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Tom tat - Bai bao dé xuét xay dwng lwoc db chi ky sb mai dwa trén
tinh khé cla viéc gidi déng thoi hai bai toan phan tich s6 va logarit
roi rac trén vanh Zn. Luwgc dd méi dwoc xay dwng v&i muc dich nham
nang cao d6 an toan cla thuat toan chir ky so, dong thai c6 thé rit
gon kich thwéc cta chiv ky sb. Luoc dd méi dé xuat chi bi pha v&
khi ddng thoi gidi dwoc cac bai toan trén. Ngoai ra, bai bao cling da
gidi quyét tdn tai clia mot sé lwge dd hién nay, dé 1a kich thwéc chiy
ky do chung sinh ra kha I&n nén tdc d xt ly cham va lam glam hiéu
qua thirc hién clia cac lwgc db. V&i lwoc dd moi dwoc dé xuét thi
viéc rut gon kich thwée clia chir ky sé nang cao hiéu qua thyc hién
clia lwgc db trong céc (ng dung thuec té.

Tir khoa - lugc d6; chir ky sb; thuat toan chir ky s6; bai toan logarit
roi rac; sO nguyén.

1. Pat vén dé

Phat trién cac lugc do chir ky s6 véi muc dich nang cao
d6 an toan cho thuat toan 1a mot hudng nghién ctru dugc
nhiéu nguoi quan tm. Trong [1 - 9] céc tac gia da dé xudt
mot s luoc dd chit ky xay dung trén ddng thoi hai bai toan
kho. Pang chi y nhit trong d6 1a 2 luge d6 dé xuét boi [8]
va [9]. Trong [8] va mot s6 két qua trude do, cac luge dd chir
ky dé xuit & day duoc xay dung dya trén tinh kho cuia viée
giai bai toan logarit roi rac trén Z, véi p 1a sb nguyén 6 co
dang: p = 2n + I, trong d6 n 14 tich ctia hai s6 nguyén té 16n
sao cho viéc phéan tich » thanh nhan tr 1a kho thyuc hién. bé
pha v cac luge do nay can phai giai dwoc dong thoi bai toan
phan tich n thanh tich cua hai thira s6 nguyén té p, q (bai
toan phan tich sa) va bai toan logarit roi rac theo modulo p
va q la cac nhén ti caa n (bai toan logarit roi rac trén Z,).
Tuy nhién, cc luge dd ndy VAn ton tai nhuoc diém 13 kich
thuée chir ky do ching sinh ra kha 16n nén toe do xir Iy cham.
Ngoai ra, viéc st dung hai khda cong khai la khong pht hop
véi cac hé théng hién tai. Trong [9], c4c tac gia da giai quyét
van dé rt gon do dai chit ky, song diéu do6 ciing lam giam
dang ké hiéu qua thyc hién cua cac luoc do nay.

Trong bai bio ndy, nhom tac gia dé xuat mot luge do
chir ky xay dung dua trén tinh khé cua viée giai ddng thoi
hai bai toan phan tich s6 va logarit rdi rac trén Z, nhim
nang cao d6 an toan cho thuat toadn va dam bao kich thudc
chir ky nho, ma khong can phai sir dung giai phap nhu trong
[9, 10], tir 46 nang cao hi¢u qua thuc hié¢n cta lwoc dd trong
céc tmg dung thyc té.

2. Xay dung Ige dd chir ky trén hai bai toan kho
2.1. Cadc bai todn co so

2.1.1. Bai toan phan tich sé
Bai toan phan tich sé dugc phat biéu nhu sau: Cho s n
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€ N, hay tim biéu dién: n=pf.pZ..pf...pg, véi

e >1 va p,lacac sd nguyén to.

Mot trudng hop riéng cua bai toan phan tich s6 duge
Ung dung dé xay dung h¢ mat RSA [11] ma & do6 n la tich
clia hai s6 nguyén t6 p va ¢. Khi d6, bai toan phan tich sb
hay con goi 1a bai toan IFP, dugc phét biéu nhu sau:

Bai toan IFP(): Vi mdi sé nguyén duong n, hiy tim s6
nguyén t0 p hodc ¢ thoa man phuong trinh sau:

pg=n

Giai thuat cho bai toan IFP() c6 ‘ghé dugc viét nhu mot
thuat toan tinh ham IFP(.) véi bién dau vao 1a n, con gia tri
ham 1a p hodc ¢ ctia phuong trinh sau:

p = IFP(n)
Hoac:
q=IFP(n)

Trong hé mat RSA, bai toan phan tich s6 dugc sir dung
trong viéc hinh thanh cip khoa cong khai/bi mat cho mdi
thyuc thé ky. V6i viée giit bi mat cac tham sb (p, q) thi viéc
tinh dugc khoa bi mat (d) tir khoa cong khai (e) va modulo n
la mot bai toan kho néu P, q dugc chon @i 16n va manh. Hién
tai bai toan trén van dugc coi 1a bai toan khé do chua co giai
thuét thoi gian da thirc hay da thirc xéac sult cho nd va hé mat
RSA 1a mot minh chimg thyc té cho tinh kho giai ciia bai
toan nay. Trong thuc té, cac tham s p, g c6 thé chon theo
X9.31 hay FIPS 186 — 4 cia Hoa Ky cho h¢ mat RSA[12].

2.1.2. Bai toan logarit trén Z,

Cho cap sd nguyén duong (p, g) voip la sO nguyén td,
con g 1a mot phan tir cia nhom Z,". Khi do, bai toan logarit
o1 rac trén Z, hay con goi la bai toan DLP, ¢ dugc phat
bieu nhu sau:
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Bai toan DLP, »): V&i mdi s6 nguyén duong Y € Z; ,
hay tim x thoa man phuong trinh sau:
g*mod p=y
Giai thuat cho bai todn DLP(, g c6 thé duoc viét nhu

mdt thuat toan tinh ham DL,P(.) vi bién déu vao 1a y, con
gia tri ham la x cua phuong trinh sau:

x=DL P(y)

Bai toan DLP, o 1a co s¢ dé xdy dung nén hé mat
Elgamal, viéc st dung rong rai cia hé mat Elgamal [13] va
cac bién thé ctia n6 trong thyc té hién nay ciing la mot minh
chung cho tinh kho giai ctia bai toan nay.

2.1.3. Bai toan logarit trén Z,

Cho cap s6 nguyén duong (n, g) v6i n 1a tich hai sO
nguyén td p va ¢ sao cho bai toan phan tich s6 1a kho giai
trén Z,, con g 1a mot phan tir cia nhém Z,”". Khi d6, bai toan
logarit roi rac trén Z, hay con goi 1a bai toan DLP,, ¢ dugc
phat biéu nhur sau:

Bai todn DLP, »: Vi mdi s6 nguyén duong ye Z,
hay tim x théa man phuong trinh sau:
g*modn=y

Giai thuat cho bai toan DLP, o c6 thé dwoc viét nhu
mot thudt toan tinh ham DL,P(.) vdi bién dau vao 1a y, con
gia tri ham 1a x ctia phuong trinh sau:

x=DL,P(y)

O dang lugc d6 chir ky méi duge dé xuit, moi thanh
vién cua hé théng tu chon cho minh bd tham s (n, g) va
khoa bi mat x thda man: 1 < x < @(n) va tinh khoa cong
khai theo:

y=g"modn

Tuong tu bai toan phan tich s6 IFP (), bai toan DLP,, o
cling 1a co s& dé xay dung nén hé mat RSA. Hién tai chwa
c6 giai thuat hiéu qua (thoi gian da thirc hay da thirc xac
suat) cho DLP, g, vi thé tinh kho cua viéc giai bai toan
logarit roi rac trén Z, 6 thé dit ra voi gia thiét 1a giai thuat
cho bai todn nay phai duoc thuc hién thdng qua viéc giai
hai bai toan: bai toan phan tich n thanh tich cua hai sé
nguyén té p, q (bai toan phan tich sg) va bai toan logarit
roi rac theo modulo p va q la cac nhan tir cua n (bai toan
logarit roi rac trén Z,). Nhu vay, y tusng cua giai phap cho
DLP(, nam & chd néu nhu do kho dé giai bai toan phan
tich s6 1a dii 16n, thi do kho dé giai dwoc bai toan DLP, )
s€ 1a tich cac d¢ kho cua viéc giai hai bai todn IFP ) va bai
toan DLP,, o, VOi gia thiét x4c suat xay ra viéc giai dugc
ddng thoi ca hai bai todn nay 1a nho, nén kha ning giai dwoc
bai toan DLP, ¢ la thép
2.2. Lwgc do méi dé xudt

Lugc d6 méi dé xuat & day dugc phét trién trén co s&
két hop ddong thoi hai bai toan phan tich s6 va bai toan
logarit roi rac trén Z, nham nang cao d§ an toan cua thuat
toan chir ky s6, dong thoi co thé rit ngin kich thudce cia
chit ky do lugc dd nay sinh ra. Lugc d6 méi dé xuét bao
gdm céc thuat toan hinh thanh tham s6 va khoa, thudt toan

ky va kiém tra chit ky nhu sau:
2.2.1. Thugt toan hinh thanh tham sé va khoa
~ MGi dbi tuong ky trong hé thong hinh thanh céc tham
0 va khoa theo cac budc nhu sau:
Thuit toan 1.1: Hinh thanh tham s6 va khoa.
Input: Ip, 1q — d6 dai (tinh theo bit) cua s nguyén té p, q.
Output: n, m, g, y, X1, X2.
Budc 1: Chon 1 cidp sb p, q nguyén té voi len(p) =
Ip, len(q) = lg sao cho bai toan phan tich so trén
Z, 1a kho giai.
Buéc2: Tinhn=p.qvaemn) ={p-1).(9-1).
Budc 3: Chon py, ¢; 1a cac sb nguyén td thoa min
pil(p-1), qil(q-1) va pi#(q-1), q:4(p-1)
Budc 4: Tinh m = p;. q;.
Budc 5: Chon g 14 phan tir sinh ctia nhom Z,* ¢ bac
1a m (ordg; = m), dugc tinh theo

#(n)
g=a " modn va théa man gcd(g,n)=1, v6i

ae (1, n) .
Budc 6: Chon khéa bi mat thir nhét x; trong khoang
(1, m).
Budc 7: Tinh khoa cong khai theo
y=(g) " modn (1)

Kiém tranéu: y >g(n) hodc ged(y,¢(n)) =1
thi thue hién lai tir Bude [6].
Budc 8: Tinh khoa bi mat thir hai theo
X, =y ' mod p(n) 2
Budc 9: Chon hash function H: {0,1}* —>Z, ,voi

h<n
Chui thich:
+ len(.) 12 ham tinh d6 dai (theo bit) cia mét sd;
+ Khoa cong khai 1a y, khoa bi mat 1a (xi, X2) ;
+ Céc tham sb cong khai 1a n, g; cac tham s6 bi mat 1a:
D, q, pi, 41,m va p(n).
2.2.2. Thugt toan ky
Thuit toan 1.2: Sinh chir ky.
Input: n, g, m, X1, X2, M — ban tin can ky.
Output: (E, S) — chit ky
Budc 1: Chon ngdu nhién gia tri k trong khoang
(1, m).
Budc 2: Tinh gié tri R theoR = g* mod n.
Budc 3: Tinh thanh phéan thir nhit ciia chir ky theo
E=HM|R)-
Budc 4: Tinh thanh phan thir 2 ciia chir ky theo
S =x,x(k+xxE)modm 3)
Chu thich:
“p

+ Toén tir || 1a phép nbi 2 xau bit.
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2.2.3. Thugt toan kiém tra
Thuit toan 1.3: Kiém tra chir ky.
Input: n, g, y, M — ban tin can thim tra.
Output: (E, S) = true/false
Buée 1: Tinh gia tri R :(gs)y x(y)E modn -
Budc 2: Tinh gid tri: E=H(M ||R).
Budc3:Néu E=E
thi (E, S) = true, nguoc lai (E, S) = false.
Chu thich:
o+ (E, S)': true: chir ky hop 1¢, ban tin M dugc xac thuc
ve€ ngudn goc va tinh toan ven;
+ (E, S) = false: chit ky hodc/va ban tin bi gia mao.
2.2.4. Tinh diing dan cia lwpc do méi dé xuat
Véi cac tham sb va khoa dugc hinh thanh boi Thuét
toan 1.1, chir ky (E, S) dugc sinh bdi Thuit toan 1.2, gia
tri E duoc tao boi Thudt toan 1.3 thi diéu can chimg minh
ddayla E=E.
That vay, do:
ﬁz(gs)y x(y)" mod n
= (g mod n)" + (g mod n) mod n
=g (k+x,.E

=R
Suy ra diéu can chirng minh:
E=H(MI[[R)=H(M[IR)=E
2.2.5. Vidu

Luoc d6 mdi dé xuit duge minh hoa béng mot vi du sd
nhu sau:

Sinh tham s va khoa (Thuét toan 1.1):

- Gia tri ctia p:

6654208779792666377533120280028486134292723
8800162314431675206026828640323393208822559075
0773394676644919414338465462495737551298755144
6226282043861898977.

- Gid tri cia q:

8452667631851097175178478682264667821895843
2830593591290734220929289697576242580693658251

4876140983666110027689186190450926239552709811
9642963351598142737.

- Gia tri cia pi:

8121415377861722419645721550026670029312520
78421.

- Gia tri ctia qi:

1274186898361539515588968883939992156108023
381707.

- Gia tri cia n:

5624581516853285627608560127559374091705162
7488157618963967459972687551282869702719072747

8632309975263236214662743348388678978357861420
3156591851617175312701443654620475837196012161

1Y 5 g™ mod n=g* mod n

5500918288580590111843519767872571800859932736
2959612603532628788208787288305210831746140407
83852037711396473524902231120280049.

- Gia tri cuia m:

1034820107062333854443436601257588347658087
6207584163330091576515402474019780931968227087
80844647.

- Gid tri cua g:

12305490312986850793032198114728415092490811
8149855205028134694949082443859284635229187912
2837220162982472348424527209302175457361710006
4456359848675530061664479046065454296769811484
8748348688075508834056662024847686700185254472
9758259619690722785446386224851138047254451199
7895144020780802061717573721069452.

- Gia tri cua x;:

1044414666149440860096968318216044474237314
435783.

-Giatricuay:

5316612037943039737020040127478646490788108
8841150254350889317569540962024978579801915249
5673499954912434367920908513586650062977178443
2903658361177912981582592352261401879241682250
4286370067432757730125889443838963115432231439
7431382833647327227199156077982957445129282337
42747584259107710849415815058556347.

- Gié tri cia xz:

53007421139965713569557413315725069336625085
5240668108639071440010768026008844251456762298
7034550135357874979458934503090077070165594919
2903574755986996316839763893656668618866869747
0486404577527783698108859697020715949520135618
9285760233862477922063667966233493633384033652
5071901827668970488097696670191475.

Sinh chit ky (Thuit toan 1.2):

Input: n, g, m, X1, X2, M.

Output: (E, S).

- Ban tin M: M = “THIS IS A NEW DIGITAL
SIGNATURE ALGRITHM”

- M dugc mé héa bang chudi sd:

8400072000730008300032000730008300032000650
0032000780006900087000320006800073000710007300
0840006500076000320008300073000710007800065000
8400085000820006900032000650007600071000820007
3000840007200077.

- Gia tri cua k:

690106512842560511386991966503156369472934257177.

- Gia tri cua R tinh duogc:

84066389518685383116696596124481454995097835
5836680535003311897572284417793542576444591124
8990958951273824595656414042828965356699026258
1988915490813796799082240815247568307371050613
9569686001072633760487263497766933003741488786
9398895573966647915818384263554956089288113274
579708171671249363925336177509472.
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- Gia tri cua E tinh duoc:

30014592295808301279654968521122069831791847
7983.

- Gia tri cua S tinh duoc:
22170001944185073913983562751141919777968413

2363648607038688055358057098996108751901616842
162763.

Kiém tra chit ky (Thuit toan 1.3):

Input: n, g, y, M

- Gia tri cia M can thim tra; M =
DIGITAL SIGNATURE ALGRITHM”

- M duoc mé héa bang chudi sb:

8400072000730008300032000730008300032000650
0032000780006900087000320006800073000710007300
0840006500076000320008300073000710007800065000

8400085000820006900032000650007600071000820007
3000840007200077.

-Giatricia R tinh duoc:

84066389518685383116696596124481454995097835
5836680535003311897572284417793542576444591124
8990958951273824595656414042828965356699026258
1988915490813796799082240815247568307371050613
9569686001072633760487263497766933003741488786
9398895573966647915818384263554956089288113274
579708171671249363925336177509472.

-Giatricia E tinh duoc:

30014592295808301279654968521122069831791847
7983.

- Nhu vy, E = E, chit ky dugc cong nhin 1a hop 1é.
2.2.6. Mitc d@¢ an toan ciia lwgc dé méi dé xuat

a. Tan cong khoa bi mat

O luge d6 méi dé xudt, khoa bi mat cua mot ddi tuong ky
1a cap (xj, x2), tinh an toan cua lugc d0 sé bi pha vo hgém toan
khi cap khoa néx ¢6 thé tinh dugce boi mot ha}{ cécﬁdéi tuong
khong mong muon. Tir Thuft toan 1.1 cho thay, d€ tim dugc
x> can phai tinh dugc tham so @(n), nghia 1a phai giai duogc
IFP s, con dé tinh duogc x; can phai giai dugc DLPg, o Nhu
vdy, dé tim duoc cap khoa bi mat nay, ké tin cong can phai
giai dugc dong thoi hai bai toan IFP(, va DLP, o di chira &
trén. Tuy nhién, viéc giai duoc DLP(, ¢ la khé tuong duong
Vv6i viée giai dong thoi hai bai toan IFP@) va DLP, o). Vi the,
¢6 the dan ra rang, tinh an toan vé khoa cua luge d6 moi dé
xudt dugc dam bao boi tinh kho cua viée giai dong thoi hai
bai toan phan tich so va logarit roi rac trén Z,.

b. T4n cong gia mao chir ky

Tir diéu kién cua Thuat toan 1.3, mot cap (E.S) bat ky
s€ duoc coi la chir ky hop 1€ cua do6i tuong s¢ hiru cac tham
s0 cong khai (n,g,y) Ién ban tin M néu thoa man:

E=HM (o) <(y) madn)) @

Tir (4) cho thdy, viéc tim cap (E, S) bang cach chon
trudec mot trong hai gia tri roi tinh gia tri con lai déu kho
hon viéc giai DLP(,, . Hon nita, néu H(.) dugc chon 1a ham
bam c6 do an toan cao (SHA 256/512,...) thi viéc chon ngiu
nhién cap (E, S) théa man (4) hoan toan khong kha thi trong

“THIS IS A NEW

cac tmg dung thyc té.
2.2.7. Tinh higu qua ciia heoc do méi dé xudt

Tinh hiéu qua cta luge dd chir ky c6 fghé danh gia qua
chi phi thye hién cua cac thuat toan ky, kiém tra chir ky va
kich thudc chir }()’f ma quc (jé sinh ra. O muc nay, tinh hiéu
qua cua lgqc d0 méi dé xuat sé dugc danh gia va so sanh
véi cac két qua trong [9].

a. Kich thwoéc chir ky

Kich thudc chir ky do lwgc dd mai dé xuét tao ra s&
duoc so sanh véi kich thuge chir ky cua cac luge do trong
[9] vé&i cung b tham s6 da dugc lya chon.

Trong [9], cac lugc dd chir ky st dung modulo n dugc
tao ra tir hai s6 nguyéntéogvag: n=qxq"'.Véilq/=1q’|
= 512 bit, nén [n| = 1024 bit. Ham bam duogc lya chon c6
kich thudc gia tri dau ra 1a 160 bit, vi thé kich thudce chir
ky do cac lugc d6 nay tao ra la: [E| + |S| = 160 bit + 1024
bit = 1184 bit.

Khi ap dung phuong phap rit ngan kich thude chir ky
theo [10] v&i cac tham s6 | g~ q'[>512bit, | n[>1024
bit, | p[>1024 bit, |y |=160 bit va |0 |=160 bit. O day,

p=2n+1 va y=y"y", véi y'|(@-1, r"I(a-1),

7" +(g-1), y'+(q'-1). Khi @0, chit ky do cac lugc do
trong [9] tao ra 1a bd ba tham sé (k,g,v) va s& c6 kich thudc
la |[k|+]g]|+]|v[>480bit.

O luge d6 moi dé xuat, cac tham sd (». g, n) la tuong
duong voi (g, ¢’, n) trong [9], con cac tham so (p1, g1, m) cla
lrgc dd méi dé xudt va ( ]/' , }/" , 7 ) trong [9] ciing c6 vai tro
twong duong nhau. Néu chon kich thude cac tham sé tuong
tu nhu & cac luge do trong [9] thi kich thuge chir ky do lugce
d6 mdi dé xuat tao ra 1a [E| +|S| = 160 bit + 160 bit = 320 bit.

Nhan xet:

Tir cac két qua trén cho thay, v6i bd tham sb di lya chon,
chir ky do luogc dd méi d& xuat tao ra co kich thudc nho
hon 3 1an so véi kich thudce chir ky do cac luge do trong [9]
tao ra va nho hon 1,5 lan khi cac lugc d0 nay ap dung
phuong phap rit gon chir ky theo [10].

b. Chi phi thwc hién

Chi phi thyc hién hay chi phi tinh todn cua cac thuét
toan ky va klem tra chir ky co the dugc danh gia thong qua
s6 phép toan can thuc hién hay tong thoi gian can thyc hién
c4c phép toan dé hinh thanh va kiém tra chit ky, & day quy
udc st dung cac ky hiéu:

Texp: thoi gian thuc hién phép toan mii modulo.

Th: thoi gian thyc hién ham bam.

Tmui: thoi gian thyc hién phép nhan modulo.

Tinv: thoi gian thue hién phép nghich dao modulo.
Ty : thoi gian thuc hién phép khai can bac 2 modulo.

Chu y:

. Thuat toan sinh tham sé va khoéa chi pﬁn thuc hién mot
lan duy nhat véi moi d6i tugng ky. Vi the, chi phi tinh toan
cho thut toan sinh tham s0 va khoa c6 thé bo qua khi tinh
toan chi phi thyc hién luge do ky.

+ Thoi gian thyc hién ciia luge do chir ky méi dé xuét:
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Thoi gian thuc hién thudt toan ky: (Texp + Tn+ 2T mur)-
Thoi gian thyc hién thuét toan kiém tra:
(2Texp + T+ 2Tmul).

+ Thoi gian thuc hién cua luge dd chir ky thir nhét
trong [9]:

Thoi gian thuc hién thuat toan ky: (Texp+ Th+ T+ Tsr)-

Thoi gian thye hién thuét toan kiém tra: (BTexp + Tt Trnw).

Chii y:

Pé tinh duwgc thanh phin S cua chit ky theo

?=k-x.Emodn [9], thi (k—X.E ) phaila ddng du bac
2 modulo n. Diu d6 khong ludn xdy ra vi moi gia tri k
dqqc chon ¢ budce thir nhat cua thuét toan ky. Noi cach khéc,
dé tao duogc gia tri S, cac budc cua thuat toan ky co the s&
phai thyc hién nhiéu lan, gia st s6 lan can phai thyc hién la
N, khi d6 thoi gian thyc hién thuét toan ky cta lugce do thi
nhat trong [9] s€ 1a N.(Texp + Th+ Tt + Tr).
+ Thoi gian thuc hién cua luge d6 chit ky thir hai trong [9]:
Thoi gian thyc hién thuat toan ky: (2Texp + Th+ Trnur).
Thoi gian thyce hién thuat toan kiém tra: (3 Texp + Th+ o).
Chu y:

Dé rat ngan do6 dai chir ky theo phuong phap [10] thi
cac luge dd trong [9] can phai thuc hién bd sung mot sb
phép tinh iy thira, nhan, nghich dao modulo nira. Vi thé,
chi phi thuc hién cac lwoc dd nay s& ting déang ké so véi
cac két qua da chi ra trén day [9].

Nhan xét:

Cac két qua trén cho théy hiéu qua thuc hién cua lugc
d6 mai dé xut cao hon céc luge do trong [9] ca hai truong
hop ap dung va khong 4p dung phuwong phép rit ngén kich
thudce chir ky theo [10].

3. Két luan

Trong bai bdo nay, nhom tac gia dé xuat mot luge do
chir ky s6 mdi xay dung trén co s¢ két hop dong thoi hai
bai toan phan tich s6 va logarit roi rac trén Z, nham ning
cao do an toan cua thuat toan chir ky $6. Tlnh an toan cua
lwoc d6 nay dwoc dam bao bang tinh kho ciia viée giai dong
thoi hai bai toan noi trén, nghia 1a tinh an toan cua lugc do
moéi dé xuét chi bi pha v& khi dong thoi giai dugc cac bai
toan nay. Ngoai ra, luoc do mai dé xuat c6 kich thudc nho

hon va hiéu qua thuc hién ciing cao hon so v§i mot $6 luoc
dd [9, 10] da dwoc dé cap trong bai bao. Piéu nay sé giup
cho viéc nang cao hi¢u qua thyc hién cia lugc dd trong cac
g dung thyc té.
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