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Currently, due to the advantage of high security, high-speed block
ciphers built by Controlled Substitution Permutation Network, using
Switchable Data Dependent Operation, are often chosen. However,
these algorithms need to be evaluated for integrated efficiency to
ensure resource saving and power consumption reduction. Therefore,
in this paper, in addition to introducing the block cipher algorithm
BM123-128, we focus on describing how to simulate this algorithm
on the XC6VLX240T Virtex-6 FPGA Chip with the support of
Xillinx 14.7 software. The integrated efficiency of this algorithm has
also been compared with some well-known algorithms of the same
type such as EAGLE-128, CIKS-128, COBRAH128, Serpent under
the same simulation conditions. Simulation results show that BM123-
128 has 5 times better integration efficiency than COBRAH128 and
Serpent, 2 times better than CIKS-128.
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Bao mat mang khong day

Mang hoén vi thay thé diéu khién
duoc

Toén tir phu thudc dir liéu chuyén
mach

M& mat khéi

Cong nghé FPGA

Hién nay, céc thuat toan mat ma khdi toc d6 cao duoc xay dung bai
cac ciu tric mang hoan vi thay thé diéu khién duoc, st dung thuat
to4n ma hoa dua trén cac toan tir phu thudc dir liéu chuyén mach,
thuong duoc lya chon do uu diém vé tinh bao mat cao. Tuy nhién,
c4c thuat toan nay can phai dugc danh gia vé hiéu qua tich hop dé
dam bao viéc tiét kiém tai nguyén, giam dién nang tiéu thy. Vi vy,
trong bai bdo nay, ngoai viéc gidi thiéu vé thuat toan ma khdi song
song BM123-128, ching tbi tap trung m6 ta cach thirc md phong
thuat toan nay trén Chip FPGA Virtex-6 s6 hiéu XC6VLX240T nho
su hd trg cua phan mém Xillinx 14.7. Hiéu qua tich hop cua thuat
toan nay ciing da duoc so sanh véi mot sb thuat toan ndi tiéng cling
loai nhu EAGLE-128, CIKS-128, COBRAH128, Serpent trong cling
mot didu kién mo phong. Cac két qua mé phong cho thiy BM123-
128 ¢6 hiéu qua tich hop tét gap 5 1an COBRAH128 va Serpent, gap
2 lan CIKS-128.
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1. Pat van dé

Ngay nay, mang khong day dong vai tr6 khong thé thiéu trong cac hoat dong hang ngay cua
phan 16n cic ca nhan va t6 chic. Trong cac mang khong day, nhu cau an toan thong tin ngay
cang doi hoi dugc dap ung & cac muc dd cao hon. Mot trong nhiing gidi phap hiéu qua 1a su dung
mat ma d¢ bao mat dit lidu [1].

Thuat todn mat ma trén mang khong diy c6 thé duoc thyc thi bang phan cing hodc phan
mém. Céc thuit todan mat ma truyén théng st dung nhiéu cac phép toan s hoc va dai sb nén
khong thich hgp cho tich hop trén phan ctmg. Tuy nhién, diém yéu khi thyc hién phat trién cac
thut toan ma trén phin mém la toc d6 thuc hién chdm hon nhiéu so v&i bing thong mang. Vi
vay, voi cac mang khong day bang rong nhu hién tai, mirc d6 bao mat khong phai la van dé quan
trong duy nhat. Viéc phat trién cac thuat toan mat ma con doi hoi phai giam chi phi tinh toan, phu
hop voi bang thong, tiét kiém tai nguyén va giam dién nang ti€u thy. Do do, thyc thi cac thuat
toan ma khoi dya trén cong nghé FPGA 1a mot hudng tiép can phu hop [2].

Mot trong nhimg xu hudéng xay dung cac thuat toan mat ma toc d6 cao cho cac mang khong
day hién nay la sir dung thuat toan ma hoa dya trén cac toan tir phu thudc dit liéu chuyén mach
(Switchable Data Dependent Operation - SDDO). Chung duoc xiy dung béi cic cau tric mang
hoan vi thay thé diéu khién duoc (Controlled Substitution Permutation Network — CSPN), cac
cAu tric ndy dugc tao nén tir cac phan tir nguyén thiy mat ma diéu khién dwoc F2/1 hodc F2/2 da
dugc dé xuat trong [3]. Céc thudt toan nay da duge chimg minh thé manh vé d¢ an toan va hiéu
qua tich hop trén phan cung [4].

Nham két hop uu dlem hiéu qua tich hop cta SDDO véi mé hinh thiét ké CSPN. Trong [5],
[6], chung t6i dd dé xuit mot thuat toan mat ma khdi song song BM123-128. Pay la thuét toan
mat ma khoi ¢6 kich thude khdi 128 bit voi do dai khoa 1a 128 bit hogc 192 bit hodc 256 bit.

Nhur da ndi ¢ trén, thuat toan nay can phai dugc chimg minh tinh hiéu qua trong viéc chiém it
dung luong luu trit, st dung t6i wu duge cac tai nguyén phan cing va tiéu thy it nang luong. Vi
vay, trong bai bao nay, trudc ti€n, chung toi s€ gidi thiéu so luge ve thuat toan BM123-128. T1ep
theo, chling t6i tap trung siu hon vao mé ta chi tiét viéc thuc thi thuat toan trén chip FPGA Vitex
6 XCE6VLX240T (day la mot trong nhirng chip FPGA gia ré cua hang Xilinx hién thuong duoc
sir dung trong thuc té). Tlep do, ching t6i mod ta cach thire danh gia hiéu qua tich hop cua thuat
toan trén chip FPGA. Cudi cung, théng qua viéc kiém nghiém thuc té, ching t6i ciing so sanh

hiéu qua cta thut toan nay so voi mot sd thuat toan khac cing loai did dwoc cong bd nhu
COBRAH128 [3], CIKS-128 [7], EAGLE-128 [8], Serpent [9].

2. Thuit toan ma khéi song song BM123-128

BM123-128 1a thuat toan mat ma khdi ¢6 kich thude khdi 128 bit véi 8 vong ma héa va khoa
bi mat 128 bit, 192 bit hodc 256 bit. BM123-128 dugc thiét ké theo mo hinh song song ddi véi
vong mi hoa co sé. M6 hinh nay gitip ma hoa va giai ma nhanh hon so véi mé hinh ndi tiép hodc

(Fyy)
trong timg trudong hop cu thé. Viée st dung SDDO da dugc dé xuat trude d6 trong mot sb nghién
ctru [3], [8] va duoc coi 1a mot yéu td gitp hd tro thiét k& mat ma khdi bang cach str dung mét
phuong phap 1ap lich cac khoa don gian. Diéu nay gitp thuat toan loai bo khoa yéu, vira tao hiéu
suét cao hon khi trién khai thuat toan trén FPGA, vira giam chi phi tai nguyén. Qua trinh ma hoa
/giai ma ciia BM123-128 dugc mo ta nhu sau:

két hop md hinh ndi tiép va song song. Thuat toan da st dung cac SDDO khac nhau (

Thuat toan BM123-128

1. 128 bit dit liéu vao dugc chia thanh 2 khoi A va B, mdi khoi 64 bit

2.Forj=1to7 do {(A, B) « Crypt9(A, B, Q,U;); (A, B) «+ (B, A)}
3. {(A, B) « Crypt®(A, B, Qs,Us)}
4.{(A,B) « (A® Qq, B® Uy)}.
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Hinh 1 mé ta thiét ké cia BM123-128. Ham bién d6i Crypt® trong thuat toan dwgc mo ta chi
tiét thong qua so dd vong méi hoa co sé ¢ hinh 1(a1). Thuat toan st dung phuong phap lai ghép
dang HY1 véi 2 phan tir nguyén thuy duoc lwa chon 1a Fa2 v6i bo phan tir dugc lya chon 1a (h, f,
e, j) va F'22 vai bd phan tir duoc Iya chon 1a (e, b, b, ¢) nhu mo ta trong Bang 1. Trong do:

Phan tir F2,: ham logic can bang biéu dién cho b (h, f, e, j) dugc md ta trong cac phuong
trinh sau:

VISV QVZIO VI @ ZX1 D 2D X1 D X2
Y2=VZX1 @ VX1 D VX2 D 2% D 2X1 D Z D X2 @
V3= Y1 D Yo = VZX1 B VZXo D VZ D VX2 D ZX2 D X1

é; sauj

Fr Az, e
32/256

32

Y
» ViZy
> V, 7,
> V327,
» V,Z,

J
FSZ/ZEG

Vs Zs

dp ilG

[T11 [T 1T 1111 11711 || Vs Zs
Fass ’ Fas ’ Fass v: - y V;Z;
[TT TTTT TTT] F32/123 L] Ve Zs

| r |

[T TT [T TT T T TT T TTT]
Vi, Za " > " > Va2, Zo> 32
o L’ Fass ’ Fa/s ’ Fa/s ’ Fas |, 2 v
CITITT TTTT TTTT TTT] 32 y
ilG

Hinh 1. So @6 thiét ké ciia thudt todn BM123-128

ay Vong md héa co so, by) F'us, C1) F's2n2 , dy) F'res64 , €1) F'321256 , f1) F ’22'256

v
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o
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Phén tir F'2: ham logic can bang biéu dién cho bd phan tir (e, b, b, ¢) dugc md ta trong cac
phuong trinh:
YISVIX1 D VX @ VX1 D VX D ZX1 D 2% @ 2D VD X2
Yo=VIX1 D VZX D VZ D VX1 D VX2 D 2X1 D 2X2 D X1 2
V3=VZIAVDZD® X D X
Phin tir Qz:: ham logic can bang biéu dién cho bo phan tir (h, g) dwoc mé ta trong cac phwong trinh:
Yi=XoV @X1® X2
Y2=X1V @ X2 3
V3= XV D X1 D XoV
Bang 1. M0 td cdc CE diéu khién dwoc sir dung

Tén PE B phin tir lra chon va biéu dién
h f e i
= l><<$‘> l>% = %
v=0 v =21 v=0 =1
z=0 = 0 z=1 z=1
e b b c
, L = == | =X
F'22 3 3 ¥ ¥ £ v
v =0 v =21 v =0 v =1
z =0 z=0 z=1 z=1
+ " | 2 &+
Q21 T 1 1 7
v =0 v =1

Céc hoan vi I, Iy, I duge mé ta nhu trong (4):
1 =(1) (2,34) (3) (4,36) (5) (6,38) (7) (8,40) (9) (10,42) (11) (12,44) (13) (14,46) (15)
(16,48) (17) (18,50) (19) (20,52) (21) (22,54) (23) (24,56) (25) (26,58) (27) (28,60) (29)
(30,62) (31) (32,64) (33) (34,2) (35) (36,4) (37) (38,6) (39) (40,8) (41) (42,10) (43) (44,12)
(45) (46,14) (47) (48,16) (49) (50,18) (51) (52,20) (53) (54,22) (55) (56,24) (57) (58,26)
(59) (60,28) (61) (62,30) (63) (64,32); @)

I, = (1,17) (2,21) (3,25) (4,29) (5,18) (6,22) (7,26) (8,30) (9,19) (10,23) (11,27)

(12,31) (13,20) (14,24) (15,28) (16,32) (17,1) (18,5) (19,9) (20,13) (21,2) (22,6) (23,10)
(24,14) (25,3) (26,7) (27,11) (28,15) (29,4) (30,8) (31,12) (32,16);

I"=(1) (2,5) (3,9) (4,13) (5,2) (6) (7,10) (8,14) (9,3) (10,7) (11) (12,15) (13,4) (14,8)
(15,12) (16)

Qua trinh thiét ké CSPN duoc miéu ta tom tit nhu sau: (F'zz VA Fap) = Flag— Fliees —
F's21128 = F'327256, trong d6 F'ys dugc mo ta nhu Hinh 1(b1), F'321128 dugc mo ta trong Hinh 1(C1),
F'16/64 dugc mo ta trong Hinh 1(d1), F's2i56 dugc mo ta trong Hinh 1(e1). Cac CSPN duoc xay
dung theo phuong phap lai trén co so 16p phan tir F2 VA F'a2. Nhu vy, 64 phan tir Fa, duoc chia
thanh 8 16p mdi 16p gom 16 phan tir F2, va twong ty 64 phan tir F'2, duge chia thanh 8 16p méi
16p gdm 8 phan tir. Vi cac 16p Fa va F'ap duoc thiét ké xen k& nhau. Loi thé cua thiét ké nay 1a
sir dung CSPN lai ghép. Diém yéu trong thiét ké nay 1a ham logic can bang ctia F'z ¢d tinh phi
tuyén thap hon Fa, nhung d6i lai dic trung vi sai lai tt hon. Didu d6 gitip cho hiéu ung thac 1
ctia thudt toan tot hon so voi truong hop khac, tic 1a kha ning chdng lai tan cong tham ma vi sai
clia thuat toan trong truong hop nay ciing t6t hon so voi truong hop chi sir dung mot phén tir Fap,.

Qua trinh thiét ké cie SDDO: dé tign theo doi s& sir dung ki hiéu F'S;7) . lam dai di¢n cho

1(Ane1) . wr(Anes) . wr(4z.ez) . r(Azed)y . x oLe) \ . 1ea (Ap,e1) ..x ~(A2,62)
F 32>2é6’ F 32}226’ F 322/226’ F 322/2§6) va Q32/128 lam dai dién cho (Q321/158 va Q322/138)'

Cac SDDO F'gl“z’jgse, Q(3L2’228 st dung trong thuit toan dugc miéu ta nhu Hinh 1(f;). O day
@)
P

ching duge xay dung tir viéc nhing thém thanh phan %16/

;vao CSPN tuong mg. Gia tri cac
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bit e1, €2, €3, €4 phu thudc vao e dugc xac dinh nhu sau: e1=e'1®@e;ex=e’>@P e, e3=e35Pe; e, =
p

¢'s ® e. Pau ra clia Pyyy , duoc chia thanh 16 bit trai va 16 bit phai. Viée sir dung SDDO trong

cac thuat toan ma hoa nhu trén s& ngin chin duoc diém yéu c6 thé sinh ra do viéc chi sir dung
lugc do khoa don gian.

Lugc dd khoa cua thuat toan BM123-128 duoc thiét ké nhu trong Bang 2. O day cac khoa con
K; € {0,1}%* dugc sinh ra tir khoa mat 256 bit: K = (Ky, Kz, K, K4) hodc khoa mat 192 bit K =
(K1, Kz, K3) hoac khéa mat 128 bit K = (Ky, Kz). Trong mdi vong bién dbi chi sir dung khoa con
64 bit cho ca khdi dir liéu con bén trai va bén phai. Diéu nay gitp cho viéc thuc hién trén phan
ctrng sé giam dugc chi phi.

Céc bit e; (i = 1..4) trong so d6 thuat toan phu thudc vao bit e (e€{0,1}) véi dinh nghia e = 0
la md héa va e = 1 la giai ma, khi do ei duoc xac dinh nhu sau: e;=e ®e'1, e,=e @ €'y,
es=ed@es es=edesvaddaye'y, e €3, e'4 dugc mo ta trong bang khoa cua thuat toan.

V6i luge @6 khoa nhu trong Bang 2, dé thdy cac khoa con dam bao tinh chét thuan nghich
giita cac vong, su phan bd cac khéa con 1a kha déu.

Bang 2. Lugc do khoa si dung trong BM123-128

Vong 1 2 3 4 5 6 7 8 FT
Khoa 128 bit
Qj = K1 Kz Kz Kz Kl K2 Kl Kz K1
U= Ka Ky K1 Ky K1 Ks Ks K2 K>
Khoa 192 bit
Qj = K1 K1 K1 Kz K3 K2 Kl K2 Kl
U= Ks Ky K1 Ky Ks Ks K1y K1 Ks
Khoa 256 bit
Qj = K1 K4 K4 K4 K3 Kz K1 Kz K1
Uj = K3 Kz Kl Kz K3 K4 K4 K4 K3
Bit chuyén mach (chung cho cac khéa ¢é dd dai khac nhau)
e'1= 1 0 1 1 0 1 0 0 -
e'r= 0 1 0 0 1 0 1 1 -
e'3= 0 0 0 1 0 1 1 0 -
ey = 1 0 0 1 1 0 1 0 -

3. Thue hién thuét toan BM123-128 trén chip FPGA

Khéa bi
matk bit

Khéi mé rong
khoa

Khéa Sinh ra

RAM | Vong bién dbi
co s&

— Banro/ban ma
n bit

Thanh ghi vao
n bit

Khoa
vong

Thanh ghira
64 - bit
l Ban mé / Ban 1o
64 bit

Hinh 2. Thiét ké mdt mé khoi trén FPGA theo cdu triic dwong ong
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Khi thuc hién cac thuat toan ma hoa trén FPGA, c6 hai ciu triic thuong dugc lya chon, d6 13
ciu tric vong lap co so (IL-lterative Looping) va ciu tric duong ng (PP-Pipeline). Bé dat duoc
tbc 6 nhanh khi trién khai thuc hién céac thuat toan ma héa trén FPGA, ching t6i lya chon cau
tric kiéu duong 6ng. Cau tric nady cho phép thuc hién thuat toan véi toe d6 cao hon so véi cau
trac IL nhung chi phi vé tai nguyén s& 16n hon.

Phan mém md phong thuat toan trén FPGA theo cau trac PP duoc thiét ké bao gom 9 file
VHDL. Mai file c6 chuc nang tuong g dugc giai thich trong Bang 3.

Bang 3. Danh myc cac file VHDL thyc hién thugt toan BM123-128

Tén file Giai thich y nghia
1 alg_PIPE.vhdl Mb ta ché do 1am viéc cua thuat toan
2 alg_pack.vhd Dinh nghia cac phan tir diéu khién, cac phép bién do6i sir dung trong
thuat toan va ham bién doi cho vong ma hoa co sé
3 alg_top_PIPE.vhd M ta cong tin hiéu cua cac khéi chirc ning
4 controller_PIPE.vhdl M0 ta dit liéu diéu khién cta chuong trinh
5 interface.vhdl M0 ta tin hiéu dau vao, tin hiéu ra, tin hiéu diéu khién, chuyén dit liéu
6 Reg128b.vhd M0 ta viéc doi dit ligu giira 2 thanh ghi
7 key_schedule PIPE.vhd MBS ta luge d6 khéa cua thuat toan
8  FP.vhd M0 ta phép bién ddi cudi cua thuat toan
9  Alg_ROUND.vhd MO tia kién tric RTL ding luu trit théng s6 ham

ALG_ROUND_FUNCT

4. Panh gia hiéu qua tich hgp cia thuit toan BM123-128 trén chip FPGA
4.1. Phwong phap danh gida

Dé danh gia hiéu qua tich hop cua cac thuat toan ma hoa khi trién khai trén FPGA, chung ta
st dung hai mo hinh danh gi4 nhu sau:

a. M6 hinh danh gia 1

Pay 1a mo6 hinh thuong dugc st dung dé danh gia hiéu qua thyc hién cua thuat toan mat ma
trén FPGA. M6 hinh dugc danh gia theo (5).

T

b. M6 hinh danh gia 2

Pay 1a m6 hinh danh gia hidu qua tich hop dugc st dung trong trudng hop tich hop nhiéu
chuc nang khac nhau trén cung mot chip. M6 hinh danh gia nay dugc danh gia 1a kha dung hon
va dugc xac dinh theo (6).

T
IE = — (6)
Trong do:
T: thong lugng (Mb/s) duoc tinh theo (7):
Thong luong = % (bit/s) (7

R: chi phi vé tai nguyén dugc xac dinh thdng qua céc chi phi theo mét trong cac thong sb sau:
sb luong slices; sé luong flip flop; s6 CLB (Configurable Logic Block); s lwong LUT (LUT:
Look-Up Table); s6 luong 10B (Input/Output Block); sé lugng Block Select RAMs (BRAMS).
Théng thuong R duogce tinh thong qua s luong CLB

F Ia tan s sir dung (MHz)

IE 14 hiéu qua thyc hién cua thiét ké.

4.2. Két qua danh gid

http://jst.tnu.edu.vn 362 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 226(11): 357 - 364

Dé danh gia hiéu qua tich hop ciia thuat todan BM123-128, chiing toi dd chay mo phong thiét
ké duoc mo ta trong Bang 3 dung phan mém Xillinx 14.7. Phin mém nay chay trén hé diéu hanh
Windows 10 - 64 bit cia may tinh HP pro 4540s VPCEA36FG chip Core i5-3230, ram 8GB, 6
cung 500G, dong chip FPGA dugc lya chon 1a Virtex-6 voi s hiéu XC6VLX240T thudc Kit
phat triéen FPGA Virtex 6 ML605 Evaluation Platform. Cac budc chi tiét dugc tién hanh theo
Error! Reference source not found.. Két qua thuc hién vé6i so dd kién trac thuat toan duoc thé
hién trong Hinh 3. Tu két qud thu duogc, chung t6i xac dinh s6 CLB da su dung va tan sd hoat
dong dé tinh ra cac chi sb hidu qua IE theo hai mé hinh dénh gi4 nhu trong (5) va (6).

B & x
D“ [ZfdmbX|(wa| 2 2L22R 2R|IAZET LRI PELQ
Desig ~08 x| K
5f [view: ® i implementa O lsmu\ boa
] | Hierarchy =
0 BM123_128 =
| B €3 xcByix240t-1F1156
| =5 [ds ALG_TOP_PIPE- STH
E [ INTER - INTERFACE | -
C [ CTRL-CONTROL | = + : : : : . : :
= [ ALG-ALGPIPE-2 | =1 - : - =~ [
: ] key - KEV_SCHI
& [f STEP - ALG RO
- [k DATAREG - REC
[h POST-FP-FP_v| —
>
A
P | B2 NoProcesses Running E
By 2
el
o @
En o =
& Strt B2 Desgn L3 Fies )| & Design Summary F] ALG_TCP_PIPE RTL1) [=]]
View by Category ~08 X
Design Objects of Top Level Block Properties: (No Selection)
Instances ~ | |pins || signals Al [Name Value
B g% ALG_TOP_PIPE © g% ALG_TOP_PIPE B g ALG_TOP_PIPE
.E,ALG v -y ALG v @ ALG v

[E] consde 8\ Wamings @ FindinFlesResults [ View by Category

[15636,6156]

Hinh 3. Két qud chay mé phong thudt toan BM123-128 trén phan mém Xillinx 14.7

Nhim so sanh hiéu qua cua thuat toan BM123-128 véi céc thuat toan khac twong dong da
cong b trude do, chung toi ciing chay thir nghiém trong cling mét diéu kién md phong dbi véi
cac thuat toan EAGLE-128, CIKS-128, COBRAH128, Serpent. Cac két qua tinh toan duoc hién
thi chi tiét trong Bang 4. Theo bang nay, hiéu qua tich hop cia BM123-128 theo md hinh 1 &
murc trung binh so véi cac thuat toan khac. Tuy nhién, theo md hinh 2, hiéu qua tich hop cua
BM123-128 chi kém EAGLE-128 nhung 16n hon tir 2 dén 5 1an so véi cac thuat toan con lai. Tuy
nhién, kha ning chdng lai tham ma luong sai cia EAGLE-128 lai kém hon rt nhiéu so voi
BM123-128 [5].

Bang 4. Pdnh gid hiéu qud tich hep ciia mét sé thudt toan

Tenthuattoan ISR thudC oo R(CLB)  F(MHz) T (Mbps) —i¢uqui

khéi Q@

EAGLE-128 [8] 128 10 4120 95 12160 2,95 31,07
BM123-128 128 8 6218 23,003 2944 0.47 20,59
CIKS-128 [7] 128 8 6346 81 5184 0,82 10,09
COBRAH128 [3] 128 12 22080 90 11500 0,06 4,10
Serpent [9] 128 32 7964 14 444 0,06 401

5. Két luan

Déi voi cac thut toan ma hoa st dung dé bao mat thong tin trong cac mang khong day khac
nhau hién nay, ngoai tiu chi vé tinh bio mat con phai thoa man viée tiét kiém tai nguyén, chi phi
tinh toan thap va tiéu thy dién ning thap. Dé xac dinh duoc tidu chi niy, ching ta can tién hanh
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theo hai buéc. Budc 1 1a Iya chon ciu tric thiét ké, xdy dung cac file VHDL dé thuc hién thuat
toan trén cac chip FPGA. O budc ké tiép, qua viéc chay mé phong nhim xac dinh duoc sb tai
nguyén ma thuat toan chiém giir, chung ta ¢ thé danh gia duoc hiéu qua tich hop ciia thuat toan
theo hai mo hinh noi trén.

Trong bai bio niy, ngoai viéc gidi thiéu vé thuat toan BM123-128 da dugc d& xuét trong [5],
[6], chiing toi dd mo ta chi tiét cach thirc trién khai thuat toan BM123-128 theo ciu trac duong
ong (PP) trén chip FPGA Virtex-6 s6 hiéu XC6VLX240T véi sy hd tro cua phan mém Xillinx
14.7. Hiéu qua tich hop cua thudt toan nay ciing da duoc so sanh voi mot sé thuat toan ndi tiéng
cung loai nhu EAGLE-128, CIKS-128, COBRAH128, Serpent trong clng mot didu kién mo
phong. Cac két qua md phong cho thady BM123-128 ¢6 hiéu qua tich hop t6t hon da s6 cac thuat
todn con lai theo c4 hai mo hinh danh gia. Ket qua nay cting la budce dau dé chung toi tiép tuc thir
nghiém thudt toan nay trén cac thiét b thuc t& dé ung dung trong thuc tién.
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