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LOI CAM ON

Luén 4n tién s¥ nay duogc nghién ctru sinh thuc hién tai Hoc vién Cong nghé
Buu chinh Vién thong dudi sy huéng dan khoa hoc cua GS.TSKH Nguyén Xun
Quynh. Nghién ctru sinh xin dugc bay to 10ng biét on sau sic ddi véi GS. TSKH Nguyén
Xuan Quynh, TS. Lé Chi Quynh, TS Ngo Ptic Thién, cac thiy da dinh huéng khoa
hoc, chi dan thuc hién nhirng nhiém vy can thiét cling nhu tao cac diéu kién thuan lo1
dé luan an nay duoc hoan thanh.

Nghién ctru sinh xin dugc tran trong cdm on Vién Khoa hoc Cong nghé Mat ma
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Nghién ctru sinh cling xin chin thanh cadm on Lanh dao Hoc vién Cong ngh¢
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Cubi cing 13 sy biét on t&i gia dinh, ban bé, dong nghiép da thong cam, dong

vién giup d& nghién ctru sinh c6 thém nghi lyc dé hoan thanh luan an nay.
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MO DAU

1. Ly do chon d@ tai

Bai toan tao ra cac diy s gia ngiu nhién 14 bai toan ludn dugc quan tim
nghién ctru phét trién trong nhitng nim gan day, phuc vu nhiéu yéu cau trong thuc
té sir dung ciia nganh cong nghé théng tin néi chung va cong nghé vién thong noi
riéng. Dy gia ngu nhién dugc sir dung phd bién nhét 1a diy m, cling goi 1a m-
day. Cac bd tao m-day dugc S.W. Golomb dat nén mong tir thap ky 1960[21], dua
trén 1y thuyét truong Galois.

Nha toan hoc Stephen Wolfram da nhin manh réng thuat toan m-day la thuat
toan dugc str dung nhiéu nhat trong lich st hién dai [61]. Day gia ngiu nhién dua
trén m-day co cac tinh chat thong ké rat tot phuc vu cho viéc x4o tron dit liéu, cing
véi gia tri ham twong quan va ty twong quan rat nho. Viée cai dat cac m-day c6 thé
thue hién rat hiéu qua chi bé‘mg cac mach logic don gian ciling nhu trén phén mém.
D6 ciing 14 Iy do cac ddy gia ngiu nhién dua trén m-diy c6 nhiéu tng dung rat rong
ri trong cong nghé vién thong hién nay. T viéc xac dinh do 1éch thoi gian cuia tin
hiéu GPS, phuong phap phan kénh theo mé str dung trong CDMA, ho thuét toan
ma hoa bao vé kénh GSM AS5/1, A5/2 va A5/3, hoac thuat toan xao tron dir li€u
phuc vu cac kénh truyén thong SATA, SDH déu str dung céc bién thé cua m-day.
Trong thip nién 1980, cac thuat toan mat ma dua trén m-day cling rat phat trién,
c6 nhiéu dong gop trong viéc bao mat cac hé théng thong tin quan sy ctia cac cudng
qudc 16n. Cac nha khoa hoc di dua ra cac giai phap xay dung nén cac hé mi dong
dya trén m-day, trong d6 dua ra cic cau trac riéng, két hop nhiéu m-day dé ting

tinh phi tuyén ciing nhu cac tinh chat mat ma cua hé mat [2] [19] [27].

Viéc nghién ctru phat trién cac 1y thuyét va thuat toan dya trén m-diy van
khong nging dugc thuc hién. Trong hoi nghi Asia Crypt 2004, chuyén gia mat ma
Shamir da c6 bai trinh bay “Stream Ciphers: Dead or Alive?”’[52], trong do6 chi rd
cac loi thé va hudng phat trién ctia ma dong va m-day. O Viét Nam c6 nhom nghién

ctru dan dau 1a TS. Lé Chi Quynh d3 c6 nhiéu nim theo dudi hudng nghién ciru



riéng vé cau trac 16ng ghép dé xay dung cac bo tao diy 1ong ghép dua trén m-day.
Céc tac gia tAp trung vao van dé nghién ctru 1y thuyét, huéng dén viée xdy dung
cac day c6 do phure tap cao va tinh chat tbt. Tuy nhién vé mit thuc hanh, mot sd
phuong phap da dua ra con c6 do phire tap tinh toan 16n, kho ¢6 kha nang irng dung
trong thuc té. Cac yéu ciu cu thé hién nay vé cac dudng truyén dit liéu bing thong
rat 16n déu yéu cau cac ddy c6 bac 16n (thuc té¢ CDMA st dung diy c6 chu ky 242-
1, cOn mot s6 phién ban SDH ciing da st dung diy c6 chu ky 2%7-1). Dé c6 thé ung
dung trong k¥ thuat mat ma, yéu cau vé bac ctia ddy con tiép tuc ting 1én dé chong

lai strc manh tinh toan ctia cac si€éu may tinh va cac thiét bi tham ma chuyén dung.
Cdc phuwong phdp tao day phi tuyén long ghép diwa trén m-ddy da cé

Céc nghién ctru ctia nhom tac gia dan dau 1a TS. Lé Chi Quynh di xay dung
nén cac bd tao diy 1ong ghép dua trén m-day [1] [30] [50]. Pay 1a mét thiét ké
riéng bi¢t “kiéu Viét Nam” vé b tao day gia ngﬁu nhién dya trén m-day, dya trén
1y thuyét bién d6i d va ham vét. Diy 16ng ghép va dy phi tuyén 16ng ghép dua trén
m-diy dugc dua ra di thoa méin céac tinh chat vé phan b thong ké, tinh twong quan
va dic biét day phi tuyén 16ng ghép co tinh phi tuyén duoc gia c¢b dé co thé tng
dung trong k¥ thuat mat ma.

Diy 10ng ghép (Interleaved sequence) 1a mot kién trac riéng dé xay dung
mot diy gia ngau nhién dya trén mot m-day ban dau véi cac tham sé dugc lya chon
theo yéu cau. Day ddu ra co céac tinh chit t5t vé phan bd va twong quan nhu di trinh
bay trong cong bd [J1].

Diy phi tuyén 16ng ghép 13 mot phat trién cua day 10ng ghép, trong do st
dung 2 m-diy ban dau, song két hgp v&i nhau theo phwong phap dic trung cua diy
16ng ghép v6i muc tiéu dua ra diy dau ra c6 tinh phi tuyén cao hon so vé6i diy 16ng
ghép .

C6 3 phuong phap tim thi ty 10ng ghép di duoc nghién ctru [J1]

e Phuong phép sir dung Bién doi — d.

e Phuong phép sir dung toan tir vét.



e Phuong phép tinh tryc tiép m hang dau tién ctia ma tran.
Day phi tuyén long ghép dura trén m-day

Pé tang tinh chét phi tuyén cua diy 16ng ghép, nhom tac gia [60] da dé xuat
phuong 4n str dung tham sd cua hai diy dau vao c6 cing bac nhung sinh boi hai da
thtrc sinh khac nhau f(x) va g(x). Theo phuong phap xay dung diy 1ong ghép, hai
diy dau vao noi trén s& sinh ra hai day 1ong ghép véi cac diy con sinh boi da thic
con f1(x) va gi1(X) twong tmg. Néu ta thay thé thir ty 10ng ghép cua diy con thir nhat
bang thir ty 16ng ghép ctia diy con tha hai, ddy dau ra sé& 1a két qua 1dng ghép két
hop cuia hai diy dau vao. Cac tac gia da chimg minh rang diy 1ong ghép két hop
ndy c6 tinh chét phi tuyén tot hon diy 16ng ghép ban dau, do d6 né dugc goi la diy
phi tuyén 1ong ghép.

Tién s§ Lé Chi Quynh d3 dit nén méng cho diy 16ng ghép tir nim 1986 [49]
[50], cac nghién ciru nay da duoc céc tac gia khac cong nhan va tiép tuc ung dung,

phat trién thém [2] [24].

Tiép sau d6 TS Lé Minh Hiéu tiép tuc nghién ctru vé day 1dng ghép tam
phan va diy phi tuyén 16ng ghép [30]. Trong thoi gian gan day, tién sy Bui Lai An
da phat trién day 16ng ghép da cap, da chiéu trong luin 4n tién s nam 2012 [1].

Trong nhiing nim gan day, nhom nghién ctru cua tién s Lé Chi Quynh van
tiép tuc nghién ctru phat trién day phi tuyén 10ng ghép, khai thac kha nang cai dat
trong thiét bi phan ctimg va Gmg dung vao nhiéu bai toan thuc t& nhu bai toan cam

bién nén, bai toan thuy van s [51][55][56].
Ung dung ciia day gid ngau nhién trong mdt ma va cdc thach thirc

Trong k¥ thuat mat ma hi¢n dai, ngoai sy dong gbp rat hiéu qua cua cac hé
mat khoa cong khai, cac h¢ mat stir dung khoa bi mat van duoc sir dung cho nhi¢m
vu bao mat phan 16n nodi dung thong tin. Cac hé mat sir dung khoa bi mat bao gom
cac hé ma khéi va cac hé ma dong. Mot nhanh 16n trong cac hé ma dong 1a phat

trién ctia cac bo sinh s6 ngau nhién dya trén m-day.



M-diy c6 céac tinh chit ngau nhién rat tét dé tmg dung trong cac bd tao sb
gia ngiu nhién v6i muc dich trai déu pho tin hiéu trong moét khoang. Khi tmg dung
m-diy vao k¥ thuat mat ma, ngoai tinh ngau nhién ta can quan tim t&i tinh tuyén
tinh, déc tinh phan bd twong quan. Céc tin cong phan tich ma d6i voi m-diy trude
hét khai thac cac dic tinh nay.

Tén cong phan tich ma dau tién dbi vdi m-day 1a tin cong tuyén tinh voi ki
thuat duoc dé ra bai Massey, con goi 1a thuat toan Belekamp-Massey[41]. Néu chi
str dung mot m-ddy don 1¢ dé ma hoa ludng thong tin, ké tin cong chi can co duoc
2" bit cua diy 1a du diéu kién tim ra da thirc sinh cua diy, tir d6 khoi phuc toan bo
day.

Céac diy gia ngiu nhién dua trén m-diy Gng dung trong mat ma déu khong
dung mot m-ddy ma thudng ghép nhiéu m-day véi nhau dé ting tinh phi tuyén. Khi
nay phuong phép phan tich tuyén tinh ciia Massey khong thé ap dung truc tiép, cac
nha phan tich da dé xuat nhiéu phuong phap phan tich khac. Trong luan an nay tac
gid da phan tich phuong phép tinh gia tri tuong quan dia phuong, 1a phuong phap

c6 anh hudng truc tiép téi do an toan cia day long ghép.
Cac yéu cau vé do an toan cua ddy gia ngdau nhién sw dung trong mdt ma

Cung v6i su phat trién khong ngimg cua khoa hoc céng nghé, ning luc xur
1y ctia cac hé thong may tinh ngdy cang ting Ién. Piéu nay 1am cho yéu cau tuong
mg v&i cac hé mat ciing can phai ting 1én. Mot trong nhitng tham sé quan trong
nhét cia hé ma dong dua trén m-ddy 1a do dai chu ky diy, tham sd nay duoc quyét
dinh bo1 d0 16n cua da thure dic trung. Trong ki thuat mat ma khong st dung mot

m-ddy don 1¢, song yéu cau vé kich thudc diy con can phai 16n hon gap nhiéu lan.

Song song véi yéu cau vé d0 an toan, cac bai todn mat ma thyc hanh cling
dat ra yéu cau vé€ hi¢u nang tinh todn. Vi bang thong duong truyén lién tuc dugc
nang cao, cac thuat todn mat ma cling can dat hi€u nang tuong trng dé co6 thé ting

dung trong thuc té.



Tinh cdp thiét cia dé tai

Vi tiém ning cua day phi tuyén 1dng ghép co thé ing dung trong k¥ thuét
mat mi, mot trong nhitng yéu cau can thiét 1a can c6 mot thuat toan du hidu qua dé
cai dat day phi tuyén 16ng ghép véi bac 16n cho du mirc an toan cén thiét, dong thoi

can kha thi vé thuc hanh va dat hiéu nang thuc té chép nhan duoc.

Cac nghién ctru trude day vé diy 16ng ghép va day phi tuyén 10ng ghép déu
chi tip trung vao khia canh 1y thuyét nhu chu ky diy, ham phan bd, ham tuong
quan, khoang twong duong tuyén tinh. Cac thir nghiém trudce day hau hét chi thuc
hién trén cac day c6 bac thép. Vi ¢d bac thoa man cac yéu cau cla k¥ thuat mat
m3, mot sd phuong phap sinh diy 16ng ghép trude diy sé& tré thanh khong kha thi
trong thuc hanh.

Do vy, mdt muc tiéu chinh ma luan an ndy tap trung giai quyét 1a dua ra
mot thuat toan hiéu qua dé sinh diy phi tuyén 16ng ghép véi bac 16n, cing vdi cac
danh gia vé do phtc tap tinh toan, do phirc tap luu trir ciing nhu cac danh gia thuc
nghiém. Pong thoi, tac gia luan an cling dé xuat hiéu chinh mot phuong phép sinh
day dé c6 thé sir dung day phi tuyén 16ng ghép trong k¥ thuat mat ma dam bao do

an toan thuc té.

2. Muc tiéu nghién ciru

Noi dung nghién ctru ctia luan 4n nham vao cic muc tiéu chinh sau day:

(i) Nghién ctru cac phuong phap sinh diy phi tuyén 16ng ghép, cac phuong
phép tin cong phan tich diy gia ngiu nhién dé tir 46 dé xuat mot phuong phap kha
thi trong thyc hanh dé sinh dy phi tuyén 16ng ghép véi bac 16n.

(i) D& xuat mot thuét toan hiéu qua dé sinh diy phi tuyén 10ng ghép véi bac
16n, phan tich danh giéa thuat toan da dé xudt vé do phtrc tap tinh toan, do phuc tap

luu trit va cac tinh toan thuc nghiém.



3. Péi twong nghién ciru
Déi twong nghién ciru cia luan an tip trung vao cac phuong phap xdy dung
diy gia ngau nhién dya trén m-diy ung dung trong ca truyén thong va ky thuat mat

ma, bao gom céc van dé

(i) Phuong phap xay dung diy 10ng ghép va diy phi tuyén 16ng ghép dua

trén m-day;
(ii) Thuat toan sinh day phi tuyén 16ng ghép hiéu qua, kha thi trong thuc té;

(iii) Phuong phap danh gia hé ma dong sir dung day gia ngau nhién dya trén

m-day.

4. Pham vi nghién ciru
Pham vi nghién ctru cua luén an 1a cdc phuong phap, thuat toan xay dung
ddy gia ngiu nhién dua trén m-ddy va cac tng dung ctia diy gia ngau nhién dya

trén m-day trong truyén théng va ky thuat mat ma.

5. Phwong phap nghién ciru
Dua vao cac Iy thuyét vé diy gia ngiu nhién, cac cong cu toan hoc dé phan

tich cac dic tinh cta day phi tuyén 16ng ghép dya trén m-day.

Str dung nguyén tic 1ap trinh dé xay dung thuat toan kha thi trong thuc té.
Str dung 1y thuyét d6 phuc tap tinh toan dé phan tich do phirc tap cta thuét toan vé

mit thoi gian cling nhu vé tai nguyén sir dung.

6. NOi dung nghién cuu

- Nghién ctru vé 1y thuyét m-ddy va tmg dung ctia m-day trong mat ma, céc
bo tao diy gia ngiu nhién dya trén m-diy véi mot sb bo tao day cu thé da dugc
ung dung trong mat ma.

- Nghién ctru cac phuong phéap sinh diy phi tuyén 16ng ghép dua trén m-
day, dé xuat giai phap sinh day phi tuyén 16ng ghép co thé ap dung trong ing dung

bao mat thong tin.



- Nghién ctru, dé xuat thuat toan sinh diy phi tuyén 16ng ghép véi du bac
16n, théa man cic yéu cau tng dung cua k¥ thuat mat ma. Panh gia do phuc tap

tinh todn va d¢ phuc tap luu trir ciia thuat toan.

7. Y nghia khoa hoc va thue tién

Vé mit 1y thuyét, luan an da dé xuat mot thuat toan hiéu qua dé sinh day phi
tuyén 16ng ghép véi bac rat 16n cling véi cac phan tich vé mic d6 hiéu qua cua
thuat toan. Luan 4n cling dé& xuit mot phuong phap sinh diy gia ngau nhién dya

trén m-day va day phi tuyén 1dng ghép c6 thé st dung trong k¥ thuat mat ma.

V& ¥ nghia thuc tién, két qua nghién cru di dua ra mot thuat toan mi dong

c6 thé duoc dua vao img dung trong nganh Co yéu Viét Nam.

8. Bo cuc cia luan an
Ngoai phan mé dau, phan két luan va phan phu luc, lun 4n gom ba chuong

v61 bo cuc nhu sau.

Chwong 1: Tong quan vé bd tao diy gid ngiu nhién dwa trén m-day,
trinh bay tong quan vé 1y thuyét truong Galois, m-ddy trén truong GF(p) véi gia tri
dic sd p>2 va cac tinh chit caa m-diy. Trong chuong nay ciing phan tich mot sd
mg dung ctia m-diy trong linh vuc truyén thong ciing nhu trong k¥ thuat mat ma

va nghién ctru mot s6 bo tao diy gia ngiu nhién dua trén m-diy dang dugc sir dung

Chwong 2: Cac phwong phap xdy dwng diy phi tuyén 16ng ghép dwa
trén m-day. Chuong nay dé cap toi thiét ké bo tao diy gia phi tuyén 16ng ghép dua
trén m-ddy va mot sé phuong phap xay dung diy 1ong ghép, day phi tuyén 16ng
ghép dua trén m-day, trong d6 di sau vao phuong phap phéan ra theo budc cho m-
day va ung dung phan ri theo budc dé dé xuit mot phuong phap sinh diy phi tuyén

16ng ghép sir dung cac ndi dung tir cong bd [J2] cua tac gia.

Chuong 3: Thuit toan sinh day phi tuyén long ghép véi béc 16m tng
dung trong k¥ thuit mat ma. Trong chuong nay trudc hét tac gia thuc hién danh
gia mot s phuong phap tin céng m-diy dién hinh. Phén tiép theo 1a trinh bay vé

thuat toan sinh day phi tuyén 16ng ghép voi bac 1on tuy ¥, cing véi cac danh gia



vé ly thuyét cling nhu tinh todn thuc hanh cho viéc cai dit thuc té thuat toan nay,
theo cong bd [J3]. Tac gia cling d& xuidt mot cai tién cho phuong phap sinh diy
luan phién bang cach dua diy phi tuyén 1ong ghép thanh mot thanh phan cua diy
luan phién.

Phén két luan: tong két cac dong gop chinh cua ludn an, kha ning tng dung

va cac van dé can ti€p tuc nghién clru;



CHUONG 1 : TONG QUAN VE BQO TAO DAY GIA NGAU
NHIEN DUA TREN M-DAY

Cac ddy chu ky toi da (m-ddy) da dugc dé xuat tir kha 1au, v6i xuat phat
diém tir Iy thuyét truong Galois, va dugc thé hién rd trong cic phuong phap xay
dung diy cu thé. Cac diy nay da c6 nhiéu ing dung trong k¥ thuat dién tir, k§ thuat

vién thong va dic biét 1a k¥ thuat mat ma.

Ly thuyét Galois dé cp t6i nhiéu khai niém dai sé phuc tap, nhung cac chi
tiét can thiét ing dung 1y thuyét nay dé xay dung m-day thi c6 thé trinh bay thong
qua cac kién thtrc s6 hoc so cip, dic biét 1a phép tinh modulo. Viéc mé rong trudng
Galois thanh trudong da thitc GF(p") ciing c6 thé dién giai trén quan diém cac phép
tinh da thirc mot cach rd rang. Trong phan dau ciia chuong nay, tac gia sé trinh bay
chi tiét vé cac thong tin can thiét cuia truong Galois GF(p) cling nhu mé rong trudng

GF(p") dé co thé xay dung nén m-day [12] [38].

Phan tiép theo ciia chuong s& trinh bay vé viéc xay dung cu thé mot m-day
trén truong da thac GF(p"), véi hai phuong phép xay dung 1a phuong phap Galois
va phuong phap Fibonacci [39]. Van dé thuc hién cai dit m-ddy trén may tinh ciing
duoc gidi thiéu, cung voi mot sb bo tao diy gia ngau nhién da duogc xay dung dua

trén m-day va c6 ung dung rong rai trong ky thudt mat ma [19] [27].

1.1. Khai niém trwong Galois

1.1.1. Khai niém trwong Galois

Truong Galois [12] hay con goi 1a trudng modulo theo dic s6 p voi p 1a sb
nguyén t6, ky hiéu 1a GF(p), bao gdm tap xac dinh gdm p sé nguyén trong khoang
[0, 1, ..., p-1 ]va hai phép toan ky hiéu 1a @ va ®, cu thé 1a:

e Phép toan cong, ky hiéu 1a @, 1a phép cong theo modulo p. Phan tir “0”
cua phép toan la gia tri 0. Phép toan ngugc cua phép cdng la phép trur, cling chinh

1a phép trir theo modulo (Cha ¥ 14 tap xac dinh ciia GF(p) khong bao gém céc sd
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am, vi thé két qua phép trir s& dugc hiéu chinh theo modulo p dé duoc mét gia tri
nim trong tip xac dinh cua GF(p) ).

Vi du: Trong truong GF(5) ta co:

3®4=2vi3+4=7=2(mod5).

Nguoc laitaco 1 -3 =3 (modb5) .

e Phép toan nhén, ky hiéu 1a ®, 12 phép nhan theo modulo p. Phan tir “1”
cua phép toan 1a gia tri 1. Phép toan nguoc cia phép nhan modulo 1a phép chia
modulo, phép chia modulo dugc dinh nghia khac v&i phép chia sé nguyén thong
thuong. Cu thé 1a ¢ = a/b mod p nghia 14 gia trj ¢ théa man: b&c = a mod p (= ky
hiéu phép ddng du), trong d6 ¢ 1a mot s nguyén trong tap xac dinh ctia GF(p), va
b c6 gia tri khac 0. Dé thoa man diéu kién moi phép nhan déu cé nguoc, dic sé p
can phai la s6 nguyeén td.

Vi du: Trong truong GF(7) ta c6:

2®4=1vi2®4=8=1(mod 7).

6/5=4vi4®5=20=6(mod 7) .

Pé tinh duoc gia tri phép chia modulo, trong thuc té ta sir dung thuat toan
Euclid mé rong [5] dé tinh nghich dao modulo ctia mot sb, sau d6 tinh gia tri phép
chia theo cong thuc:

C =a/b (mod p) =a&b (mod p) . (1.1)

Thudt toan Euclid mo rong

Xuét phat tir thuat toan Euclid dé tim u6c chung 16n nhat (ged) cua hai sb
nguyén khong am, va tir Pinh Iy Bézout chi ra rang, néu d = GCD(a, b) thi ton tai
hai s6 nguyén X, y sao cho d = x a+y b, nguoi ta dd mo rong thuét toan Euclid dé
giai phuong trinh Diophantine (1a phuong trinh c6 dang ax+by = ¢)[43]. Thuat toan

Euclid mé rong dugc viét bang gid ma nhu sau:
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Thudt toan 1.1: Thudt toan Euclid mo rong

def ext gcd(a,b):

m= a

n =>,

xm = 1

ym = 0

xn = 0

yn = 1

while (n != 0):
g=m // n # chia 14y phdn nguyén
r=m % n # chia 14y phédn du
Xr = Xm - g*xn

yr = ym - g*yn

m = n
Xm = Xn
ym = yn
n=r
Xn = Xr
yn = yr
return (xm, ym) # m = gcd(a,b) = xm * a + ym * b

Ta c6 thé rat gon thuat toan dé tinh a* mod n bang cach tinh ext_ged(a, n),
trong d6 chi can lay gia tri xm, khong can céc tinh toan véi ym. Chd y rang chi cd
thé tinh duoc gia tri a mod n trong trudong hop ged(a,n) = 1 (hay m =1 trong thuét
toan trén).

Thudt todn 1.2: Thudt toan Euclid mé réng tinh nghich dao a™* mod b

def ext gcd(a,b):

m = a
n ==,
xm = 1
xn = 0
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m // n # chia 14y phidn nguyén

q

r=m % n # chia 14y phén du

Xr = xXxm - g*xn
m = n
Xm = Xn
n=r
XN = XI
ifm != 1 # m = gcd(a,b)

return (-1) # khdng tinh duoc gid tri nghich ddo

return (xm) # xm = a-1 mod b

1.1.2 Phép mo rong truwong GF(p")
Xét vector n s6 nguyén trong d6 cac phan tir nam trong trudng GF(p):

A ={ao, ay, ..., an-1}.

Ta c6 thé biéu dién vector nay nhu mot da thirc voi bién x:

A(X) = ap + a1X + axx® + ... + anax"t,

Ta goi truong da thuc GF(p") 1a tap cac da thic nodi trén cung véi hai phép
tinh cong da thirc va nhan da thire, 14y modulo theo mot da thirc g(X) ¢ bac n, trong
d6 cac hé sb déu nam trong GF(p), nghia 13 tudn thil quy tic ctua phép cong va phép
nhén trong GF(p). Truong da thirc nay ky hiéu la Z(x")/g(x). Sau nay ta s€ dung ky
hiéu phép chia hoic phan sé dé biéu dién phép modulo da thirc.

Chu ¥ 1a phép modulo theo da thirc g(x) sé& tinh theo nguyén tic modulo theo
hé sb bic cao nhat, nghia 1a mot vector S(x) véi biéu dién thanh da thirc c6 béc
khéng nhé hon n sé& can chia cho g(x) dé 1dy duoc phan du 13 mot da thirc két qua
S’(x) c6 bac nho hon n, goi 1a modulo cta S(x) theo g(x). Trong trudng hop nay,
hai da thtrc duoc so sanh véi nhau theo bic cao nhét cia da thirc chir khong chi so
sanh gia trj ctia tirng phan tur.

Vi du:

S(x) =x3+2x% + 1, g(x) = 2x3 + x + 2 (xét trén GF(3) ).
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Theo logic thong thuong, ta co thé cho rang S(x) < g(x) (do so sanh hé sb

trong tng voi bac cao nhit). Tuy nhién két qua phép modulo S(x) mod g(x) Ia:
S’(x) = S(x) —2*g(X) = 2x*> + X .

Piéu nay dé bao dam S’(x) ludn c6 bac nho hon g(x).

1.1.3 Xdy dung m-day tir truong GF(p")

Téc gia Golomb [21] d4 chi ra rang tir vector A(X) nhu trén, sau mdi budc
nhan A(X) véi x theo modulo g(x) va 1ay ra mot phan tir ciia A(X), ta s& sinh ra mot
day so gia ngau nhién c6 chu ky c6 thé 1én t&i 2"-1. Trong 18 tang ctia Golomb nam
2016, nha toan hoc Stephen Wolfram di danh gia rang day c6 18 1a y tudong thuét
toan duogc str dung nhiéu nhat trong lich str, véi hang ty ty 1an sinh bit gia ngau
nhién trén cac thiét bi dién tir trén toan thé gisi[63].

Diy s6 nay con dugc goi 1a diy c6 chu ky cuc dai (maximum length
sequence), hay goi la m-ddy (m-sequence)[21]. Do phép nhan véi x lam cho toan
bd da thirc duoc dich sang mét phia, nén A(X) con goi la thanh ghi dich. Noi dung
A(X) tai mdi thoi diém goi 1a trang thai hién thoi cua day. Trang thai m-day sau t

budc bat dau tir trang thai S(x) Ia:
A(X) = S(X)*xYg(x) . 1.2)

Dé c6 thé sinh ra duoc diy trén, da thire g(X) can phai 13 da thire bat kha quy
(khong c6 mot udc da thirc ndo). Trong trudng hop g(x) cd ude da thire, co thé day
sinh ra s& bi suy bién thanh day chtra toan céc bit 0 sau mot s6 bude. Khi g(x) 1a da

thtrc bat kha quy, day sinh ra s& c6 chu ky ti da 1a 2"-1.

Pé day dat chu ky cuc dai, da thirc g(X) can phai 1a da thirc nguyén thity (con
goi 1a da thuc nguyén té - primitive polynomial), hay g(x) 1a phan tir sinh cua
trudong da thirc GF(p"). Piéu d6 c6 nghia 13 x/g(x) v&i i = 0.. p™-1 s& sinh ra toan
bo cac thanh phan cua tip da thie A(X) twong ing véi tip cac vector A. Cha ¥ rang
GF(p") chi 13 mot trudng hiru han ddy du khi g(x) 1a da thire nguyén thay, voi g(X)
bét ky thi ta chi ¢6 thé c6 vanh da thirc.
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Ta c6 thé tim dugc cac da thirc nguyén thuy tir tinh chat sau:

Tinh chét 1[40]: Da thirc g(x) la da thirc nguyén thity cia vanh da thirc GF(p™) khi
va chi khi g(x) la da thive bdt khd quy va sé nguyén k nhé nhdt ma g(x) la wéc cia
da thirc x*-1 la k = p"-1.

C6 mot phuong phap khac dé kiém tra da thirc bat kha quy g(x) véi bac n co
1a da thirc nguyén thity hay khong, bang cach kiém tra xem g(X) ¢ phai la udc cia

cac da thire X1 hay khong, véi k 1a cac u6e cua s nguyén N = p'-1.

1.1.4. Phwong phdp xdy dung m-ddy trén truwong da thirc GF(p"):
Phuong phap Galois

No6i dung vector A(X) dugc luu trir trong mot day cac 6 nhd lién tiép, goi la
thanh ghi. Sau mot chu ky thoi gian, gia tri mdi 6 nhé duogc dich sang 6 nhé bén
canh (c6 thé thay doi hodc khong, tiy vao phuong phap xdy dung diy). Giai phap
Iwu trir va bién d6i nay dugc goi la thanh ghi dich (Shift Register), day la phuong
phép co ban dé xay dung cac day trén trudng da thirc.

Céc gié tri cua A(X) dugc tinh theo (1.2) [21], trong d6 toan bd cac gia tri
ctia A(X) s& c6 thé thay doi sau mdi lan dich chuyén, néu gia tri 6 nhé dau tién cua

thanh ghi (6 nhé s€ bi loai bo sau phép dich) 1a khac 0.

Output

|—g::1 gl gz i ig3 i gm-2 gm-l gm=1

Hinh 1.1 So d6 x4y dung m-day theo Galois

Trong phuong phap Galois, cac phan tir cia thanh ghi déu c6 thé bi thay dbi

sau moi bude, hoic s& chi thuc hién dich thanh ghi néu Om=0.
Phwong phap Fibonacci

Céc gia tri ctia A(X) duoc tinh theo phuong phap truy hoi, trong do6 toan bod

cac gia tri ctia A(X) ludn dich chuyén 1 budc, riéng gia tri dau tién (twong tng voi
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x%) s& duoc tinh toan tir A(X) trudc do6 theo da thire g(x). Phuong phéap nay dua vao

tinh chat co ban cua m-day.

Tinh chat 2[20]: Trong mét m-ddy, gia tri cia n+1 phan ti lién tiép lubn 1a phy
thugc tuyén tinh véi hé sé la da thirc sinh g(x).

i=04i ® gn_i =0 (1.3)

gm-3 9, 9, go=1

Hinh 1.2 So d6 xay dung m-day theo Fibonacci

v

gm=1

Phuong phép nay con dugc goi 1a thanh ghi dich phan hoi tuyén tinh (LFSR
— Linear Feedback Shift Register), 1a phuwong phap pho bién nhat dé xay dung m-
day.

P4 c6 chiimg minh rang két qua sinh ra theo phuwong phap Fibonacci ciing
chinh 13 két qua sinh ra theo phuong phap Galois, nhung gia tri khai dau cua thanh
ghi dich s& thay ddi theo dinh 1y 1.1.

Pinh ly 1.1[38]: Mot m-day sinh boi phwong phap Fibonacy tir trang thai
khéi dau la F = (Fo, ..., Fn1) va da thite sinh g(x), ciing c6 thé sinh ra bang phirong
phadp Galois tir gid tri khoi dau F* = (F;, ..., Fy_;) V6i F{ = §-=0 FiiGn-j -

Chu y voi cac m-day trén GF(p) voi p>2

Céc tai liéu vé m-day hau hét duoc trinh bay trong truong hop day nhi phan,
tuc 1a xét truong hop truong GF(2). Trong truong hop do, phép cong va phép tru
1a tring nhau va tring voi phép tinh logic tuyén loai trir (XOR), phép nhan tring
v6i phép tinh logic AND, phép nghich d4o khong can thuc hién do trong GF(2) chi
c6 thé c6 mot gia tri duy nhat khac 0 13 gia tri 1, va nghich dao caa 1 1a chinh no.
Khi xem xét m-day trén truong GF(p) vai p>2, khi thyc hién phép modulo da thic
cling phai thyc hién day da phép nhan va phép trir thay vi chi 12 phép XOR. Cu thé

ham phan hdi dugc tinh nhu sau:
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An = _97;1 Z?=_01Ai ® In-1-i - (1-4)

O day phép nhan va phép cong tich lily déu duoc tinh trén trudng GF(p),
hay tinh theo modulo p.

Cai dat thuat toan sinh m-day theo phwong phap Fibonacy trén may tinh

Thanh ghi A s& dugc luu trit trong mot mang s6 nguyén, mdi phan tir mang
12 mot phan tir ctia vector theo dung thir tu. Mang A duoc gan gi tri khoi dau bang
gia tri trang thai ban dau ctia m-day. Pa thtc sinh g(x) cling duoc luu trit trong

mang sd nguyén tuong ung g.

Trong mdi vong lap ta s& tién hanh tinh gia tri phan hoi theo (1.3) bang cach

thuc hién mot vong 1ap ndi b bén trong.
Gia tri dau ra cua thanh ghi 13 gia tri A[0] trudc khi dich chuyén.

Sau d6 ta dich toan bo thanh ghi vé phia 6 s6 0, gia tri A[n-1] con tréng s&

duoc gan bang gié tri phan hoi vira tinh dugc.
Toan bo thuat toan c6 thé trinh bay bang gida ma nhu sau:

Thudt todan 1.3: Thudt toan sinh 1 bit cho m-day

For i=0 to n-1
An = (An + A[i] * g[n-1-3]) % p // % ky hiéu phép modulo
Next 1
An = An * InvMod (g[n], p) // InvMod: ham thuc hién nghich déao
// theo modulo
An = SubMod (0, An, p) // SubMod: ham thuc hién phép tru
// theo modulo
For i=1 to n-1
A[i-1] = A[i]
Next i

A[n-1] = An
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Chi y: Néu ta thuc hién thuat toan trén truong GF(2), khi d6 phép nhan duoc
thay bang phép AND, phép cong modulo thay bang phép XOR, viéc 1ay nghich
dao modulo va trir modulo khong can thyuc hién. Khi d6 ta s& khong con cac phép

tinh s6 hoc trén sd nguyén ma chi con cac phép tinh logic trén bit.

Trong thudt toan trén can thuc hién phép tinh nghich dao theo modulo p.
Thuyc té ta c6 thé tranh viéc tinh nghich dao nay bang giai phap chon gn = p-1, khi
d6 —g;* mod p = 1, hoic ta c6 thé tinh trudc gia tri —g,;* mod p dé tang tbc do
tinh toan cta thuat toan. Chu ¥ 13 viéc bién d6i da thirc g(x) bang cach nhan véi
mot sd nguyén trong GF(p) khong lam thay d6i dic tinh ciing nhu tinh chat cua

day sinh ra.

1.2. Ung dung ciia diy gia ngiu nhién dya trén m-day
1.2.1 Mét sé teng dung phé bién ciia day gid ngdu nhién dwa trén m-day

Trong thuc té cac chudi thanh ghi dich ludn dugc sir dung trong hau hét cac
trudng hop khi céc bit dit liéu duogc truyén di trong cac hé thdng truyén thong hién
dai, may tinh va nhiéu cac thiét bi dién tir khac. Mic du co rat nhiéu cong nghé
khéac nhau véi cac tén goi khac nhau, trong chung thudng chia cac chudi thanh ghi
dich phan hdi tuyén tinh (PN, pseudonoise, M-FSR, LFSR, truyén thong trai pho,
MLS, SRS, PRBS,...).

Trong linh vuc mang dién thoai di dong, viéc sur dung chudi thanh ghi dich
¢ nhiéu thay doi trong nhitng nim qua. Mang 2G dua trén TDMA, sir dung chudi
thanh ghi dich trong viéc ma hda bao vé dir liéu. Mang 3G 12 méi truong truyén
thong str dung CDMA, trong d6 céc chudi thanh ghi dich c6 dong gép chinh trong
viéc phan chia mién tan sb. Cac mang 4G thudng sir dung két hop cac khe thoi gian
va khe tan s, khong lién quan truc tiép dén cac chudi thanh ghi dich, mic du van
str dung dén CRC dé xir Iy toan ven dit liéu khi cira sb tan s trung nhau. Mang 5G

duoc thiét ké phirc tap hon véi thich tng linh hoat dé sir dung cac khe thoi gian va
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tan s6 mot cach t6i vu. Nhung mét sé kénh cua 5G thudng duoc phan bd cho cac

“tin hiéu dan dudng”, hoat dong bang cach truyén cac chudi thanh ghi dich .

Trong hau hét cac trudng hop, cac thanh ghi dich dugc sir dung 1a cac thanh
ghi dich sinh ra céc chudi c6 d6 dai tdi da. Mot thudce tinh co ban cua cac chudi do
13 ching c6 téng s6 0 va 1 twong dwong nhau. Cac nghién ciru sau d6 cho thiy riang
chiing ciing c6 cung s cdp bit 00, 01, 10 va 11 va ngay ca tan sudt cta cac khoi bit
16n hon ciing twong dwong nhau. Thudc tinh can bang theo timg bit va bo bit s&
gan dung vai bat ky chudi ngdu nhién nao du dai chta cac bit 0 va 1. Nhung véi
chudi thanh ghi dich d6 dai ti da, cac thudc tinh nay luon luon chinh xac tuyét ddi.
Cac chudi nay theo mot nghia ndo d6 c6 mot sé ¥ nghia cua sy ngiu nhién, nhung
theo mot cach rat hoan hao, cé thé thuc té 1a chiing khong phai 14 ngau nhién, ma
thay vao d6 c6 mot cau tric co to chire, rat rd rang. Cau triic nay ciia chudi 1am cho
cac thanh ghi dich phan hoi tuyén tinh khéng truc tiép str dung dugc trong k¥ thuat
mat ma. Nhung dang chudi nay phu hop dbi véi cac yéu cau co ban vé viée xao
tron dit li€u va cac h¢ ma hoa don gian.

Ung dung thanh ghi dich trong viéc ngau nhién héa dir liéu

Mot muc tiéu rat phd bién chi 1a dé bién mot tin hiéu thanh dang nhiéu tring
(white noise). Diéu nay rat pho bién khi ta mudn truyén dir liéu c6 chira chudi rat
nhiéu bit 0 (hodc 1) lién tuc, lamcac thiét bi dién tr thu nhan chudi nay co thé bi
nham 1an néu ching thiy kénh truyén giit im ling (muc “0”) qua lau. Ta c6 thé
tranh duoc van dé nay bang cach xao tron dir liéu gdc, sir dung cach két hop nd véi
mot chudi thanh ghi dich, tr d6 luon ludn c6 sy thay doi bit dit liéu trén duong
truyén. Do 1a nhitng gi dang duoc str dung trong Wi-Fi, Bluetooth, USB, TV k§
thuat s6, Ethernet cung nhu hau hét moi loai bus dit liéu ndi tiép khac (PCle,
SATA, v.v.).

Dé ngau nhién hoa tin hiéu, ta cho dong bit dau vao di vao thanh ghi dich
bac n. Gié tri dau ra ctia thanh ghi dich duoc tinh twong ty nhu gia tri phan hdi cua
m-diy, song khong str dung dé phan hdi ma st dung lam dit liéu s& truyén trén
kénh.
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Téi dau thu tin hiéu, céc bit tin hiéu tir kénh s& di vao thanh ghi dich véi cac
théng sd (bac, da thirc sinh) tring véi thanh ghi dich bén phat. Gia tri dau ra cua

thanh ghi dich nay ciing duoc tinh twong tu nhu gia tri phan hdi ctia m-day.

Néu dit liéu truyén trén kénh 1a chinh xac (khong c6 16i), gia tri dau ra cta
thanh ghi dich s& trang khép voi gia tri dong bit tin hiéu can truyén, song bi giir
cham n vi tri. Trong truong hop xuat hién 1 bit 13i, bit 15i nay s& 1am cho n bit dau

ra & bén thu bi sai, song céc bit tiép theo van nhén gia tri ding.

bdc tinh quan trong cua kénh dir liéu dugc ap dung thanh ghi dich 1a dong
bit dit liéu trén kénh luén c6 tinh gia ngiu nhién, khong phuy thudc vao ndi dung
dong dir liéu thyc su can truyén. Dic tinh nay giup pho tin hiéu san déu ngay ca

khi dit liéu dau vao chira cac doan rat nhiéu bit 0 hodc bit 1 dimg lién nhau.

1.2.2. Mgt ma dong va irng dung ciia m-day trong ma dong

Khai niem mad dong

Theo Meneze [43]: M dong 1a ludng cac ky tu riéng 1¢ dugc ma hoa (thudng
14 céc chit sd nhi phan) cua mdt ban ré tai mot thoi diém, str dung mét chuyén doi
ma hda thay doi theo thoi gian. Nguoc lai, mat mé khoi luén ddng thdi ma hoa mot
nhém ky tir ctia ban rd bang cach str dung mot phép chuyén dbi ma hoa cd dinh.

Mat ma khéi hoat dong voi mot chuyén doi cb dinh trén cac khoi 16m dit liéu
van ban; mat ma luéng hoat dong vo1i su bién ddi theo thoi gian trén cac chit sb van
ban riéng 1é.

Loi thé ciia md dong

Mat ma dong 1a mot xu hudng rd rang trong 30 nam qua, ludn dugc thic
day boi nhitng thay doi cong nghé co ban. Trong tuwong lai gan, chua c6 kha ning
thyc hién céc tin cong dé pha v cac hé mat ma dong.

So sanh véi mi khéi, loi thé ciia ma khdi 13 ¢6 sin cac tiéu chuan ma khoi

duoc bao tro nhu ma DES, AES. Viéc thiét ké ma khoi cling co nhiéu lya chon dé
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xay dung cac khoi da nang va c6 cac phan tich k§ hon vé cac van dé an toan. Ma

khéi ciing dugc hd tro rat tot tir cac tai lidu gido khoa va cac khéa hoc chinh quy.

Tuy nhién ma dong van con cac lgi thé khac dé c6 thé s dung trong cac
thuat toan ma hoa ngay hom nay. D6 1a kich thudc ma nho hon khi trién khai trong
cac thiét phan ctng tdi thiéu, tdc d6 ma hoa cao hon (trong mét sb trudong hop); do
tré dau vao - dau ra nho hon do khong can thu thap di khéi dir lidu. Véi ma dong
ta chi can cac giao thirc don gian dé xtr Iy cac dau vao c6 kich thude nho hoic kich

thudc thay doi.

Tuy nhién, tdm quan trong cua ma dong dang giam dan do cac 1y do sau:
Phén ctig dang tré nén 16n hon va ré hon, nhiéu ing dung c6 thé dugc xir Iy hoan
toan bang phan mém. Van dé tdc d6 ciing thudng khong phai 1a van dé quan trong
nhét khi thuc hién ma héa dir liéu. Cac géi dir liéu tiéu chuan hién nay nhu géi
chuyén mach ATM khién ta khong c6 nhu cau xir Iy cac tin hiéu dau vao co kich

thudc nho hoic kich thude thay doi

Tuy vdy, mat ma dong s& van giir duoc thé canh tranh trong hai loai Gmg
dung: Cac lugc dd dinh huéng sir dung phan cing voi kich thudc dic biét nho (xét
theo s6 céng, nang luong tiéu thy dién... nhu thiét bi RFID); hoac céac luoc do

huéng phan mém yéu cau toc do dic biét cao nhu b dinh tuyén cap quang...
Xu hwdng phat trién ciia mdt ma dong

Cho dén nhiing nam 1960, moi noi déu sir dung dén mat ma dong: Céc dich
VU quén sy va ngoai giao, cac to chirc gian diép, cac nha cung cap vién thong, cong
ty 1om, v.v. Céac so do ma thuong 1a khoa stir dung mét lan, hodc mét so dd lién quan
dua trén sy phat sinh gia ngiu nhién dya trén dién — co nhu may Enigma. Cac may
tinh Mainframe d3 xuat hién, nhung chi duoc sir dung nhiéu hon trong viéc phin
tich ma chtr khong phai viéc ma hoa dir lidu.

Va0 nam 1960, cac thiét bi ma hoa dién tir dua trén bong ban dan bat dau
xuat hién Cac thiét bi méi co rat it bd nhd, do d6 mat ma ludng tiép tuc phd bién

hon nhic¢u so véi mat ma khoi. Tur d6 dan dén sy pho bién ciia mot so do thict ke
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méi ctia ma dong: thanh ghi dich phan hoi tuyén tinh. Thiét ké nay duoc hd tro boi
mét 1y thuyét toan hoc phat trién tét tir Iy thuyét truong Galois cung véi nhitng bd

sung can thiét ciia Golomb.

Cudi thé ky 20, d3 c6 sy xuat hién ctia mat ma khéi hién dai. Do cac may
tinh, vé tinh, dién thoai bat dau st dung céc goi dinh hudéng khoi. Cac céng, bd nhd
va bg vi xur 1y dua trén VLSI bat dau xuit hién, vuot qua dugc cac han ché vé tdc
d6 va kich thude vi mach. Vi thé mat ma khéi tré nén dé dang thuc thi. Cac dich
vu quén sy tiép tuc str dung mat ma dong, nhung céc tng dung thuong mai yéu cau
st dung mat ma khoi.

Mot sd trién khai cu thé da tién hanh thay thé mat ma dong biang mat ma
khdi. Mang di dong GSM trude ddy sir dung hé ma dong A5/x & thé hé 2G, khi
chuyén sang 3G di thay thé bang ma khdi Kasumi. Mang khong diy Wi-Fi trudc
day str dung ma dong RC4 trong phién ban 802.11a/b, t&i cac phién ban hién nay
déu sir dung ma khéi AES trong viéc ma héa dit liéu trén dudng truyén.

Mot sO xu hudng thiét ké cac hé mat ma dong méi hién nay bao gom:

e St dung cic word 32/64 bit 1am thanh phan tinh toan co ban dé ting toc do
xu ly trong cac vi xu 1y hién dai.

e Su dung I1énh chuyén biét cua h¢ vi xu 1y .

o Cothé vay muon cac thanh phﬁn tir mat ma khoi: Hop thé S-box, bd chuyén
Vi

e Tranh cac ciu tric tuyén tinh va Tron cac mién dai sb.

Dé c6 cac chi dan chung vé thiét ké hé mat ma dong mdi, ta can tuan theo mot

sO nguyén tac sau:
e St dung cac thiét ke toi gian.
e Nghién ctru cac cudce tan cong nguyén thuy va tan cong tong quat maoi.

e Thiét ké cau truc khoéa hai cap.
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e Tranh cac k¥ thuat tham ma co dién d3 dugc cac ké tdn cong nghién ciru ky.
e Thém cac co ché ting cuong bao mat, giam phy thudc trong cac thiét ké hé
ma dong moi.
So sanh do manh cua mdt ma dong va mdt ma khoi

Mat ma dong dudng nhu tré nén yéu hon so véi mat ma khoi vi cac 1y do

Sau.

Cac phuong phap tin cong vao mat ma khédi (nhu tan cong vi sai) ciing ap
dung dugc cho mat mi dong; Song cac phuong phap tin cong vao mat ma dong

(nhu tin cong twong quan) khong thé ap dung cho mat ma khoi.

Mat khac cac tan cong dai sb s& hitu ich hon dbi véi cac thuat toan ma hoa
dong (dic biét 1a cac thuat toan dya trén LESR). Viéc doan va thiét 14p cac tdn cong

vao mat ma dong co thé khoi phuc khoéa hoac bat ky trang thai nao cua bd tao khoa.

V61 mot hé mat ma khoi mai, ta luén c6 mdt bd cong cu hoan thién dé danh
gia tinh bdo mat ctia nd. V4i mot hé mat ma dong méi, 16 hong cua nd co nhiéu
kha nang la theo mot dang duy nhat. Vi mot mat ma khoa cong khai moi, ¢d kha

nang nd khong du an toan.
Ung dung thanh ghi dich trong mdt md dong

Ta biét ring mot m-ddy doc 14p co tinh tuyén tinh hoan toan, do d6 khong
thé sir dung truc tiép trong k¥ thuat mat ma. Giai phap thuong dugc sir dung 1a két
hop nhiéu m-ddy v6i nhau dé thiét ké 1én mot hé ma dong [19][26]. Khi d6 hé ma
dong s& co tinh phi tuyén cao, dong thoi chu ky cia dong bit khéa thudng bang tich

cac chu ky ctia cac m-day thanh phan.

Pé ma hdéa mot ndi dung dir li€u, nguoi dung can st dung mdt cum tir khda
bi mat chia sé trudc (passphrase). Tur cum passphrase, ngudi ma hoa s€ tinh ra day
bit duoc sir dung 1am gia tri khoi dau cho cac trang thai trong cua cac m-day la

thanh phan ctia hé ma dong. Tir gia tri khoi dau nay, hé ma dong s& sinh ra chudi
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bit khoa c6 do dai bang do dai ban rd. Ban ma s& dugc tinh bang phép XOR ban rd

va chudi bit khoa theo vi tri tuong tng.
CipherText = PlainText @ KeyStream (1.5)

O phia nguoi giai mi ciing c6 cum passphrase giéng nhu cum passphrase &
bén mi héa. Cum passphrase nay c6 thé duoc thoa thuan tir trude hodc truyén qua
mot kénh truyén an toan theo mot cach nao d6. Pé giai ma dir liéu, nguoi giai ma
s& tinh ra day bit dugc str dung 1am gia tri khoi ddu cho cac trang thai trong cua
cac m-day 1a thanh phan cta hé ma dong. Ttr gia tri khoi dau nay, hé ma dong sé&
sinh ra chudi bit khoa c6 d6 dai bang d6 dai ban ma. Ban rd s& duoc tinh bang phép

XOR ban ma va chudi bit khoa theo vi tri tuong tng.
PlainText = CipherText @ KeyStream (1.6)
Bai todn tan cong tham mad voi hé mdt dwa trén thanh ghi dich

T mot s6 bit khoa thu duge, can tinh toan tim ra gia tri khoi dau cua cac
day, tir d6 khoi phuc toan bd chudi bit khoa. Cac nha thAm mé tim cach phan tich
thiét ké cua cac hé ma dong, cb ging tim ra cac diém yéu vé tinh tuyén tinh hodc
tinh tuong quan, tir 6 dua ra phuong phap tim ra gia tri khoi dau cua cac diy sao
cho tiéu tén it tai nguyén va cong strc nhat, bao gdm yéu cau vé do dai chudi bit
khoa thu dugc va sd budc tinh toan can thiét. Thong thuong cac tin cong tham ma
vo1 thanh ghi dich chi gidm bét do phtre tap tinh todn so voi viée vét can toan bo
khong gian cac gia tri khoi dau ctia moi m-day cu tao nén hé ma dong, song it
nhét nguoi tan cong ciing phai vét can gia tri khai dau ciia mot day trong sb céc

day do.
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TT Hé théng S6 16i Rmax Rpeak | Power
CPU (TFlop/s) | (TFlop/s) | (KW)
1 | Supercomputer Fugaku - 7630848 | 442010 | 537212 29
Supercomputer Fugaku A64FX 899
48C 2.2GHz Tofu interconnect D
Fujitsu RIKEN Center for
Computational Science
Japan
2 | Summit - IBM Power System 2414592 | 148600 | 200794 10
AC922 1BM POWER9 22C 096
3.07GHz NVIDIA Volta GV100
Dual-rail Mellanox EDR
Infiniband 1BM
DOE/SC/Oak Ridge National
Laboratory
United States
3 | Sierra - IBM Power System 1572 480 94640 | 125712 | 7438

AC922 IBM POWER9 22C
3.1GHz NVIDIA Volta GV100
Dual-rail Mellanox EDR
Infiniband IBM / NVIDIA /

Mellanox
DOE/NNSA/LLNL

United States
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Yéu cau cua m-day trong mat ma

Tinh chat mat ma: c6 di dd an toan chdong lai tan cong tuyén tinh va tan

cOng twong quan.

Do phirc tap tinh toan: twong dwong véi cac ma khéi hién dai (A5/3 c6 cau
tric 3 m-dy véi téng bac 128, chu ky chung c& 2128). V6i su phat trién cua cac hé
théng tinh toan hi€u nang cao cung vdi cac thiét bi tinh toan dya trén GPU/ASIC,
yéu cau vé do phurc tap tinh toan ngay cang ting. Néu nhu trong nhirng nim 1990,
d6 phuc tap tinh toan ¢& 25° di duoc coi 13 an toan, trong thoi gian gan day do phirc
tap tinh toan cta hé théng siéu may tinh manh nhat da dat toi 280 phép tinh/s nhu
trong cong bd trén trang web Top500 trong bang 1.1 [63]. Vi thé cac hé ma dong

str dung m-diy thuong yéu ciu cac diy thanh phan c6 bac t6i thiéu 128.

1.3. Mt s6 bd tao diy gia ngiu nhién dya trén m-day

Trong phan nay tac gia s& gii thiéu mot sb thiét ké bo tao diy gia ngau
nhién c¢6 kha ning ing dung trong mat mi, trong d6 dya vao thanh phan chinh 1a
cac m-day thanh phan. Céc bo tao diy nay déu di duoc nghién ctru phat trién trong
thoi gian dai, bang cach két hop cac m-day, cac tac gia di xay dung nén cac bo tao
ddy gia ngiu nhién co tinh phi tuyén cao, phan b6 déu, chéng lai duoc nhiéu tan

cong tham ma ap dung cho ma dong [7][19][27].

1.3.1 Bo tao day Gold

Hau hét trong cac ing dung nhu trong thong tin vii try, v€ tinh dai rong,
thong tin di dong nhiéu dia chi... s6 ddy can thiét trong tap hop la rat 1on. Trong
mot hé thdng truy cip ngiu nhién hodc cac hé thong hdn hop, kich thudce can thiét
cta tap hop co thé dé dang vuot qua con s vai trim. Vi sy ra doi cta diy Gold
vao nhitng nam 60 cua thé ki trude da dua ra mot 16p chira dung mot sb luong 16m

cac ddy thoa man tinh chat ACF va CCF v6i mot mire d6 chap nhan dugc[19].
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Diy Gold c6 thé dugc cu tao tir bat ki cap diy m nao. Goi a = {an}, b =
{bn} 1a mot cdp m déy co chu ki N = 2™ — 1 dugc sinh ra tir cac da thirc nguyén
thay hi(d) va h2(d) c6 bac m. Tap hop Gold ki hiéu 13 G(a,b) dugc ciu tao nhu sau:

G(a,b)={a,b,a @®b,a @Tb,a @T?b, ..., a @TVb } (1.7)
trong do6, T la phép dich day, G(a,b) chra N + 2 = 2™ + 1 day c06 chu ki
N=2m-1.

Gia str da thirc h(d) = h1(d)hz(d) thi tap hop tat ca cac diy duoc tao boi h(d)
1a tap hop cac diy duoc tao bai a®b. Viy, c6 2 phuong phap khac nhau dé c6 thé
tao ra diy Gold c6 chu ki N = 2™ — 1 bang viéc st dung cac thanh ghi phan hoi

dugc mo ta nhu trong hinh 1.3 va 1.4.

—» D » D

Paura

Hinh 1.3 LFSR tao diy Gold kiéu I
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an
» D » D » D { }
Q‘ DPau ra
+
héz)zl 652)
{bn}

—» D » D

Hinh 1.4 LFSR tao diy Gold kiéu II

Vi da thtrc hy(d) va ho(d) 1a hai da thirc nguyén thuy, nén ta co:
deg(h(d)) = deg(hi(d)) + deg(h2(d)) = 2m . (1.8)

Diéu nay c6 nghia 1a ddy Gold théa méin quan hé héi quy tuyén tinh bac 2m,
hay noi cach khac ELS cua day Gold la 2m. Mac du gia tri nay cao hon bac cua da
thirc hi(d) va h2(d) nhung né van con thap hon nhiéu so véi yéu cau cua cac hé

théng bao mat.

Vay, diy Gold tao nén mét tap hop 16n cac day c6 tinh chat tuong quan ACF

va CCF t6t nhung gia tri khoang tuyén tinh chua cao.

Vi du 2.3: Cho day Gold ¢c6 m = 5, theo bang 1.2 ta c6 véi m =5 co titca 6
da thirc nguyén thuy. Ta chon hi(d) =d® + d? + 1, hy(d) =d® + d* + &>+ d®> + 1 va
cac diy a va b 1an luot duoc tao bai da thire hi(d) va ha(d). Ta co:

a=(1110001101110101000010010110011) ,

b =(1000101011010000110010011111011) .
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Tap hop céac diy Gold twong ing cO chukiN=2>-1=311aN+2= 33
day duogc biéu dién trong bang 1.2.

Bang 1.2 C4c ddy Gold c6 chu ki N = 31, kich thuéc M = 33

STT | G(a,b) Déay Gold
1 a 1110001101110101000010010110011
2 b 1000101011010000110010011111011

3 aéb |0110100110100101110000001001000

4 a@Tb |0010011000011101011011011001110

5 a@T?h | 0000000111000001001110110001101

6 a@r3b | 1001001000101111000100000101100

7 a@T*pb |0101101111011000000001011111100

8 a@r°b |0011111100100011100011110010100

9 a@T® |0000110101011110010010100100000

10 a@T’b |0001010001100000101010001111010

11 a@T® |0001100011111111110110011010111

12 a@T°b |1001111010110000011000010000001

13 a®@T% |1101110110010111101111010101010

14 a@Tp |0111110000000100010100110111111

15 a@T'?h |1010110011001101101001000110101

16 a@T+p |1100010010101001010111111110000

17 a@T*p |0111000010011011001000100010010

18 a@T®b | 0010101010000010000111001100011

19 a@T*%p |1000011110001110100000111011011
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STT | G(a,b) Déay Gold

20 a@T'b | 1101000100001000110011000000111

21 a@T'¥h | 1111101001001011111010111101001

22 a®@T*p |1110111111101010011110000011110

23 a@T?p | 0110010100111010101100011100101

24 a@T?b | 1010000001010010110101010011000

25 a@T??h | 0100001011100110111001110100110

26 a@T#p |0011001110111100111111100111001

27 a@T?*b | 1000101100010001111100101110110

28 a@T®b |0101011101000111011101001010001

29 a@T?®p | 1011100101101100001101111000010

30 a@T?’b | 0100111001111001100101100001011

31 a®@T?®p |1011010111110011010001101101111

32 a@T?b | 1100100000110110001011101011101

33 a@T*®%h | 1111011011010100100110101000100

Vi hai day bat ky a,b, G(a,b) c6 cac gia tri ham twong quan s& nhan cé4c gia tri
[18]:

1,-1-2"2-142"2, (mmod2)#0

-1,-1-22 ,-1+2 2, m mo *

Ra’b’(T) = m+2 m+2 (1.9)
-1,-1-2"2,-142 2, (mmod 4) =0

1.3.2 B tao day twa Gold
Diy tra Gold (Gold-like) [7] duoc dinh nghia nhu sau: cho m 1a mét sé chin
va g 1a mot sé nguyén sao cho ged(q, 2™-1) = 3. Goi u 1a mot ddy m ¢6 chuky N =

2™ — 1 tao nén boi h(d) va b® vai k =0, 1, 2, 1a tap hop cac diy nhan dugc bang
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cach ldy mau T*a theo q. Van dung tinh chat dich va cong cta diy m ta thiy b® c6
chu ky N’ = N/3 va dugc tao nén boi da thirc 4°(d) ma nghiém cua né 1a iy thira

bac q cua nghiém cua h(d).
Lép céac day tua Gold dugc tao boi:
H(a,b) = {a, a®@h©®, adTh, ... a&TV1pO),
a@W, a@Th®, .., a@TV 1O, (1.9)
adh® a@Th®, .., a@TV1ph@}
R0 rang la tap hop H(a,b) chtra (N + 1) = 2™ ddy c6 chu ky N.

Ham twong quan cta cac day nay cd thé nhan céc gia tri nhu sau [18]:

m+2 m+2

Ryy(t)=—1,-1-22,-1+27,—1—27,—1+2%. (1.10)

Khoang tuyén tinh cua diy tya Gold duoc cho béi L = deg[h(d)] = m + m = 2m.

Vidu2.4: Chonm=4,q=9, tacoged(q, 2" — 1) = gcd(9, 15) = 3. Ta c6 thé tao

mot ddy m ¢6 do dai N =2%— 1 = 15 nhu sau:
a = {an} = (000100110101111) .
Lay miu diy T*a v&i budce lay mau q =9, k=0, 1, 2, ta duoc:
b©® =(011110111101111) ,
b® = (000110001100011) ,
b®@ = (010100101001010) .

Tép céac diy tua Gold H(a,b) ¢o6 kich thuéc M = 16 dugc biéu dién trong
bang 1.3.

Véi: a’ =a@T3© = (110011011010100) ,
b’ = a@Th@ = (101101100111011) .

Ta co:
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{Ra (1)} = {-9,3,3,-1,-5,7,3,-5,-1,3,7,-5,-5,7,3}.

Bang 1.3 Day tua Gold c6 chu ki N = 15, kich thuéc M =16

STT | H(a,b) Day tya Gold

1 a 000100110101111

2 a@1%® | 011010001000000

3 a®@Th© | 111001001110001

4 | a@T?h® | 111111000010010

5 a@rph©@ | 110011011010100

6 a@T*© | 101011101011000

7 a@T°® | 000010111001100

8 a@r'pb® | 001000101101001

9 | a®T?h® | 011100000100011

10 | a@T3p® | 110101010110111

11 | a®@T*® | 100111110011110

12 | a®T%® | 010000011100101

13 | a@Th® | 101101100111011

14 | a®T?b® | 010110010000110

15 | a®rp® | 100001111111101

16 | a®T*pb®@ | 001110100001010

1.3.3 B¢ tao day ludn phién
Bo tao ddy luan phién (The Alternating Step Generator) 1a su két hop khéo
1éo giita hai bo tao diy Stop- Go thong qua diy diéu khién D' Bruijn [27]. Bo tao

ndy di phat huy duoc cac dic tinh tt cua cac ddy thanh phan: cac m-ddy va day
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D' Bruijn, ddng thoi n6 ciing tich hgp duoc tinh mién dich twong quan, mot trong

cac y€u cau quan trong cua cac ki€u tao khoa thuat toan hién nay.

U ={ut}

§S [ ] _—l {wi}

—  K={ki} @—*

V= v 1

s-g [ —

Hinh 1.5 M6 hinh b0 tao day luan phién
Gia st:  K={ ki}w0 1a ddy D' Bruijn bac k; U={u} va V={vi} la hai m-day

bac twong ung L, M nguyén t6 ciing nhau.

Khi d6 dau ra W={w} =1 ctia bo tao day luan phién nhu trong hinh 1.5 s&

dugc cho bdi cong thirc sau:

Wt = Us) @ Vi), 121 (1.11)

trong d6 ()= 'k, , F(H)=t- f(t).

5=0
Cdc tinh chdt ciia bg tao day ludn phién
Tinh chit 1 (Chu ky va Do phtc tap tuyén tinh)
Gia su:
a) K 1a day D' Bruijn chu ky 2;

b) U, V la cac m-day chu ky tuong tmg p, q vdi cac da thie dac trung p(x),

q(x) ¢6 bac L, M nguyén t6 ciing nhau.

Khi @6, chu ky T va do phtic tap tuyén tinh A ctia diy W s& dugc cho bai

cong thirc sau:
T=K.p.q; (1.12)
(L+M) 2k1< A< (L+M) 2,
Tinh chat 2 (Phan bd tan sd cic bo r-tupe)

Véi cac gia thiét nhu trong Tinh chat 1, va gia sir d< min{L, M}.
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bit 6=(oo, o1,..., 6¢-1)€{0,1}9. Khi do:

1 .
Fcard{ teZr 1 Wwi= 6, Vi €Z4} = Zid+o(2L—dJ+ o(zMid] : (1.13)

Tinh chit 3 (Tinh chét twong quan)

Ciing v6i cac gia thiét nhu trén, ham tu twong quan ctia diy luan phién s&

duoc uoc luong bdi cong thire sau:

C(9) = to-pq_tl-kp_tz-q +1l (1.14)
2°.pq

trong d6 ti, i=0..3, 1a chi s trung giira cac pha tht 0 va thir 7 cta day, dong

thoi chung thod man cac rang budc

0< to, ta, t2, t3< 2%, to+ ti+ tot+ ta= 2K,
Chirng minh cac Tinh chat 2, 3 ¢ thé tham khao trong [27].
Tinh chit 4 (Lygc lugng cua bo tao day)

Giastrk, L, M 1a cac s6 cb dinh cho trudc thoa mén cac yéu cau da néu trong
md hinh b6 tao. Khi d6 sb lugng cac day c6 thé tao dugc qua mo hinh bg tao day

luan phién tng vdi cac tham s6 nay la:

Kw=22" -k ‘D(Zi‘l) .‘D(ZI\“:I 1) (1.15)

Nhan xét:

Céc tinh chat Iy thuyét trén day cho thay ddy luan phién c6 do phuc tap tuyén
tinh rat cao, c6 ham tu twong quan di nho, va mo hinh bd tao co tinh mién dich
tuong quan, do do6 co thé duoc dung tao khoa trong mat ma khi chon céc tham sb

thich hop.
Tu cac nghién ctru vé kha nang mién dich véi cac tin cong phan tich bo tao
[19], ta thiy rang vdi cAc tn cong manh nhét hién nay va véi cac gia thiét rong rii

nhat d6i véi thdm ma, bd tao day luan phién hoan toan mién dich véi céac ki€u tan
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cong d6. Thong qua cac khao sat nay, ta co thé lam chu cac thong so, cac gioi han

dam bao an toan cho bo tao day trong thuc té str dung.

1.3.4 Dy long ghép va diy phi tuyén long ghép

Diy 16ng ghép (Interleaved sequence) 1a mét kién tréic riéng do nhém nghién
ctru ciia TS. Lé Chi Quynh dé xuat, vi muc tiéu xdy dung mot diy gia ngiu nhién
tr mot m-ddy ban du voi cac tham s 1dng ghép duoc lua chon theo nguyén tic
riéng. Cac tac gia da xay dung cac diy 1ong ghép c6 do phuc tap cao va tinh chat
t6t vé phan bd va tuong quan [49] [50]. Cac cong bd ciia nhém vé diy 1ong ghép
d3 dugc mot s6 tic gia nude ngoai quan tim, cong nhan va trich din nhu mot “kién
tric day kiéu Viét Nam” [23]. Céc chi tiét vé kién trac ddy 10ng ghép s& duoc phan

tich trong phan 2.1 va 2.2 ctia luan an.

C6 mdt s0 nghién cuu & nudc ngoai cling st dung khai niém tiéng Anh
“interleaved sequence”[33][59], v€ ban chat cling st dung gidi phdp dan xen cac
bit tir mdt hodcnhiéu day, song cach ti€p can c6 nhi€u khac bi¢t so véi kién truc

day dugc dé cap trong luan an nay.

Ké tiép cac nghién ciru ban dau vé diy 1ong ghép, TS Lé Minh Hiéu tiép tuc
nghién ctru vé diy 16ng ghép tam phéan va day phi tuyén 16ng ghép [30]. Tiép do,
tién sy Bui Lai An da phat trién day 10ng ghép da cip, da chiéu 2012 [1].

Day phi tuyén 16ng ghép 1a mot phat trién cia diy 16ng ghép, trong do sir
dung 2 m-diy ban dau, song két hop voi nhau theo phuong phap dic trung ctia diy
16ng ghép v6i muc tiéu dua ra diy dau ra c6 tinh phi tuyén cao hon so vé6i diy 16ng
ghép. sir dung tham s6 ciia hai ddy dau vao c6 ciing bac nhung sinh boi hai da thic
sinh khac nhau f(x) va g(x). Theo phuong phap xay dung diy 10ng ghép, hai diy
dau vao noi trén sé& sinh ra hai ddy 10ng ghép véi cac day con sinh boi da thirc con
f1(x) va gi(x) twong Gmg. Néu ta thay thé thur tu 16ng ghép cua diy con thir nhét
bang thir ty 1ong ghép ctia diy con thir hai, ddy dau ra s& 1a két qua 1ong ghép két
hop ctia hai diy dau vao. Cac tac gia di ching minh rang diy 10ng ghép két hop
nay co tinh chat phi tuyén tot hon diy 16ng ghép ban dau, do d6 n6 duoc goi 1a diy
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phi tuyén 10ng ghép. Tinh chat “phi tuyén” duoc dé cap ¢ day c6 nghia la ddy moi
tao ra c6 do phuc tap tuyén tinh 16n hon nhiéu so véi diy 16ng ghép ban dau, tuy
nhién néu xét tirng doan kich thudc nho cua day maoi thi ta van c6 thé nhan ra sy
phu thudc tuyén tinh. Trong phan 2.3 ctia luan an s& dé cap céac chi tiét cu thé vé

day phi tuyén 16ng ghép.

1.4 Két luan chwong I

Trong chuong nay tic gia di trinh bay mot cach don gian va rd rang vé
trudng Galois va mé rong truong Galois bang cach chi sir dung cac khai niém toan
hoc don gian. Viéc xay dung m-day tir truong Galois cling dugc trinh bay cu thé
vo1 hai phuong phap xay dung theo Galois va Fibonacy, cling nhu sy lién hé gitra
hai phuong phap nay. Trong chuong ciing phan tich sy khac biét cua truong Galois
trong trudng hop chung cia dic sé p khong phai 13 gia tri p=2, nhat 1a khi xay dung
m-day trén GF(p")

Vé tng dung ctiia m-ddy, tac gia da phan tich mot s6 ung dung thong dung
ctia m-day va di sau phan tich vé ung dung m-diy trong cac hé ma dong. Mot sb
hé ma dong thong dung ciing dugc gidi thidu va phan tich, cting véi mot sd gidi

thiéu vé day 1ong ghép va diy phi tuyén 16ng ghép.
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CHUONG 2 : CAC PHUONG PHAP SINH DAY PHI
TUYEN LONG GHEP DUA TREN M-DAY

Hudng nghién ctru vé ddy 10ong ghép va diy phi tuyén 16ng ghép duge nhom nghién
ctru ctia TS. Lé Chi Quynh phat trién tir nhitng nam 1980 [30] [50]. Trong chuong
ndy tac gia trinh bay chi tiét vé kién truc diy 16ng ghép, diy phi tuyén 1ong ghép
va cac phuong phép sinh ddy 16ng ghép, bao gdm cac phuong phap da dugc phat
trién [J1] va phuong phap do tac gia dé xuat trong cong bé [J3].

2.1. Kién tric diy 1ong ghép
2.1.1 Biéu dién diy bang bién déi d
Vé mit ly thuyét, cac day duogc biéu dién theo co s& o, vi du nhu: Biéu dién
ham vét (Trace function) dd dugc sir dung rong rai dé phan tich cau tric 16ng ghép
[24][39]. Trong phan nay, ta sé& chi ra rang, cach biéu dién da thirc khong chi hiéu
qua ma con ¢6 mot sb 1oi thé nhat dinh. Dé chimg minh, ta chon truong hop khi do
dai cuia chudi L # q"- 1, véi q 1a mot sb nguyén td trong d6 ham vét khong xac dinh
va do d6 khong thé ap dung duoc 1y thuyét ham vét [40] [42]. Tuy nhién, trong
trudng hop nay cach biéu dién da thirc van c6 thé ap dung dugc [15]. Cong cu toan
hoc dé chuyén d6i cac chudi thanh da thirc 1a bién d6i d (d - Transform). Trong
luan 4n nay, bién doi d s& dugc sir dung dé phén tich cac diy trén truong GF(p") .
Biéu dién bién d6i d cia mot chudi {bn} trén GF(p") dugc ky hiéu 1a D[bn]

(hoac F) va xac dinh bdi cong thic
D[b,] = F = X% bd", b;e {GF(p)} (2.1)
Vidul: Dat {bn}={2202110 1}, biéu dién bién d6i d ciia {bn} la
D[bn] =2 +2d +2d® + d* + d® + d".

Bién d6i nguoc cua D 1a Dt = {bn}.
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Do d6, bién d6i d cua chudi s& c6 dang da thuc theo bién d trén GF (p) va
diéu nay d3 duoc sir dung nhu mot quy udce trong viéc phan tich tin hiéu cua cac

hé théng truyén dit liéu va CDMA [15][30].

Mot s6 tinh chit ctia da thirc bac n trén truong GE(p) (v6i p 12 sé nguyén td)

s& duogc tom tit dudi day:

e SO mil cua da thirc Q(d) 13 gia tri nho nhét cta n sao cho Q(d) chia hét cho
1-d", tic 1a, (1-d") / Q(d) la mot da thirc ¢6 bac hiru han.
e Mot da thirc Q(d) dwoc goi 1a bat kha quy (irreducible) néu khong tim duoc
da thirc c6 bac 16n hon 1 ma chia hét dugc Q(d).
e Hai da thitc goi 1a nguyén t6 cuing nhau khi khong tim dugc da thirc ¢ bac
16n hon 1 ma chia hét dugc cho ca hai da thic ban dau.
e Mot da thic bat kha quy (irreducible) bic m 1a da thirc nguyén thuy
(primitive — con goi 1a da thirc nguyén td) hodc da thirc c6 s6 mii cuc dai néu
s mil cia né 1a p™- 1.
Cho moét da thitc Q(d) bac m, da thirc ddi tmg ciia né 1a d™Q(1/d) va ta biét
rang da thire ddi tmg cia mot da thirc bat kha quy ciing 1a da thirc bat kha quy;
dong thoi da thic ddi tng cia mot da thirc nguyén thay ciing 1a da thirc nguyén

thuy.

Bién d6i d cia mot chudi tuan hoan cé dang R(d) / (1-d"), trong d6 | 1a chu
ky ctia chudi va R(d) 1a mot da thirc bac nhé hon | trong d trén trudng GF(p). Noi
chung, c6 thé chi ra rang, bién d6i d cia chudi tuin hoan theo thoi gian c6 dang
p(d)/Q(d) trong d6 ca p(d) va Q(d) déu 1a cac da thirc trén trudng Galois. Néu p(d)
va Q(d) 12 nguyén t6 cung nhau, chu ky cta chudi tuan hoan dugc biéu thi bang

p(d)/Q(d) chinh 13 s6 mii cia Q(d).

Bién d6i d cua chudi {bn} sinh ra tir bo thanh ghi dich phan hoi tuyén tinh
(LFSR) dugc xac dinh bai cong thuc:

_ 5@
b(d) === (2.2)
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Trong d6 g(d) c6 bac n 1a da thirc sinh cia LFSR va S(d) ¢6 bac nho hon n
xéac dinh gié tri ban dau cta thanh ghi twong ing véi mot phién ban dich bit vong
quanh cta {bn}. Khi g(d) 1a da thitc nguyén thity, chudi sinh ra tir LESR duoc goi
la m-day va ta cd p"™-1 gia tri S(d) 1a cac trang thai ban dau ¢ thé c6 ciia LFSR d6.

Céc cip bién ddi d duoc dua ra trong [30]. Quy trinh xay dung dya trén bién
d6i d dé tao cac ddy nhi phan phi tuyén 16ng ghép duoc dua ra trong [J1]. Cac tac
gia dd mé rong két qua cua d6i véi truong hop diy dugce dung 1a p-phan , trong dé

chi ra cach ap dung céac quy trinh cho céac truong hgp tam phan.

2.1.2 Kién tric day long ghép
V6i mot m-day {bi} duoc sinh boi da thac sinh f(x) trén truong GF(pP).
Trong trudng hop n=m.1, tr c4c gia tri L = p"-1, N = p™-1 ta tinh ra budc 16ng ghép
L
T==. (2.3)

Ta x4y dung 1én ddy 1ong ghép {bi} bang cach 16ng ghép (T-1) ddy con thanh
phan, mdi diy c6 do dai N = q™-1. Cac diy con c6 duoc bang cach ap dung phép

phén ri theo budc (decimation) trén day {bi} voi buéce nhay bang T

Khi phép phén ra theo budc bat dau tir bit dau tién caa {bi} (6 gia tri dau

tién cua {bi}), ta thu dugc day con:

{anT} = {ao, ar, ..., a(pm_z)T} . (24)

Tuong tu nhu vay, vai vi tri bat dau nhay budce 1a t, ta thu dugc ddy con:

{anr+e} = {at» ar+t) ---»a(pm—z)T+t} : (2.5)
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Do d6, xét trén mién thoi gian, cac ddy con nay (sip xép theo cot) co thé

dugc coi la ghép kénh theo budc thoi gian T {a; Har..}--{a }dé datvao T

n(p™-2)T-1

khe thoi gian nhu trong so d6 duéi day:

Y= |

!

{GHT} {anTJrl } {an(p’”—Z)T—l}
Hinh 2.1 Kién trac diy 1ong ghép
Vidy 2.1: Chon =4, m =2 va o la phan tir sinh cta trudng GF(3%) véi da thire sinh
1a da thirc nguyén thuy g(d) = 1 + d® + 2d* trén truong GF(3). Ky hiéu {bn} la m-
day sinh boi g(d). Ta co:
{bn}={1000100210111200220102211010121221201

2222000200120222100110201122020212112
102111},

Ap dung phép nhay budc trén diy {bn} v6i budc nhay T =10 ta c6 duoc cac

day con {an} = {bn+10} va sip xép lai cac diy con d6 thanh ma tran nhu sau:

1000100210
1112002 201
0221101012
le 2 212012 22
2 000200120
2 22100110 2
01122025021
2112102111
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So sanh cac cot ctia ma tran M voi gia tri biéu dién bit trong bang 2.1, ta co

duoc tht tu 16ng ghép I% (ciing 1a danh sach cac budc dich cua diy con) nhu sau:

IT = {4,6,6,2,5,“0",2,0,5, 6}. 2.6)

Trong dé gia tri oo bi€u dién vi tri cua ddy con chira toan phan tir 0 .

2.1.3 Gidi phdp chung dé xdy dung ddy long ghép

Phan tich céc dic diém cua cac diy con, ta thay rang cac ddy con déu 1a dich
pha tir mgt day toan chu ky sinh ra boi da thire f1(x) trén truong GF(p™). Gia tri da
thtc sinh fi(x) duoc tinh todn bang cach sir dung bién d6i d trén day dau ra thu

duoc tir ma tran 16ng ghép theo cong thuc:
f1(d) = ged (a,, dP"~t — 1) (2.7)

Ta ciing c6 thé ap dung thuat toan Belekamp-Massey trinh bay trong phan
3.1.2 dé tim da thtc sinh fi(X). Trong cic phan mém mo phong tac gia sir dung

phuong phap nay.

DPé c6 duogc tit ca cac diy con, ta chi can xac dinh tip cac budc dich pha
trong tng voi moi diy con goi 13 tap thir tu 16ng ghép, ky hiéu 1a Ie. Tir cac bude
dich pha nay, ta c6 thé xay dung duoc diy dau ra ma khong can thyc hién tinh toan

ddy dau vao.

2.2. Cac phwong phap dé xay dwng diy 16ng ghép p-phan

Cong viéc chinh can thue hién dé xay dung day 16ng ghép 1a xac dinh tap cac budc
dich pha Ir. Dé thyuc hién diéu nay c6 thé sir dung 3 phuong phap: Mé rong day sir
dung bién d6i d, phan ri qua ham vét a, hodc phuong phap tinh truc tiép cac hang

dau tién ctia ma tran 16ng ghép[60].

2.2.1 Phwong phdp mé réng day siv dung bién déi d
Cho {bn} 1a mot m-day sinh bdi da thirc sinh g(d) c6 bac n, chu ky L thoa

man cac diéu kién:
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L=p"-1=p"™-1=T.(p"-)=T.N,n=1Lm, T = (p"- 1)/(p"-1) .
Goi b(d) Ia bién ddi d cua {bn}, theo (2.2) ta co:

_ 3@
b(d) =233 (2.8)

trong d6 S(d) 1a trang thai khai dau caa m-day.

Ta ludn c6 thé biéu dién b(d) theo dang:

b(d) = X5 d'F;(d") (2.9)
trong do6 Fi(d) 1a day con dugc sinh tir da thirc sinh g1(d) cé bac m, chu ky N

va dugce xac dinh trong bién d6i d theo cong thuc:

S i~ 0,1..,T—1 (2.10)

Fld) = T i =

v6i Si(d) 13 trang thai khai dau cua diy con va gi(d) 1a da thie sinh tuong
ung cua day do.

Diéu nay dugc suy ra truc tiép tir cac thudc tinh ctia bién d6i d vi {bn} c6
thé duoc xay dung bang cach 1ong ghép cac pha T ciia {Fn}. Cac pha cu thé cua
{Fn} trong d6 thir tr 1ong ghép c6 thé duoc xac dinh thong qua 3 budc.

Buwéc 1: mé rong Fi(d) 18n T 1an (chén T-1 s6 0 vao giira hai bit lién tiép caa Fi(d)),
trong bién d6i d, n6 tuong duong vai viéc thay thé d bang dT trong cong thuc:

Si(d?)

Fi(d") = IRCON

(2.11)

Buée 2: Biéu dién theo bién dbi d cua {ba} theo cach dé xen k& cac Fi(d), (hoic
chén T pha khac nhau cua Fi(d) dé tao thanh b(d) ):
T—1 ji T 71 4i Si(d")
b(d) =Xiso d'Fi(d") = XiZo d' —— (2.12)
g1(@"h)
Sau d6 dit tir s trong (2.8) thanh:
G(d) =3It d's; (d"). (2.13)

Thay (2.12), (2.13) vao (2.8) ta co:
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T)
G(d) = S@a. @

Buwoc 3:

dung

2.14
g(d) (2.14)
-batd™=D.
. . T _ SiD)
Tim cac budce dich pha F; (D) = R
Sau d6 nhom lai bién d6i d cua b(d) thanh:
b(d) = T323d'Fi(D) . (2.15)

So sanh phan Fi(D) vdi bang bién ddi d cta timg phan ctia day, ta co thé xay
1én toan bo cac bac 16ng ghép | S :

Toan bd quy trinh trén s€ dugc minh hoa rd trong vi du sau:

Vidu 2.2: Cho g(d) = 1 + d3 + 2d* trén GF(3%) v&i cac tham s :

n=4m=2,1=2,L=80,N=8,T=80/8=10.

gi(d) =1 +d + 2d2.

5,(d°) _ S,(d™)
(@) g@% (2.16)

Fi(d%) =

S(d)-9,(d™)
g(d)

G(d) = (2.17)

Vi ta khong can phai quan tdm t&i mot gia tri khoi dau cy thé cua b(d), ta

hoan toan c6 thé gia str 1a S(d) = 1 ma khong 1am mét tinh tong quat. Khi nay ta

co:

b(d)=

0,(d*) 1+d*+2d*

CW="g@ ~1rdr2d"

(2.18)

G(d):d16+d15+d14+d13+d12+d10+d9+d8+d7+d6+d4+2d3+l.

G(d) _d16+d15+dl4+d13+d12+d10+d9+d8+d7+d6+d4+2d3+1

= 2.19
g,(d") 1+d® +2d?% (2.19)
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dat d° = D va sip xép lai b(d) theo nhém ctia sé6 mii d nhu sau:

b(d)= (1+ D)+ (2D)d? + (2+ D)d® + (1+ D)d* + (D)d:’ +(1+D)d® +(1)d” + (1) d® + (2)d’ (2.20)
1+D+2D

So sanh céac phan tir cia (2.20) véi ndi dung bang 2.1, ta cd duoc bac 16ng

ghép cua {bn} la:
IP = {5,“0”,2,0,5,6,5,7,7,3} .

Ta ciing thay rang gia tri caa I} & day hoan toan trung khép vai két qua thu

duoc trong phan 2.1.2.

Bang 2.1 Bién d6i d ciia m-day

g1(d) Day con Dang bit C;:];() Si(d) S(D)
1+d+ 2d? T°W 22021101 0 2+d 2+D
Tw 20211012 1 2+ 2d 2+2D
T°W 02110122 2 2d 2D
TW 21101220 3 2 2
T*W 11012202 4 1+ 2d 1+2D
W 10122021 5 1+d 1+D
TW 01220211 6 d D
T'W 12202110 7 1 1
1+ 2d + 2d? T°Z 21011202 0 2+ 2d 2+2D
T'Z 10112022 1 1+2d 1+2D
T?Z 01120221 2 d D
T3Z 11202210 3 1
T4Z 12022101 4 1+d 1+D
TZ 20221011 5 2+d 2+D
T¢Z 02210112 6 2d 2D
T2 22101120 7 2 2
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2.2.2. Phwong phdp phan rid m-day siv dung ham vét
Trong [42] mdi quan hé giira liiy thira ctia phan tir sinh o cta diy va bién

ddi d da duoc giai thich rat rd rang.

Vi ca hai biéu dién cta ddy 16ng ghép (thdng qua gitta lily thira ctia phan tir
sinh o va théng qua bién d6i d) la twong dwong v6i nhau, nén tap tha ty 16ng ghép

cling c6 thé duoc xac dinh bang hai phuong phap.

Trong truong hop biéu dién diy 16ng ghép theo lily thira ctia « (con goi 1a

ham vét — Trace function), bac 1dng ghép duoc x4c dinh nhu sau

Véi m, n 1 cac sb nguyén duwong ma m chia hét n, o 1a phan tir sinh cua

treong hitu han GF(p") va:
T=L/N=(p"-1)/(p"-1). (2.21)

Khi d6, ham vét Tr, (X) s& 4nh xa cac phan tir caa GF(p") vao GF(p™) theo

quan hé sau [38]:

Tr) (x) = m L™k (2.22)

k=0
Bac ldng ghép sela: 1, = 12, 15, ..., 117
Vi cac gia tri duogc tinh theo cdng thuc:

1 = {i if Tri(a@)=a" i=01,..,p™ -1 (2.23)

o if Tr*(a/) =0 j=01,..,T—1
Vidu 2.3:
Xét ham vét anh xa tir GF(3%) vao GF(3?) véi da thirc sinh nguyén thay:
f(X) =x*+x+2

va cac tham sb duoc chonla:n=4,m=2,L=3%1=80;m=2,N=3%1=
8vaT=L/N=10.

Tinh toan gié tri ctia ham vét anh xa tir GF(3*) vao GF(3%) ta c6 :
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Trﬁ(a)=n/2mjla32k=a+a9. (2.24)
k=0

Béang cac gia tri ciia o' nhu sau:
i=02> =1.
=l d’=1+20++ .
=22 P =a+20?+22°.
i=32 =1+ a+2c+243.
=4 o0 =2.
i=5=2 =2+ a+20%+2°.
i=6=2 =20+ + .
i=7=2 a%=2+2a+ 2+ .

- Cho gia tri j chay tur 0 t&i T-1 ta co:
j=0=2Trd®)=Tr(1)=1+1=2=d"> |10=4,
j=1oTr(d®) =a+a’=2a+a?+a’=a > |1=6.
j=2=2Tr(@®) =o?+a®=2a+0?+a3=0a= 12=6.
j=32Tr@®®) =a*+a? " =a+20+a*=a? > 13=2.
j=4Tr(d®) =a0*+0*=2+a+20?+20° =0 > 12=5.
j=5=2Tr(e®) =a®+0®=0> Ii=w.
j=6=2Tr(d®®) =af+0*=2+0+202+20=0a > 1{=5.
j=7=2oTr(d®) =a’"+0%®=2a+a?+a=a"> 1]=6.
Nhu vay ta c6 bac 16ng ghép la:

IT={4,6,6,25 20,56} (2.25)

C6 thé thay rang bac 1ong ghép tim dugc ciing hoan toan tring khép véi két

qua thu duoc trong phan 2.2.1
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2.2.3 Phwong phdp tinh truec tiép tap thir tw long ghép

Thuc té khi x4y dung chwong trinh trén mdy vi tinh dé cai dat hai phuong
phap phan rd m-ddy da néu trén, viéc cai dat ca hai phuong phap trén la khong hiéu
qua, diac biét 1a khi do dai day ting 1én. Ta chi c6 thé 1ap duoc bang 2.1 néu tong
kich thuéc cua bang c6 thé lwu hidu qua trong bé nhd may tinh (c& 10° phan ti).
Pdng thoi ta can phai thuc hién day du T budc tinh todn dé xay dung bac 1dng ghép
gdm T phan tr. Do d6 cac tac gia dd dua ra mot quy trinh nhanh dé tim ra nhimng

phan tir dau tién ciia bac 16ng ghép[60].

Trudc hét ta sinh ra phan dau cua chudi {bn} véi trang thai ban dau duoc
cho trude, nhung thay vi tao chudi day dii chu ky (p"™-1 phan ttr), ta chi can tao m*T
gia tri dau tién.

Tiép d6 ta s& sap xép lai cac gia tri nay bang cau tric xen k& nhu dinh nghia
cua day 1ong ghép, tir d6 ta co thé nhan duoc truc tiép cac trang thai ban dau cua
day con Fi(d). Vi tri cia mdi trang thai nay trong diy con d6 dai diy du chinh 1a

gia tri twong (g trong I7.

Tur vi tri cta trang thai nay (lién quan dén thtr tu xen k&), Ta chi can sao
chép N gia tri dong thoi ciia F* vao chudi dau ra. Néu chudi con Fi(d) c6 kich thudc

qua 10n, ta ¢ thé xdy dung lai ddy tir trang thai ban diu ma ta vira tim thdy.

2.3. Xdy dung day phi tuyén 16ng ghép

2.3.1 Kién triic déy phi tuyén long ghép

Trong kién truc ddy phi tuyén, diy dau ra {bn} vé ban chét van 1a mot m-
day va co tinh tuyén tinh v6i bac tuyén tinh rat nhé. Néu chi xét 1 doan ngan cua
day, khi 4p dung thuat toan Belekamp-Massey (trinh bay trong phan 3.1.2) ta s&
thu dugc két luan rang doan dit liéu d6 dugc sinh béi mot da thirc bac m. Trong
trudong hop doan dir liéu cua diy c6 chira diém ghép ndi hai ddy con, thuit toan

Belekamp-Massey ciing chi ra d§ phirc tap tuyén tinh bang n.

Pé tiang tinh phi tuyén cho diy dau ra, néu ta gitr nguyén thir tu 1ong ghép

IY nhung thay cac ddy con {an} bang cac ddy con twong duong (vé miat d6 1én ham
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tu tuong quan ACF va d¢ can bé“lng), ta s€ co dugc mot dang m-day phi tuyén, con

goi la day tua - m hoac diy GMW[49].

Nhu vay dau vao cta ddy phi tuyén 10ng ghép 13 hai m-ddy c6 cung bac n
va da thirc sinh 13 g(d) va f(d) twong tng. Ta s& ap dung phuong phap sinh day 16ng
ghép cho ca hai m-diy nay véi cung cac tham sé n, m, T, tir d6 tim ra hai da thuc
sinh cho diy con twong tmg ga(d) va fi(d), cing vai hai thix ty long ghép 17 va I
Sur dung thi tu 16ng ghép IZ nhung 14y diy con theo da thirc sinh fi(d),, ta thu duoc
day dau ra {en} 1a ddy phi tuyén long ghép.

Thuc té ta c6 thé khong can tim tht tu 10ng ghép 2 cua day tha hai, song
da thuc sinh f1(d) van can xac dinh dé tinh duoc th tu 16ng ghép 17 cua diy tht

nhit.

Trong phan tiép theo, ta s& phan tich cac tinh chit ctua diy phi tuyén 16ng

ghép dé chimg minh ring diy méi tao ra c6 tinh phi tuyén cao hon day 1dong ghép.

2.3.2 Ham twong quan ciia day phi tuyén long ghép

Ham tuong quan chéo (CCF - Cross-correlation function): Dé tong quat hoa,
ta s& xem xét ham twong quan chéo Rap(z). Trudc hét, trong trudng hop a = b ta co

ham ty twong quan (autocorrelation function — ACF) Ra(7).

Goi a, b € A 1a hai ddy tam phan trong tip cac diy A. Ca a va b déu tuan
hoan voi chu ky L = 3"-1. Ham tuong quan chéo gitta a va b 1a Rab(z) va dugc dinh

nghia la:
Lt
i+r 8
R,p(0)=D o 0<t<L (2.26)
i=0

trong d6 w = exp(j %ﬂj va phép cong (i + 7) theo modulo L.

Tuong tu nhu vay, ham tu tuong quan cua day a la :
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L-1
R,()=D 0™ ™ g<raL. 2.27)
i=0

Vi cac day tam phan, ta c6 dinh 1y sau:

Pinh ly 2.1[J1]: Cho {ai} 1a diy gia ngiu nhién trén trudng GF(3") véi chu ky

L = 3"-1, ham tu twong quan cua {ai} theo cong thurc:

3"-1 r=0mod(3" -1
Ra(f)={ 7=0mod 1), (2.28)

-1 7#0mod(3"-1).

khi va chi khi tan s6 N¢ 1a s6 1an xudt hién ky tu ¢ €eGF(3) trong 1 chu ky
day du cta diy céc sai khac {ai-a;+.} gitta ddy {ai} va ddy dich chuyén 7 budc cua

no6 {a;+:}, thoa man diéu kién:

3"-1 c¢=0;
N,=< 3" if c=1, (2.29)
3t c=2

Vi du 5: Goi b(d) 1a diy tam phan sinh béi da thuce f(d) = 1 + d® + 2d*, ta c6:

{bn}={1000100210111200220102211010121221201222
2000200120222100110201122020212112102111}.

Ham ty twong quan cua day {bn} la:

L-1

R ()= ™™ 0<c<L (2.30)

i=0
Ro(z) = {80, -1, -1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1, -1, -1, -1, -1, -1, -
1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1,
1,-1,-1,-1,-1,-1,-1,-1,-1,-I,-1,-1,-1,-1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1,
-1,-1,-1,-1,-1,-1, -1, -1).

Xét day a(d) 1a ddy tam phan sinh boi da thire g(d) = 1 +d + 2d2+ 23 + 2d*,
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{an}={100012211100220100101022102121101111210
12101211222001102002020112112122022221201}.

Ham tuong quan chéo gitra a va b la:

R, (7) = Zwb‘”_a‘ 0<t<L (2.31)

Ran(z) ={-1, 8, -10, 8, 26, -19, -1, -19, 8, -10, -1, -1, -1, -19, -10, -1, 8, -1, -1, -10,
-10, -10, -1,-1, 17,-1,8, 8,-1, 8,-10,-19, 8,-1,-10,-1.-10,-1, 8, 8, 8,-1, 8, -1,17,8,-1,
8,-1,-10,-1,8, -10, 8, 8, -10, -1, 8, -1, -10, -1, -1, -1, -10,17,8, -10, -1, -10, 8, 8, 8, -
1,8,8,8, -1, -10, -10, 8}.

' Graph CCF

MIAA/\A fvf\mhhm IAAI\MM)\\AH b ooy

VVV\ VW VVWW UVWV\/U”\W VWW'UVM/U'

Y

Hinh 2.2 Biéu do twong quan chéo 2 day trong vi du 2.3

2.3.3 Phén tich khodng twong dwong tuyén tinh ciia cdc day phi tuyén long
ghep

Pé danh gia mic do phtc tap cta cac chudi phi tuyén, ta s& sir dung khai
niém khoang tuong duong tuyén tinh (Equivalent Linear Span - ELS [49]). ELS
cua mot dady duoc dinh nghia 1a bac nho nhat cua da thic sinh ra toan bo day do.
Ta biét rang ELS c6 thé dugc tinh bang cach biéu dién ham vét ciing nhu bién dbi

d [40] [49]. Trong luan 4n nay, ta s& ap dung bién doi d dé tinh gia tri ELS.
Goi bién d6i d ctia mot day phi tuyén 1a:

Sc(d)
c(d)=>2. (2.32)

Bang cach ap dung giai thuat Euclid cho da thuc, ta c6 thé truc tiép tim duoc

bac cua c(d).

Goi K(d) = gcd(gc(d), Sc(d)).
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K(d).S¢ (d) _ Se(d)
K(d.ge (@)  ge@)’

khi d6 c(d) = (2.33)

trong do6 ged(S.(d), gi(d)) = 1.

Gia tri ELS of c(d) ciing bang bac cua g.(d), chinh 1a da thirc ¢6 bac nho

nhat c6 thé sinh ra c(d).
ELS = deg(gc(d)) = deg(ge(d)) - deg(K(d)) . (2.34)

Ta s& trinh bay quy trinh theo timg budc dé xac dinh ELS cta diy phi tuyén
long ghép:

Buoc 1.

Tur tht ty 16ng ghép I3 va gia tri cia ddy mai tao ra {en}, ta rit ra bién doi
d cua day phi tuyén ldong ghép:

c(d) = ¥z d'Z,(d®) . (2.35)

Trong d6 Zi(d%) biéu dién mot diy con véi bude dich cu thé tir ddy {en}, theo
md ta trong I5. Ta c6 thé thiy rang:

Se;(a®)
Ges (ds).

7, (d5) = (2.36)

trong do S,,(d®) va g, (d*) la budc dich pha va da thirc sinh twong ung

ctia {en}. Vi thé ta co:

_ gs—1 45¢;(@%)
c(d) = 2ico 55y -

(2.37)

Buwoce 2:

Ap dung thuat toan Euclid vao cong thire (2.37) ta sé c6 dugc da thic sinh

bic nho nhét sinh ra ¢(d) va tir 46 nhan duoc gia tri ELS 13 :
ELS = deg g1(d®) - deg(K(d)) (2.38)

trong d6 K(d) = ged(G(d),gx(d)) .
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Vi du 5: Xét m - ddy {bn} sinh bai da thic g(d) = 1 + d® + 2d* véi cac tham s:
L=3%*1=80,N=3%2-1=8,T=10.

Thu tu 16ng ghép I3 tuong ung voi {bn} dugc xac dinh theo phuong phap
trinh bay trong phan 2.3 Ia:

Ip={5,"»©",2,0,5,6,5,7,7, 3}.

Ta s& thay thé ddy con cua diy 1dng ghép bing ddy sinh bai da thirc:
gi(d) =1 + 2d + 2d2.

Bang cach ap dung phuong phap mé rong diy theo bién d6i d, ta cé

G(D) = (2+D) + 0.d + (D)d*> + (2+2D)d*+ (2+D)d* + 2D.d>+ (2+D)d®+
2.d7+2.d8,

Thay thé D bang d'° ta duoc:
G(d) =2 + 2d®+ 2d* + 2d°+ 2d" + 2d® + d° + d'0 + d'? + 2013+ dM+2d™+ d1° .

G(d)
142d10+24d20 °

c(d) =

Ap dung thuat toan Euclid, ta co:

K(d) = ged(G(d),g1(c)) ,

K(d) =2d® + d’ + 2d® + d® + d® + 2d + 2.

Tu do ta tinh duoc gia tri ELS la:

ELS = deg g1(d") - deg(K(d)) = 20 - 8 = 12.

Vi gia tri ELS bang 12, 16n hon ELS ctia diy ban dau {bn}, ta c6 thé két luan
rang diy m&i sinh ra {en} c6 tinh chét phi tuyén cao hon so véi diy ban dau.
2.3.4 Mot 50 két qud thwc hanh sinh day phi tuyén lo”‘ng ghép trén GF(p")

CAc tac gia dd 14p mot chuong trinh may tinh bang ngdn ngit 14p trinh C dé
gia lap qua trinh sinh cac ddy phi tuyén 16ng ghép trén GF(p") véi cac tham sé cu

thé co thé lya chon trén giao dién phan mém nhu hinh 2.3 [60]:
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Thir nghiém thir nhat

Céc tham sb cua bo tao ddy 1a: p=5, n = 6, m = 3, da thirc sinh g(d) = d® +
3d®+2d* +4d3+d+ 2, gi(d)=d® +d>+d + 3. Trdo taco N =15 624, L=124,
T=126.

Trudc hét ta sinh ra m-day ban dau {ba} va xac dinh th tu long ghép I5:

IF=(0, 0, 63, 1, 107, 53, 9, 51, 88, 20, 45, 71, 115, 9, 56, 97, 105, 3, 17, 56, 33,
83, 25, 96, 45, 58, 111, 72, 120, 56, 68, 73, 75, 47, 54, 52, 10, 71, 88, 83, 87, 42,
5,20, 109, 77, 43, 64, 74, 123, 115, 49, 83, 16, 48, 48, 21, 48, 122, 103, 9, 111, 96,
107, 77, 108, 98, 114, 13, 108, 4, 55, 29, 57, 58, 27, 95, 62, 5, 14, 90, 81, 61, 96,

e
Modulo (P) 17 =
Generator Degree (n) m Sub Degree(m) m
Generator g(d) |1 D1201167 j
Sub Generator gi(d) |1 47 j
2nd Generator fi(d)  [196 -

Initial Value S0(d) | 100000

Output file | SEQUENCE_17_6.TXT

N
IP file | IP_17_6.TXT J
x>

Output length | 24137568 interleave_seq

o
|
k- -

:' Sequence Generate Completed

|Sequem:e Generated Com

Generate Quit

Hinh 2.3 Phan mém mo phéng sinh ddy phi tuyén 16ng ghép
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5,41, 27, 65, 111, 108, 114, 98, 38, 81, 84, 78, 107, 106, 102, 91, 32, 109, 25, 97,
85, 13, 67, 2, 77, 101, 63, 50, 29, 22, 106, 60, 43, 0, 99, 75, 20, 108, 67, 112, 43,
62).

Toan bd chuky cuaddyconla: 10023010433213042423330
33443141200410203114210343411101133123240032
04012234201313222022112414300140302441340212
1444044224323.

Tiép theo, ta tinh toan cé&c thudc tinh cia mot day véi cac tham sé twong ng
(cung céc gia tri p, n, m) nhung da thirc sinh lai st dung da thirc f(d) = d® + 2d°® +
d* + 4d® + 2d + 3, fi(d) = d® + 3d? + 2.

Trong truong hop d6, thir ty 16ng ghép 17 dugc tinh 1a

17 = (73,114, 92, 61, 52, 46, 111, 13, 76, 58, 26, 62, 109, 57, 1, 53, 12, 7, 78, 35,
27, 35, 37, 122, 123, 29, 33, 123, 66, 55, 93, 113, 116, 13, 42, 26, 114, 29, 95, 30,
116, 29, 46, 18, 122, 120, 101, 64, 76, 10, 45, 42, 13, 13, 53, 52, 45, 54, 98, 28, 34,
76, 25, 82, 11, 89, 54, 87, 106, 44, 19, 79, 86, 96, 4, 27, 111, 14, 1, 44, 23, 0, 49,
64, 54,9, 83,99,0, 107,47, 60, 11,42,112, 117, 49, 2,93, 14, 111, «,, 50, 78, 34,
68, 116, 61, 57, 112, 82, 8, 120, 57, 75, 51, 36, 87, 9, 20, 6, 82, 106, 4, 86, 100).

Sau cling, ta sinh ra day phi tuyén Iong ghép bang cach ap dung thir tu 16ng
ghép tht hai I7T trong quy trinh sinh ddy 16ng ghép thtr nhat. Chudi két qua dau ra
nhan céac gia trila :
11421034341110113312324003204012234201313222

02211241430014030244134021214440442243231002
301043321304242333033443141200410203...

Thu nghiém thur hai

Ta s& thir nghiém v6i mot diy 16n hon véi cac tham sb p=17, n = 6, m= 2,
polynomial g(d) = d® + 12d* + d? + 16d + 7, g1(d) = d? + 4d + 7, tir d6 ta o cac

gia tri tham sé:
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N =24 137 568, , L=288, T = 83 811.
Ta ciing sinh ra m-ddy ban dau {ba} va xac dinh tha ty 16ng ghép I7:

IF= (214, 109, oo, 271, 145, 217, 133, 199, 87, 73, 269, 133, 155, 152, 226, 167,
207, 86, 228, 217, 264, 194, 45, 50, 56, 219, 26, 16, 136, 134, 180, 257, 110, 217,
197, 164, 99, 188, 261, 280, 249, 75, 193, 241, 93, 186, 127, 108, 227, 170, 5, 61,
164, 53, 223, 239, ...).

Phan dau tién ctia ddy con1a: 1 1213011714 14168910162 167 13 1
7166091513131051221014101567151080123662 116142132
381532501648814710131461445341410101155131526138
13111411137029116314865697119615014 ...

Sau d6 giir nguyén cac gia tri p, n, m nhung thay thé da thtc sinh thanh f(d)

= d° + 10d® + 6d* + 11d® + 16d + 6, f1(d) = d? + 9d + 6. Khi d6 ta c6 thtr tw 1ong
ghép méi:
17 =(21,127, 1, 145, 127, 181, 47, 186, 166, 42, 186, 9, 119, 280, 118, 222, 246,
1,239, 131, 180, 164, 22, 260, 156, 36, 31, 182, 84, 278, 80, 152, 105, 37, 233, 95,
252,75, 224, 164, 284, 29, 206, 278, 211, 62, 161, 251, 54, 164, 102, 43, 53, 181,
209, 200, 56, 285, 36, 198, 194, ...).

Ap dung thi ty 16ng ghép tha hai I trong quy trinh sinh diy 16ng ghép thir

nhat. Chudi két qua dau ra nhan cac gia tri 1a :

131541514921415120113993107431131312141331607612
1242151149461613641001581616111439111211810681120
3510109134129169528591404122126111612 ...

2.4 Phwong phap phan ra theo buéc dé sinh diy 1ong ghép

Ngoai ba phuong phap sinh diy phi tuyén 16ng ghép da duoc nghién cir,
trong cong b [J2] tac gia luin an da nghién ctru phuong phap phan rd m-day theo
budc (decimation) va tir d6 dua ra mot phuong phép sinh ddy phi tuyén 1ong ghép

co tinh ung dung cao trong thuc hanh.
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2.4.1 Phwong phdp phdn rad m-day theo buéc

Goi A 1a mot m-diy véi bac n, chu ky 2"-1 va phan tir sinh a. Ta s& sinh ra
mot ddy méi A(T) bang cach 14y cac bit cach nhau T vi tri tir diy A, bat dau tir bit
dau tién. A(T) duoc goi 1a diy phan ra (hay diy decimation) theo budc T tir day A.
Gia tri T goi la budc phan ra.

Néu budc phan rd T va d6 dai chu ky ctia m-ddy 1a nguyén tb cing nhau, thi
ddy phan ri theo budc T tir m-diy ban dau ciing 1a mot m-day véi phan tir sinh o,
cac tham so khac ctia m-day phan ra déu giéng nhu diy ban dau (bac, chu ky, da
thirc sinh ...) . NOi cach khac, day phan ra duogc tao c6 do dai chu ky va cac tinh
chat gidng nhu diy ban dau. Néu quy m-diy phan rd vé mot m-ddy vdi phan tir
sinh o nhu cac biéu dién m-diy thong thudng, ta s& c6 mot m-diy moi véi da thirc

sinh méi ¢6 cung bac véi da thirc ban dau va ciling 1a mot da thirc nguyén thiy.

Néu budc phan ri c6 gia tri T= p¥ thi ddy phan ra 1a mot dich pha cua day
ban dau. Trong trudng hop nay budc phan rd va do dai chu ky ctia m-day ludn la

nguyén to cung nhau.

Néu budc phan rd T va do dai chu ky ctia m-didy khong phai 1a nguyén tb
cung nhau, khi d6 day phan ra nhan dugc s€ khéng con la m-day ma la mot day

p"-1

cd(p"1T) " Day tuan hoan nay ciing 1a mot LESR ¢6 thé sinh

tuan hoan cé chu ky
boi da thic sinh ban dau véi phan tir sinh o, hodc khi quy vé LFSR véi phan tir
sinh a ta s& duoc mot da thirc dac trung 1a da thirc bat kha quy, nhung khong phai
la da thirc nguyén thuy.

Trong truong hop rat dic biét: khi budc phan ra thoa man T = L/ N theo céc
diéu kién cua ddy 16ng ghép, bac ctia da thiic sinh cho diy phan ra 1a udc ctia bac
da thirc sinh ban dau. D6 chinh 1a diy con dau tién cia ddy 16ng ghép dugc trinh
bay trong phan 2.2.1 cta trong chuong nay.

Thir nghiém phwong phdp phdn rd véi mét m-day cu thé

Chon m-day bac n = 23 duogc sinh béi da thirc dac trung:
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Vi trang thai khéi dau S = (1, 0, 0, ..., 0), or (000001) theo co sb 16
(trong phan nay ta s& dung gia tri s6 theo co sd 16 dé biéu dién cac trang thai thanh

ghi cua m-day).

Ap dung cong thuc tinh gia tri phan hoi theo Fibonacy, ta ¢ thé tinh duoc

16 trang thai lién liép ciia thanh ghi m-diy nhu sau:

400000, 200000, 500000, 280000, 548000, 6A0000, 750000, 3A8000, 5D4000,
2EA000, 175000, 4BA800, 25D400, 12EAQ0, 097500, 44BA80, 625D40, 312EAO0

Chon budc phan ra lan lugt bang 3 va bang 5, ta s& c6 cac budc nhay tuong

ung nhu trong hinh 2.4:
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Hinh 2.4 Phan rd m-day theo bac 3 va 5
Tac gia dd xdy dung mot ung dung nho trén mdy tinh dé thuc nghiém
phuong phap phan rd m-ddy st dung ngon ngir 1ap trinh C. Dé xac dinh da thuc

sinh méi ctia ddy phan ra, ta str dung thuat toan Belekamp-Massey trén diy dau ra.
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Str dung phan mém trén dé sinh cac diy phan ra theo budc va phan tich céc

diy dau ra ta c6 cac két qua sau:

V61 T =5, day phan ra thu dugc 1a mt m-day dugc sinh béi da thire:

V61 T = 3, day phan ra thu dugc 1a mot m-day dugc sinh boi da thic:

Bang 2.2 Két qua phan ra m-day

TT| Bac Pa thuc sinh Budc Pa thuc mai
da phan
thuc ra
+x12 4+ x10 4+ x84+ x4+ 1 +x8+x5+x3+1
X+ x2+1 +x0+xT+x0+ P+ 3+ 2+ x+1
X°+ X%+ 1 X2+ 3O+ X+ X0+ x5+ x4+ x2+ 1
41 17 XV +x0+x8+x+1 19 X7+ x4+ x0+x9+x8+x+1
51 14 [x¥+x2+x%+x"+x8+x+1 8 XM+XxLZ+x%+x +x8+x+1
X+ +x2+x+1 +x3+1
71 21 |2+ x84+ x0+xB+x10+ x" +{16513|x" + x5+ x*+ X3+ x>+ x + 1
** X*+x3+x2+x+ 1

* Budc phan ra khong nguyén té cing nhau véi chu ky ddy, din téi da thirc méi 1a

da thirc bat kha quy song khong phai da thirc nguyén thuy

** Budce phan ra khong nguyén to cung nhau véi chu ky day va théa man dicu kién

kién trac ddy 16ng ghép, dan téi da thirc méi co bac 13 uéce cua bac diy ban dau
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Vi day thtr nghiém thir 5, ta thu dugc da thire sinh cho ddy phéan ra hoan toan
giéng nhu da thtc sinh ban du, do budc phan rad T = 23,

2.4.2. Gidi phdp dé xdy dwng day phan rd mét cdch hiéu qua
Theo dung cac budc ciia phuong phap phan ré, ta can tinh toan T trang thai

trong cta m-diy dé tao ra 1 bit ctia diy phan ra dau ra.

Néu ta sir dung bién d6i - d dé tinh trang thai méi (hodc phwong phap
Gaussian), thay vi tinh toan timng trang thai bang cach nhan trang thai trong hién tai
v6i d trong mdi budc trén trudng GF(qP), ta c6 thé tinh truc tiép trang thai bén trong
sau budc T bang trang thai bén trong hién tai nhan véi d trén truong GF(q"). Ta s&
khong can phai luu trang thai trong ciia T-1 budc trung gian. Tuy nhién trong qua
trinh tinh toan da thtrc trén truong GF(Q") can tinh phép modulo da thic véi T hé

$0. Qua trinh tinh toan nay sé can nhiéu thoi gian, dac bi¢t khi gia tr1 T rat 1on.

Khi ta st dung phuong phap Fibonacci (1a cach phd bién dé sinh m-day
trong cac vi xit 1y), ta c6 thé thuc hién viéc phan rd nhanh hon bang cach thuc hién
cac tinh toan trude theo phuong phap sau:

Gia st trang thai trong cua m-day dugc luu trong mét thanh ghi dich ky hiéu
{ai} (i =0..n-1).

Cong thirc sinh bit phan héi cho m-diy theo Fibonacci nhu sau:

n

an = X6 @i * fui - (2.39)

Vidu2.4: ta léy lai tham sd trong thu nghiém trén véi budc phan ra dugce chon la
T = 5. Ta biét rang da thirc sinh ctia diy phan i 12 :
Tir cac bit cua trang thai ban dau Sy = {ao, a, ..., a2}, st dung phuong

phap Fibonacci dé 1ap cong thirc cho ca T bit lién tiép, tinh theo tham s6 1a n bit

dau vao nhu sau (sir dung da thtrc sinh ctia ddy ban dau):

axs=apgasMagMagNanNawMaisMaz.
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a=aiasNagMaw M a3 N ais N ae M az .

ax =axarMaw Maw N aws N aie M az " azs .
= arMapfanMfaufas N anMfac N asMagMag M ae M aw M ais M an
=aoNaxMasMarMagNag M awo M an M a2 M ae M as M ax M an .

e =az™agMNan MawMas Mawr Max N az
=arMasMasMasNag M a0 M an Na Naws N anr Masg M an Max.

a7y =asNMagMawe M a3 N awe N ais M ax N azs

—agfafasNasNarfagNaoMar MasMaxp Maxn Max .

Nhu vay trang thai trong cua thanh ghi sau T budc s€ 1a:
Ses) = {as, as, ..., azz, @23, 24, A25, A26, A27} (2.40)
Biéu dién céac hé sb dudi dang ma tran nhu sau:

0000010000000000000000 07
00000010000000000000000O0

00000000000000000000001
A=110000100110010100010010 (2.41)

01000010011001010001001
00100101111110001010110

01010010111111000101011
'1010110110110100000011 1

Vi biéu dién ma tran nay, ta ¢ thé tinh trang théi trong ctia thanh ghi sau

T buéec:
Sm=ASo. (2.42)
Str dung 13p lai cong thirc (2.42), ta c6 thé sinh ra toan bo diy phan rd ma
khong can tinh cac gia tri trung gian.
Chu ¥ 1a ta can c6 dugc toan bo cac gia tri cac bit cila trang thai trong tai S(s)

vi dé tinh gia trj bit as (bit tiép theo trong qua trinh phan rd diy ban diu) ra can
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toan bd cac gia tri cac bit cua trang thai trong tai S(s) dé ap dung cho (2.42). Tuy
rang ta c6 thé xay dung cong thire tinh truc tiép asz tir S(), nhung ta khong thé tinh

trude toan bo cac cong thuc sinh cho tung bit ciia day phén ra.

V6i T <m, ta ¢6 thé tinh duoc cac bit cia diy phan rd ma chi can luu T cong
thte trong (2.41), khong can thiét luu toan bo ma tran A trong (2.42). Giai phap
nay chi can luu trir thong tin it hon, va hiéu ning sé& t6t hon so véi phép nhan ma

tran day du sir dung (2.42).

Trong céac thtr nghiém thuc té, néu 4p dung giai phap néu trén, do phtc tap
tinh toan khong thay doi giita phuwong phap truyén théng (tinh truc tiép theo (2.40))
va phuong phép str dung (2.41). Tuy nhién trong phuong phap truyén thng, ta can
dich chuyén thanh ghi dich T 1an, mdi lan dich chuyén 1 vi tri. Vi phuong phap
st dung (2.41) va (2.42) ta chi can mot lan dich chuyén thanh ghi.

2.4.3 Phwong phdp xdy dwng diy long ghép sir dung phan rd theo budc

Trong phan 2.2.2 ta d3 biét rang ddy con thtr i cua day 16ng ghép chinh 1a
phan rd bac T cia m-ddy ban dau véi budc dich pha bang i. Ap dung giai phap xay
dyng nhanh day phén ri trong phan 2.4.2, ta c6 thé xay dung nén diy con déu tién.
Khi di biét da thirc sinh cta day con, ta khong can tinh toan toan bo diy con theo
(2.41) hoic (2.42) ma chi can tinh m bit dau tién cta diy con. Céc bit con lai duoc

theo cong thurc sinh m-day (2.40) véi bac m va da thure sinh cua day con.

Trong khi tinh m bit dau tién cta ddy con, ta s& luu lai m trang thai trong ctia
m-diy ban du twong tng. Ttr m trang thai trong ndy, ap dung cong thic sinh m-
day (2.40) v&i bac n va da thire sinh cia m-ddy ban dau, ta s& 1an luot tinh duge m
bit khai ddu cia cac day con tiép theo. Cac bd m bit khoi dau nay cé thé str dung
dé sinh ra cac ddy con tuong tng theo cong thirc sinh m-ddy vdi bac m va da thirc
sinh cua day con. Ta ciing c6 thé st dung cac bo m bit khéi dau dé xac dinh bac

16ng ghép clia diy con tuong ung.
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Nhu vay khi str dung phuong phap phan ra theo budc, ta ¢ thé tinh tryc tiép
moi bo m bit khdi ddu. Phuwong phap nay can sir dung dung lwong bd nhd dé luu m

trang thai cia m-ddy ban dau, twong tng voi kich thuée m.n.

Théng thuong trong thuc té ta chi can sinh mot phan caa day 1ong ghép véi
kich thudc cho trude. Trong truong hop do, ta khong can thiét tinh toan toan bo
cac phan ttr cua tap thi tu 16ng ghép I%.. Ta chi can tinh céc thir ty 16ng ghép twong

ung voi1 sO day con can thiét dé sinh ra du dau ra véi kich thude dugce yéu cau.

2.5 Két luan chwong 2

Trong chuong nay, tac gia gidi thiéu phuong phap xay dung cac day phi
tuyén 16ng ghép trén trudng tam phan va p-phan cé gia tri ham tu twong quan va
ham phan phéi rat tot. Cac phuong phéap nay dya trén bién doi d, &p dung cho tat

ca cac chudi tuan hoan vai chu ky L.

Tiép do, bang cach mé rong chudi con {an} hoic phan tach chudi ban dau
{bn}, ta c6 thé d& dang tim ra thir tu 16ng ghép 17 dé co thé 1ong ghép cac chudi
con {an} tao thanh chudi 16ng ghép {en}. Phan tich mot sd thudc tinh thong ké cia
ddy méi tao ra chi ra rang cac thudc tinh thong ké ctia cac diy 16ng ghép tam phan
1a rat t6t vé mit ham twong quan va ham phan phdi. Khi 4p dung phuong phép nay
cho diy p-phan, ta s& nhanh chong c6 duoc chu ky rat 16n cua diy 1ong ghép dau
ma khong can ting bac cua diy 1én qua nhiéu. Cu thé 13 trong thtr nghiém thir hai,
véi p=17 ta c6 duoc chu ky khé 16n (~2.107) ma chi can xur 1y da thtic bac 6, néu

str dung diy nhj phén ta can toi da thirc bac 24 dé co két qua tuong duong.

Phan cudi cing cta chuong nay gidi thiéu mot phuong phap méi dé sinh
diy 1ong ghép sir dung k¥ thuat phan rd theo budc. Phuong phap nay co6 thé ap
dung mot trong thuc té dé sinh mot phan dau tién cua day 1ong ghép vai kich thude
cho truéc. Khi gia tri budc long ghép T rat Ion, s dung phuong phép nay ciing

gilp ta khdng can tinh toan va luu trir toan bo tap cac thi tu long ghép I7.
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CHUONG 3 : THUAT TOAN SINH DAY PHI TUYEN
LONG GHEP BAC LON UNG DUNG TRONG KY THUAT
MAT MA

No6i dung chuong nay tap trung vao viéc dé xuat mot thuat toan hiéu qua dé
sinh ddy phi tuyén 16ng ghép v&i bac 16n, cing véi cac phan tich danh gia vé Iy
thuyét ciing nhu tinh toan thuc nghiém vé d6 phire tap tinh toan ciing nhu do phirc
tap luu trir ctia thuét toan, str dung cac thong tin duoc tac gid luan an cong ) trong
[J2]. Trude khi dé xuét thuat toan sinh ddy phi tuyén 16ng ghép, tac gia nghién ctru
mot s6 phuong phéap phan tich diy gia ngau nhién thuong duoc stir dung trong tan

cong tham ma ddi véi hé ma dong xay dung trén m-dy.

3.1. D) phirc tap tuyén tinh ciia diy gia ngiu nhién

Diy gia ngau nhién ngoai viéc can phai thda man nhiing yéu ciu tong thé vé
cac tinh chat gia ngiu nhién néi dung, chiing con phai c6 cac tinh chat dia phuong
tt lién quan t4i tinh chat ngoai suy tuyén tinh va tinh twong quan gitta cac doan
con mdt day gia ngau nhién... Cac khai niém co ban s& duoc phan tich trong chuong
nay 1a d6 phtrc tap tuyén tinh[26] [40] va twong quan dia phuong cta cac diy nhi
phan [3].

3.1.1. Khdi niém va tinh chit co ban ciia dé phirc tap tuyén tinh

Gia st F 13 truong hitu han hodc bt ky. Diy si, S2,...cac phan tir cua F dugc
goi 1 ddy ghi dich tuyén tinh bac k, néu ton tai cac hé sd ax, ak-1, ..., @ €F, ak = 0
sao cho:

aSi+k + ...t aSisntasi=0,vVi=1,2, .. (3.1)

Mot cach tuong dwong, néu ton tai cac hé s6 Ci, Cz, ..., Ck €F, sao cho quan

hé sau dugc thoa man:

Sj = - z Ci.Sj-i, ] = k+1, k+2, ... (3.2)

k
i=1

Qui uoc day zéro 0, 0,... toan cac s0 khong duoc goi la day ghi dich bac 0.
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Hién nhién mot day ghi dich dugc xac dinh hoan toan boi1 quan hé truy hoi

(3.1) va céc gia tri ban dau s1, Sp,..., Sk.

Pinh nghia 3.1[26]: Gia st s = S1, S2,... 1a mot ddy ty y cac phan tir clia truong
F. Gia str n-1a mot s6 nguyén duong. Khi d6 do phire tap tuyén tinh Ln(s) dugc xac
dinh 13 s6 k-bé nhét sao cho ddy n-phan tir Si, Sz,... Sn tring véi n-s6 hang dau tién

ctia mot dy ghi dich tuyén tinh bac k.
bo phuc tap tuyén tinh duoc xac dinh bai tinh chét sau:
Tinh chdt 3.1.

Gia thiét F = GF(Q), q 1a s6 nguyén t6 bat ky. Xét diy s = {sn}n v6i cac phan
ttr thudc GF(q). Khi d6 twong tng véi day S ta c6 day {Ln(S)}n 6 tinh chat sau.

Tinh chdt 1: Tinh bi chian: 0 < La(s) <n, V n>1.
Tinh chat 2: Tinh don diéu khong giam: Ln(S) < Ln+a(S), V n > 1.
Tinh chat 3: Mbi quan hé gitta cac phan tir lién tiép ctia ddy {Ln(s)}n .

a) Néu thanh ghi dich tuyén tinh d6 dai Ln(s) sinh ra ddy s, Sz,... S» ma ciing

sinh ra day si, S2,... Sn, Sn+1 thi Ln+1(S) = Ln(S).

b) Néu thanh ghi dich tuyén tinh do dai Lna(s) sinh ra day si, Sz,... S nhung

khong sinh ra day si, S2,..., Sn, Sn+1 thi c6 hai kha nang xay ra:
Néu 2 La(s) > n, thi ta c6 Ln+1(S) = Ln(S);

Néu 2 Ln(s) <n, thi Ln+1(S) = n+1- La(s). (3.3)

3.1.2. Thudt todn tong hop dp phirc tap tuyén tinh Berlekamp-Massey

Mot sé bé dé phuc vu cho thudt toan Belekamp-Massey

Bé dé 3.1. Néu thanh ghi dich tuyén tinh do dai L sinh ra day So, St,..., SN-1
nhung khong sinh ra day So, S1,..., Sn-1, Sn thi khi d6 bat ky thanh ghi dich tuyén tinh

nao sinh ra day So, Si,..., Sn-1, SN cling s€ ¢6 d0 dai L' théa man:

L'>N+1-L. (3.4)
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Bé dé 3.2. Néu thanh ghi dich tuyén tinh d6 dai Ln(s) sinh ra day so, S1,...

Sn-1 nhung khong sinh ra day so, S,..., Sn, Sn thi

Ln+1(s) = max{ Ln(s), N+1- Ln(s)}- (3.5

Thudt todn tong hop thanh ghi dich phan hoi tuyén tinh sinh ra mét déy cho trude

St dung hai b6 dé néu trén, ta s& trinh bay thuat toan truy hoi tao ra mét
trong nhitng thanh ghi dich phan hdi tuyén tinh c¢6 d6 dai Ln(s) sinh ra day so, si,...,
sn-ivoiN=1, 2,3, ...

Ky hi¢u:
C(D)=1+ciD+cD?+ ...+ ¢ D" (3.6)

1a da thirc lién két voi thanh ghi dich phan hoi tuyén tinh nhu trong Hinh.3.1
¢ bac toi da la L. Néu L= 0 ta ldy C(D)= 1 twong (mg v&i thanh ghi dich d6 dai 0.

Sj-1 Si2 | .. Sj-L

—> Sj-L-1, «..y SO

Hinh 3.1 M6 hinh thanh ghi dich phan hdi tuyén tinh
Bay gio voi day s cho trudce, ky hi¢u:
CM(D) = 1+C{VD+..+CM D", (3.7)
1a da thtc lién két v4i thanh ghi dich d6 dai ngan nhéat Ly (S) tao ra diy
So, S1,..., SN.
Vay ta c¢6 dinh 1y sau:
Dinh Iy 3.2 [40]. Néu thanh ghi dich tuyén tinh d6 dai Ln(s) sinh ra day so, S1,... Sk-

1 Ma ciing sinh ra ddy So, St,..., SN-1, SN thi Ln+1(S) = Ln(S). Nguoce lai, néu thanh ghi
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dich tuyén tinh d6 dai Ln(s) sinh ra day So, S1,... Sx-1 nhung khong sinh ra diy so,
S1,..., SN-1, SN thi Ln+1(S) = max[Ln(s), N+1- Ln(s)].

Trong qua trinh ching minh Pinh ly 3.2 cac tac gia da xay dung nén thuat
toan tong hop thanh ghi dich phan hdi tuyén tinh do dai ngan nhat tao ra day so,

S1,... Sn-1 nhu sau:

Thudt todn 3.1 Thudt todn téng hop LESR (Berlekamp-Massey)

1)1 - C(D) 1 - B(D) 1 >x
0—>L 1—>b 0 —>N

2) Néu N = n, dirng thudt todn. Nguoc lai tinh

L
d=sn+ Z CiSN-i.

=
3) Néud =0, thi x + 1 — x, chuyén dén buérc 6)
4) Néu d =0va 2L > N, thi

C(D) - d.b1.D*.B(D) — C(D)

X+1->x

va chuyén dén budc 6).
5) Néud #0va 2L < N, thi

C(D) — T(D) [lwu giir tam thoi cua C(D)]

C(D) - d.b’1.D*.B(D) — C(D)

N+1-L—>L

T(D) — B(D)

d—>b

1—>x

6) N + 1 — N va quay vé budc 2).
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Dinh Iy 3.3[40]. Gia su rang thuat toan tong hop thanh ghi dich LFSR Berlekamp-
Massey dugc ap vao day So, Si,..., Sn-1 va gia st L, C(D), x va B(D) ky hiéu la cac

gia tri khi thuat toan dung.
-Néu 2L < n, thi C(D) la da thirc lién két cua thanh ghi dich duy nhat d6 dai
tbi thiéu L tao ra diy do.
-Néu 2L > n, thi tap céc da thirc :
{C(D) +Q(D).D*.B(D): bac ctia Q(D) nh6 hon 2L - n}
1a tap cac da thirc lién két cuia tit ca cac thanh ghi dich d6 dai téi thiéu L sinh
ra day da cho.
3.1.3 Phdn bo do phure tap tuyén tinh cua day nngu nhién
Gia st F = GF(q) 1a truong hitu han g-phan tir. Vi n 1a s6 nguyén duong
bat ky, ta ky hiéu:
Qn =[GF(@)]" = {(51, S2,..., Sn), Si € F, 1= 1, 2, .., n}. (3.8)

12 khong gian cta cac diy hitu han n-phan tir trén trudng F. Nhu phan trén
ta thiy gin v6i mdi day hiru han s = (51, S2,..., Sn) s& tOn tai thanh ghi dich do dai
tbi thiéu Ln(S) sinh ddy do.

Ménh dé 3.8.

a) Néu thanh ghi dich tuyén tinh d6 dai Ln(s) sinh ra ddy s, S2,... S» ma ciing

sinh ra day s, S2,... Sn, Sn+1 thi Ln+1(S) = Ln(S).

b) Néu thanh ghi dich tuyén tinh do dai Lna(s) sinh ra day si, Sz,... S nhung

khong sinh ra day si, S2,..., S, Sn+1 thi ¢6 hai kha nang xay ra:
Néu 2 La(s) > n, thi ta c6 Ln+1(S) = Ln(S);
Néu 2 La(s) <, thi Ln+1(S) = n+1- La(s). (3.9)

Tir Ménh dé 2.8, ta thdy Ln(s) < Ln+1(S) xay ra (twong tng voi su thay d6i
bac cua thanh ghi dich tuyén tinh trong thuat toan Berlekamp-Massey) khi va chi
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khi quan hé truy hdi (2.1) dang cho diy n-phan tr S, S2,... S» nhung khéng dung

v6i ddy (n+1) phan tir S1, S2,... Sn, Sn+1 va voi diéu kién 1a:
2.Ln(s) <n. (3.10)
Lap luan trén s€ dugc st dung trong bai toan ta s€ xét sau day.
Vi cac khai niém da néu, ta ky hiéu:
D(n, A) = Card{ s = (S1, S2,..., Sn-1, Sn) € Qn : Lna(S) = A }.
Ta s& tim cong thirc cho ham phan b D(n, A), véin € N,va0 <A <n.
Dinh ly 3.9. (F. G. Gustavson [26])

Ham phan bd D(n, 1), n € N, 0 < A< n, dugc cho boi cong thic sau

1L, A=0;
D(n,A) = 9 tg*, A=1.,a,; (3.11)
Q°"Magr, A=a,+1..,n

trong d6, q* = q - 1, V& an 12 phan nguyén (duéi) cta (n/2).

H¢ qua 3.10.

Gia tri trung binh do phtic tap tuyén tinh ctia day hitu han n-phan tir 1ay ngiu
nhién déu trén khong gian [GF(q)]" dugc danh gia bai cong thirc:

n/2 <E(n) < (n+1)/2,n=1, 2,... (3.12)

trong do

E() = (1/q"). > AD(n: 2). (3.13)
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3.2. Tinh chét twong quan dia phwong ciia m-day

3.2.1. Khdi niém twong quan dia phwong

Nhu ta di biét, trong thyc t& khi ma hda mot ban rd niao d6 trong hé ma dong
dang xét, ta chi dung doan khoa c6 do dai M tuong ting vo1 do dai ban rd dé thuc
hién phép ma hoa do. Co thé gia thiét M 13 s ¢b dinh d6i voi mot hé thong mat ma
thuc té nao d6. Néu cac doan khoéa do dai M xuat hién ngiu nhién doc lap, dong
X4c sut tir mot nguén khoa nao do thi h¢ ma dong cua ta Ia hé mat hoan thién. Tuy
nhién néu ta dung khoéa gia ngau nhién, tirc 13 cac doan khoa d6 dai M duogc sinh
ra tir mot thuat toan sinh day, khi d6 ta cdn quan tdm t&i su twong quan giita cic
doan khoa do dai M duoc lay ngiu nhién déu tir ngudn khoa sinh ra.

Trude hét ta khao sat tinh chat nay d6i v6i khéa ngau nhién 1y tudng.

Gia sir M 1 s tu nhién cb dinh nao d6. Ky hiéu:

M ={ (a0, a, .., am-1), @i € GF(2)}.
R& rang luc luwong cua tap hgp M nay la #M = 2M |

Gia st &, 1 1a cac véc to ngiu nhién phan bd déu nhan gia tri trong khong
gian M. Khi do véc to £ = § @ n (vdi phép cong véc to chinh 1a phép XOR) ciing
¢ phan bd déu trén khong gian M.

Ky hiéu wt(£), Ce M, 1a ham trong s6 cta . Khi d6 wt(¢) 1a bién ngiu nhién
nhan gia tri trong tap hop {0, 1, 2, ..., M}.

Pén day ta co thé thiét 1ap bai toan nhu sau:

Gia thiét ¢ 1y ngiu nhién déu trén khong gian M. Tim phéan bé cia bién

ngau nhién wt(%), trong sd ctua £ € M.

4 N N~ T Y ,
RS rang néu = (ao, ay, .., am-1), thi wt(C) = > a,, tic 1a wt(C) 1a s6 cac bit
i=0

1 trong Véc to &. Do dé, sb cac véc to £ co wi(Q) = k, 0 < k < M, s& chinh bang t6
hop chép k trong M phan tir, tirc 1a bang Cf . Tir d6 ta c6 ham phan bd cua bién

ngau nhién wt(¢) c6 dang sau:
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P{wt({)=k,0<k<M}=C) /2M. (3.14)
Dudi dang bang ta co:

wi@ |0, 1, ., Kk, ., M1l M

P(wt(Q)) | 1/2M, M/2M ... cy/12M, ..., M/2M, 1/2M,

Nhan xét:

a) Tir (3.14) ta thiy bién ngau nhién wt(), khi ¢ 1dy ngiu nhién déu trén
khong gian M, c6 phan bd d6i ximg qua ky vong ctia né. Do dé néu ta xét cac
moémen trung tdm cip p tuong Gng W, ta s& co6 W= 0, voi p-1é. Ngoai ra
Wainberg va Wolf ciing da chi ra rang:

W? =M/4; W' = (3M? - 2M)/16; WS = (15M3 - 30M? + 16M)/64;

W, =0, véi p-1¢. (3.15)

Pay 14 nhitng mémen quan trong dau tién dé ta lam cin ctr nhan dinh vé
phan b gié tri twong quan dia phuong ddi voi nhitng nguén gia ngau nhién.

b) Khi nghién ctru trong quan dja phuong ctia mot diy nao d6, néu ta chuyén
sang viéc khao sat phan bd trong s6 cua cac doan con do dai M tuong tng trong
mot diy da biét, khi d6 c6 thé dung cac cong thirc trong (3.14) dé so sanh hai phan
b, trén co s& d6 co thé két luan so b vé tinh ngau nhién dia phuong trong pham

vi M cua day da cho.

3.2.2. Bai todn vé twong quan dia phwong ciia m-d3y
Gia sur {ai} = ao, ai, az, ..., an-1 1la mot m-day nhi phan bac r, cé chu ky la:
N=2"-1.
Dat:

M* = { (ai, ai+1, .., ai+m-1), 1=0,1, 2, ..., N-1}, M >0,
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la tap cac doan con d6 dai M cua m-day {ai}. RO rang luc lugng cia M*

biang #M* = 2" -1 = N.

Gia st xét M1, M2 € M* | M1 = M. Khi d6 theo tinh cét ctua m-day ta c6 M*

= Mi® M2 € M*. Xét ham tuong quan gitta M1 va M2 thiét 1ap bsi cong thirc:
C(Mz, M2) = (L/M)[M - 2wt(M*)]. (3.16)

Khi M1, M2 l1dy ngiu nhién déu trén M* | véi M1 # Mo, thi ta c6 thé xem rang
M* ciing ldy ngau nhién déu trén M*. Do d6, tir (3.16) dé xét phan bé gia tri tuong
quan gitta cac doan con trong M*, ta c6 thé chuyén xét (mot cach tuong duong)

phan bd trong s6 wt(M*), M* € M*. Tir d6 ta c6 bai toan sau:

Gia thiét véc to C* 1ay ngau nhién déu trén khong gian M*. Tim phan b cia

bién ngiu nhién wt({*), trong s6 ciia {* € M*,

RS rang ham phan bd cuia bién ngiu nhién wt(£*) phu thudc vao cic tham
s6 d6 dai doan con M, chu ky N va ban than m-diy dang xét {ai}. Néu M <, theo
tinh chat phan bd cua r-tuples, viéc giai bai toan trén 1a rd rang. Tuy nhién khi xét
d6 dai M nam trong khoang r < M < N, thi bai toan trd nén phtc tap ca vé phuong
dién ly thuyét 14n thuc hanh. Do d6 dé nhan dién phan bo trén, ta ¢ thé di tim mot
s6 momen dau tién cta phan bd d6, trén co s d6 sé thiy duoc nhimng dic trung
hinh hoc chu yéu ctia phan bé can tim.

Vi vay nhiém vuy dit ra trong phan nay 1a thiét 1ap cong thuc tinh momen
ctia bién ngau nhién wt({*), £* € M*, so sanh voi momen ciia wt(&), & € M, trén

c& s& d6 nhan xét vé tuong quan dia phuong ciia m-diy do.

3.2.3. Mémen phén bé trong soé ciia m-day
Gia str {ai} = ao, ai, az, ..., an-1 la m-day véi cac tham $b ky hiéu nhu trén.
Xét day {bi} twong tmg v4i bi =1 - 2.a;, bi € {-1, +1}.

Ky hiéu:
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M-1
Wi = Wt(an, an+1, .., an+M-1) = Zami (317)
i—0

1a trong s6 cia M-tupel (an, an+1, .., @n+m1), N =0, 1, 2, ..., N-1, véi M > r.
Goi A, bang sé cac M-tupels trong M* c6 Wy = o. Ta thdy néu M > r thi o

chi nhan cac gia tri tr 1 dén M (khong nhan gia trj 0).

M -1
GiasitSh= Y b

i=0

. Khi d6 r6 rang 1a Sp = M - 2.Wy, va Sy nhéan gia tri trong

doan [-M, +M].
Ta can tim momen cta cac phan bé {Wn} va {Sn}.
Ky hiéu WP, SP 1a momen bac p ciia cic phan bd twong ting. Theo dinh nghia

ta co:

N-1 M
p_1 p_ 1 p
w —WZWH _WZOJ A,
n=0 w=1

" " (3.18)
SP=1>SP=1%(M-20)" A,
n=0 w=1
Cac momen trung tim cip p twong Gng xac dinh bdi cong thirc:
N-1 1
ch = ﬁ (an -W )p’
n=0
- 1 (3.19)
Scp - % (Sn S )p.
n=0
Va hién nhién cé:
S¢ = (=27 W (3.20)

Dé thuan tién ta tinh cic moémen SP ctia phan bd {Sn} twong mg véi day
{bi}.

Cong thire tinh momen bac 1.

T (3.19) ta co:
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1 N—l N-1M-1 M-1N-—
S = ﬁ =% b”_H :%ZZ s :—%. (3.21)
n=0 n=0 i=0 i=0 n=0
N—l i
(Chuy: =-1, do tinh chat cia m-ddy).
n=0

*) Cong thirc tinh momen bdc 2.

2 =
N-1 ) N-1 M-1 N-1 M-2M-1 M-2M-1N-1

1 — 1 2_1 2

N Sn - N ( bn+i) - N (M + 22 anﬂ n+j +W bn+ibn+j'
n=0 n=0 =0 n=0 i=0 j=i+l i=0 j—i+1n=0

Tr tinh chat caia nhom nhan {bn+i}.{bn+} = {bn+k}, vOi i # j, nén ta co

S2 =M+ (2/IN){ C2 .(-1)} = M.[1- (M-1)/N] (3.22)

*) Cong thirc tinh momen bac 3.

Tiép tuc nhu trén ta co:

S8 =
N-1 M-1 3
= 2. (2 bni)
n=0 i=0
N-1 M-1 M-3M-2 M-1
= ﬁ {(3M - 2) bn+i +3 bn+| bn+j bn+k}
n=0 =0 i=0 j=i+lk=j+1

i 4
( ) M-3M-2 M-1
_ _M@3M-2) | 3
- N +N bn+| bn+J bn+k
i20 joitlk=]+1\ n=0

Chu ¥ rang trong s6 hang thir hai ctia biéu thirc cudi cung ¢6 C3 tong dang:

[anﬂ bn+J bn+kj

Do d6 dé tinh s6 hang thit hai, ta ky hiéu Bs 13 s6 cac bo ba (i, j, k), voi 0 <

I <j<k <M-1, sao cho:

{bn+i}-{bn+j} = {bn+k} (323)
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Tuc la:
bn+i.bn+j = bn+k, YV n= O, 1, 2, . N-1. (324)

Do tinh chét cia m-ddy, nén sé cac bo ba (i, j, k) con lai 1a (C, -Bs) s& cho

dang thuec:
{bn+i}-{bn+j} = {bn+k'}, K' ¢ [O, M-l], k' = k mod N. (325)

Ciing tir tinh chét tu twong quan cua m-day,ta co:

N, néu co (3.23)
(Z bn+l n+j n+k) { 1, néu cé (3.25)- (326)
Do vay
M-3M-2 M-1 [/ N-1
{ Y [ bn+i.bn+j.bn+kj}:[N.B3 +(cs -8, k-] (3.27)
i=0 j=i+lk=j+1\ n=0
T d6 ta co:
M3 N+1
=~y + 358, (3.28)

& day Bs 1a s6 cac bo ba (i, j, k), 0 <i < j <k <M-1, sao cho

{bn+i}.{bn+i} = {bn+}. (3.29)

*) Cong thirc tinh momen bdc 4.

Tuong tu nhu trén ta c6:

n=0 =0 ) (3.30)
=M(3M —2) - MU WMD) | yna B

trong d6, Ba 1a 86 cac bd bédn (i, iz, i3, i4), 0 < i1 < i2< i3 < ia <M - 1, sao

cho

{bn+il }'{bn+i2 }'{bnng } = {bn+i4 } (3.31)
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*)Khai quat cong thire tinh momen bdc p.

Bang qui nap ta c6 thé chi ra rang cdc momen SP, p > 1, dugc tinh boi cong

thure sau:
SP=
N-1 M-1
= ﬁ ( bn+i)p
=0 10 ) (3.32)
=F(0,p,M)+&> F(k, p,M).{-Cj +(N +1).B}.
k=1
& day Bk 1a s cac bo k-tuples: (i1, iz, is,..., k), 0 < i1 < i2< i3 ... <ik <M-1,
k> 3 sao cho
{bn+i1 }'{bmi2 }'."{bn+ik71 }= {bm—ik } (333)

VaBo=B:1=B>=0.
Cac hé s6 F(k, p, M) 1a cac s6 hang béc k trong khai trién chinh tic cta tong
M-1
Zolb“” )" va F(k, p, M) = 0, khi ca k va p ciing chin hoic cling I¢.
Chang han:
F(1,1,M) = 1!,
F(0,2,M)=M; F(2,2,M) = 2! .
F(1,3,M) = 3M-2; F(3,3,M) = 3! .
F(0,4,M) = M(3M-2); F(2,4,M) = 4(3M-4); F(4,4 M) = 4! .

F(1,5,M) = 15(M-1) +1; F(3,5,M) = 60(M-2); F(5,5,M) = 5! .

3.2.5. Thudt todn tinh B3
Nhu phén trude di chi ra Bs 13 s6 cac bo ba (i, j, k) v6i 0 <i <j < k <M-1,

sao cho: {bn+i}.{bn+} = {bn+k}.
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Chuyén sang ngon ngit cia m-ddy ban dau, hé thtc trén c6 nghia 1a
an+i @ dn+j = dn+k, vn=0,1,..,N-1

San =a, ®a,,,vn=01,..,N-1,

trong do: 1 <¢j < dj <M-1.

Ding thirc trén ¢6 nghia 1a da thirc g(x) = 1+ x% +x%,1<¢j<dj<M-1, Ia
da thire ddc trung cua day {ai}.

Giasaf(x) =1+ Zr:cixi la da thirc dac trung nguyén thuy sinh day {ai}. Khi

i1

d6 ta c6 f(x) 1a udce cua g(x).

Nhu vay, tor mot bd ba (i, j, K) v6i 0 < i <) <k <M-1, sao cho

an+i @ an+j = an+k, VN=0,1,..., N-1,

ta tim duoc mot da thirc g(x) =1+ x% +x% théa man f(x) | g(x), trong d6
ci=k-j, di=k-i,voil <cj<dj <M-1. Va di nhién sd bd ba (i, j, k) khac nhau

cho cung mét cap (c, d) sé 1a (M-dj) bo.
Nguoc lai, ta c6 thé ching minh rﬁng, néu c6 tam thuc:

gx) =1+ x¥ +x%,voi 1 <¢j<dj <M-1, sao cho f(x) | g(x), thi ta s& tim

duoc ca thay (M-dj) bd ba (i, j, k) véi 0 <i < j <k <M-1, sao cho:
an+i @ an+j = an+k, VN =0, 1,..., N-1.

Vay ta co:
By
Bs= > (M-d)), (3.34)
j=L

trong d6, B; 1a s6 cac tam thic g(x) =1 + x% +x%, véi 1 <¢j < dj <M-1,
sao cho f(x) | g(x).

Bay gio ta s& néu thuat toan don gian dé tinh B; va di.
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Co s¢ cua thuat toan

Gia st cho f(x) 1a da thire sinh day {ai} c6 bac r. Ky hiéu
{ai}m=(1,0,0,...,0, 1, ar+1, ..., Am+r-1),
(r-1)-bit 0
12 doan (M + r) bit dau tién dugc sinh tir f(x) véi trang thai ban dau r-bit 1a
1,0,..0).

Gia str g(x) = 1 + x4 + x9 13 tam thuc v6i 1 <d - ¢ <d <M-1, sao cho f(x)

| g(x). Khi d6 do g(x) ciing sinh ra ddy {ai} nén ap vao doan {ai}m ta s& co:

(O 0, ... 0) &) (ac+1, aAc+2, ...y ac+r-1) = (ad+1, aAd+2, ..., ad+r-1)

(r-1)-bit

< (Ac+1, Ac+2, ...y Acer-1) = (d+1, Ad+2, ..., d+r-1) (3.35)

-Nguoc lai, néu trong doan {ai}wm ton tai ¢, d sao cho (3.24) xay ra. Khi d6
tir chd {a} nhan f(x) 1a da thirc dic trung, nén ta c6 thé chirng minh duoc {ai} ciing
nhan tam thic g(x) = 1 + x4¢ + x4, 1a da thic sinh ra né. Va tir chd f(x) 1a da thirc
dac trung t6i thidu nén suy ra f(x) | g(x).

Tir cac phan tich trén ta c6: sd cac tam thuc g(x) = 1 + x° + x9, véi
1<c<d <M-1,sao cho f(x) | g(x), ding bing sé cip (r-1)-tuples tring nhau dang
sau:

(ac+1, Ac+2, ...y Ac+r-1) = (Ad+1, Ad+2, ..., Ad+r-1).

Do vay ta c6 thuat toan dé tim B; va d;, tic 1a tim Bz nhu sau:

Thuat toan tim B3

Buoc 1: Cho f(x) la da thirc nguyén thuy bdc r.
Sinh ra doan {ai}wm véi trang thdi ban dau r-bit (1, 0,0, ..., 0).

Dbat B;:=0, B3:=0.
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Buée 2: Lan et so sanh cdc (r-1)-tupels trong doan {aiw. Néu xdy ra dang

thirc
(Ac+1, Ac+2, ..., Ac+r-1) = (Ad+1, Ad+2, ..., Ad+r-1).
thi tang B, lén mot don vi, va tang Bz 1én (M-d) don vi.
Tuwee la ta co doan cdu lénh
For c:=1to (M-2)
do begin
for d:= (c+1) to (M-1)
if (Ac+1, Ac+2, ...y Ac+r-1) = (Ad+1, Ad+2, ..., Bd+r-1).
then B;:= B, + 1, B3 := Bz + (M-d).
end.
End.

Budce 3: In ra cdc gia tri B, va Ba.

3.2.6. Thudt todn tinh B,

Tuong tu nhu phan 1ap coéng thirc tinh Bs ta ciing c6 cong thirc dé tinh By
nhu sau:
B,
Ba= > (M-d)). (3.36)
=1
Trong d6 B; la sb cac dathic g(x) =1 +x”x% +x%, v6i 1 < bj< ¢j < dj <M-
1, sao cho f(x) | g(x).
Gia su f(x) 1a da thirc nguyén thuy sinh day {ai} nhu trén. Ky hiéu
{ai}M = (01 l!_ll_l_ll 01 Ar+2, Ar+3, ..uy ar+M-1),

r-bit 1
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la (M+r) -s6 hang dau tién cua diy {ai} sinh bdi f(X) v6i trang thai ban dau
r-bitla (1,1, ..., 1).

Tuong tu nhu phén trude ta ¢ ti thie g(x) = 1 + x4¢ + x40 + x4, véi 1 <b

< c <d <M-1, s& thoa man f(x)| g(x) khi va chi khi trong doan {ai}m trén tim duoc

b0 ba r-tupels thdéa man:

1).

(ab+l, ab+2, vy ab+r) S> (ac+1, aAc+2, ...y ac+r) @(ad+1, Ad+2, ..., ad+r) = (1, 1, ...,

Tir d6 ta c6 thuat toan don gian dé tinh B4 nhu sau.

* Thuat toan tim Ba.

Buoc 1: Cho f(x) la da thurc nguyén thuy bdc r.

Sinh ra doan {aiym véi trang thdi ban dau r-bit (1,1, 1, ...

Pat B,:=0, Bs:=0.

Buoc 2: For b:= 1 to M-3

do begin for c:= b+1 to M-2

do begin for d:=c+1 to M-1
If (p+1, @p+2, ..., b+r) @ (8c+1, Ac+2, ..., Ac+r) =(Ad+1 @1, ag+2 AL,
Then

B, :=B, +1, B4 := B4 + (M-d).
end. end.
End.

Buéc 3: In ra cdc gid tri B, va Ba.

3.2.6. Nhin xét vé twong quan dia phwong ciia m-day

1),

veey Ad+r @1)

Xét m-day {ai} sinh boi da thirc nguyén thuy f(x) bac r. Tir (3.21) néu lay

giatriMsaochor <M << N, ¢ day N = 2" - 1 1a chu ky ctia m-day. Khi d6 ta c6
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thé coi S* = -M/N = 0. Do d6 ta s& c6 cac cong thirc x4p xi cho cac mémen trung
tam béc 1, 2, 3, 4 cua phéan bd trong sb cac doan con M-bit ciia m-ddy {ai} nhu

trong Bang 3.1.

Bang 3.1 M6 men trung tdm cta phan b trong sd cac doan con

Mo Day ngau nhién 1y m-day chu ky N;
men tuong; WP WP = ScP/ (-2)P
bac p
1 0 ~ 0
2 M/4 (M/4)[1-(M-1)/N]
~ M/4
3 0 -(M3/8N) + (3/4).[(N+1)/N].Bs3
~ (3/4)B3
4 (3M2 - 2M)/16 (3M2-2M)/16-[M(M-1)?(M+2)]/16N+
+(3/2) [(N+1)/N].Ba
~(3M2-2M)/16 +(3/2)Ba4

Tu Bang 3.1, so sanh cdc momen trung tam bac 1, 2, 3, 4 cua mot m-day véi
cic mémen trung tam twong ung ciia ddy ngiu nhién 1y tuong, ta thdy rang mot m-
diy c6 thé xem 1a c¢6 phan bd gia trj trong quan dia phuong ngiu nhién d6i voi cac
doan d6 dai M, néu c6 Bz = B4 = 0 véi cac tham sd [M, f(x)] tuong img. Mot nhan
x¢ét nira la cac momen bac 1, 2 (theo cac cong thuc (3.21), (3.22)) khdng phu thude
Va0 c4c m-day cu thé ma chi phu thudc vao hai tham sb d6 dai M cua cac doan con
dang xét va chu ky N ctia m-ddy. Cac m-day cung chu ky chi phan biét nhau (trén
khia canh tuong quan dia phuong) khi ta xét t&1 cdc momen bac 3, 4 va cao hon..
Diéu nay ciing ndi 1én rang, mdi m-diy c6 tap M* khac nhau (tuy cung luc lugng),
m-ddy nao c6 tap M* 1am cho Bz = Bs = 0, ta hy vong rang m-day d6 s& c6 dang

diéu ngau nhién hon trong tap hop cac m-diy cung chu ky dang xét.
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Tém lai, trong qua trinh dénh gia cac tinh chat ciia diy gia ngiu nhién, ta
can quan tAm t6i tinh chit ngiu nhién dia phwong cta chung, 1ién quan t6i tinh chat

ngoai suy tuyén tinh va tinh twong quan gitra cac doan con mot diy gia ngau nhién...

3.3. Pé xuit thuit toan sinh diy gia ngiu nhién phi tuyén 16ng ghép véi bac 16m
3.3.1 CA4c khé khdn khi sinh diy gia ngéu nhién phi tuyén long ghép véi bic lén

Di sau phan tich phuong phap sinh day 1ong ghép, ta c6 thé thdy phan cong
viéc 1én nhét can thyuc hién trong thuc hanh la viéc xac dinh gia tri ban dau cua cac
ddy con thanh phan. Ca 4 phuong phap xéac dinh gia tri ban dau da nghién ctru trudc
day déu yéu cau sb budc tinh toan rat 1on khi bac cua diy ban dau ting Ién.

Trong phuong phép sir dung bién doi d, ta can phai tinh todn voi mot da thire
c6 bac p™

V&i phuong phép str dung ham vét can thuc hién tinh gia tri ham vét

Tr,"(x) = fz_olxqu. (3.37)

Khi gia tri n (1a ctia bac cta ddy ban dau) ting 1én, gia tri cia m ciing ting
1én twong tGng. Picu nay khién sé mii cta thanh phan x la g™ ting 1én téi mirc
khong kha thi trong thuc té.

Trong phuong phép tinh toan truc tiép chi yéu cau sinh ra m dong ctia ma
tran chtra toan bd chu ky tir ddy ban dau. Vi cac tham sb d3 néu & trén, ta can sinh
ra m.T phan ti.

Véi phuong phap tinh toan st dung phép phan ri theo budc ta ciing can tinh
toan gia tri da thic d trén truong GF(p").

Gia str ta chon n=24, q=7, m=8, khi d6 T = 3,32.10% va cac yéu cau tinh
toan da néu tré thanh khong kha thi vé tinh toan (computational infeasibility).

Mot gigi han khac can quan tam Ia vé khong gian luu trit. Phuong phép s
dung bién dbi d va phuong phép tinh toan truc tiép déu hudng dén viéc tim ra toan

bo tap thir tu 16ng ghép 17, khi gia tri T ting 1én thi yéu cau vé khong gian luu trix
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can thiét dé luu tap th tu 16ng ghép nay ciling tré 1én kho kha thi. V&i phuong phap
phén ri theo budc, ta di xac dinh chi tinh mot phan can thiét cua I7, con phuong
phap sir dung ham vét ciing c6 thé hiéu chinh dé chi can tinh mot phan can thiét
cua I~.

Cdc yéu cau cia ddy long ghép dp dung trong ky thudt mdt ma.

Ttr hai phwong phép phan tich diy gia ngau nhién da dé cap trong phan 3.1
va 3.2, ta thdy rang khi 4p dung thuat toan tong hop d6 phirc tap tuyén tinh cho dau
ra cua day 10ng ghép va phi tuyén 1ong ghép, trong hau hét cac truong hop ta déu
nhan duoc két luan 1a day duogc sinh ra bdi m-day thanh phén c¢6 bac m. Chi khi
doan dir liéu dem phan tich c6 sy tiép ndi gilta hai day con, khi nay do phuc tap
tuyén tinh dugc ting 1én, song khong vuot qua do phirc tap chung cta diy gbc co
bac n. Viéc ap dung bai toan trong quan dia phuong ciing dua ra két qua tuong ty.
Nhu vy dé c6 thé ap dung diy 16ng ghép trong k¥ thuat mat ma dé bao mat thong
tin, ta can thiét ké bo tao diy sao cho bac cuia ddy con thanh phan da théa man cac
yéu cau vé bao mat. Pay ciing 1a 1y do tac gia luan 4an khong tiép tuc phat trién
hudng nghién ctru vé diy 16ng ghép da cap, do diy con thanh phin & mirc sau cing
ctia ddy 16ng ghép da cip c6 bac rat nho so voi bac ciia diy gbe, 1am suy giam tinh

an toan vé mat ma cua day dau ra.

Véi cac yéu cau cta ki thuat mat ma da trinh bay trong phan 1.2.2, ta thiy

rang yéu cau pho bién voi cac m-ddy thanh phan 1a do 16n bac n > 128.
Vim la u6c cua n nén:
m < n/2. (3.38)
Do gi4 tri budc 1ong ghép duoc tinh 1a:

p"-1

L
r=—= g (3.39)
Véim, n da 16n ta c6 thé 1ay xap xi:
T~p™™, (3.40)

bé thdéa man diéu kién n > 128 nhu da néu ta can co.
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T> pn/2 hay T> p64_

(3.41)

Vi yéu cau cta budce 1dng ghép néu trén ca bdn phuong phap sinh day phi

tuyén 16ng ghép da trinh bay & trén déu khé co thé 4p dung trong thuc té.

3.3.2 Thudt todn sinh diy gid ngdu nhién phi tuyén long ghép véi bic l6n

Pé co thé sinh ddy gia ngdu nhién phi tuyén 10ng ghép véi bac du 16n thoa
man yéu cau cua ky thuat mat ma, ta can giai quyét viéc tién xur Iy dé xay dung tap

tha tw 16ng ghép I7. Trong phan tiép theo tac gia luin an s& trinh bay thuét toan dé

tinh toan gia tri da thtrc dT trén trudng GF(p") trong trudng hop T rat 16n, dé c6 thé
g g p g g hop

ap dung phuong phép sinh diy phi tuyén 16ng ghép bang ky thuat phan ra theo

budec.

Thudt todn tien xuz Iy tim the te long ghép

Theo cong thuc sinh m-ddy, trang thai caa m-ddy sau T budc bat dau tir gia

tri khoi dau S(0) la:

S(0) xdT
g(ad)

Sm =
Ta cha y t&i gia tri tham s6 T:
T=2véiL=pm1vaN=p"1.
Chl y 1a n = m*1, vay ta co thé viét:
N =p™-1 hay N = (p™)' - 1.
Dé don gian, dat Q = p™, ta cd thé viét
T= %:Q"1+Q"2+ L. +Q+1.
Noéi mot cach khac, néu biéu dién gia tri T theo co's6 Q la
(1s61)

T=111...1110.

(3.42)

(3.43)

(3.44)

(3.45)

(3.46)
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Néu biéu dién T theo co so p, bicu dién cua T ciing chi ¢6 | sO 1, chen gitra

cacsd11am-1s60:
T =100...00100...00100 ... 001, . (3.47)

Ta sé tim céch tinh nhanh gia tri da thirc

dT

Ur(d) =75 (3.48)

Ta co:

Us(d) =d, (3.49)

Ug(d) = % | (3.50)

Ug(d) = Mjer Ugees @ (3.51)
g(d)

Ur (@) = [T Uge (@). (352)

Vi Q = p™ ¢6 thé 1én t&i hang ty hodc tham chi cao hon khi bac cua da thirc
ban diu ting 18n, ta can c6 phuong phap hiéu qua dé tinh dugc cac cong thic (3.50),

(3.52).

Dé tinh Uo(d) ta s& tinh 1an luot timg budce nhu sau. Trudc hét tinh truc tiép

da thuec:
U,(d) = % . (3.53)
Cha y rang:
= gt e = (a7 (3.54)
Nén ta co:

D

Upie(d) = (Uppes () (3.55)

Ta c6 thé tinh U« (d) theo cong thc sau:
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MP_,U_k—1(d)

U i(d) = ’=lgfd) , (3.56)
Ug(d) = Upym(d) . (3.57)

Pé tinh Uok(d) tir U yk-1(d) Ta s& sir dung phuong phap twong tu.
Chii y réng U0 k-1(d) = U gk-1(d) nén ta co:

1—15;1 Upi—1Qk—1 (@)
g(d)

Ugr(d) = Uymgr-s(d) - (3.59)

UpiQk—l (d) =

, (3.58)

Cudi cung, sir dung cac gia tri tinh boi (3.59) ta tinh duoc da thuc (3.51).

Vi gia tri khéi dau S, sir dung (3.42) ta tinh duogc S. Tiép tuc str dung
(3.42) song thay S bang S) ta s& c¢6 Ser) ... tir d6 tinh duge m bo trang thai cua
ddy ban dau ung v6i m phan tir bat dau cac cot trong ma tran. LAy m phan tir dau
tién trong bo trang thai nay chinh 13 gia tri m 6 trong cot dau tién trong ma tran.

C6 duge m bo trang thai nay, ta co thé sir dung (3.42) dé tinh m bo trang thai
& cot tiép theo... Tuy vao kich thudc yéu ciu cua diy dau ra ma ta s& tinh sb bo
trang thai khoi dau céac cot mot cach tuy y, hoac cling co thé tinh trang thai khai
dau cho mot cot mdi khi can dung toi cot do.

Phuwong phap binh phwong va nhan

C6 mot cach hiéu qua hon dé tinh cac cong thire (3.50) va (3.52). Khitaco
biéu dién cua p dudi dang nhi phan thanh tap cac bit {pi} voi i=0..r, sau d6 sir dung
phuong phap binh phuong va nhan dé tinh da thirc két qua ctia cong thire (3.50)nhu
Sau:

PatU =1

Vtmp = Upk (d)

Véi i chay tir 0 téi r, ta lan Lot tinh

Néu pi = 1
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U* - U* X Vtmp

vV _ (Vtmp)z
tmp = g(a)

Sau r budc ta cd U k(d) = U”.
Luu d6 thuat toan tinh U x(d) dugc thé hién trong hinh 3.2.

Bang phuong phéap twong tu ta tinh duoc da thuc két qua cua cong thic
(3.52) nhu sau:

Ddt U* =1va Vtmp = Upi—1Qk—1(d)

Vi i chay tir 0 t6i r, ta lan Lot tinh

Néupi =1
U* = U* X Vtmp
_ (Vtmp)z
Vemp = g(d)

Sau r budc ta €6 U ,igr-1(d) = U
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START

Hinh 3.2 Luu d6 thuat toan tinh Uk (d)
Thudt todn sinh day phi tuyén long ghép dira trén m-day

Khi c6 trang thai khéi ddu ciia mot cot trong ma tran 16ng ghép, ta st dung
phan sau ctia phuong phap trinh bay trong muc 2.4.3 dé xac dinh cac gia trj con lai

cua cot.
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Véi thuat toan tién xir Iy néu trén, ta tim ra duoc gia tri m phan tir du tién
ctia cot thir nhit trong ma tran 10ng ghép (13 m bit s6 0 trong m bo trang thai). Tir
cac gia tri ndy ta c6 thé xay dung phan dau tién cua diy 16ng ghép bang diy con
dau tién.

Dé tiép tuc x4y dung cac phan tiép theo cua diy 1dng ghép, ta tim gia thu tu
16ng ghép tiép sau d6 bang cach sir dung ting trang thai trong Skr) dé xac dinh céc
trang thai trong Sgr+1) qua cong thirc sinh m-ddy, tir 6 c6 dugc gia tri khoi dau
ctia cOt n+1. Nhu vay ta c6 thé xay dung diy 16ng ghép co d6 dai bat ky ma khdng
can tinh trudc toan bo bang thir tu 16ng ghép.

Pé sinh day phi tuyén 10ng ghép, ta 4p dung cac budc tuong tu nhu véi diy
16ng ghép dbi voi diy dau vao thi nhat, song riéng viée sinh ra gia tri cac cot lai

st dung day con tir ddy dau vao thu hai.

3.3.3 Pdnh gid dp phirc tap cia thudt toan sinh day gi@ ngdu nhién phi tuyén
long ghép véi bdc lén

D¢ tinh dugc U, (d) ta can (m-1).(p-1) phép nhan da thic trén trudng GF(p")
dé tinh cong thirc (3.41). Trong trudng hop tinh bang phuong phap binh phuong
va nhan, s6 phép nhan can tinh la (m-1).logzp (Gia st thoi gian tinh phép binh
phuong va phép nhan da thirc 1a trong duong nhau)

Pé tinh duoc U ok(d) tr Upi-1(d) ta can tinh cac phép nhan da thuc trén
truong GF(p"). Xét truong hop st dung phuong phap binh phuong va nhan thay
cho (19) va (21) thi s6 phép nhan da thuc 1a:

Vmulg = (M-1).logzp . (3.60)

Dé tinh duoc Uy (d) theo (3.36) ta can sir dung thém (I-1) phép nhan da thuc.
Tong s6 phép nhan da thic trén truong GF(p") can tinh 1a:

Vg = (I-1).(m-1).logzp + (I-1). (3.61)
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Chl y 1a khi n — o, m va 1 déu c6 ¢& twong duong n. Ta c6 thé coi logzp 1a
hing sd, xét phép nhan da thirc trén truong GF(p") c¢6 dd phurc tap tinh toan 13 n thi

do phtrc tap tinh todn cua vq tiém can véi O(nd).

So sanh v&i phuong phap binh phwong va nhan ap dung truc tiép cho gia tri
sOmi T béng mot thuat toan twong tu nhu 7Thudt toan 1. Ta sé& biéu dién gia tri cua
T thanh logaT bit {ti} dé ap dung binh phwong va nhan.

S6 phép binh phuong da thtrc can tinh 1a:

Vmuiz = 10g2T = (n-m)*logzp = m.(I-1).logz2p (3.62)

S6 phép nhén can tinh s& ¢6 gia tri trung binh 1a v/2 (do phan bd bit 0/1 trong
biéu dién nhi phan cua T 12 déu nhau).

Vay téng s6 phép nhan da thirc can tinh 1a

V2 =3/, Vi, (3.63)
V2 = 3/2 m.(I-1).logzp . (3.64)

Phwong phdp tinh theo biéu dién co sé p c6 dwoc loi thé hon phwong phdp
biéu dién nhi phdn béi vi trong biéu dién co sé p ciia T ¢6 rat nhiéu phan tir bang

0 theo (3.47), trong khi biéu dién nhi phan cia T khéng cé dwoc loi thé nay.

Dé so sanh cy thé s6 budc tinh toan giita hai truong hop tinh toan véi co sd
p va tinh toan theo phuwong phap binh phuong va nhan truc tiép (trén biéu dién co
s6 2 ctia T) ta tinh toan céc gia tri cu thé ctia vq va v2 trong mot s6 truong hop nhu
trong bang 3.2. Ta tinh chinh xac gia tri T, sau d6 chuyén d6i sang nhi phan va dém
s6 bit dé co Npit-2 , do d6 trong mot sb trudng hop s6 bit 1 khong phai 1a logaT/2
nhu trong (3.46). Vi du & dong 4, ta c6 T = 678 223 072 85010, biéu dién nhi phan
la:

T=10011101111010010011111011001110010100102 .

Nhu vay nNpitr2 nhan gia tri 23 thay vi log.T/2 = 20 .
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Bang 3.2 SO budc tinh toan tién xt Iy cho day 16ng ghép

STT| p n M | Vmulg | Nbittq| Vg T Vmul2 | Nbit1-2| V2
1 2 (24| 8 | 17| 3 | 20 65 793 17 | 3 | 20
2 3 24 8 32 3 35 43 053 283 26 | 12 | 38
3 24 8 48 3 33232 936 334

7 51 403 45 | 24 | 69
4 7 (28| 14 | 42 | 2 | 44 | 678223072850 | 40 | 23 | 63
5 113|112 3 | 36| 4 | 40 10 609 328 380 34 | 17 | 51
6 | 13|18 | 9 | 36| 2 | 38 10 604 499 374 34 | 17 | 51
7 29 | 12 3 45 4 49 | 14507 740823580 | 44 | 19 | 63
8 | 31| 12| 3 | 45| 4 | 49 (26440509694 144 | 45 | 12 | 57

So sanh 2 bang trén, ta thdy phuong phap tinh toan vdi co sd p ¢6 hiéu qua

t6t hon phuong phép tinh toan binh phuong va nhén truc tiép .

Vi co sd p = 2, hai phuong phap c6 sd budc giéng nhau do cung 1a tinh

toan trén co soO 2.

Vi co sd p =3 12 mot gia tri rat nho, phuong phap tinh toan véi co sb p chi

giup ting mot phan nho hiéu qua so véi phuong phap tinh toan binh phuong va

nhan tryc tiép.

Trong trudng hop co sb p ¢é gi tri 16n, phuong phap tinh toan trén co s p

¢ hiéu qua tét hon hin so v6i phuong phap tinh toan binh phwong va nhan truc

tiép, cu thé 1a sd budc tinh toan it hon khoang 25% .
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3.4 D@ xuit phwong phap sinh diy gia ngiu nhién an toan sir dung day phi
tuyén 1ong ghép
3.4.1 Bj tao day ludn phién phi tuyén long ghép

Str dung bo tao ddy luan phién d3 trinh bay trong phan 1.3.3, trong d6 ta
chon diy thanh phan thir nhat 1a mot ddy phi tuyén 1dng ghép, trong khi day thanh

phan tht hai van giit nguyén 1a m-diy va diy diéu khién vin gitt nguyén day

U ={ut}

85 [ —l {wi}

—  K={ki} @—*

V = {w} I

Hinh 3.3 M6 hinh bd tao diy luan phién phi tuyén 16ng ghép

S-8 [ |

D’Brujin.
Gia sir:  K={ ki}w0 1a day D' Bruijn bac k; U={u} la m-day bac L, V={v} la day
phi tuyén 16ng ghép bac M, trong d6 L va M nguyén t6 ciing nhau.

3.4.2 Cdc tinh chit ciia b tao diy luan phién phi tuyén long ghép

Tir cac phan tich vé tinh chét cta day luan phién trinh bay trong phan 1.3.3,
ta co thé ap dung dé dua ra cac tinh chat twong tng cta ddy luan phién phi tuyén
16ng ghép nhu sau:
Tinh chat 1: (Chu ky va dé phitc tap tuyén tinh)

Ta biét rang day phi tuyén 16ng ghép c6 chu ky 1a 2"-1.

Vay chu ky cta ddy dau ra van giéng nhu trudng hop diy luin phién Ia:

K.(2M-1)(2N-1) . (3.65)

Riéng tinh trong quan cua diy luan phién phi tuyén 16ng ghép c6 mot chut
thay doi so v6i day luan phién. Do tinh twong quan dia phuong ciia ddy phi tuyén
16ng ghép phu thudc phan 16n vao diy con sinh dugc sir dung trong d6, vi thé tinh

tuong quan cua ddy luan phién phi tuyén 1ong ghép s& duoc tinh bang
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C(r) = t,-Pq _tl'kp —1,.0* 4+, . (3.66)
2°.pq

& day ti, i=0..3, 1a chi sd trung giita cac pha thr 0 va tht T cua diy, p 1a chu ky cua
diy U, q* 1a chu ky cua diy con cta dy phi tuyén 1dng ghép
Tinh chat 2: (lwc lwong ciia b tao day)

So v6i diy luan phién, bo tao ddy luan phién phi tuyén 1ong ghép c6 thém
tham s6 dau vao m va m-day thir hai dé xay dung 1én diy phi tuyén 16ng ghép. Vi
thé luc luong ciia bo tao day luan phién phi tuyén 1ong ghép tré thanh:

ko -1) o(2"-1)

Kw=M.22" :
L M

(3.67)

Lyc lugng cac bd tao day tré Ién 16n hon rat nhiéu so véi bd tao day luan

phién ban dau.

Céc tinh chét con lai : Phan b tan s6 cac bo r-tupe, tinh chat twong quan
duoc gitt nguyén nhu doi véi ddy luan phién, do day phi tuyén 1ong ghép giit duoc

céc tinh chat d6 tir m-ddy tuwong tng.

3.5 Két luan chwong 3

Trong chuong nay tac gia da dé xuit mot thuit toan méi, ¢ thé coi 1a mot
phuong phap méi dé sinh diy phi tuyén 16ng ghép vai bac 16n. Viéc danh gia do
phtic tap tinh toan cho thay thuat toan nay c¢6 do phtc tap tinh toan & mtrc ham mil,
chinh xac 1a ¢c& O(n%) so véi bac n cia da thire sinh m-diy. Bing cach khai thac
mot dic diém cua tham sb coa diy 16ng ghép, thuat toan nay co loi thé 1on hon
thuat toan binh phuong va nhan thong thuong. Thuat todn nay gitup cho viéc sinh
day phi tuyén 16ng ghép trd 1én hiéu qua trong thuc hanh khi bac cua diy 16n 1én

theo cac yéu cau trong k¥ thuat mat ma.

Qua phan tich mot s6 phép tin cong phén tich ma ddi véi diy gia ngiu nhién
duya trén m-dy, tac gia da dé xuat bo tao day luan phién phi tuyén long ghép 1a két
qua viéc ting dung diy phi tuyén 16ng ghép vao bd tao diy luan phién, tir d6 dat

dugc cac tinh chat mat ma tdt c6 thé ap dung trong thuc té.
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KET LUAN

Trong pham vi ludn 4n, tic gia da nghién ctru vé co s toan hoc, 1y thuyét
x4y dyng ddy gia ngau nhién theo phuong phap phi tuyén 16ng ghép dua trén m-
day, cung vé6i viéc nghién ctru vé cac phuong phap danh gia an toan diy gia ngiu
nhién trén khia canh mat ma. Tur cac nghién ctru do, tac gia da phan tich va dua ra
thuat toan hiéu qua dé thuc hién sinh day phi tuyén 10ng ghép véi bac 16n cling véi
cac phan tich vé hiéu qua 1y thuyét ciing nhu cac thir nghiém kiém chimg trén may
vi tinh. Trong qua trinh thyc hién luén an, tac gia da c6 mot sb dong gop khoa hoc

moéi, cu thé nhu sau:

(i) P& xuat mot giai phap sinh day phi tuyén 1dong ghép dua trén ky thuat
phan ra theo budc va k¥ thuat tinh mot phan thir ty 1ong ghép. Giai phap nay c6 thé
ung dung trong cai dat thuc té dé sinh ra mot doan c6 kich thude tuy y cua day phi

tuyén 16ng ghép.

(i) Pé xuit mot thuat toan hiéu qua dé sinh diy phi tuyén 16ng ghép véi
bac 16n, phan tich danh gia thuat toan da dé xuét vé do phure tap tinh toan, do phtrc
tap luu trit va két qua tinh toan thuc nghi€ém. D¢ phirc tap tinh toan cta thuat toan
tiém can vai O(n®) véi n 1a bac cua da thic sinh m-ddy. Bang cach khai thac mot
dic diém cua tham so cua ddy 16ng ghép, thuat toan nay c6 lgi thé 16n hon so véi

thuat todn binh phuong va nhan thong thuong.

Vi nhitng d6ng gop khoa hoc néu trén, luan an 13 co sé dé tac gia c6 thé dé
xuit mot hé ma dong co thé tmg dung trong thuc té dap tmg nhu cau bao mat thong
tin trong Ban Co yéu. Ngoai viéc tmg dung diy phi tuyén 16ng ghép trong k¥ thuat
mat m4, con rat nhiéu linh vuc k¥ thuat c6 thé ing dung diy phi tuyén 1ong ghép

nhu mgt bg tao day gia ngau nhién voi cac muc dich khac nhau.
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Cac vén dé cin tiép tuc nghién ciru

Viéc dé xuit mot thuat toan mat ma mai can phai xem xét rat ky vé tinh an
toan cua thult toan trén nhiéu khia canh trude khi c6 thé dua vao sir dung thuc té,
can c6 cac nghién ctru sau vé viée phan tich ma ddi véi day 16ng ghép va phi tuyén
16ng ghép, cling nhu diy luan phién phi tuyén 16ng ghép

Mot cong viée khac can tiép tuc nghién ciru 1a giai phap dé cai dat hiéu qua
cac day trén GF(p") véi sb p nguyén t6 16n (p>2) trén ca hai méi truong: phan mém
may tinh va céc thiét bi xir 1y tryc tiép bang phan ctng. Ta ciing can nghién ctru vé
viéc st dung hiéu qua day dau ra trén GF(p"), c6 thé 1a mot phuong phap chuyén

d6i dir lidu giita hé g-phan va hé nhi phan.
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