién trén FIG. 3, phuong phép trong phuong 4n nay ¢ thé bao gdm céc budc sau.

S101. Thiét bi truyén thong thu nhan thong tin cin duoc mé héa hoic thong tin

can dugc giai ma.

Thiét bi truyén thong c6 thé 14 thiét bi giri hodc thiét bi thu. Khi thiét bi truyén
thong 1 thiét bi giri, thong tin can duge ma héa duge thu nhan; hodc khi thiét bi truyén

thong 1a thiét bi thu, thong tin can duoc giai ma dugc thu nhan.
S102. Thiét bi truyén thong x4c dinh ty 16 ma R.

R =K/M, K 12 s6 lugng cac bit thong tin, hodc K 14 tdng s6 cua s luong céc bit
thong tin va sb lugng cac bit kiém tra, M 13 d6 dai ma dich, va K va M 14 céc sb

nguyén duong.

Cu thé, sau khi thu nhan thdng tin cin dwoc ma héa, thiét bi truyén théng c6 thé
thu nhan K va M, sao cho ty 1€ ma truyén ¢6 thé dugc tinh toan dua trén K va M cla

thong tin can dugc ma hoa.

S103. Thiét bi truyén thong x4ic dinh phuong thirc so khép ty 18 s& duoc si
dung dua trén ty 1é mi, ngudng ty 18 mi, s6 luong cac bit thong tin, va ngudng bit
théng tin, hodc thiét bi truyén thong xéc dinh phuong thirc so khép ty 18 can duge st
dung dua trén ty 1€ ma, ngudng ty 1€ ma, d6 dai ma dich, va ngudng d6 dai ma dich,
hodc thiét bi truyén thong xéc dinh phuong thirc so khép ty 1¢ can dugc st dung dua
trén ty 1¢ ma va hai ngudng ty 1¢ ma, trong d6 phuong thirc so khédp ty 1€ 1a phuong

thirc dnh thing hodc phuong thirc rat ngin.

Su danh thing 1a phuong thic bt ky trong s6 phuong thic danh thing 1,
phuong thitc danh thung 2, phuong thire danh thing 3, va phuong thirc danh thing 4.
Phuong thirc dénh thing 1 13 sy d4nh thing lién tuc tir bit dau tién ctia thong tin cn
duoc mi hoa dua trén sd lugng cac vét thing. Phuong thirc danh thing 2 13 sy danh
thiing theo thir ty tang dan vé do tin cdy cua cac kénh dugc phéan cuc dua trén sb luong
céc vét thung. Phuong thirc danh thing 3 1 sy danh thing dwa trén s& luong cac vét

thing va cac vi tri danh thing dinh trude. Trong phuong thirc danh thing 3, khi s6
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lugng cac vét thing P < N/4, trong d6 N la d§ dai ma me cua thong tin can dugc ma
hoéa, céc vi tri danh thung dinh trude 1a P bit dau tién, hodc khi P > N/4, c4c vi tri danh
thuing dinh trudc 1a cac bit tir 1 dén N/4 va bit j, trong d6 j dugc xé&c dinh theo cac

cong thirc sau:
=N/, ., N+ (P —NM)y2)1 —1;
§=N2, ., N2+ K@ -Nm4y2y —1;

trong d6 ky hiéu [ chi bdo lam tron 1én dén s nguyén gan nhit, va ky higu L

4 chi béo 1am tron xubng dén s6 nguyén gan nhat;

Phuong thirc 1t ngén 4 13: chia thong tin cin duge m3 hoéa thanh S1 nhém bit
c¢6 d6 dai bing nhau, trong d6 S1 14 s§ nguyén duong; x4c dinh ring N1 nhém bit cin
dugc danh thing; va xac dinh rang N2 bit con lai can duoc dénh thung, trong d6 N2

7
nhé hon s8 luong cac bit ¢6 trong mot nhém bit, N1 = LN/S1] vaN2 =N-M - N1
x (N/S1). Mit khac, thong tin cin dugc m3 hoéa duge chia dau tién thanh cdc nhém bit
c6 d6 dai bang nhau va sau d6 duoc danh thung theo nhém, va N2 bit 13 khong du dé
hinh thanh nhém.

Su rit ngan c6 thé 1a mot phuong thirc trong sb phwong thic rit ngin 1,
phuong thitc rat ngén 2, phuong thirc rit ngén 3, va phuong thirc rit ngin 4. Phuong
thirc rit ngén 1 13 sy rat ngén tir bit cudi cling ctia thong tin cin duge méi héa dua trén
sd luong céc vét thung. Phuong thire rit ngén 2 1a sy rat ngin theo thit tw dao nguoc
bit tir cudi dua trén sb lugng céc vét thiing. Ddi véi th tu déo nguoc bit, vi dy, cac bit
ma ¢6 céc sb chudi bit 1a (0, 1, 2, 3, 4, 5, 6, 7) dugc biéu thi bdi cac sé nhi phan (000,
001, 010, 011, 100, 101, 110, 111). Sau khi sy dao nguoc bit dugc thuc hién trén céc
s nhi phan, (000, 100, 010, 110, 001, 101, 011, 111) duge thu nhén, va cic s6 thap
phan tuong ting dugc biéu thi 1a (0, 4, 2, 6, 1, 5, 3, 7). Néu bdn bit dugc danh thing
theo thir tw dao ngugc bit tir lic bét dau, thi cac bit duge danh thing 14 (0, 4, 2, 6).

Phuong thirc rit ngén 3 13 su rit ngén dua trén s6 lugng cac vét thing va cac vi
tri rat ngén dinh trude. Trong phwong thirc rit ngén 3, khi s& luong cac vét thing <

N/4, trong d6 N 14 6 dai ma me cua thong tin can dugc ma héa, céc vi tri rat ngén
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dinh trude 1 P bit dau tién, hodc khi P > N/4, c4c vi tri rit ngén dinh trudce 1a cac bit tir
(3N/4 + 1) d&n N va bit i, trong d6 i dugc xac dinh theo cac cong thic sau:

i=3N/4— [(P-N/4)2)q +1, ..., 3N/4;
i=N2- L@-N42)7 +1,..,N/2.

Phuong thirc rit ngén 4 1a: chi thong tin cAn duoc ma héa thanh S2 nhém bit ¢6
d6 dai bing nhau, trong d6 S2 14 sb nguyén dwong; x4c dinh ring L1 nhém bit can
dugc rut ngz"m; va xac dinh réng L2 bit con lau cin duoc danh thing, trong d6 L2 nhé

)
hon sb lugng céc bit ¢6 trong mét nhém bit, L1 = N/S2 ,val2=N-M-L1 x
(N/S2). Mt khéc, thong tin can duge ma hoa duoc chia dau tién thanh cic nhém bit ¢6
d6 dai bing nhau va sau d6 dugc rut ngén theo nhém, va L2 bit 13 khéng di dé hinh
thanh nhém.

S104. Dya trén phuong thirc so khép ty 18 duge x4c dinh, thiét bi truyén thong
so khép ty 1€ ma cuc cta thong tin can duoc ma héa, hoic giai so khdp ty 1€ ma cuc

cta thong tin can dugc giai ma.

Trong phuong an nay, cé ba su thuc hién tuy y vé lua chon phuong thuc so

khép ty 16 bang thiét bi truyén thong trong bude S103. Chi tiét nhu sau.

L. Thiét bi truyén thong xac dinh phuong thirc so khép ty 1€ can dugc st dung
dwa trén ty 16 mé, ngudng ty 18 ma, sd lugng cac bit théng tin, va ngudng bit thong tin.

Trong phwong thiic ny, c6 hai trudng hop tily chon cu thé.

1. Néu didu kién dinh truéc dau tién dugc thda mén, bat ky phuong thic nao
trong sb phuong thirc danh thing 1, phuong thiic danh thing 2, phuong thitc danh
thiing 3, va phuong thirc danh thing 4 dugc sir dung. Diéu kién dinh trude dau tién 14
t 16 ma nho hon hodc bing ngudng ty 18 ma diu tién Ai, s§ lugng cac bit théng tin
nhé hon hodc bing ngudng bit thong tin dau tién Bi. A 1a gia tri bat ky trong tip hop
[1/12, 1/6, 1/5, 1/4, 1/3, 1/2], va By 1a gia tri bét ky trong tap hop [30, 48, 80, 200,
1000]. Néi chung, ngudng ty 1€ ma cao hon chi bdo ngudng s6 luong céc bit thong tin
thap hon. Vi dy, ngudng sb lugng cac bit thong tin [30, 48, 80] tuong tng véi ngudng
ty 1€ ma 1/3 hodc 1/2, va ngudng sb luong céc bit thong tin [200, 1000] twong tmg véi
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ngudng ty 1€ ma 1/3, 1/4, hodc 1/5. Ngoai ra, néu didu kién dinh trudc tht hai duge
théa man, phuwong thirc rit ngén 1, phuong thirc rut ngén 3, hodc phuong thire rit ngin
4 dugc st dung. Diéu kién dinh trude thit hai 1a ty 1€ ma 16n hon hodc béng ngudng ty
16 ma thr hai Az A 14 gi4 tri bat ky trong tap hop [1/4, 1/3, 1/2, 2/3, 3/4, 5/6], va A,
nhod hon Az. Néu ca didu kién dinh truée dau tién va didu kién dinh truée thi hai khong
duoc théa man, phuong thire rit ngén 2 duge sir dung. Vi du, néu ngudng ty 18 mi diu
tién 13 1/12, ngudng ty 18 ma thir hai 1a 1/4, ngudng bit théng tin dau tién 1a 80, ty 18
mi nhod hon hoic bang 1/12, va sé lugng cac bit théng tin nhé hon hodc bang 80,
phuong thirc bt ky trong sb phuwong thirc dénh thing 1, phuong thirc dénh thing 2,
phuong thiic d4nh thing 3, va phuong thirc dénh thing 4 dugc st dung; néu ty 16 ma
16n hon 1/2 va nho hon hoac bﬁng 1/4, phuong thuc rat ngén 2 dugc str dung; hoac
néu ty 18 mi 16n hon 1/4, phwong thirc rit ngin 1, phuong thirc rat ngéin 3, hoic

phwong thire rit ngén 4 duoc sir dung.

Trong céch thuc hién nay, thiét bi truyén thong c6 thé so sanh ty 16 ma va
ngudng ty 18 ma va so sanh sé luong cac bit thong tin va ngudng bit thong tin. Trong
céch nay, phuong thirc danh thung hodc rit ngén duoc lua chon linh hoat, vi du, su
danh thing duoc st dung d6i v6i ty 16 ma thap va su rat ngén duoc st dung dbi véi ty
16 m3 cao hodc ty 16 ma trung binh, do d6 hiéu suét 13 twong dbi tét theo cac thong sb
mi héa khéac nhau, va tranh dugc su suy giam hiéu suét trong quy trinh danh thing va

rut ngan.

Trong cach nay, tuy chon 13, didu kién dinh truée dau tién 13 ty 16 ma nhd hon
ngudng ty 18 ma 1/5 va s6 lugng céc bit thong tin nhd hon hoic bing ngudng bit théng
tin 100, hodc ty 16 mi nhd hon ngudng ty 18 ma 1/4 va sé lwong cac bit théng tin nho
hon hoic bang ngudng bit thong tin 30, va didu kién dinh trude thir hai 13 ty 16 m3 16n
hon ngudng ty 16 ma 3/4. Do d6, néu didu kién dinh trude diu tién duoc thda man,
phuong thirc dénh thing 2 hodc phuong thitc danh thing 4 duge st dung; néu didu
kién dinh trudc thir hai duoc théa mén, phwong thic rit ngan 1 hodc phwong thirc rit
ngin 3 dwoc sit dung; hodic néu ca diéu kién dinh truéc dau tién va didu kién dinh
truGe thir hai khong dwoc théa min, phuong thic rat ngin 2 duge st dung. Theo
phuong thirc nay, hiéu suat 1a twong dbi t6t khi cAc bit kiém tra khong theo sau cu thé

hoac dugc theo sau bdi cac bit thong tin.
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Trong phuong thic nay, tiy chon 1a, didu kién dinh truée dau tién 1a ty 1€ ma
nhé hon ngudng ty 16 ma 1/4 vaf s6 luong c4c bit thong tin nho hon hoic bing ngudng
bit thong tin 200, va didu kién dinh trudc thi hai 1a ty 1€ ma 16n hon ngudng ty 1€ ma
3/4. Do d6, néu diéu kién dinh truéc dAu tién duoc thdéa méin, phuong thirc dénh thing
2 hoic phuong thirc danh thing 4 duge st dung; néu didu kién dinh trudc thit hai duge
thoa man, phuong thirc rat ngén 1 hoic phuong thirc rut ngén 3 duoc st dung; hoidc
néu ca didu kién dinh trudc dau tién va didu kién dinh trude thi hai khong duoc théa
mén, phuong thirc rit ngén 2 duge sir dung. Trong phuong thirc ndy, higu suét 12 twong

d6i tbt khi cac bit kiém tra theo sau tt ca cac bit thong tin.

2. Néu diéu kién dinh truéc thi ba duge thoa man, phuong thirc bat ky trong sb
phuong thitc danh thing 1, phuong thirc danh thung 2, phuong thirc dénh thung 3, va
phuong thirc d4nh thing 4 dugc st dung. Piéu kién dinh trudc thit ba 13 ty 16 ma nho
hon hodc bang ngudng ty 16 md dau tién A1 sd lwong cac bit théng tin nhé hon hodc
bing ngudng bit thong tin dau tién By, A 13 gia tri bt ky trong tap hop [1/12, 1/6, 1/5,
1/4, 1/3, 1/2], va B1 la gi4 tri bét ky trong tap hop [30, 48, 80, 200, 1000]. Néu diéu
kién dinh trude thi ba khong duge théa man, phuong thire rat ngén 2, phwong thirc rit

ngén 3, hodc phuong thirc rit ngén 4 duogc sir dung.

Khac véi phuong thic 1, trong phuong thirc nay, chi c6 hai phuong thirc so
khép ty 18 duge sit dung, va do vay, viée xac dinh cac diéu kién va d6 phic tap c6 thé

dugc giam xudng.

Trong phuong thirc ndy, tiy chon 13, didu kién dinh trudc thi ba 13 ty 18 ma nhd
hon hodc b%lng 1/5 va sb luong cac bit thong tin nhé hon hodc béng 100, hoac diéu
kién dinh trudce tha ba 1a ty 1€ ma nhd hon hodc b.%mg 1/4 va s Iugng cac bit thong tin
nho hon hoac bﬁng 30. Néu diéu kién dinh trude thir ba duoc théa man, phuong thire
danh thing 2 hodc phuong thitc danh thing 4 duogc st dung; hodc _néu diéu kién dinh
truée thit ba khong duge théa méan, phuong thirc rut ngén 2, phuong thirc rat ngin 3,

hodc phuong thirc rut ngén 4 duoc sir dung.

Khéc v6i phuong thire 1, trong phuong thite tiy chon nay, chi hai phuong thirc
so khép ty 1€ duge st dung, va do vay, viée xac dinh céac diéu kién va do phic tap co

th8 duoc giam xudng, hidu suit 14 twong dbi t6t khi céc bit kiém tra khong theo sau cu
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thé hodc dugc theo sau béi céc bit thong tin.

Trong phuong thirc nay, tity chon 13, didu kién dinh trudc thir ba 13 ty 18 ma nho
hon ho3c bing 1/4 va sb lugng céc bit thong tin nhd hon hodc bang 200. Do d6, néu
diéu kién dinh trude thir ba dugc théa man, phuong thirc danh thing 2 hoic phuong
thirc danh thing 4 dugc st dung; hoic néu diéu kién dinh trudc thir ba khdéng duge
thoa man, phuong thic rit ngén 2, phuong thirc rit ngén 3, hodc phuong thirc rat ngin

4 dugc sir dung.

Trong phuong thirc tiy chon nay, hiéu suét 13 twong dbi tbt khi cac bit kiém tra

theo sau tit ca c4c bit thong tin.

II. Thiét bi truyén thong x4c dinh phuong thirc so khép ty 18 can duoge sir dung
dua trén ty 1¢ ma, ngudng ty 1€ ma, d¢ dai ma dich, va ngudng dd dai ma dich. Trong

phuong thirc nay, ¢ mot trudng hop tity chon cu thé.

Néu diéu kién dinh truée thit tu dugc thoa mén, phuong thic bét ky trong s6
phuong thiic danh thung 1, phuong thuc danh thing 2, phuong thirc danh thung 3, va
phuong thirc d4nh thing 4 dwoc sit dung. Piéu kién dinh trude thi tu 13 ty 16 ma nho
hon hoc bing ngudng ty 16 ma dau tién Ai, va A; 13 gid tri bat ky trong tap hop [1/12,
1/6, 1/5, 1/4, 1/3, 1/2]. Néu diéu kién dinh trudc thi nim dugc thdoa man, phuong thue
rt ngén 1, phuong thic rat ngén 3, hodic phuong thire rut ngén 4 duoc sir dung. Diéu
kién dinh trudc thr nam 12 ty 1€ ma 16n hon ngudng ty 1€ ma thtr hai Az va d¢ dai ma
dich nho hon hodc bang ngudng d6 dai ma dau tién C, A 13 gié tri bt ky trong tip hop
[1/4, 1/3, 1/2, 2/3, 3/4, 5/6], A1 nhd hon A, C=N/2) x (1 +B),p=1/4x(1 - K+
Kerc)/M, K 1a s6 lugng cac bit thong tin, va Kcre 1a sb lugng céc bit kiém tra. Néu ca
diéu kién dinh trude thir tu va didu kién dinh trude thir ndm dugc théa man, phuong
thite rat ngén 2 duge st dung. Ngoai ra, néu didu kién dinh trude thi tu 13 ty 18 ma nho
hon ngudng ty 16 ma dau tién A1, didu kién dinh true thir nam c6 thé 13 ty 16 ma 16n
hon hodc bing ngudng ty 16 ma thi hai A2 va d6 dai md dich nho hon hoic bing
ngudng d6 dai ma dau tién C.

Trong phuong thirc nay, tiy chon 13, diéu kién dinh trudc th tur 14 ty 1é ma nho
hon hoac béng 1/4 hodc 1/3, va diéu kién dinh trude thir nim 1a ty 1€ ma 16n hon hodc

bing 1/2 va d6 dai ma dich nhé hon ngudng d6 dai ma dau tién C, trong d6 C = (N/2)
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x (1+ B), and p=1/4 x (1 — (K + Kerc)/M. Néu diéu kién dinh trudc thit tu duoc thoa
man, phuong thirc danh thing 2 hodc phuong thuc danh thing 4 duogc st dung. Néu
diéu kién dinh trudc thir ndm dwoc théa mén, phuong thire rat ngan 1, phuwong thire rit
ngén 3, hodc phuong thue rut ngén 4 duoc str dung. Néu ca diéu kién dinh trudc thi tu
va diéu kién dinh trudc thir nam khong dwoc thoa mén, phuong thirc rit ngén 2 dugc

st dung.

Trong su thuc hién nay, thiét bi truyén thong c6 thé so sanh ty 16 ma va ngudng
ty 1€ ma va so sanh d dai ma dich va ngudng d¢ dai ma dich. Trong cach nay, phuong
thirc danh thing hoac rut ngén duoc lua chon linh hoat, vi du, sy danh thung dugc st
dung déi véi ty 1€ ma thép va sy rut ngén duo st dung dbi voi ty 1€ ma cao hodc ty 1€
ma trung binh, do d6 hiéu sut 13 twong ddi cao theo céc thong sb ma hoéa khac nhau,

va tranh dwoc su suy giam hiéu sudt trong quy trinh danh thing va rit ngén.

Trong sy thuc hién nay, d§ dai ma con dugc xem xét, va do do, cé thé dam bao

rang hiéu suat khong rd rang 1a kém, nhung 6n dinh hon hi¢u sudt trong su thyc hién 1.

III. Thiét bi truyén thong xé4c dinh phwong thirc so khép ty 16 can duoc str dung
dua trén ty I€ ma va hai ngudng ty 1€ ma. Trong céch nay, c6 mot trudng hop tuy chon

cu thé.

Néu ty 16 ma nho6 hon hoic bing ngudng ty 16 ma thir ba As, phuong thirc bat ky
trong sd phuong thitc danh thing 1, phuong thitc danh thing 2, phuong thitc danh
thing 3, va phuong thirc danh thing 4 dugc st dung, trong d6 As 14 gia tri bat ky trong
tap hop [1/12, 1/6, 1/5, 1/4, 1/3, 2/5]. Néu ty 1€ ma 16n hon A3 va nhoé hon hodc bz‘?mg
ngudng ty 18 ma thir tuw A4, phuong thirc rit ngén 2 dugc sir dung, trong d6 A4 12 gia tri
bat ky trong tap hop [1/2, 2/3, 3/4, 5/6]. Néu ty 16 mé 16n hon hozc bang As, phuong

thirc rut ngén 3 hoic phuong thirc rit ngén 4 duge sir dung.

Trong phuong thitc ndy, A3 14 1/4, va A4 12 1/2. Néu ty 16 ma nho hon hodc bang
1/4, phuong thitc danh thuing 2 hodc phuong thirc danh thung 4 duoc sir dung; néu ty
1€ m3 16n hon 1/4 va nhé hon 1/2, phuong thice rat ngén 2 duoc st dung; hoac néu ty
16 ma 16n hon hodc bang 1/2, phuong thirc rit ngén 3 hodic phuong thirc rat ngin 4

duoc st dung.
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Trong sy thyc hién nay, thiét bi truyén thdng cé thé so sanh ty 16 ma va hai
ngudng ty 1 ma dinh trude. Trong cach nay, phuong thirc danh thung hodc rat ngén
duge lua chon linh hoat, vi du, sy danh thing duoc st dung d6i véi ty 16 mi thip va sy
rat ngén duoc st dung ddi véi ty 18 ma cao hodc ty 16 ma trung binh, do d6 hiéu suét 14
tuong dbi cao theo cac thong s6 m3 héa khac nhau, va tranh dugc su suy giam higu

sudt trong quy trinh d4nh thing va rit ngén.

IV. Thiét bi truyén thong xac dinh phuong thirc so khép ty 1€ can duoc st dung
dua trén ty 1€ m3 va mot ngudng ty 1€ ma. Trong cach nay, c6 mét truong hop tiry chon

cu thé.

Néu ty 18 ma nho hon hodc bing ngudng ty 16 ma du tién A, phuong thirc bat
ky trong sb phuong thirc dénh thing 1, phuong thitc dénh thing 2, phuwong thirc danh
thing 3, va phuong thitc danh thing 4 duoc st dung; hoac néu ty 1€ ma 16n hon
ngudng ty 16 ma dau tién Ay, trong d6 Ajcd thé 1 gia tri bat ky trong tép hop [1/12,
1/6, 1/5, 1/4, 1/3, 2/5].

Trong su thuc hién nay, thiét bi truyén thong co thé so sanh ty 1€ mad va mot
ngudng ty 1€ mi dinh trude. Trong cach nay, phuong thitc danh thung hodc rut ngin
duge lya chon linh hoat, vi dy, su danh thing duoc st dung d6i véi ty 16 ma thap va su
rit ngén dugc st dung ddi vai ty 16 ma cao hoic ty 18 ma trung binh, do d6 higu suét 13
tuong d6i tbt theo cac théng sb mi hoa khac nhau, va tranh duge su suy gidm hiéu suét

trong quy trinh danh thing va rat ngén.

Theo phuong phap so khép ty 1€ ma cuc duoc dé xuét boi phuong 4n nay, sau
khi x4c dinh ty 1€ ma, thiét bi truyén thong xac dinh phuong thic so khép ty 1€ can
duogc sir dung bang cach so sanh ty 16 ma va ngudng ty 18 mi va so sanh s6 luogng cac
bit thong tin va ngudng bit thong tin, hodc xac dinh phuong thic so khép ty 1€ can
duoc st dung bang cach so sanh ty 16 ma va ngudng ty 1€ ma va so sanh do dai ma
dich va ngudng do dai ma dich, hodc xac dinh phuong thirc so khép ty 1€ can duoc sir
dung bing cach so sanh ty 1¢ ma va hai ngudng ty 1&é ma dinh trude. Trong cach nay,
phuong thirc d4nh thing hogic rat ngén c6 thé duge lya chon linh hoat, vi dy, sy d4nh
thiing dugc st dung d6i véi ty 1€ ma thép va su rut 'ngéri duo s dung dbi voi ty € ma

cao hodc ty 1€ ma trung binh, do d6 hiéu sut 1a tuong dbi cao theo céac thong s6 mi
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hoa khéc nhau, va trang dugc su suy giam hidu suét trong quy trinh danh thiing hogc

rut ngan.

V& phia thiét bi thu, thiét bi thu giai didu ché théng tin cin dugc giai ma thu
dugc dé thu nhan chudi LLR, va thiét b thu giai so khép ty 16 va giai ma chudi LLR.
Quy trinh gidi so khdp ty 1€ va cac hoat dong giai ma cu thé nhu sau: thiét bj thu thu
nhan ty 16 ma R va ngudng thong s6 ma héa cua thong tin can duoc giai mi. Ngudng
thong s6 m3 héa bao gdbm ngudng ty 1é ma, ngudng bit thdng tin, hoic ngudng do dai
ma dich. Thiét bi thu x4c dinh phuong thire so khép ty 1€ can duoc st dung dua trén ty
16 m3, ngudng ty 16 ma, sb luong cac bit théng tin va ngudng bit thong tin, hogic x4c
dinh phuong thire so khop ty 1€ can dugc st dung dua trén ty 1€ ma, ngudng ty 1€ ma,
d6 dai ma dich, va ngudng d6 dai ma dich, hoac xac dinh phuong thic so khép ty 18
can dugc st dung dua trén ty 16 ma va hai ngudng ty 16 ma. Trong cach nay, viéc thiét
bi giri str dung sy danh thing hay su rit ngin lam phuong thitc so khép ty 18 duoc xac
dinh cubi cing. FIG. 4 14 Iuu d6 vé phuong phap giai so khép t 18 ma cuc theo mot
phwong 4n cia sang ché. Nhu thé hién trén FIG. 4, phuong phép trong phuong 4n cé

thé bao gdm cac budc sau:
S201. Thiét bi thu thu nhan thong tin cin duoc giai ma.
S202. Thiét bi thu x4c dinh ty 16 ma.

R=K/M, K lasb lugng cac bit thdng tin, hodc K 1a téng sb cua s luong céc bit
thong tin va ) luong céc bit kiém tra, M 13 d dai m3 dich, va K va M 1a cac sd

nguyén duong.

S203. Thiét bi thu xac dinh phuong thic so khép ty 1€ can dugc s dung dua
trén ty 16 mi, ngudng ty 1é ma, s6 lugng cac bit thong tin, va ngudng bit thong tin,
hodc thiét bi thu x4c dinh phuong thirc so khép ty 18 can duge sir dung dwa trén ty 18
mi, ngudng ty 1€ m3, do dai ma dich, va ngudng d6 dai ma dich, hoac thiét bi thu xac
dinh phuong thirc so khép ty 1€ can dugc st dung dua trén ty 1€ m3 va hai nguéng ty 1€
m3, trong d6 phuong thirc so khép ty 1€ 1a phuong thitc danh thing hodc phuong thirc

rut ngan.

S204. Thiét bi thu giai so khép ty 16 mi cuc clia thong tin can duoc giai ma dua
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trén phuong thtre so khop ty 1€ duoc x4c dinh.

Chi tiét v& quy trinh xac dinh phwong thitc so khép ty 1& duoc Iwa chon trong
budc S203 gidng nhu phin md ta trong phuong 4n thé hién trén FIG. 3. Phén chi tiét

khong duge mo ta lai & day.

Néu thiét bi giri st dung phwong thirc rit ngan, trong khi giai ma, LLR twong
ting v6i vi tri bit duge rat ngén duoc thiét 14p gia tri twong ddi 16n (ky hidu cu thé
tuong ung vaéi ky hi€u dugc st dung trong ma hda thuc té) dé giai mad; hodc néu thiét
bi gt sir dung phuong thitc dénh thing dé so khép ty 18, trong khi gidi ma, LLR tai
céc vi tri bit bi danh thing duogc thiét lap1a 0 dé giai ma. Vai céac hoat dong néu trén,
thiét bi thu c6 thé hoan thanh thanh cong quy trinh giai so khép ty 16 va quy trinh giai

~

ma.

Trong séng ché, thiét bi giri va thiét bi thu c6 thé duogc chia thanh cic mddun
chttc ning dva trén cac vi du phuong phap néu trén. Vi dy, cac moédun chirc ning co
thé dugc thu nhan théng qua viéc chia dya trén cic chiic ning tuong Ung, hodc hai
hodc nhiéu chuc nang co thé dugc tich hop vao mdt modun xir ly. Médun dugce tich
hop cé thé duoc thuc hién dudi dang phe“m cung, hodc co thé duoc thuc hién dudi dang
mddun chirc nang phan mém. Cin lwu ¥ ring, trong cac phuong 4n cla sang ché, viée
chia thanh cac m6dun 1a mét vi du va chi 1a vi€c chia chirc nang theo logic. Trong sy

thuc hién thuc té, phuong thire chia khéc ¢é thé dugc st dung.

FIG. 5 14 so d0 c4u trac so lugc vé phuong an cua thiét bi so khép ty 1€ ma cuc
theo sang ché. Nhu thé hién trén FIG. 6, thiét bi trong phuong 4n nay ¢ thé bao gdbm
moOdun thu nhén 11 va médun xur ly 12. Mddun thu nhén 11 dugc tao cAu hinh dé thu
nhan théng tin cdn dugc méi héa hoic thong tin cin duoc giai ma. Modun xir 1y 12
duoc tao ciu hinh dé: x4c dinh ty 1€ ma R, trong d6 R = K/M, K la ) lugng céc bit
thong tin, hodc K 1 téng s6 ctia sb luong cac bit thong tin va s6 luong céc bit kiém tra,
M la d6 dai ma dich, va K va M 1a céc sb nguyén duong; xac dinh phuong thic so
khép ty 1€ can dugc st dung dya trén ty 1€ ma, ngudng ty 1& ma, s6 luong céc bit thong
tin, va ngudng bit thong tin, hodc xac dinh phuong thic so khép ty 1€ can duoc st
dung dua trén ty 1€ m3, ngudng ty 1€ ma, d6 dai méa dich, va ngudng d6 dai mi dich,

hodc xac dinh phuong thirc so khop ty 1€ can duoc st dung dua trén ty 1& ma va hai
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ngudng ty 1€ mé, trong d6 phuong thitc so khdp ty 1€ 1a phuong thirc danh thiing hodc
phuong thie rat ngén; va dua trén phuong thic so khép ty 16 duge xac dinh, so khép
ty 1€ ma cuc cua thong tin can dugc mai hda, hodc giai so khdp ty 1€ ma cuc cta thong
tin cAn duoc giai ma.

Néu thiét bi truyén thong 1a thit bi giri, mddun thu nh4n 11 dugc tao cAu hinh
dé thu nhan thong tin can duoc m3 héa; va mddun xur ly 12 dugc tao cAu hinh dé so
khép ty 16 ma cuc cta thong tin cin duge mi héa dua trén phuong thirc so khép ty 16
duoc x4c dinh. Néu thiét bi truyén thong 1a thiét bi thu, médun thu nhan 11 duoc tao
cAu hinh dé thu nhan thong tin can duoc giai ma; va médun xt ly 12 duoc tao c4u hinh
dé giai so khép ty 18 m3 cyc cta thong tin cin dugc giai ma dwa trén phuong thirc so

khép ty I dugce xac dinh.

Chi tiét vé phuong thirc danh thing va phuong thire rit ngén, dya vao phan mé
ta cu thé trong phuong 4n thé hién trén FIG. 3. Phan chi tiét khéng duoc mé ta lai &
day. |

Tay chon 13, médun xir Iy 12 dugc tao cdu hinh dé: ndu didu kién dinh trudc
dAu tién duoc théa mén, st dung phuong thiic bat ky trong sb phwong thirc dénh thing
1, phuong thirc danh thung 2, phuong thitc danh thung 3, va phuong thirc dénh thing
4

néu diéu kién dinh trudce thit hai dugc thoa man, st dung phuong thirc rat ngfm

1, phuong thirc rat ngén 3, hodc phuwong thire rit ngén 4; hoic

né€u ca di€u kién dinh trudc dau tién va diéu kién dinh trudce thir hai khdng duogc

thoa mén, stir dung phuong thirc rit ngén 2.

V& diéu kién dinh trudc dau tién va didu kién dinh trude thi hai, dua vao phan
mo ta cu thé trong phuong an thé hién trén FIG. 3. Phan chi tiét khoéng duge moé ta lai &
day.

Hon nita, diéu kién dinh trude dau tién 1a ty 1€ ma nho hon ngudng ty 1€ ma 1/5
va s& lugng cac bit thong tin nho hon hoic bing ngudng bit thong tin 100, hodc ty 18
mé nhd hon ngudng ty 16 ma 1/4 va sb luong cac bit théng tin nho hon hoic bing

ngudng bit thong tin 30, va didu kién dinh truéc thir hai 14 ty 18 ma 16n hon ngudng ty
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1€ m3 3/4; hodc
diéu kién dinh trudc du tién 13 ty 16 ma nhd hon ngudng ty 16 ma 1/4 va sb
luong céc bit thong tin nho hon hoic bing ngudng bit thong tin 200, va diéu kién dinh

trudce thr hai 14 ty 1€ ma 16n hon ngudng ty 1€ ma 3/4.

Moédun xac dinh 12 dwoc tao ciu hinh cu thé dé: ndu didu kién dinh trudc dau
tién dugc thoa mén, st dung phuong thirc danh thung 2 hodc phuong thirc danh thung
4; néu diéu kién dinh trudc tht hai duge théa man, st dung phuong thie rut ngin 1
hoic phuong thiic rit ngén 3; hodc néu ca didu kién dinh trude dau tién va didu kién

dinh trudc thr hai khong duoc thda mén, st dung phuong thire rut ngén 2.
Tuy chon 13, modun xac dinh 12 duogc tao cAu hinh d:

néu didu kién dinh truéc thir ba dwoc thoa man, sir dung phuong thuc bét ky
trong s& phuong thirc danh thing 1, phuong thirc danh thing 2, phwong thirc danh
thing 3, va phuong thirc danh thing 4; hodc néu didu kién dinh trudc thir ba khéng
dugc thdéa man, stir dung phuong thire rit ngan 2, phuong thire rit ngén 3, hosic phuong
thirc rit ngén 4. Vé diu kién dinh trude thir ba, tham khéo phdn mé ta cu thé trong
phuong 4n thé hién trén FIG. 3. Phin chi tiét khong dwoc mé ta lai & day.

Hon nita, diéu kién dinh trudc thir ba 13 ty 16 ma nho hon hodc bang 1/5 va sb
luong cac bit théng tin nhé hon hodc bang 100, hodc didu kién dinh trudc thi ba 1a ty
16 ma nho6 hon hozc bang 1/4 va sb luong céc bit thong tin nhd hon hodic bing 30, hoic
diéu kién dinh trude th ba 1a ty 1€ ma nho hon hodc b?mg 1/4 va sb luong cac bit
thong tin nhd hon hoac b%lng 200. M6dun xac dinh 12 duge tao ciu hinh cu thé dé:

néu diéu kién dinh trudc thir ba dwoc thoa man, st dung phuong thirc dénh
thing 2 hodc phuong thirc danh thung 4; hodc néu diéu kién dinh trude thi ba khong
dugc thdéa man, str dung phuong thire rit ngan 2, phuong thire rit ngén 3, hosc phuong
thirc rit ngan 4.

Tuy chon 14, m&dun xac dinh 12 dugc tao cAu hinh dé: néu diéu kién dinh trude
thtr tr dugc thoa man, sir dung phuong thirc bt ky trong s6 phuong thirc danh thung 1,
phuong thirc danh thing 2, phuong thitc danh thung 3, va phuong thitc déanh thing 4;

hodc néu diu kién dinh trude thi nim duge théa mén, su dung phuong thire rut ngén
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1, phuong thirc rit ngén 3, hodc phwong thirc rit ngén 4; hodc néu ca didu kién dinh
truge thi tu va diéu kién dinh trude thit nim khong dugc thoa méan, sit dung phuong
thirc rit ngén 2. V& diéu kién dinh trudc thir tu va diéu kién dinh trude thit nim, dua
vao phan mb ta cu thé trong phwong 4n thé hién trén FIG. 3. Phan chi tiét khong duoc
md ta lai ¢ day.

Hon nita, diéu kién dinh trude th@ tu 13 ty 16 m3 nhé hon hodc bang 1/4 hoic
1/3, va diéu kién dinh trude thi nim 1a ty 1€ ma 16n hon 1/2 va do dai ma dich nho hon

ngudng d6 dau mi dau tién C.

Mbdun x4c dinh dugce tao cAu hinh cu thé dé: néu diéu kién dinh trudc thi tu
dugc thoa mén, st dung phuong thirc danh thing 2 hodc phuong thirec danh thing 4;
néu diéu kién dinh trude thit nim duge thda man, st dung phuong thic rut ngfm 1,
phuong thuc rit nge"m 3, hoac phuong thuac rut ngén 4; hodc néu ca diéu kién dinh
trude thir tu va diéu kién dinh trude thi ndm duoc théa mén, sir dung phuong thirc rit

ng’fm 2.
Tuy chon 13, moédun xé4c dinh 12 dugc tao cAu hinh dé:

néu ty 18 mi nhé hon hodc bing ngudng ty 16 ma thir ba As, st dung phuong
thirc bat ky trong sb phuong thirc d4nh thing 1, phuong thirc danh thing 2, phwong
thirc dénh thing 3, va phwong thirc danh thing 4, trong d6 Az 14 gié tri bat ky trong tap
hop [1/12, 1/6, 1/5, 1/4, 1/3, 2/5];

néu ty 16 mé 16n hon A3 va nho hon ngudng ty 16 ma thi tw Ag, st dung phuong
thie rat nga"ln 2, trong d6 A4 1a gié tri bét ky trong tap hop [1/2, 2/3, 3/4, 5/6]; hodc

néu ty 1€ ma 16n hon hodc b%mg A4, st dung phuong thuce rut ngén 3 hoac
phuong thirc rit ngén 4.

Hon nita, A3 1a 1/4, A4 12 1/2, va mddun x4c dinh 12 dugc tao ciu hinh cu thé
dé: néu ty 18 ma nhod hon hoic bing 1/4, st dung phwong thirc danh thung 2 hoic
phuong thitc d4nh thing 4; néu ty 16 ma 16n hon hodc bing 1/4 va nhé hon 1/2, st
dung phuong thirc rat ngén 2; hoic néu ty 16 ma 16n hon hoic bang 1/2, sit dung

phuong thirc rat ngén 3 hodc phuong thirc rit ngin 4.

Thiét bi trong phuong an nay co thé duoc tao ciu hinh dé thuc hién cac giai
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phap k§ thuat cta phuong 4n vé phuong phép nhu thé hién trén FIG. 3. Nguyén tic
thue hién va hidu qua k¥ thuit cta thiét bi 14 tuong tw nhu clia cc giai phap k¥ thuat
ctia phuong 4n vé phwong phép nhu thé hién trén FIG. 3. Phin chi tiét khong dugc md
ta lai & day.

FIG. 6 13 s0 db so Iuoc v thiét bi thuc thé so khép ty 16 ma cuc theo sang ché.
Thiét bi 1100 bao gdm: bd thu phét 1101, bd nhé 1103, va bd xir ly 1102,

B thu phat 1101 duogc tao cAu hinh @ thu nhan thong tin can duoc ma hoéa

hodc thong tin can dugc gidi ma.

B6 nhé 1103 duge tao ciu hinh dé luu trit 1énh chwong trinh. B6 nhé c6 thé 1a
bd nhé chdp (flash memory).

B6 x1r 1y 1102 duoc tao cAu hinh dé goi va thuc thi 1énh chuong trinh trong b
nhé, dé thuc hién céc bude trong phuong phép so khép ty 16 mi cuc nhu thé hién trén
FIG. 3. Dé biét chi tiét, tham khao phin mé ta c6 lién quan trong phuong an vé phuong
phép néu trén.

Tay chon 13, bd nhé 1103 ¢6 thé 14 ddc 14p hodc c6 thé duoc tich hop véi bo xir
ly 1102.

Khi bd nhé 1103 1a thiét bi doc 1ap ciia bd xir Iy 1102, thiét bi 1100 ¢ thé con
bao gdm:

bus 1104, duge tao ciu hinh dé két ndi bd nhé 1103 va bd xir Iy 1102,

Thiét bi nay c6 thé duoc tao cAu hinh dé thuc hién cac budc va/hodc cic thi tuc
tuong tng véi thiét bi truyén théng trong cic phuwong 4n vé phuong phap néu trén.

Sang ché con d& xudt vat ghi doc dugc. Vat ghi doc duge luu trit [€nh thuc thi.
Khi it nhat mot bd xir 1y cta thiét bi so khép ty 18 ma cuc chay 1énh thuc thi nay, thiét
bi so khdp ty 1€ ma cuc thuc hién phuong phép so khép ty 1€ theo cac sy thuc hién néu
trén.

Sang ché con dé xuit san phim chwong trinh may tinh. San pham chwong trinh
may tinh nay bao gém 1énh thue thi, va 1énh thuc thi nay dugc luu trit trong vat ghi
doc duoe. ft nhdt mot bd xtt 1y ctia thibt bi so khép ty 16 ma cuc c6 thé doc 1énh thuc
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thi nay tr vat ghi doc dugc, va it nhit mot bd xir Iy chay 1énh thyc thi nay, dé thiét bi
so khép ty 16 ma cyc thuc hién phuong phap so khép ty 18 ma cuc theo cac su thuc
hién néu trén.

Ngudi c6 hiéu biét trung binh trong linh vuc k§ thuét nay c6 thé hidu ring tit ca
hodc mét s6 bude cua cac phuong an vé phuong phap cé thé duge thuc hién boi
chuong trinh chi din phan cimg c6 lién quan. Chuong trinh ndy c6 thé duoc luu trix
trong vat ghi doc dugc béi mdy tinh. Khi chuong trinh duge chay, cac bude cua cic
phwong 4n vé phuong phap duge thuc hién. Vat ghi nay bao gdm v4t ghi bat ky ma c6
thé Iuu trit ma chuong trinh, nhu bd nhé chi doc (ROM), bd nhé truy cdp ngiu nhién
(RAM), dia tir, hodc dia quang.
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YEU CAU BAO HO

1. Phuong phép so khép ty 18, phuong phap nay bao gdm cac budc:

thu nhén cac bit thong tin can dugc ma hoa, trong do s6 lugng céac bit thong tin
cAn dugc ma héa 1a K va K 13 s6 nguyén duong;

ma hoa cuc cac bit thong tin can dugc m3 hoa dé thu nhén céc bit duoc mi héa;

so khép ty 18 cac bit dwoc ma héa dé thu nhan cac bit duoc so khép ty 1é theo
phuong thirc so khdp ty 1€ duge xac dinh dua trén ty 1& ma R, ngudng ty 1€ mé, do dai
ma dich, va ngudng d6 dai ma dich, trong d6 phuong thic so khép ty 1€ 1a phuong
thirc dénh thing hodc phuong thirc rit ngén, trong d6 R=K/M, trong d6 M la d6 dai
ma dich, va M 14 s6 nguyén duong; va

dua ra céc bit dugce so khép ty 1€.

2. Phuong phép theo diém 1, phuong phap nay con bao gdbm budec:
néu M nhé hon ngudng ty 16 ma dau tién va R nho hon hoic bang ngudng ty 18

mé déu tién, thi x4c dinh phuong thirc so khép ty 18 1a phuong thirc danh thing.

3. Phwong phép theo diém 1, phwong phap nay con bao gébm budc:
néu M nhé hon ngudng ty 16 ma dau tién va R 16n hon ngudng ty 16 mi thi hai,

thi x4c dinh phuong thirc so khép ty 1€ 1a phuong thirc rut ngin.

4. Phuong phép theo diém 3, trong d6 ngudng ty 16 mi dau tién va ngudng ty 16 ma

thi hai 13 giéng nhau.

5. Phuong phép theo diém 2, trong dé budc so khdp ty 18 cac bit dwoc ma héa bao
gbm:

néu phuong thirc so khép ty 18 12 phuong thirc danh thing, thi danh thing cac bit
duoc m3 hoa tir dau cac bit duge mi héa dua trén sd luong céc bit can duoc danh

thung va it nhét mot vi tri ctia cac bit can duge danh thung.

6. Phuong phap theo diém 3, trong d6 budc so khép ty 1¢ cac bit dwgc ma héa bao

gom:
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néu phuong thirc so khép ty 1é 1a phwong thirc rat ngan, thi rit ngin céc bit duoc
ma héa tir cudi cac bit duoc mi héa dua trén sd lugng céc bit can duge it ngan va it

nhat mét vi tri clia cac bit can dugc rit ngan.

7. Thiét bi so khép ty 18, thiét bi nay bao gdm:
it nhit mot b6 xr Iy; va
vét ghi khong chuyén tiép doc duoc bdi may tinh duoc ghép véi it nhit mdt bd xir
Iy va Iuu trit cac 1énh 14p trinh dé chay béi it nhdt mét bd xir Iy, trong d6 cac 1énh lap
trinh chi d4n it nhit mot bo xir Iy dé:
thu nhan cac bit thong tin can dwoc ma hoa, trong d6 sb luong céc bit thong tin
cén dwoc mi héa 1a K va K 1a sé nguyén duong;
ma hoa cuc cac bit thong tin can dugc ma héa dé thu nhan cac bit duoc ma
hoa;
so khép ty 1& cac bit duge ma hoa dé thu nhan cac bit duogc so khép ty 1€ theo
phuong thitc so khép ty 1 dugc xac dinh dua trén ty 1€ ma R, ngudng ty 1é ma, d6 dai
mi dich, va ngudng d6 dai ma dich, trong d6 phuong thirc so khép ty 1€ 1a phuong
thirc danh thung hodc phuong thic rut ngén, trong d6 R=K/M, trong d6 M la do dai
mi dich, va M 14 s6 nguyén duong; va

dua ra cac bit dugc so khap ty 1€.

8. Thiét bi theo diém 7, trong d6 cac 1énh 14p trinh chi dAn it nhat mot bd xtr Iy dé xéc
dinh phuong thire so khép ty 18 1a phuong thitc danh thing néu M nho hon ngudng ty

16 ma du tién va R nho hon hodc bang ngudng ty 16 m3 dAu tién.
9. Thiét bi theo diém 7, trong d6 c4c 1énh 14p trinh chi dAn it nhat mét bd xtt Iy dé xac
dinh phuong thirc so khép ty 1€ 1a phuong thirc rat ngan néu M nhé hon ngudng ty 18

mé d4u tién va R 16n hon ngudng ty 1¢ ma thi hai.

10. Thiét bi theo diém 9, trong d6 ngudng ty 16 ma dAu tién va ngudng ty 1é ma th hai

14 giéng nhau.
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11. Thiét bi theo didm 8, trong d6 cac 1énh I4p trinh chi d&n it nhat mdt b xur Iy dé
danh thing céc bit dugc ma hoa tir dAu cac bit duoc ma hoa dua trén sb luong cac bit
can duoc danh thung va it nhdt mot vi tri cia céc bit can dugc danh thing néu phuong

thitc so khop ty 1€ 1a phuong thirc danh thing.

12. Thiét bi theo diém 9, trong d6 céc 1énh 14p trinh chi dAn it nhat mét bo xir ly dé rit
ngén céc bit dugc ma hoa tir cudi cac bit duge mi hoéa dua trén sb lugng céc bit can
duoc rut ngén va it nhit mot vi tri cta céc bit can duoc rat ngén néu phuong thire so

khép ty 18 1a phuong thire rat ngan.

13. Vat ghi khong chuyén tiép doc dugc boi may tinh luu trit mot hodc nhiéu 1énh c6
thé chay duogc bdi thiét bi dé thuc hién cac hoat dong bao gém:

thu nhan céac bit thdng tin can duoc mi hoa, trong d6 ) luong céc bit thong tin
can duge ma héa 13 K va K 13 s6 nguyén duong;

ma hda cuc cac bit thdong tin can dugec m3 hoa dé thu nhan céc bit duge ma héa;

so khdp ty 1€ cac bit dugc ma hda dé thu nhén céc bit duoc so khép ty 18 theo
phuong thic so khdp ty 1€ duge xac dinh dua trén ty 1€ md R, ngudng ty 1€ ma, do dai
ma dich, va ngudng dd dai ma dich, trong d6 phuong thic so khép ty 1€ 1a phuong
thitc danh thung hodc phuong thirc rit ngén, trong d6 R=K/M, trong d6 M 13 d6 dai
ma dich, va M 14 s§ nguyén duong; va

dua ra cac bit dugc so khop ty 1€.

14. Vat ghi khéng chuyén tiép doc duoc boi may tinh theo diém 13, trong d6 céc hoat
ddng con bao gdm x4c dinh phuong thire so khép ty 18 1a phuong thirc danh thing néu
M nhé hon ngudng ty 186 mi dAu tién va R nho hon hogc bing ngudng ty 16 ma du

tién.
15. V4t ghi khong chuyén tiép doc duoc bai may tinh theo diém 13, trong d6 c4c hoat

dong con bao gdm xé4c dinh phwong thirc s0 khép ty 1€ 14 phuong thire rit ngin néu M

nhé hon ngudng ty 18 ma dAu tién va R 16n hon ngudng ty 1& ma thit hai.
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16. Vat ghi khong chuyén tiép doc duoc bdi may tinh theo diém 13, trong d6 ngudng
ty 18 m3 bao gdm ngudng ty 1é ma dau tién va ngudng ty 1é ma thi hai, va ngudng ty

16 ma dAu tién va ngudng ty 16 ma thi hai 12 gidng nhau.

17. Vat ghi khong chuyén tiép doc dugce boi may tinh theo diém 14, trong d6 viée so
khép ty 18 céc bit duoc mi hoa bao gdm danh thing céc bit dugc ma héa tir dAu cac bit
dwoc ma hoéa dua trén sb lugng cac bit can duge dénh thing va it nhat mot vi tri ciia
céc bit can duge danh thing néu phuong thic so khép ty 16 1a phuong thic danh
thiing.

18. Vat ghi khong chuyén tiép doc dugc bdi may tinh theo diém 15, trong do6 viéc so
khép ty 18 céc bit duge ma hda bao gdm rut ngén cac bit dugc mi héa tir cudi cac bit
duoc m3 hoéa dua trén sb luong cac bit can duge rat ngén va it nhat mot vi tri cha céc

bit cAn duge rit ngén néu phuong thirc so khép ty 18 13 phuong thire rit ngén.

19. Phuong phép theo diém 1, trong d6 budc so khdp ty 18 cac bit duge ma héa bao
gdm d4nh thing cac bit duoc ma hoa dua trén sd luong céc bit can duoc danh thing va

céc vi tri danh thing dinh trude.

20. Phuong phép theo diém 19, trong d6 s lugng cac bit cin dugc danh thing 14 P, va
trong d6 viéc danh thung cac bit dugc ma hda tu dAu céc bit duoc ma hda dua trén sb
lugng c4c bit cin duge danh thing va cac vi tri danh thing dinh truée bao gdm:

néu P <N/4, trong d6 N 1a d6 dai ma me cua céc bit thong tin can duoc m3 hoa, thi
céc vi tri danh thing dinh truéc 13 P bit d4u tién, hoic

néu P> N/4, thi c4c vi tri dénh thing dinh trude 13 c4c bit tir 1 dén N/4 va bit j, trong
d6 j dugc xéc dinh theo cac cong thuc sau:

j=N/4,. N4+ [(P-N/4)/2y - 1;

j=N72,., N2+ L@ -N4)y2-d —1;

trong d6 ky hi€u 4 biu thi 1am tron 16n dén s6 nguyén gin nhét, va ky hiéu L

bi€u thi lam tron xuong den so nguyén gan nhat.
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21. Phuong phép theo diém 1, trong d6 budc so khdp ty 18 céc bit dugec mi héa bao
gdm rit ngén cac bit dwgc mi héa dua trén s6 lugng cac bit cdn duge rit ngin va cac

vi tri rat ngén dinh trude.

22. Thiét bi theo diém 7, trong d6 viée so khép ty 18 cac bit duge mi héa bao gdm
dénh thung cac bit dugc ma hoa dua trén ) luong cac bit can duoc danh thiing va cac

vi tri danh thiing dinh trude.

23. Thiét bi theo diém 22, trong d6 sb lwong cac bit can dwoc danh thing 14 P, va trong
doé viéc danh thing céc bit dugc ma hoa tr d4u céc bit duoc ma hoa dua trén sb luong
céc bit cAn duoc dénh thing va céc vi tri danh thing dinh trudc bao gdm:

néu P < N/4, trong d6 N 1a do dai ma me cua cac bit thong tin can duoc mi héa, thi
cac vi tri danh thung dinh trudc 1a P bit d4u tién, hodc

néu P> N/4, thi c4c vi tri danh thing dinh trude 13 céc bit tir 1 dén N/4 va bit j, trong
dé j dugc xéac dinh theo cac cong thirc sau:

j=N/A4,. N4+ (P-N/4)2q -1,

j=N/2,.., N2+ L@ -N4y2d —1;

trong d6 ky hiéu - biéu thi lam tron 1én dén s nguyén gan nhat, va ky hiéu L

biéu thi 1am tron xubng dén sb nguyén gin nhét.
24. Thiét bi theo diém 7, trong d6 viée so khép ty 18 céc bit dugc ma héa bao gdm rit

ngan cac bit dugc ma hoa dua trén so lugng cac bit can dugce rat ngan va cac vi tri rat

ngén dinh truée.
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