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TOM TAT

Céc dang toan phuong c6 hang 16n hon hogc béng 2 trén truong hitu han F,, véi g
1a ltiy thtta ctia mot s§ nguyén t3 khéc 2, ludn biéu dién moi phan ti ctia nhém
nhan cac phan tit khac khong F;. Chinh vi vay, moi dang toan phwong khong suy
bién véi hang bang n trén truong F,, véi n 1a s8 nguyén duong, ludn trong duong

v6i dang chinh tic
XE+ 4+ X2, + X2
hoac
X+ -+ X2 +aX?

tuy thudc vao biét thirc cua dang toan phwong dé cé la mot binh phwong hay
khong. Véi y twdng nhu vay cung viéc st dung phan mém Maple, bai bao dwa ra
cac doan lénh 1dp trinh d€ duwa mot dang toan phuong khong suy bién trén truong
htu han F, vé dang chinh tic, dong thoi chi ra ma tran chuyén co sé d€ thu duoc

dang chinh tic d6.

Tw khéa: dang toan phuong, treong hitu han, phan mém Maple.

1. MO PAU

Cho V la khong gian vecto n-chiéu trén truong K. Mot dang toan phuong trén V
la mét ham Q:V — K thda man hai diéu kién

a) Q(av) =a?Q(v) véimoia € Kvavéimoiv €V,
b) ham f:VxV =K
(wv) » Qu+v)—Qw) — Q)

la mot dang song tuyén tinh.



Ste dung Maple dwa dang toan phirong khong suy bién trén trwong hitu han vé dang chinh tic
Néu Q la mot dang toan phuwong trén V thi dang song tuyén tinh d6i xting
(): VxV oK
@v) > u-v=-[Q+v) - QW) — Q)]
goi la tich vo hudng lién két voi Q trén V.

Véi Q 1a mot dang toan phuwong trénV va S = {ey, ..., e,} 1a mot co sd caa V, ki

hi¢ua;; =e;-ej vadatA = [aij] € M(n,K) ta cd A la mot ma tran d6i xting, ma tran
nxn

nay dugc goi la ma tran cua dang toan phuwong Q tng véi co so S cia V va dinh thttc

cua ma tran A duoc goi la biét thiee cua Q. Khi v = Y-, x;e; la mot vecto bat ki cua V, ta

co
Q) = Z a;jxix; = xT Ax
1<i,jsn
X1
trong d6 x = [ : ] la toa do ctia v d6i véi co sO S. Vi vay, moi dang toan phuong trén K-
xTL

khong gian vecto n-chiéu V déu cé thé xem nhu la mot da thiee thuan nhat bac 2 theo n
bién vdi hé s6 trén K. Néu ta ddi cosd S = {ey, ..., e,} sang co s0' S’ = {ey, ..., e, } thi ludn
ton tai ma tran kha nghich C, € la ma tran chuyén co so ti S sang S’, sao cho x = Cx’

!
X1

: ] 1a toa d0 cuia v d6i vdi co so S'. Khi d6,
Xn

voix' =

Q) =x'T(CTAC)X'

ma tran A’ ctia Q d6i véi co s6 S'1a CTAC, vé6i €T 1a ma tran chuyén vi cta C, va
det(4") =det(4) (det(C))?.

Hai dang toan phuong dwgc goi la twong dwong néu ton tai ma tran kha nghich
C sao cho CTAC = A’ trong d6 A va A’ Ian luot 1a ma trén cua hai dang toan phuwong da
cho.

Trong [1], téc gia da chi ra rang néu Q 1a dang toan phuong véi hang 16n hon
hodc bang 2 (twong tng, 16n hon hogc bang 3) trén truong hitu han Fy, v6iqla lay
thtra ctia mot s nguyén 3 khac 2, lu6n biéu dién moi phan tir khac khong cta F,
(twrong ting, moi phan ttr ctia F;). Do d6, ludn ton tai phan tit vy ctia V sao cho Q(v,) =
1. Chinh vi vay, bang c4ch 13y phan b triee giao theo tich v6 hudng lién két véi Q thi
moi dang toan phuong vdi hang n, véinlén hon hoac béng 2, luén twong duwong véi
mot trong hai dang X2 + - + X2 hodc X? + -+ X2_; + aX? (goi la dang chinh tac) tuy
thudc vao biét thitc c6 dang la mot binh phuwong hay khong.
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2. KET QUA

Trong [3], nhém tac gia da duwa ra cac doan lénh 1ap trinh béng phan mém
Maple d¢ dua dang toan phuong khong suy bién cé hang bang 3 trén truong F, vé
dang chinh tac va chi ra co s¢ twong tng. Trong truong hop hang ctia dang toan
phuong 16n hon 3, viéc tim ma tran chuyén co sé dé€ dwa ra dang chinh tic phtic tap
hon.

Trong bai bao nay, sau khi 4p dung [4] d€ rat ra ma tran cta dang toan phuong
v6i hé so trén truong hitu han F; ¢6 dac s6 khac 2, chung t6i diéu chinh cac doan lénh
trong [3] va thiét lap vong ldp d€ giai quyét van dé trong truong hop dang toan
phuong c6 hang 16n hon hodc bang 2 tuy y.
> restart:

with(linalg): with(LinearAlgebra): with(student):

2.1. Kiém tra dang toan phuong va rat ra ma trin cta dang toan phuong. [4]
> matran := proc (tp, p)
global A;
local n, i, j, Ct, Ctrg, tp1, k, Xt;
n := nops(indets(tp));
tpl :=tp;
foritondo
tpl := subs(x[i] = k*x][i], tp1)
end do;
if is(tpl = k*2*tp) = false then
ERROR('Dang toan phuong cho sai’)
end if;
A := Matrix(n, n);
foritondo
Ali, i] := coeff(tp, x[i]*2) mod p;
for j from i+1 to n do
Ali, j] := coeff(coeff(tp, x[i]), x[j1)/2 mod p;
Alj, il := Ali, jl mod p;
end do
end do;
print(*"Ma tran dang toan phuong A =", A)
end prog;

2.2. Tim vecto biéu dién 1 va dwa vao co sé maéi:

Doan lénh trong phan nay tdng quat va ngin gon hon doan Iénh da duoc duwa
ra & [3].



Ste dung Maple dwa dang toan phirong khong suy bién trén trwong hitu han vé dang chinh tic

> timX:=proc(A,p)
local X, K, Ct, n,k, i:
n:=ColumnDimension(A);
K:=IdentityMatrix(n);
while n>1 do
X:=RandomVector(n,generator=rand(0..p-1));
forifrom 1tondo
if (simplify(X*("%T").A.X) mod p =1 and X[i]<>0)
then
X:=X mod p;
k:=i;
Ct:=<X|DeleteColumn(K,k)>;
return Ct ;
end if;
end do;
end do;
end prog;

2.3. Thuc hién cac phép doi bién khong suy bién dwa dang toan phuong vé dang
chinh tac va dwa ra ma tran chuyén co s6
> chinhtac := proc (A, p)
local m, AO, A1, B, D1,F, G, H, K, M, N, Q, CH, CT, Y, n, i, j;
if Determinant(A) mod p= 0 then ERROR(" Khong thoa dieu kien ve rank’) end if;
n := Rank(A);
A0 := A mod p;
forifrom0ton-1do
m :=n-i+1;
ifi =0 then
K := IdentityMatrix(n);
Al := AQ;
elifi < n-1 then
K := IdentityMatrix(n-i);
Al := SubMatrix(N, 2..m, 2 .. m);
else Al := N fi;
B :=timX(A1, p);
D1 := (BA%T.A1.B) mod p;
M := MatrixInverse(<Row(D1, 1)*%T| DeleteColumn(K, 1)>"%T) mod p;
N := (M2%T.D1.M) mod p;
F := (B.M) mod p;
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if i < n-1then
G := (DiagonalMatrix([IdentityMatrix(i), F])) mod p;
ifi =0then H :=Gelse H :=(H.G) mod p; end if;
else G := (DiagonalMatrix([IdentityMatrix(n-2), F])) mod p;
end if;
end do;
CH := (H.G) mod p;
CT := (CHA%T.A.CH) mod p;
print(*Ma tran chuyen co so=", CH);
print(*Ma tran cua dang chinh tac=", CT);
Y := Vector(n, symbol ='y');
print(*Dang chinh tac cua dang toan phuong la’);
return (YA%T.CT.Y);
end proc;

2.4. Vi du minh hoa

Dua dang toan phwong x7 + x,x; + x2 + 2x,x5 + 2x% + 4xZ — x2 trén truong
hitu han Fs vé dang chinh téc.
> tp = X[1]M2+x[1]*X[2]+x[2]22+2*x[2] *x[3]+2*Xx[3] " 2+4*x[4] A 2-X[5]"2;

tp:=x%+x1x2+x§+2x2x3+2x§+4xﬁ—x§
> matran(tp, 5);
13000 ]
31100
Ma tran dang toan phuong A=, 0 1 2 0 0
00040
00004
> chinhtac(A, 5);
(3130 2]
32332
Ma tran chuyen coso=, | 4 0 0 4 1
41131
40002




Ste dung Maple dwa dang toan phirong khong suy bién trén trwong hitu han vé dang chinh tic

(1000 0]

0
Ma tran cua dang chinh tac=, | 0 0 1 0
0001
0000

w o O O

Dang chinh tac cua dang toan phuong la
2 2 2 2 2
Vi T, T3+, 35

3. KET LUAN

Quia trinh 13p trinh bang Maple gitp viéc tinh toan, rit gon dang toan phuong
nhanh chéng va thuan tién hon. Bai bao da giai quyét hoan toan viéc dua cac dang
toan phuong khong suy bién c6 hang 16n hon hoéc bang 2 trén trieong hitu han F; c6
dac s6 khac 2 vé dang chinh tic, dong thoi chi ra ma tran chuyén co sé dé thu duoc
dang chinh tic do.
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ABSTRACT

A quadratic form of rank n > 2 over finite field F;, where q is a power of a prime
number p # 2, represents all elements of F;. Thus, every nondegenerate quadratic

form of rank n = 2 over F, is equivalent to form
XE+ 4+ X2, + X2
or
XE+ -+ XE +aX?

depending on whether itsdiscriminant is a square or not. Following that idea and
using Maple, this paper gives some codes, which reduce a nondegenerate
quadratic form over finite field F; to the canonical form and give the change of

basis matrix.

Keywords: finite field, Maple quadratic form.
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