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XAY DUNG CO SO DU LIEU CAC PA THUC BAT KHA QUY
PHUC VU CAC UNG DUNG THUC TIEN
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DPing Thanh Diing*

TOM TAT
Pa thirc bat kha quy co nhiéu 1ng dung thuec tién, ddac biét la trong cdc linh vuc
Iy thuyét md (coding theory), ma héa mdt ma (cryptography) va an toan thong tin
(information security). Bai bdo ndy trinh bay két qua nghién ciru va cdi dat thir
nghiém ciia qud trinh xdy dung co sé di liéu cdc da thirc bdt khd quy phuc vu cdc

vtng dung thuec tién.

Tir khéa: Pa thirc bat kha quy,truong hitu han, Iy thuyét ma, ma hoa mdt ma, an

toan thong tin

1. Giéi thi¢u

Pa thic bat kha quy c6 nhiéu tinh
chat twong ty nhu sé nguyén to cia
vanh sd nguyén va c6 thé xem nhu la
mot sy mé rong va thay thé ty nhién
ctia s6 nguyén t6 trong nhiéu tmg dung
thuc tién, dic biét 1a trong linh vuc ma
héa mat ma va chir ky sé [1], [2], [3],
[4]. Tuy nhién, qua trinh phat sinh da
thic bat kha quy tiéu tén lugng thoi
gian déng ké, dic biét 1a khi can phat
sinh da thirc bat kha quy bac cao hay
phat sinh v&i s6 lugng 16n.

Cau hoi dat ra la tai sao ching ta
khong xay dung sdn mot kho co s& dit
lidu cac da thirc bat kha quy dé khi can
c6 thé nhan duoc két qud mot cach
nhanh choéng va tién 191? Chiing ta ciing
¢6 thé d& dang nhan duoc cac da thuc
bat kha quy thoa man mot s tiéu chi nao
d6 theo yéu cau ctia ing dung. Qua trinh
xdy dung co so dir liéu cac da thirc bat
kha quy bao gdm qué trinh phat sinh da
thirc va chon lua cAu tric luu trir thich
hop thuan tién cho viéc tim kiém. Mot s6
cong trinh dua ra mot danh sach han ché
cac da thirc bat kha quy hodc li¢t ké mat
sO luong 16n cac da thuc bat kha quy
dang dic biét [4], [5] chimg to rang quéa
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trinh xay dung co s¢ dir liéu cac da thic
bét kha quy la thuce su can thiét. Dua vao
cac cong trinh nghién ctru c6 li€én quan
ching t6i dua ra ba giai phap phat sinh
da thirc bat kha quy:

i.) Giai phap thir nhat 14 phét sinh ra
da thirc bat ky bac = roi dya vao giai
thuat kiém tra tinh bat kha quy cta da
thirc (giai thuat IPT trong [6]) va thuc
hién nhu sau: chon ngau nhién mot da
thirc roi kiém tra xem da thirc do co
phai 1a da thirc bat kha quy hay khong
va lap lai qua trinh nay cho dén khi
chon duoc da thirc bat kha quy.

ii.) Giai phap thtr hai dya vao cong
thirc tong hop: tir cac da thic bat kha
quy di biét ching ta c6 thé tong hop
nén cac da thuc bat kha quy méi. Giai
phap nay cé thé tong hop ra cac da thirc
bat kha quy bac cao ma khong doi hoi
nhiéu thoi gian.

iii.) Giai phap thir ba dya vao két
qua cta mét dinh 1y toan hoc (dinh 1y
3.5, trang 84, [4]) ma theo d6 chung ta
c6 thé tinh duge da thirc I(g, mx) 1 da
thirc tich ciia tat ca cac da thic bat kha
quy c6 bac n trén truong F,. Sau d6 chi
can phan tich da thic tich nay ra thanh
cac nhan tir bat kha quy 14 ta dd c6 thé
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tim duoc tat ca cac da thic bt kha quy
bac n. Bai toan phan tich da thuac thanh
cac nhan tir bat kha quy da duoc nhiéu
tac gia tham gia nghién cuu.

Qua trinh xay dung co s¢ dir licu
cac da thirc bit kha quy cua chung ta
bao gdm hai giai doan. O giai doan dau
ching ta s€ xay dung mdt co s¢ dir licu
bao gdm day du cac da thic bit kha quy
t6i mot ngudng & bac n nao dé (ching
han n = 25). O giai doan sau chung ta s&
tong hop cac da thirc bat kha quy bac
cao dua vao kho co sé dir liéu da xay
dung dugc ¢ giai doan dau.

Céu tric ctia bai bao nhu sau:

- Phan 2: khao sat su phan bd cia
céc da thic bat kha quy trén truong hiru
han F,, cic cOng trinh lién quan va mot
vai vi du tmg dung dién hinh.

- Phan 3: trinh bay qua trinh xdy
dung co so dir liéu cac da thirc bat kha
quy bao gdm hai budc nhu da noi & trén.

- Phin 4: m6 ta qua trinh cai dat thir
nghiém, so sanh két qua va danh gia hé théng.

- Phéan 5: két luan va hudng phat trién.

2. Sw phin bd va ing dung ciia da
thirc bat kha quy trén truong hiru
han F,

Trong phan nay chung toi trinh bay
¥ nghia thyc tién ciia sy phan bd cac da

thirc bat kha quy trén truedng hiru han F,
va néu lén hai tmg dung dién hinh.
2.1. Sw phin bé ciia cic da thirc
bat kha quy trén truwong hivu han F,
Da thirc bac n trén truong hiru han

F, lamot biéu thirc co dang:
n

flx) =
=0
trong d6 a; € F.i =0.1,....n.

Pa thic bat kha quy 1a da thuc
khong thé phan tich thanh tich cua hai
da thtc c6 bac 16n hon hay bang 1. Mot
dang dic biét cia da thic bat kha quy
c¢6 nhiéu Gmg dung trong thyc tién 1a da
thic nguyén thuy. Pa thirc nguyén thiy
fix) 1a phdn t& sinh coa truong
F [y f@0 ,(*F& [x] 12 tap tat ca cac da thuc
c6 hé so lay trong truong E,).

Tap cac da thic bat kha quy 13 vo
han. O mdi bac n =1 déu c6 chira mot
sd lugng nhat dinh cac da thic bat kha
quy [4]. Bang 1(thuc hién tinh toan theo
cong trinh [4], Theorem 3.24, p. 84) cho
biét sy phan bd cua cac da thirc bat kha
quy trén truong nhi phan F; (g = 2) véi
cac gid tri cua bac n = 20,

Bang 1: Si phdn bé theo bdc ciia cdc da thire bat kha quy trén truong nhi phan F,

Bac DT PT Ty ¢ Bac DTBKQ DT Ty I

BKQ (%) (%)
1 2 2 100 11 186 2048 9,08
2 1 4 25 12 335 4096 8,17
3 2 8 25 13 630 8192 7,69
4 3 16 18,75 14 1161 16384 7,08
5 6 32 18,75 15 2182 32768 6,65
6 9 64 14,06 16 4080 65536 6,22
7 18 128 14,06 17 7710 131072 5,88
8 30 256 11,71 18 14532 262144 5,54
9 56 512 10,93 19 27594 524288 5,26
10 99 1024 9,66 20 52377 1048576 4,99
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Ta c6 nhan xét 1a khi bac n cang cao
thi ty 1& cac da thic bat kha quy trén
tong s6 cac da thirc giam, nhung sd
luong cac da thirc bat kha quy ting 1én
ngay cang lon. Trén truong F, bat ky
(g = 2) cac gia tri nay s€ 1on hon nhicu.
Sb luwong 16n cac da thic bat kha quy 1a
tién dé can thiét cho viéc thyc hién ma
héa ma khong so bi tin cong theo kiéu
vét can (Brute-Force search). Hon nira,
qua trinh phat sinh khoa doi héi phai
chon ngau nhién mot da thuc va kiém
tra xem d6 c6 phai 1a da thic bat kha
quy hay khong [3]. S6 lugng 16n cac da
thirc bat kha quy dam bao cho qué trinh
nay khong phai lap lai nhiéu lan va do
d6 méi co gia tritmg dung thuc tién.

2.2. Mt 56 cong trinh lién quan dén
phin tich da thirc va tong hop da thivc

Bai toan phan tich da thirc thanh cac
nhan tir bat kha quy di dwoc cac nha
khoa hoc tham gia nghién ctru tir rat
som [7]. C6 nhiing giai phap tong quat
va toan dién, cling c6 nhitng gidi phap
chi giai quyét mot phan cia van dé hodc
d6i voi mot sé dang da thuc dic biét
nhu Tonelli (1891) va Schoof (1985):
chi phan tich cac da thirc bac 2 trén
truong hiru han £,. Arwin (1918) chi
tach cac thira sd c¢6 bac khac nhau, tic
1a phén tich thanh tich cia cac thira sd
¢6 cung bac, do d6 chua phai 1a thira sd
bat kha quy. Berlekamp d¢ xuat hai giai
thuat phan tich: mot giai thuat tat dinh
(deterministic) sir dung cong cu dai sb
(1967) va mot giai thuat ngau nhién
(1970) dya theo phuong phap ngiu
nhién cia Collins va Knuth. Rabin giéi
thiéu mot gidi thuat ngéu nhién (1980)
sau d6 dugc cai tién boi Ben-Or (1981).
Cantor va Zassenhaus (1981) d& xuét
giai thuit ngiu nhién dau tién thuc thi
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trong thoi gian da thuc véi khong gian
lwu trit tuyén tinh o(n). Huang (1991)
dua ra giai thuat c6 thoi gian thuc thi tot
nhit nhung lai phu thudc vao gia thuyét
Riemann m¢ rong (chua duoc ching
minh). Chung ta s€ st dung cac phuong
phap phan tich cua Berlekamp va
Cantor-Zassenhaus trong qué trinh cai
datcua bai bao nay.

Bai toan téng hop cic da thuc bat
kha quy tir cac da thirc bat kha quy da
biét dd dugc cong bd trong nhidu cong
trinh nghién clru cia cac tac gid hoac
dugc tong hop lai trong mot sd cong
trinh lién quan [4], [5], [8], [9], [10]. Pa
thirc ban dau dung dé tong hop can thoa
mén mét s6 diéu kién téng hop nao do,
cac da thuc dugc tong hop co thé ¢
cung truong voi da thirc ban dau, hodc
c6 thé ¢ trong cac truong mo rong cua
nd. Chung t61 chon cai dat thir nghiém
nhimg cong thirc tong hop don gian,
hiéu qua tranh khong phai thuc hién
tinh todn phutc tap trén cac truong mo
rong. Cac phuwong phap nay dugc dé
cap trong cac cong trinh [4], [5], [9]. Vé
viéc xay dung co s¢ dir lidu cac da thic
bat kha quy, chiung t6i chua tim thiy
cong trinh nao dugc cong bé.

Viéc tim ra cong thirc dung dé tong
hop cac da thic bat kha quy bac cao tir
cac da thirc bat kha quy béac thip hon da
biét co y nghia thyc tién to 16n. N6 gitp
ta tim dugc cac da thirc bat kha quy bac
cao ma khong doi hoi phai ton nhidu
thoi gian dé kiém tra tinh bat kha quy.
Cong thic tong hop da thirc dua trén
cac dinh 1y toan hoc duoc dé cap dén
trong cac cong trinh tham khao cé lién
quan. Trong bai bdo nay chiang to61
chon lya cai dit nhitng cong thic tong
hop don gidn, hiéu qua va hitu dung,
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tranh viéc thuc hién tinh toan trén cac
truong mo rong von kha phirc tap. Sau
day 1a mot s6 phuong phap tong hop
duogc st dung.

i.) Phwong phap Order-Based:

Phuong phap Order-Based [5]
(Theorem 3.9, p. 44) can mot da thirc
bat kha quy thoa diéu kién tong hop va
c6 thé phat sinh ra vo sb cac da thirc bt
kha quy bac cao tuy y. Phuong phép
nay duoc cai  dat boi  ham
O_PolyGen(Polly p. int k) va cho két
qua 1a mot da thic bat kha quy (c6 chira
tham s6) tong hop dugc véi tham s
nhéan gia tri &, hodc thong bao da thirc
bat kha quy » da cho khong théa mén
diéu kién tong hop. Vi duy, tir da thirc

P_PolyGen

(F+x*+xr+x+1)=

bat kha quy x 4+ x + 1 ta tong hop dugc
da thirc bat kha quy chira tham s
Kk = 00 x* +x% +1. Do d6:
O_PolyGen(x* + x+ 1.1} =x+x* +1

O PolyGen(x*+x+1.2)=x" +x° +1

ii.) Phwong phap Primitive-Based:

Phuong phéap Primitive-Based [9]
(Theorem 11, p. 16) can mét da thirc
nguyén thiy théa man didu kién tong
hop. Phuong phap nay duoc cai dat boi
ham P_PolyGen(Poly ») va cho két qua
la mot da thirc bat kha quy bac
n{2" — 1), trong d6 n 1a bac cua da thuc
nguyén thuy g, hodc thong bao da thirc
» khong thoa man diéu kién tong hop.

xl.55 -|—J.'l'54 _l_x]j: _l_x14-" _I_xlﬁld-_l_xlﬁl-: _l_xl.:l]. _l_xl!B _l_xl.!-" _l_x].!E-_l_xl!S_l_xl.!:t -|—J.'l'!D _l_xl.:'? _l_xll-" +
xl:s +x1!5 +J.'l:1 +x1!D +x119+x119+x117 +x11! +x112 +x11|3 _I_xiDD_I_xlDQ +ILDE +x1m+x99+x95+
xN_l_x‘?! _l_x'?D _l_xB'?_l_xBB_l_xB-"_l_xBE _l_xBZ _l_xBl_l_xT?_I_x?B _l_x?-" _l_x.'-s _l_x-"! -I-J.'EB -I-J.'E'E' -I-J.'E'E -I-J.'E': +
D o T i N T Sl L N L N R B L B L S
x:l._l_xZD_l_xl.?_l_xl.ﬁ_l_xls_l_xld-_l_xl!+x9+x3+x6+x5+x4+x:_|_1

Phwong phap Varshamov:

Phuong phap Varshamov [5]
(Theorem 3.19, p. 49) can mot da thirc
nguyén thily théa man diéu kién tong
hop va cho két qua 1a mot ho cac da
thirc bat kha quy duoc tinh thong qua
cac cong thirc truy hoi. Phuong phap
nay dugc cai dat thong qua ham

V_PolyGen(Poly p, int k) va tra vé da
thirc thir & cua ho da thirc tong hop
dugc. Cing giébng nhu phuong phéap
Order-Based, phuong phép nay cho két
qua 12 vo s6 da thirc bat kha quy véi bac
16n tuy y, hodc thong bio da thuc da
cho khong thoa man diéu kién tong hop.

V PolyGen(x®*+x* + 1,0y =x" +x" +x¥+x* + 2P + x + 1
V _PolyGen(x® +x*+ 1. 1) =x* +x7 +x¥ + 1 +x® + 2" +x* + x4+ 1

iii.) Phwong phap Kyuregyan

Phuong phap Kyuregyan [9]
(Theorem 5, Corollary 2, p. 11) cin mot
da thirc bat kha quy bac n va mot da
thirc nguyén thuy bac m théa man cac
didu kién tong hop va cho két qua la
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mot da thirc bt kha quy bac n(2™ — 1).
Phuong phap nay dugc cai dat thong
qua ham K PolyGen(Poly », Poly g) va
cho két qua 1a mot da thirc bat kha quy
hodc thong bdo da thuc da cho khong
thoa man diéu kién tong hop.
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K_PolyGen

{x!+x+1,x5+x4+x:+x+1]=x“+x°1+xgn+x99+x95+xm+x3!+_r9:+x79+x'_'5+_r4+x?!+
x?:+x59+x57+x55+x52+x51+x5D+x5T+x55+xE~4+x5! +x5D+x4E+x4?+x4E+x45+x4!+x4D+
x!9+xEB+x!T+x!4+xE:+xﬂl+x:‘?+x29+x:?+x:4+x22+x:D+x19+xlB+xl.-"+xl.5+x14+xll+

pxTdxtpxtdxtexi4l ~ 1 A . Ar s
FAe At st ma héa déu duoc phat sinh mdt cach

So sanh gita cac phwong phap
tong hop

e Phuong phdp Order-Based va
Varshamov (c6 tinh chat dé quy) can
mot da thire bat kha quy va phat sinh ra
vo sb da thic bat kha quy c6 bic cao
tuy y. Phuong phap Primitive-Based
can mot da thirc nguyén thay, phuong
phap Kyuregyan can mot da thirc
nguyén thay va mot da thac bat kha
quy. Tuy nhién, ca hai phuong phép nay
déu ciing chi phat sinh (néu thoa diéu
kién tong hop) ra mot da thirc bat kha
quy khéc.
Phuong Primitive-Based khong
can thém diéu kién tong hop nio. Cac
diéu kién tong hop cia hai phuong phap
Order-Based va Varshamov tuong ddi
dé thoa man. Piéu kién tong hop cua
phuong phap Kyuregyan la kho thoa
man nhét.

2.3. Mjt vai iing dung dién hinh
cia cdc da thive bit kha quy

Pa thirc bat kha quy c¢6 nhiéu ung
dung thuc tién [4]. Chung t6i trinh bay
so lugc hai tng dung dién hinh: tao ra
bo sinh s ngiu nhién tir da thirc
nguyén thiy, ma hoa khoa cong khai va
chir ky s6 dung da thirc bat kha quy.

2.3.1. Tao ra bg sinh sé ngau nhién

Bo sinh sd ngau nhién co vai trd
quan trong trong nhiéu ung dung thuc
tién, chang han khéa trong cic qué trinh

r=x? 41
=¥ = x(xt 1) = x4 x

x7 = x.x% = x{x* +x) = x* 4 x*
E_

ngau nhién.

B sinh s6 ngdu nhién Tausworthe
duoc xay dung bang cach tao ra chudi
s6 nhi phan ngiu nhién réi chon cac
khéi [ s6 nhi phan lién tiép, mdi khbi
duoc xem nhu 1 biéu dién cua mot sd
nguyén x e [0.2' — 1]. Sau d6 ta tinh két
qua x/2' ciia moi gia trj x dé c6 duogc
cac sO ngau nhién trong khoang [0,1).

Da thirc nguyén thuy c6 tdc dung
phat sinh ra chudi s6 nhi phan ngau
nhién, do d6 c6 thé dung dé tao ra bd
tao s6 ngau nhién Tausworthe. Pé don
gian hoa viéc tinh todn nguoi ta thuong
chon da thirc nguyén thuy dang tam
thirc x* +x7+ 1. Pa thic cd bac cang
cao thi bo sinh sd ngiu nhién co quy
luat cang giéng véi cac qua trinh ngau
nhién trong thyc té&. BO sinh sb ngau
nhién Tausworthe dugc xay dung tir da
thirc nguyén thuy duoc mé ta chi tiét
trong cong trinh [9]. Chung t6i trinh bay
tom tat qua mdt vi du cu thé véi da thirc
nguyén thuy flx} = x*+x* +1 va chon
khéi voi gia tri 1 = 5.

Goi Z,[x] 1a tap cac da thirc c6 hé sb
trén truong nhi phan Z,, khi ay vanh
thuong Z,[xl/(f(x)) la mot truong bao
gdm cac phan tir 1a cac da thic c6 bac
n <3, Trén truong nay
f(x) = 0 (mod f(x)) nén ta co:

x® + 2%+ 1= 0= 2x(trén truong nhi
phén 2t = 0)

Do dé:

x —.r.r'_'=.r{.r4+_r::| =x5+x! = x? -I—_r:-l—l
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Néu ta tinh gid tri cua cac liy thl‘ra

' =1x =x, 2% 2% x4 x5, L tal x—l roi
nhém lai theo ting cum [ =35 ) (nhi
phan) thi cic chudi s6 nhi phan nay la
ngau nhién va chung duoc st dung dé

tao ra bd sinh sb ngdu nhién
Tausworthe nhu dugc mo ta trong [11].

2.3.2. Ma héa khoa cong khai va
chit ky s6

Da thiic bat kha quy c6 thé dung dé
thay thé cho s6 nguyén td trong ma hoa
khoa cong khai va chir ky sb, qua trinh
ky va m3 hoa duoc md ta ngin gon
thong qua mot vi du cu thé & ngay bén
dudi. Ramzi A. Haraty va cac dong
nghiép [3] da lam thyc nghi¢ém so sanh
gitta hai phuong phap RSA cb dién
(dua trén sb nguyén td) va RSA dua
trén da thic va di dua ra mot sd két
luan nhu sau:

e Tan cong hé thong RSA cb dién
rat d& ddi vai cac sb nguyen t6 nho. Tuy
nhién, d6i véi cac sb nguyen to co tir
100 chir s trd 1én thi hé thong rat khé
tan cong va can phai str dung nhiéu may
tinh chay song song.

e Tan cong hé théng RSA dya
trén da thtic tré nén kho hon khi kich
thudc cuia p tang hodc khi bac cua da
thac lon.

Qua trinh tao khéa (ctia nguoi
giri 4) bao gém cac budc sau:

e Chon ngiu nhién 1 sé nguyén t&
1¢ » va 2 da thirc bat kha quy £(x) va g(x)
trén truong hiru han z, (rat tn thoi gian

Vi du vé6i céc bd s6 cu the:

d6i voi da thire bat kha quy bac cao dé
dam bao tinh an toan cta hé thng).

o Tinh hix) = flx). g(x)

e Tinh @(r(x)) =" - 1DpE° -1)
voi » va s 1an lugt 13 bac cia f(x) va
g(x) N )

e Chon ngau nhién sO nguyén

e,1 < e < p(hlx)) sao cho
ged (e, :p{h':x:]} =1

e S dung thudt todn chia
Euclidean dé xac dinh sd nguyén
d1=d=<gh(x) sao cho
ed = 1 (mod ¢(h(x)) (d dugc xac dinh &
budc nay 1a duy nhét)

e Cong bd khéa cong khai

(p. h(x).e) va gilt d 1a khoa bi mat

Qua trinh ky (cia nguwoi giri 4)
bao gdm cac buée sau:

e Nhan thong diép mix) tr trong
hé¢ thing du didy du modulo f(x) cua
Zy [x]

e Tinh m,(x) = R(m(x)) 1a mot da
thirc trong hé thing du diy du modulo
hx) cla Z,[x]

e St dung khoa bi mat d dé tinh
s(x) = (my(x))? (modh(x))

e @Gui thong diép da ky va ma hoa
s(x) cua nguyén ban m{x)

Qua trinh chirng thue (cia nguoi
nhén B) bao gom céc buéc sau:

e E nhan Kkhoéa cong khai
(p.h(x),e) cua A

e B tinh (s(x))® (=my(x))

e B phuc hdi nguyén ban m(x)
bang cach tinh R~*(m, (x))

e A Chonp=2389, flu) = x* + 376x + 43, glx) =x% + 38427 + 3x + 10 trén Zses[x],

va tinh:
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h(x) = flx). g(x) = x° + 371x* + 111x% + 145x% + 388x + 41,

o(h(x)) = (3897 —1)(389% — 1) = 8907280505760,

Sau d6 A chon ¢ = 95561135032 va tinh duogc d = 5878808345739,

Gia sir cAn ma hoa thong diép mlx} =1 + 3x + x?, A thuc hién tinh toan sau:

my(x) = R(m(x) ) = m(x) =1 + 3x + x?,

s(x) = (my(x) ¢ = (14 3x 4 x*)ETEE0E2575% = 1724% + 86x° + 26527 + 59x + 177 (modh(x)),
A guri cho B thong di¢p da dugec ma hoa va ky 1a s(x).
e B thuc hién qud trinh xdc thuc va gidi ma bang cdch tinh:
[s(x)1% = (172x* 4 86x® + 265 x% + 50x 4+ 177) 95561135035 — (1 1 3¢ 4 x%)(modh(x) ) = m,(x),

mix) =R71 +3x +x%) =1 +3x + x%.

Pé don gian trong ca hai quéa trinh
ky va chung thuc & trén ching ta déu
ding ham md hoa R(m) 1a ham dong
nhit (RGm) = m), ciing tirc 13 khong c6
ma hoa va do d6 R™*(m} =m.

Tang tinh hiéu qua cho qua trinh
phat sinh khéa bing cich st dung
cong thirc tong hop da thirc:

Véi kho co s dit lidu cac da thire bat
kha quy di duoc xiy dung san, chung ta
c¢6 thé tang tinh hiéu qua cho qué trinh
phat sinh khoa (chon f(x) va g(x)) trong
qua trinh tao khoa bang cach sau:

e Chon ngiu nhién mot da thuc
bat kha quy trong kho co s& dit liéu cac
da thie bat kha quy (con sd hitu han).

e Dung cong thic tong hop dé
tinh ra mot da thirc bat kha quy khac va
ding 1am khoéa (con sd nay c6 thé 1a vo
han, néu ta s dung cac cong thic tong
hop ¢6 tinh chat d¢ quy).

Xét vi du sau: trong co sé dir li€u co
chura da thirc bat kha quy trén truong nhi
phan £ : x* + x+ 1. Dya vao cong thirc

téng hop ta biét cac da thuc c6 dang
FO) =x* +x¥ +1,k=1 cling 13 céc
da thirc bat kha quy va sd lugng cac da
thuc nay la vo han. Do d6, ching ta co
thé chon ngﬁu nhién mot gia tri & va
dung fix) dé 1am khoa. Viéc tinh toan
f(x) khong mat nhiéu thoi gian, khong
gian khoéa 12 v6 han, diém yéu 1a khoa c6
cau tric kha dic biét co thé gitip cho cac
nha phan tich ma c¢6 phuong phap tin
cong dac biét nao do dbi v6i hé ma nay.

3. Xay dung co s¢ dir liéu cac da
thire bat kha quy

Qua trinh xay dung co s¢ dir liéu
cac da thic bat kha quy bao gdm hai
giai doan: giai doan xay dung co s&
dir liéu ban dau va giai doan tong hop
da thirc nhu di trinh bay ¢ phan gidi
thi¢u. Chiing ta chi can xét cac da thuc
bat kha quy c6 hé sé dau bang 1
(@, =1). Hinh 1 trinh bay qué trinh
x4y dung co so dit lidu cac da thire bat
kha quy.

XAY DUNG CO SO DU LIEU TONG HQP PA THUC BKQ BAC CAO
BAN PAU "
[ Phat sinh han che ]
[ Phwong phap Factoring I
[ Tim da thirc dang dic biét ]
Ph hap G ti R
[ irong phap Lenerating ] [ Cac phwong phap tong hop ]

Hinh 1: Qud trinh xdy dung co sé dir liéu cdc da thire bat kha quy
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3.1. Xdy dung co sé dir liéu ban dau quy.Chung t6i str dung hai phuong phéap

Chung ta su dung hai phuong phap phan tich: phuong phap tit dinh
dé xay dung co so dit liéu ban dau: Berlekamp [4] (p. 130) va phuong phéap
phuong phap Factoring va phuong phap ngau nhién Cantor-Zassenhaus [6] (p.
Generating. D41 v6i phuong phap 530). Vi du, dé tim tt ca cac da thirc
Factoring, ta khong can quan tim dén bat kha quy bac 4 trén trudng nhi phan
cac da thuc kha quy. Theo [4] (theorem F, chung ta phan tich da tich
3.5, p. 84) ta c6 cong thirc tinh tich cua 124:x) =x2 +x +x*+ x*+1 ra thanh
tat ca cac da thirc bat kha quy bac avéi tich cac nhan tir bat kha quy (co tat ca
hé s6 g & F,. Dé tim tit ca cac da thic ba da thirc bt kha quy bac 4, phu hop
bat kha quy bac n chung ta chi viéc v6i cong thirc tinh s luong cac da thirc
phan tich da thac tich I{g.n: x) vira tinh bat kha quy bac = trong [4]):
dugc ra thanh cdc nhan tir bat kha
I24;) =x2 428 428 + x4 1= 423 428 +x + DA+ 2 + D 40+ 1)

Phuong phap Generating dya vao giai thut kiém tra tinh bat kha quy cua da
thure: giai thuat IPT trong [6] (Theorem 19.10, p. 513).

Giai thuat IPT

Input: da thure £ c6 bac »

Output: true hoac false

h+=zmod f

fori—110 In/z] do

h~h mod F
if ecedih—nfiz1
return false

endif
endfor
return true
Ta lan luot phat sinh ra tit ca cac da 3.2. Tong hop cdc da thirc bit khd
thirc bac » roi dung giai thuat IPT dé quy bdc cao
kiém tra va loai bo cac da thirc kha quy. S6 luong cac da thic bat kha quy

Két qua ta s€ nhan duogc tat ca cac da tang lén rat nhanh theo bac, do dé viéc
thirc bat kha quy bac n. Khac véi tim tat ca cac da thirc bat kha quy & bac
phuong phap Factoring phuong phéap cao 14 bat kha thi va doi khi khong thyc
nay phai xem xét tt ca cac da thic bac sy can thiét. Ching ta s& sir dung céac
n. Vi duy, phat sinh tit ca cac da thic phuong phap sau day dé tim cac da thic
bac 4 dang x* + azx® + a;x” + a;x + 1 VO bat kha quy & bac cao:

a,.a;.a; € F. Sau qua trinh kiém tra va e Phat sinh cic da thuc bat kha
loai bo két qua thu duoc 13 ba da thirc quy v6i s6 luong han ché.

bat kha quy nhu trong phuong phap e Tim cac da thirc bat kha quy
Factoring & trén. dang dac biét.
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e Tong hop tir cac da thuc bat kha
quy béc thap hon.

3.2.1. Phat sinh cac da thirc bdt kha
quy bdc cao véi s6 lwong han ché

Gia st ta cAn tim k da thirc bat kha
quy bac n. Ta c6 thé thuc hién didu nay
bang cach 1an luot phat sinh ngiu nhién
mot da thue bac n, dung giai thuat IPT
da trinh bay & trén dé kiém tra xem do6
c6 phai 1a da thirc bat kha quy chua
duoc phat sinh, néu dung thi s& thém
vao tap két qua. Lap lai qua trinh nay
cho dén khi ta c6 du sb lugng cac da
thic bat kha quy can thiét. Ham
R_PolyGen(n, k) phat sinh & da thirc bat
kha quy bac n.

3.2.2. Tim cdc da thirc bat kha quy
dang dac biét

Pa thuc bat kha quy dang dac biét
thuong dugc nghién ctru 1a nhi thac
(binomial) (" +1) va tam thic
(trinomial) (™ +x™ +1). Truong nhi
phan F; khong c6 cac da thirc bat kha
quy dang nhi thirc. That vy, khi » chan
thi x"+1 chia hét cho x™?+1 (do
x" +1 = (27 + 1)%), nguoc lai khi n 18 thi
n6 chia hét cho x+ 1. Do d6 ta s& thuc
hién viéc tim cac da thic bat kha quy
dang tam thure trén trudng nhi phan F.

Vé co ban ching ta van s& sir dung
gidi thuat IPT & trén, tuy nhién chung ta
c¢6 thé giam thiéu viéc kiém tra tinh bat
kha quy cua cac da thirc dang tam thirc
bang cach str dung phuong phap duoc mod
ta trong [12] (Corollary 5, p. 1105) do
Swan d¢ xuat. Pinh 1y nay gitp loai bo
duoc phan 16n cac trudng hop can phai
kiém tra, diéu nay rat c6 ¥ nghia thuc tién
vi d6i v6i da thuc bac cao viée kiém tra
tinh bat kha quy doi hoi mot lwong thoi
gian dang ké. Ciing theo Swanhai da thirc
Toi(*) VA Tpaoi(x) cO cing tinh chat bét
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kha quy, do do6 trong truong hop n va k
déu 1é thi viéc khao sat da thirc T n_x(x)
s€ quy vé viéc khao sat da thic T, (x].
Tir d6 ta chi can xét tit ca cac da thic
dang T, :(x) vOoi k=n/2 la dG. Ham
T_PolyGen(n) phat sinh tit ca cac tam
thirc bat kha quy béc n.

3.2.3. Sit dung céng thire tong hop

Sau khi da xay dung duoc co so dir
liu ban ddu bao gdm day du tat ca cac
da thirc bat kha quy c6 bac n =25 trén
truong nhi phan £, chung t6i thyc hi¢n
mot vong 13p va ddi véi mdi da thire 14n
luot thye hién cac budc sau:

e Kiém tra diéu kién tong hop cua
ca bon phuong phap tong hop da néu &
muc 2.2 bén trén.

e Néu thoa diéu kién tong hop thi
s& phat sinh cac da thirc tong hop tuong
ung va luu trir vao co so dir li¢u.

Trong thuc té, qua trinh tong hop
nay cé thé thyc hién l3p lai nhidu 1an va
két qua 1a kho co so dir liéu cac da thirc
bat kha quy ngay cang duoc md rong,
cho dén khi dat duoc yéu cau cua tng
dung thyc tién. Tuy nhién, trong qua
trinh cai dat the nghiém chung toi
khong thuc hién qua trinh 13p nay.

3.3. Ciu triic luu triv cho cic da
thive bit khd quy

Chtng ta can chon lwa cach thuc
Iuru trit cac da thirc bat kha quy sao cho
viéc tim kiém c¢6 thé duge thuc hién dé
dang va nhanh chong. Mot trong nhirng
cach co hiéu qua nhét 12 st dung mot hé
quan tri co s& dir liéu chuyén nghiép
(SQL Server chang han) va 1ap chi muc
tim kiém mot cach thich hop.

Noi dung can luu trit 13 chudi nhi
phan biéu dién cic hé sd cua da thirc
trén truong nhi phan F. Tuy nhién, tim
kiém trén chudi nhi phan nay khong
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hiéu qua, do d6 dé ting téc d6 cho qua
trinh tim kiém ta st dyng ham bim
GetHashCode c6 cac tinh chat sau:

o DGi s6 cuia ham 1a mot chudi nhi
phan, két qua tra vé 1a 1 sé nguyén.

¢ Hai chudi nhi phan khac nhau c
thé ¢ cung gia tri ctia ham bam (trudng
hop dung d6 hay tranh chip, tuy nhién
diéu nay rat it khi xay ra do muc dich
thiét ké cia ham bam).

Ngoai ra ta su dung thém céac thong
tin khac nita dé 1ap chi muyc tim kiém
theo cic yéu cdu khac nhau cua tmg
dung thyc tién ciing nhu dé giai quyét
trang chip néu c6. Céc thao tac cap nhat
nhu thém, x6a, stra va tim kiém trén co
s¢ dit ligu duge md ta chi tiét bén dudi.
CAu tric luu trir caa mot da thic bét
kha quy trong co s¢ dir liéu dugc trinh
bay trong bang 2.

Bang 2: Cdu triic heu trit cho cdc da thire bat kha quy

ColumnName Description Primary Key

HashCode G,1a tr} hAamv bam cu,a chudi nhi phan biéu dien Yes
cac hé so cua da thac

Degree Bac cua da thac No

. Tong cac hé so cua da thuc, cho biét so6 cac hé

SumBit OO , , No
SO ¢o gia tri bang 1 cua da thic
SO tht ty cua da thirc trong nhom cac da thuc

GroupOrder c6 cung gia tri cua HashCode va Degree, c6  Yes
tac dung giai quyét tranh chap néu co6

BitString Chuol nhi phan biéu dién cac hé so cua da No
thac

IsPrimitive Pa thurc c6 phai 1a da thirc nguyén thuy? No

3.3.1. Thém mot da thic bat kha
quy vao co so dit liéu

Thao tic thém mot da thirc bt kha
quy vao co s¢ dir li€u dugc cai dat
thong qua ham AddPoly(Poly », bool
needCheck) bao gém céc bude sau:
Tinh gid tri cia ham bam cua
chudi nhi phan biéu dién cac hé sé cia
da thtrc.

Xac dinh bac cua da thuec.

Duya vao céc gia tri vua tinh todn &
trén ta thuc hién tim kiém trong co so
dir lidu. Néu tim khong thiy ta s& thém
da thuc vao co s6 do lieu voéi
GroupOrder c6 gia tri bang 0. Nguoc lai
ta c6 thé tim thdy mot nhom cac da thirc
bat kha quy c6 cung gid tri ctia ham
bam (danh sach nay khéng nhiéu, do
tinh chat hiém khi dung do cua ham
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bam). Néu da thirc can thém khong co
trong danh sich nay thi ta thuc hién
thém da thirc v&i1 GroupOrder c6 gid tri
1a gia tri 16n nhit cua GroupOrder trong
nhom cong thém 1. Trong truong hop
da thirc da ton tai trong co sd dir liéu thi
khong can phai thyc hién thao tic thém
nita. Trong truong hop chua xac dinh
dugc da thic can thém co phai 1a da
thirc bat kha quy hay khong (needCheck
bang false), ta cAn phai thuc hién thém
thao tac kiém tra tinh bat kha quy trudc
khi thém vao co s¢ dir liéu (d6i voi giai
thudt phat sinh ra da thirc bat kha quy
khong can phai kiém tra nira).

3.3.2. Xoa di mot da thuc trong co
so dir lieu

Thao tac x6a di mdt da thic trong
co s& dir liéu dugc cai dat thong qua
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ham DeletePoly(Poly ). Thao tac xba Khi thay d6i ndi dung (chudi nhi
thuong dugc thyc hién sau thao tac tim phan biéu dién cac hé sb cua da thirc)
kiém. Ta tinh toan cac théng tin cua mot da thuc, cac thong tin tuong
HashCode, Degree, va GroupOrder cua ung nhu HashCode, Degree, SumBit
da thirc cAn x6a dé thuc hién thao tac cling thay ddi theo. Do do, thao tac cap
x6a da thirc. Cac thong tin nay tao thanh nhat that ra 1a thao tac thém da thirc maéi
khoa chinh nén xac dinh duy nhat da va x6a di da thic cii. Gibng nhu thao
thie can phai x6a. Trong thuc té thao tac x6a, thao tac cap nhat cling hiém khi

tac x6a hiém khi st dung. dugc st dung trong thuc té.
Van d& tim kiém da thic khi xo6a 4. Két qua cai dit thir nghiém
duoc thuc hién dua trén cac thudc tinh Cai dat thu nghi¢m duogc thuc hién

da duoc 1ap chi myc. H¢ quan tri co s¢ trén moi truong Windows (hé diéu hanh
dir liéu SQL Server luu trit dir liéu duoi Vista) véi cong cu Visual Studio 2008,
dang céu tric cdy mo rong (BTree++) st dung ngon ngtr 1ap trinh C# va h¢
nén thuc hién tim kiém s& nhanh chong quan tri co s¢ dir liu SQL Server 2008.
va hiéu qua hon nhiéu so véi phuong May tinh cai dit chwong trinh c6 ciu
phap tim kiém tuan tu, dic biét 1a dbi hinh CPU Pentium Dual-Core, toc do

v6i khéi luong dir licu 16n. 2GHz, bd nhé trong 1GB. Mot sd giao
3.3.3. Cdp nhat da thiec dién chinh cua chuong trinh nhu hinh 2.
a Polynomial Generation [ol® =4 -/ Polynomial Construction [o] @ ==

Polynomial Operations Polynomial Operations

Enter Polynomial: x"2+x+1 First Polynomial

Second Polynomial: x5+ ek 2ex=

Number of terations: 5

[Jetimioth ] [ Test Construction | [ Test Prmtive |  Test ireducible
V] Simple Berekamp Cantor-Zassenhaus
Polyriceial Garieration | Order-Based Method Primitive-Based Method Varshamov Method | Kyuregyan Method
Bopend Polynomial Construction
Polynomial Degree: 10 Less than or Equalto Using Under Bound Binary — Append
_ , ¥ Polynomial Degree: 5 Less than or Equalto Using Under Bound  Limit: 100 B oy
sl | Construction using OrderBased Method
41
: . 2 ]
(iPotmonia Generation | (. Get Data. | [ SaveDatsbase | [ Save |[ Cear | Polynomial Construction | [ Polynomial Generation | [ Get Data | [ Save Database | [ cear ][ save |
Polynomial Generation Polynomial Construction
Hinh 2: Mot s6 giao dién chinh cua chwong trinh
4.1. Xdy dung co so dir liéu ban diu sinh. Két qua cia ham 1a tat ca cac da
Co s¢ dir liéu ban dau bao gom tat thirc bat kha quy c6 bac n.
ca cac da thtc bat kha quy trén truong Phuong phép Factoring dugc cai

nhi phan F; ¢6 bac n = 25, Phuong phap dat thong qua hai ham
Generating dugc cai dat thong qua ham BerlekampPolyGen(int n) va Cantor-
SimplePolyGen(int n) voin 1a sd bac toi  Zassenhaus(int »). Ca hai ham nay déu
da cia da thiuc bat kha quy can phat cho két qua gibng nhu ham

SimplePolyGen(int n). Ham
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BerlekampPolyGen sir dung phuong
phédp phan tich Berlekamp trong khi
ham  Cantor-Zassenhaus

phuong phdp phan

Zassenhaus.

su
tich Cantor-

dung

Bang 3 so sanh hi¢u qua cia cac

phuong phap (ky hiéu

(1313

chi thoi gian

kha 1au, khong ghi nhan). Phuong phap
Berlekamp hiéu qua hon phuong phap
Cantor-Zassenhaus ¢ bacn nho. Phuong
phap Simple dat hiéu qua cao nhat. Diéu
nay ching to rang (cling gidng nhu bai
toan phan tich s6 nguyén thanh tich cta
cac sd nguyén t0), bai toan phan tich da
thirc thanh cac nhan tir bt kha quy 1a
mot bai toan kho va doi hoéi nhicu thoi
gian. Két qua thuc nghiém nay hoan toan
phu hop véi 1y thuyét.

4.2. Tong hop cdc da thive bit khd

quy bdc cao

Phuong phép tht nhit dung dé tong
hop cac da thirc bat kha quy bac cao 1a
phat sinh da thirc bac cao voi sd luong
han ché. Trong chuong trinh ching t6i
phat sinh 100 da thtrc bat kha quy tng
v6i moi bac 26 = n = 500. Phuong phap
thir hai 1a tim cac da thirc bat kha quy
bac cao dang dac biét (dang tam thuc
x™ +x™ 4+ 1). Hai phuong phap nay thuc
su khong sir dung cong thire tong hop da
thirc nhung dugc thuc hién ¢ giai doan
hai nén xép vao muc tong hop cho tién.

Phuong phép thtr ba st dung céc
phuong phap tong hop khac nhau.
Chutng ta quét kho ban dAu va thuc hién
cong thuc tong hop da thuc. Trong
khuon khd bai bao ndy, chung t6i chi sir
dung cac da thirc ¢ bac n = 10 dé tong
hop da thirc bt kha quy bac cao.

Bang 3: So sanh hiéu qua cua cdc giai thudt phan tich

Bac Simple Berlekamp Cantor Bac Simple Berlekamp Cantor
1 0h:0’:0”” 0h:0:0”’ 0h:0’:0”’ 14 0h:0’:1” - -
2 0h:0’:0”” 0h:0:0”’ 0h:0’:0”’ 15 0h:0’:3” - -
3 Oh:0’:0> 0h:0’:0”’ 0h:0’:0” 16 O0h:0’:7” - -
4 0h:0’:0”” 0h:0:0”’ 0h:0’:0”’ 17 0h:0:15” - -
5 0h:0’:0> 0h:0’:0”’ 0h:0’:0” 18 O0h:0:34>” - -
6 0h:0’:0”” 0h:0:0”’ 0h:0’:1”’ 19 Oh:1’:12” - -
7 0h:0’:0”” 0h:0’:0”’ 0h:0’:5”’ 20 Oh:2’:44>” - -
8 0h:0’:0”> 0h:0’:0”’ 0h:0’:56”’ 21 Oh:57:47” - -
9 0h:0’:0”” Oh:0:1”’ Oh:6’:1’ 22 0h:12’:55 - -
10  Oh:0’:0” Oh:0’:12” 1h:28°21” 23 O0h:28’:5" - -
11  0h:0:0”’ Oh:17:39” - 24 1h:37:4” - -
12 0h:0’:0’ Oh:16’:28” 25 2h:13:17 - -
13 0h:0’:1”’ 1h:35’:10”

Két qua ciia qua trinh nghién ciru
ly thuyét va cai dit thir nghiém 1a

chung t61 da dua ra dugc mdt qué trinh

xay dung co sé dit lidu cac da thirc bat
kha quy mét cach c¢6 hé thong va thuc
té da xay dung duoc mot kho co so dir
lidu cac da thie bit kha quy twong ddi
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16n (co6 t6i hon bdn tridu da thic bat
kha quy) bao gdm:
o Tat ca cac da thirc bat kha quy
c6 bac n = 25 trén truong nhi phan F2.
e V46i mdi 26=n=500: phat
sinh (ngdu nhién) 100 da thirc bat kha
quy ¢ mdi bac.
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e Tit ca cac da thic bat kha quy
dang tam thurc ¢6 bac n = 2000.

e Cac da thuc bat kha quy bic
cao dugc tong hop theo cic phuong
phap khac nhau. Pa thirc bat kha quy
¢6 bic cao nhit trong co s dir liéu 1a
668168.

e Tit ca cac da thuc bt kha quy
c6 bac n = 10trén truong F;.

Chung t6i chua tim dugc mot
cong trinh xay dung co s¢ dir liéu cac
da thirc bat kha quy ndo twong tu
duoc cong bd dé so sanh két qua. Sau
day ching t6i dua ra mot sb tiéu chi
dung dé danh gia va so sanh két qua
gitta cac hé théng (trén moi truong
tuong tu nhau):

e Do 16n cua kho co so dir liéu
ban dau, ngudng n cang 16n cang tot.

e D0 16n cua toan bd co sé dir li€u.

e Su phong phi cua ciac dang
thirc, cang nhiéu cong thuc tong hop
cang tot.

e S luong cac da thirc bat kha
quy bac cao hon mot ngudng »n nao do.

e Hiéu qua cuia céic thuat toan
phat sinh da thie va tim kiém trén co
so dir licu.

5. Két luan va hwéng phat trién

Trong bai bao cac tac gia da trinh
bay qua trinh xay dung kho co s¢ dir
lidu cac da thirc bat kha quy phuc vu

cac Ung dung thuc tién mot cach hé
théng bao gdm nhiéu cach thic khac
nhau va mot ciu trac luu trit cho phép
thyc hién tim kiém hiéu qua. Céc tac
gia cling da xay dung dugc mdét kho co
so dit lidu twong d6i 16n. Khi can thiét,
kho co so dir liéu nay c6 thé mo rong
thém vé6i d6 16n tuy ¥ va c6 thé phat
sinh ra da thtrc bat kha quy c6 bac cao
tiy y. Cac phuong phap téng hop méi
duoc bod sung vao hé théng mot cach
dé dang. O budc dau xiy dung nén hé
thong cling c6 mot s han ché nhat
dinh: chéng han cai dat chu yéu duoc
thuc hién ¢ trudng nhi phan F;, cac vi
du 4p dung chi mang tinh minh hoa
(tinh 1y thuyét), tng dung thyc tién doi
hoi phai c6 qua trinh khao sat chuyén
sau va nghién ctru k¥ ludng hon, dac
biét 1a mo6i truong va pham vi Ung
dung cu thé.

Trong twong lai chung to1 sé khao
sat k¥ ludng didu kién ap dung cua cac
tmg dung thyc tién va cach khai thac
cO hi€u qua kho co s¢ dir li¢u cac da
thirc bat kha quy da xay dung duoc,
dac bi¢t 1a trong linh vgc ma hdéa mat
mi va an toan thong tin, chang han,
liéu c6 thuc sy xay dung dugc mot hé
thong mi hoa khoa cong khai duya trén
su tong hop da thtrc hay khong.
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BUILDING DATABASE OF IRREDUCIBLE POLYNOMIALS FOR
PRACTICAL APPLICATIONS
ABSTRACT

Irreducible polynomials have many practical applications, especially in coding
theory, cryptography and information security. This article presents the research
results and an initial implementation of building database of irreducible polynomials
for practical applications.
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