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TOM TAT

Trong cdc hé xit Iy tin hiéu s6 nhuw hé thong gidu thong tin vdo dir liéu agm thanh, hinh dnh
dang dwoc coi la phwong phdap bao mdt thong tin co tinh hiéu qua va tinh kha thi cao cho
vén dé bdo vé ban quyén. Trong so do truyén thong ciia hé thong gidu thong tin thi khéi bién
doi theo thudt toan Hadamard dwoc sir dung nhiéu vi tinh don gzan va tinh truc giao cua
cua thudt toan nay. Bai bao trinh bay phuwong phap thiét ké khoi bzen doi Hadamard téc dé
cao nho sy két hop dong thoi giita t6 chire phan cirng va phan mém ¢ mu"c 16i cua kién triic
ALU cua hé thong giup thuc hién duwoc nhiéu thao tac song song nén téc dé thuwe hién thudt
todn rdt cao.

Tir khéa: Khoi bién doi Hadamard toc dé cao, cong nghé DHT, xik Iy song song.

ABSTRACT

In the digital signal processing systems such as withholding information system on sound
data, images are treated as information security measures are effective and feasible for the
copyright protection. In traditional scheme of hiding information systems the Hadamard
transform block is used more for its simplicity and orthogonality of this algorithm. This
paper presents a design methodology of the high speed Hadamard transform block through
a combination held simultaneously between hardware and software at the core level of ALU
system architecture helps accomplish multiple tasks in parallel so speed implementation of
algorithm is very high.

Keywords: High speed Hadamard transform block, DHT technology, parallel processing.

PAT VAN PE

Cac phuong phap gidu thoéng tin trong
anh c6 thé duoc chia thanh hai nhom chinh.
Th& nhat 1a nhom cac phuong phép trén
mién khong gian. Khi dé cac gia tri cudng
d6 cua céac pixel duoc thay d6i dé chtra thong
tin can gidu. Phuong phap dau tién va don
gian nhat cua nhom nay 13 st dung céac bit
it quan trong LSB (Least Significant Bit)
dé giau thong tin. Phuong phap nay cé thé
ap dung cho cac anh den tring, anh da cap
xam hodc anh mau,vi no6 chi st dung cac bit
LSB nén ¢6 wu diém 1a chét luong anh hau

nhu khong thay ddi va véi nhitng cach thong
thuong kho phat hién ra 1a né dugc giau tin
hay khong.

Tuy nhién, nhuoc diém chinh cta né l1a
dung lugng giau tin thap, kém bén viing
trude cac thao tac xur 1y anh.

Thtr hal la nhém cac phuong phép glau anh
trén mién bién doi. Trong d6 cac hé sb bién
d6i dugc thay d6i dé gidu thong tin. Thuc
té cho thdy cic phuong phap trong nhom
nay c¢6 nhidu wu diém va hiéu qua hon so
v6i nhém thir nhit. Cac phuong phap



trong nhom nay c6 kha nang cho dung lugng
thong tin gidu cao va kha ning bén viing
trude cac tdc dong cua bén ngoai cling nhu
cac thao tac xu ly anh.

Tuy nhién, viéc thyc hién s& phuc tap
hon so véi nhdm cac phuong phap trén mién
khong gian.

Trong cic phuong phap mién bién d6i thi
phuong phap sir dung bién d6i Hadamard
(DHT) c6 nhiéu uu diém so véi cac phép
bién d6i khac vé su don gian trong thuc hién,
tbc do xtr Iy nhanh va kha ning bén viing
cao trudc cac tdc dong cua cac thao tac xu
Iy anh cling nhu céc tac dong tr bén ngoai
trong qua trinh truyén dir liéu anh sé. Pic
biét, vi diéu kién thuong gip trong thuc té
la tap am xur Iy cao thi cac nghién ctru cho
thdy DHT to ra bén viing va hiéu qua hon
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han cac phuong phép bién dbi khac [3].

So d6 ctia qua trinh nhing va tach théng
tin gidu trong anh st dung bién d6i DHT
duoc thé hién trong hinh 1.

Ki hiéu gia tri cac diém anh cta anh géc
la B va thong tin can dau la B,. Ca hai deu
duogc bién doi DHT dé duoc cac gia tri hé s6
bién doi twong tng 13 va w. B6 ma hoa st
dung cac hé sé nay dé ma hoa dugc gia tri
ham ma hoa: e=a.w. f

Trong d6 o 1a hé s6 ctia bd ma hoa, chéng
han chon a = 0,1. Sau bd cong ta dugc ham
Sy =ft a.w. f

Va sau bién d6i Hadamard nguoc (IDHT)
cua /., thu dugc B, la gia tri cua anh da dugc

gidu tin, va tir d6 anh nay s€ duogc gui di trén
kénh truyén thong.
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b. Qud trinh tach théng tin gidu

Hinh 1. Qud trinh nhiing va tach thong tin gidu trong dnh sir dung bién déi DHT.

Tai phia thu s€ nhan dugc anh da giéu tin
vGi cac gid tri diém anh 1a B, c6 thé sai khac
so v0Oi B, do tac dong cua kénh truyén. Thuc
hién blen d61i DHT trén anh nay thu duoc cac

hé sb £, dua t6i bo gidi ma cung voi khoa
k giong hét phia phat dé tach riéng cac hé
s6 bién d6i Hadamard cia anh goc (f)va
ctia thong tin gidu (w ). Tir 46, phép bién d6i
DHT nguogc (IDHT) dugc thuc hién trén cac

hé sb nay dé khoi phuc lai anh gbc (B) va
théng tin giau (B,).

C6 thé thay rang cac khdi bién d6i DHT
va IDHT c6 vai tro rat quan trong trong hé
thdng gidu tin trong anh s6. Do tinh chét dic
biét ctia ma tran Hadamard (chi gém cac
phan tir 1, -1 va c6 tinh ddi xtng cao) nén
cac tinh toan trong IDHT hoan toan giéng
v6i DHT. Vi vy, trong phan sau cta bai bao



Tap Chi Khoa Hoc Gido Duc Ky Thudt (27/2014)
Trwong Pai Hoc Sw Pham Kj Thugt Tp. Ho Chi Minh

chixay dung thuattoanxtrly DHT thuén, song
kétquanayhoantoancothé apdungchoIDHT.

I. Thiét ké khoi bién déi Hadamard toc
do cao

Trong cac khdi chic nang trén hinh 1 chi
c¢6 khdi DHT va IDHT gay anh huong nhiéu
nhét dén toc do xu 1y cua h¢ théng. Mat khac
vé nguyén tic, viéc thuc hién chic nang khéi
DHT ciing tuong ty nhu IDHT nén néu tong
hop t6i uu duoc khdi DHT thi s& giai quyét
dugc van @& téc do xur Iy chung. Néu dau
vao 1a ludng dir liéu vecto 256 phan tir, mdi
phan tir 1a s6 nguyén c6 dau kich thudc 8
bit. Do ludng dit liéu di vao khéi ALU la dix
lidu vector nén phép xtr 1y bang ciu triic ma
tran ludi thao tac rat phu hop véi viée xu
Iy thuat toan bién d6i Hadamard DHT. Thyc
hi¢n DHT 256 diém trén khdi ALU véi dir
liéu dau vao X, Y 1a mot vecto 6 kich thude
N=256.

Ma tran Hadamard twong (ng pha1 co
kich thuodc 256X256 phan tr, moi phan tor
12 mot trong s6 W, - Két qua phf:p bién doi
DHT la mdt vecto cling c6 chiéu dai N =
256, ma mdi phan tir 1a mot sé nguyén co
dau duoc biéu dién béng mot word 16 bit.
Nguyén 1y cta phép bién d6i nay duoc thé
hién trén hinh 2.

Yo | Yu Yass
e I | id
Xo ::): Woo Wio | ----- (Wass o i
X1 ::)i Woi1 Wi1 | ----- (Wass 1 E
Xoss :Dé \Vu,zlss \\71.;55 ----- “‘125;.255 i
| Zo 7a | S | Zass |
T sephdnm

Theo toa dg 1,j véi chiéu ¢t i duogc danh sd
tr 0 dén 255 va hang j dugc danh so tir 0 dén
255 thi két qua bién doi DHT Z(i) dugc tinh

255

70 =Y, + Z W, x X,
N € lap
trinh (chi Vlet phan vong lap).

for 1:=0 to 255 do
begin
for j:=0 to 255 do
begin
Z):=Z[i[+W[i,j]*X[i];
end;//for j:=0 to 7 do
end;//for 1:=0 to 7 do

Néu str dung ngon ngit bac thip Assembly
de 1ap trinh (chi viet phan vong lap):

MOV CX, 256;
Labell:
MOV SI, 256
Label2:
MOV AL, X[CX];
MUL WI[(256-CX)+SI];
ADD Z[CX], AX;
DEC SI
JNZ Label2
LOOP Labell;

Do ma tran thao thac dugce thiét ké c6 kich
thuoc 16x16 nén ma tran tong chia thanh
256 ma tran con dugc danh so theo qui luat
cot trude hang sau Hy ) —H H ,-H
H_ -H

15,0 15,15°

0,15 1,15 °°°

Véi mdi tap hop theo cot clia ma tran con
(16 ma tran con) s€ két xuat dugc 16 phan tir
vector két qua trung gian.

E Moo Mio |-----4 Mis,o E
E Mo, M |_____ Misa E
E Mo,15 Miis [o____. Misis E

Hinh 3. Ma tran téng chia thanh 256 ma tran
con kich thude 16x16 phan tir vector
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Va cu trac khéi tinh toan ALU véi ma tran ludi thao tac duoc thiét ké nhu hinh 4:

BUS 16 ma tran ludi
lL thao tac phu

FIFO Y:16

FIFO X:16

FIFO W:16

I

— (- - -

Ma tran
ludi thao

tac chinh

7 /-

I
|
FIFO Acc:16 | —
|
|

w1 ==

Hinh 4. Khoi bién doi Hadamard toc dé cao

Tuy nhién, trong thuc té khong thé to chirc Ta ¢6 lan luot H, H
ludi thao tac ki€u ma tran kich thude qua 16n
nén trong khdi ALU cua CPU sé duoc thiét 111
ké mot ma tran luéi thao tdc c6 chic nang H, = ﬁ 1
la ma tran trong so kich thudc tinh theo bit
la hang x cot=128x%256 bit c6 kha ning tai
kién triic bang phan mém cho kich thudc dir
liéu dugc xu 1y [1,2]. Kich thuéc ma tran
nhu vay 1a pht hop vé6i cong nghé thiét ké vi
mach duong dai. P6i v6i ciu trac nay, ¢ 16
vao 1a FIFO X sé& dan 16 nhém, mdi nhém
16 phan tir 1an lugt di vao ma tran ludi thao
tac co chic ning 1a ma tran trong s6. Mbi
lan xur Iy duoc 16 phan tir 8 bit va tao ra 16
phan tir 16 bit & 16i ra va lan luot di vao bo
dém FIFO Acc ¢ 16i ra. Luu ¥ rang bo dém
FIFO_X va FIFO_Acc déu c6 kich thudc 16
ngin nhung mdi ngin cua bo dém FIFO_X
la 128 bit con by dém FIFO_Acc 256 bit
tuong Ung.

Qui luat thanh 1ap ma tran Hadamard c6
thé thdy qua hinh 5.

o~ H, nhu sau:
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Hinh 5. Ma tran Hadamard 16x16.
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Khéi ALU véi cac cac phép tinh nhan va I. THIET KE CAU TRUC LENH
cong s6 c6 dau dugc thé hién trén hinh 6. SONG SONG

Trén co so cia khoéi bién d6i Hadamard
tdc d6 cao (hinh 4) va kién trac ALU véi ma
tran bién d6i Hadamard kich thudc 16x16 co
thé thiét lap cac 1énh thyc hién cac thao tac
xép chong vé mit thoi gian (1énh xur 1y song
song) D6 thi thoi glan cho céc thao tac xép
chdng dugc biéu dién trén hinh 7.

Hinh 6. ALU véi ma tran bién déi Hadamard
kich thwoc 16x16.

[ [ [ [ [ [ [ (I [ [ [ [ [ [ [
| | | | | | | roo | | | | | | |
| | | | | | | | | | |
| | | . RAM_E To FIFO-X | | | | | | |
o 1 1 1 1 1 1 1 1 1 1 1 t
R | | | | | | | | | | |
-~ | | | | RAM_I To FIFO-W | | | | | | | t
o : . . . :
®
< : : : : FIFO-W To ma tran ludi thao tac phu : : : :
% | | | | | | | | | | | | | | | | t
Ol 1a tran ludi thao tac phu duorc copy vao ma tran luoi thao tac chlnh tal moi nh1p clock
| | | | | | | | | | | | | | | | t
| | || FIFO-Acc To ma tran ludi thao tac phu | | L
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| | | | | | | | | | | | | | | t
o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 (nhip clock)

Hinh 7. Cac thao tdc song song cua ALU Hadamard kich thuoc 16x16

bé xay dung phan mém cho kién trac xir ly nay, trudc hét can xay dung co so dit liéu
trong sO cua cac ma tran con Hadamard theo cau tric sau (0001h tuong duong véi +1, con
Offtth twong duong voi -1):

Weight0 DW 0001h, 0001h, 0001h, 0001h, 0001h, 0001h, 0001h, 0001h
DW 0001h, Offtth, 0001h, Offfth, 0001h, Offfth, 0001h, Offfth
DW 0001h, 00001h, Oftfth, Offffh, 0001h, 0001h, Offtfh, Offtth
DW 0001h, Offtth, Offfth, 0001h, 0001h, Offfth, Oftfth, 0001h
DW 0001h, 0001h, 0001h, 0001h, Oftfth, Offtth, Offfth, Offfth
DW 0001h, Offtth, 0001h, 0001h, Offfth, 0001h, Offfth, 0001h
DW 0001h, 0001h, Offtth, Offfth, Offfth, Offfth, 0001h, 0001h
DW 0001h, Offtth, Offfth, 0001h, Offfth, Oftfth, Offtth, Offfth

DW 0001h, 0001h, 0001h, 0001h, 0001h, 0001h, 0001h, 0001h
DW 0001h, Offtth, 0001h, Offfth, 0001h, Offfth, 0001h, Offfth
DW 0001h, 00001h, Oftfth, Offffh, 0001h, 0001h, Offtfh, Offtth
DW 0001h, Offtth, Offfth, 0001h, 0001h, Offfth, Oftfth, 0001h
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DW 0001h, 0001h, 0001h, 0001h, Oftfth, Offtth, Offfth, Offfth
DW 0001h, Offfth, 0001h, 0001h, Offfth, 0001h, Offfth, 0001h
DW 0001h, 0001h, Offtth, Offfth, Offfth, Offfth, 0001h, 0001h
DW 0001h, Offtth, Offfth, 0001h, Offfth, Oftfth, Offtth, Offfth

DW 0001h, 0001h, 0001h, 0001h, 0001h, 0001h, 0001h, 0001h
DW 0001h, Offtth, 0001h, Offfth, 0001h, Offfth, 0001h, Offfth
DW 0001h, 00001h, Oftfth, Offffh, 0001h, 0001h, Offfth, Offtth
DW 0001h, Offtth, Offfth, 0001h, 0001h, Offfth, Offfth, 0001h
DW 0001h, 0001h, 0001h, 0001h, Oftfth, Offtfh, Offtth, Offfth
DW 0001h, Offtth, 0001h, 0001h, Offtth, 0001h, Offfth, 0001h
DW 0001h, 0001h, Offtth, Offtth, Offfth, Oftfth, 0001h, 0001h
DW 0001h, Offtth, Offfth, 0001h, Offfth, Oftfth, Offffh, Offtth

DW Oftfth, Offfth, Offtth, Oftfth, Offfth, Offtth, Oftfth, Offfth

DW 0fffth, 0001h, Offfth, 0001h, Offfth, 0001h, Offfth, 0001h
DW 0fftth, 0fffth, 0001h, 0001h, Offfth, Oftfth, 0001h, 0001h
DW 0fffth, 0001h, 0001h, Offtth, Offfth, 0001h, 0001h, Offfth

DW Offtth, Offfth, Oftfth, Offtfh, 0001h, 0001h, 0001h, 0001h
DW 0fffth, 0001h, Offfth, Offfth, 0001h, Oftfth, 0001h, Oftfth
DW 0fftth, 0fffth, 0001h0001h, 0001h, 0001h, Offfth, Oftfth

DW Offfth, 0001h, 0001h, Offfth, 0001h, Offfth, Oftfth, 0001h

Weightl ...

Néu xtr Iy theo cot dé bao dam xtr 1y duoc
16 phan tir vector két qua cudi cung can tién
hanh céac budce sau:

Budce 1. Pua vao FIFO Y cac gia tri 0.
Xu ly theo thuat toan Hadamar cho 16 ma
tran con (lan dau 1a 16 ma tran con M,,

M, ,s) s€ 16 phan tir vector két qua trung
gian. Két qua nay chira trong 16 ngan nhé
ctia FIFO_Acc, dong thoi thyc hién chuyén
két qua trong FIFO_Acc vao FIFO_W, tir do
chuyén tiép vao ma tran ludi thao tac phuy.

Budc 2. Bua vao FIFO X cac gia tri +1,
vao FIFO Y céc gia tri 0. Thyc hién cong
theo cot s€ dugc 16 phan tir vector két qua
cuoi cung va copy chung vao bo nhé RAM.

Lap lai 16 1an budc 1 va bude 2 s& dugce
256 phan tir vector két qua cudi cung chira
trong bo nhd RAM.

Céc tién trinh s& duoc thuc hién song song
trén cau truc cua khoi bién d61 toc dd cao:

-16 x16 nhip dau s& tu dong thyc hién
viéc xu 1y tung 16 phan tir vector X dau vao

voi ma tran Hadamard con H ; tuong ung.
H,, tuong ng du’orc nap trudc Vao ma tran
111:01 thao tac phu rdi copy vao ma trin 11101
thao tic chinh & sau ngay khi sudn xudng
ctia mdi nhip clock thir.

Str dung bo dém FIFO_Acc dic biét ¢ 16i
ra dé chuyén tir hang thanh cot cho mdi lan
xtr Iy 16 ma tran con theo cdt (lén dau1a 16

ma tran con H | _Ho,ls)'

T S
<—;:A0,0 K—Ao.1
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Tu BIT cua thanh ghi phia trén
Té1 BIT

cta thanh f}{l: dicu

ghi bén . 4 e

i / ? chuyén
mach

Té1 BIT cua thanh ghi phia dudi
(b)
Hinh 7. a) Co ché chuyén tir hang thanh ¢t ciia
FIFO Acc.
b) BIT diéu khién chuyén mach tir hang thanh cét
cua FIFO Acc.

Thiét ké cac 1énh song song: Cac 1énh
vector ctia khoi chia thanh vé trai va vé phai
nhung c6 thém truong phu ma moi 1€nh
vector déu phai co. Truong nay chira thong
tin vé s6 lan lap. Mot 1énh vector c6 thé xir Iy
16 word kich thude 16 bit. Cac 1énh nay thuc
hién theo nguyén tic SIMD [3,4]. Cu thé:

// Nap dia chi mang nho Ram chira ma tran
trong s6 Hadamard dau, Khéi tao gr4=1
ar0 = WeightO with gr4++;

CX=16;

HadamarTrans:

// Nap 16 word vao FIFO W, chuyén 16
word toi ma tran luoi thao tac phu

//va copy noi dung cua ma tran luoi thao
tac phu vao ma tran ludi thao tac chinh

rep 16 wfifo = [ar0++], ftw, wtw;

// Nap dia chi cua mang nho Ram chira div
liéu nguon, thanh ghi gr4 = 2

arQ = [--ar5] with grd4 <<=1;

// Nap dia chi cua mang nho Ram chira di
liéu dich, gr5 = 4; <- Increment value

ar4 = [--ar5] with gr5 = grd4 << 1,

// ar5 tro vao dia chi bd dém dich + 2

ar5 = ar4 + gr4 with gr4 = gr5;

// Tai dir liéu nguén, thuc hién cdc tinh
toan

//va chuyén 16 word tir FIFO W t6i ma
tran lwoi thao tdac phu

rep 16 ram = [ar0++], ftw with vsum ,
data, 0O;

// Lieu cdc két qua vao bg nhé. Hai lénh

nay dwoc thuc thi song song

rep 16 [ard++grd] = FIFO Acc;
arQ = ar0 +256
LOOP HadamarTrans

I. PANH GIA KET QUA

Khoi bién d6i Hadamard téc do cao voi
nhip clock 40 MHZ hoan thanh bién ddi
DHT chi can 426 chu ky clock (mat 10,65
micro sec) dé hoan thanh tinh toan DHT 256
diém. Néu sir dung may tinh Pentium véi
nhip clock 2660 MHz (gap 66,5 lan tan s6
ctia khdi bién d6i Hadamard) can thoi gian
tinh toan DHT 256 diém hét 16,4 micro sec.

ALU cua khdi | Pentium
Co cau xtr | bién doi Had- IV véi
ly amard v6i nhip | nhip clock
clock 40 MHZ | 2660 MHz
Thoi gian
chay tinh 10,65 16,4
theo micro
sec
S0 chu ky 426 4,36.10*
clock

Két qua nay da minh chig cho hiéu ning
tinh toan manh mé trong cac thao tac tinh
toan vecto cua khoi bién d6i Hadamard toc
do cao.

Nhu vay, véi muc dich xay dung khdi bién
d6i Hadamard tdc do cao dé xir Iy thuat toan
DHT trong cac ky thut xir 1y s6 tin higu.
Két qua chay chuong trinh cho thay véi cting
mot bai toan tinh DHT 256 diém, thoi gian
tinh toan cta khéi bién d6i Hadamard toc
d6 cao chi bang hon nira thoi gian can thiét
cho bo xir Iy Pentium 2,66 GHz. Diéu nay
da minh chung khi bién d6i Hadamard t6c
d6 cao hon han so véi cac thiét bi xir Iy khac
trong céc thao tac tinh toan véi dit li¢u vecto.
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I. KET LUAN: thao tac cho phép dat toc do xir Iy cao.

Str dung phuong phap két hop t6 chirc Tan s lam viéc cia khéi bién doi
phan cu:ng Va xay dyng phan mém (phu’orng Hadamard khong doi hoi cao nén hé thong
phap dong tong hop) trong thiét ké khdi bién  1am viéc 6n dinh va tin cay.
d6i Hadamard & mirc ALU v&i ma tran luéi
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