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Abstract. With the advent of quantum computers, many cryptographic systems in use today
can be broken with fast execution speed. Cryptanalysis algorithms using quantum computing
are still modest and are in the research stage. For block cipher systems, the quantum Grover
search algorithm is a popular tool. Grover's algorithm has the advantage of using amplitude
amplification techniques to speed up and reduce time significantly, reducing the
computational complexity of the algorithm. Specifically, Grover's algorithm is a quantum
algorithm used to search an unsorted database of N elements, in which the time complexity
is O(VN) and uses O(log N) storage space. In Mishal Almazrooie's work, he proposed a
method to prove and demonstrate the feasibility of applying Grover's search algorithm to
cryptanalysis of the S-DES symmetric key cryptosystem. Based on international and
domestic research, in this study, the authors implement the S-DES cryptosystem using
Grover's algorithm with the aim of testing the feasibility and orienting the application of this
algorithm to explore other block cipher systems in future publications.

Keywords: Grover algorithm, Qiskit, S-DES, Quantum CNOT gate, Quantum Hadamard
gate.
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Tom tat. Véi su xuat hién cia may tinh lwong tir, nhidu hé mat dang sir dung hién nay c6 thé
bi pha v& véi toe do thuc thi nhanh. Céc thuat toan thAm ma sir dung tinh toan lwong tir con
khiém t6n va dang trong giai doan nghién cau. Di véi cac he ma khéi, thuat toan tim kiém
Grover luong tir dugc 4p dung la cdng cu phd bién. Thuat toan Grover c6 uu diém dén pha
tinh toan lugng tir st dung ky thuat khuéch dai bién do voi myc dich tiang téc va giam thoi
gian dang ké, giam do phac tap tinh toan cua thuat toan. Cu thé, thuat toan Grover la mot
thuat toan luong tir ding trong viéc tim kiém mot co so dir liéu chua sip xép N phan tu, trong
d6 do phirc tap vé thoi gian 1a O(VN) va sir dung O(log N) khong gian luu trir. Trong cong
trinh cua Mishal Almazrooie da dua ra phuong phap chitng minh va tinh kha thi ap dung
thuat toan tim kiém Grover vao tham hé mat ma khoa déi xiang S-DES. Dua trén céc nghién
ctu trén thé giGi va trong nudc, trong nghién ctru ndy, cac tac gia thuc thi tham hé mat S-
DES sir dung thuat toan Grover véi muc tiéu kiém nghiém tinh kha thi va dinh hudng ap
dung thuat toan nay dé tham vai cac hé khac vé ma khéi trong cac cong b tiép theo.

T khéa: Thuat toan Grover, Qiskit, h¢ mat don gian DES (S-DES), Cong C-NOT luong tt,
Cong Hadamard Iugng tir.

@ 2025 Truong Dai hoc Giao thdng vdn tai

1. GIOI THIEU

Tinh toan luong tir d3 duoc cac nha khoa hoc nghién ciru va da c6 nhiéu cdng bé tir nhitng
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nam 1982 gdm c6 Deutsch, Deutsch-Jozsa, Simon, Peter Shor, Grover, ... cic thuit todn nay co
thé duoc ang dung trong mat ma gém: (1) Céc thuat toan Deutsch [1], Deutsch-Jozsa [2], Simon
[3], Grover duoc tng dung trong tham ma cua hé mat khoa d6i xting [4]; (2) Thuat todn Peter
Shor dugc tng dung trong tham ma véi hé mat khoa cong khai. Hién nay, d6i véi céc thuat toan
tinh toan luong tir (Deutsch, Deutsch-Jozsa, Simon, Grover) (ng dung trong mat ma khéa doi
xtng di c6 cac nghién ctru va phat trién nhu Quantum Walk, bién d6i Fourier luong tir [5],
khuéch dai bién do,... dién hinh cua ky thuat khuéch dai bién do 1a thuat toan Grover [6],[7].

Nam 1996, thuat toan tim kiém Grover lugng tir duoc dé xuat bai Lov Grover. Muc tiéu
cua thuat toan la giai bai toan “tim kiém mot chudi trong tap co so dir liéu chua xap xép gom N
phan tir”, véi do phrc tap tinh toan la O(N) va str dung O(log N) khong gian luu trir. Trong
may tinh luong tir, néu mot ham y = f(x) la can bang, thuat toan Grover cho phép tinh duoc
gia tri x khi da biét y vai sb lugng phép truy van it hon (ttc 1a giai dugc bai toan tim anh xa
nghich dao). Biéu nay, cho thay tinh hiéu qua cua thuat toan tim kiém Grover trong tim kiém
mét chudi bit. Khi dé, véi kich ban “biét trudc mot s lwong nhét dinh cap ban rd-ma cua hé
mat ma khoa doi xing”, khi dé c6 thé tim kiém khoa st dung thuat toan tim kiém Grover lugng
tir (& day str dung thuat toan Grover véi trudng hop k biét trudc).

Simplified-Data Encryption Standard (S-DES) la phién ban don gian ciia hé mat DES noi
tiéng do Schaefer phat trién [8]. Véi cac tham sé nho, S-DES ¢6 cac dic tinh va cau triic tuong
ty nhu DES [9]. Cau triic nho cua S-DES thé hién chinh xac cau tric cua DES gbc. Do do, S-
DES 14 mét nghién ciru dién hinh dé wng dung thuat toan Grover trong viéc tham ma. Cong b
[10], [11] da dua ra thiét ké mach lugng tir va wéc tinh tai nguyén lugng t cho viéc tim kiém
khoa bang thuat todn Grover khi hé mat ma khdi S-DES hoat dong.

Trong nghién ctru nay, véi muyc tiéu nghién ciru va phan tich kha nang tan cong vao cac hé
mat ma khdi hién nay bang cong cu tinh toan luong tir, cac tac gia da thuc hién khao sat, phan
tich ly thuyét vé wu nhuge diém cua thuat toan tim kiém Grover. Ap dung thuat toan Grover
trong tham ma véi hé mat ma khdi S-DES. Pay chinh 1a co s& gilip nhém c6 cac tién dé dé
nghién ctru &p dung thuat toan tim kiém Grover trong viéc tham ma véi cac hé mat ma khoi
khac nhu DES, AES trong twong lai. Cac khao sat va phan tich vé thuat toan Grover luong tir
dugc céc tac gia trinh bay cu thé trong céc thao luan phia sau cua cong bd.

2. THUAT TOAN LUQNG TU TiM KIEM GROVER

2.1. Thuit toan lweng tir tim kiém Grover

Theo CQng bé [11], thuat toan tim kiém Grover dugc trién khai theo 4 giai doan: Khai tao,
oracle, khuéch dai bién do va do luong.

Thudt todn 1: Tim kiém Grover lwong tiv

1. Khéi tao vector a véi gié tri ban dau dwoc géan bang j.
o) = 10)®" ® H|1)
2. bt thanh ghi vao mét chdng chat phan bé déu

n_ 0)—|1) 0)—|1)
Y1) = =235 %) @ Pt = HO™ 009" @ B2

3. Lap lai vong lap Grover t;, ~ g 1an theo timg budc nhu sau:
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3.1. Ap dung Ref,, cho vector a thong qua Grover Oracle Ug, thu duoc vector a’.

[2) = Us([ih1))
3.2. Ap dung Ref; cho a', thu dugc gia tri méi cua a. Tinh [1);)

4. Po trang thai cudi cuing cua vector a, tinh [1p,) cho ra mot chudi x € {0,1}™.

Y twéng hoat déng cua thudt toan Grover:

Thuét toan nay dugc thuc hién véi 4 budce chinh (thuat toan 1). Cac budce 1, 2 va 4 duoc
thue hién trén may tinh 6 dién va luong tir c6 d6 phic tap twong dwong. Tuy nh1en trong budc
3, V6i sy gop Stc ciia may tinh luong tir thi kha nang tinh toan duoc giam nhiéu. Diéu nay duoc
thé hién bai tinh vu viét xu ly tinh toan cia ham Oracle (Us) va ham Diffusion (Ref;)

Tinh diing ddn cia thudt toan Grover:

Thuét toan Grover dugc ding dé giai quyét bai toan tim kiém vét can. Gia su ta 6 mot
khong gian kich thuéc N va cé mot phan tu dac biét. Trong truong hop xau nhat sé phéi Kiém
tra tat ca cac phan tir, va tham chi, thuat toan ngau nhién ciing phai ky vong xem xét téi — phan
to. Dé giai thich cho ’ d1§u nay, _ta goi A la tap hop géom N phan tu:
A ={aq,a,, ..., ay}. X&c xuat dé chon phan tur tir tap A la:

1
P{a,} = P{ay} = - = Play} = N 1)

Tir d6, gia tri Ki vong cua s 1an lay phan tir tir tap A cho dén khi ta tim duoc phan tir dic
biét la:

E(x)=szv=1k.p(x=k)=szv=1k1=1.m=w @)
N N 2 2

Toc do cua thuat toan luong tor Grover la g c6 thé cai thién téi O(N2z). So véi thuat toén

tim kiém ngau nhién, tri sb % duogc dua 1én sé mi, va day 1a mot su cai thién 16n.

Cho k 1a sb nghiém khac 0. Sau khi chia vector h cho vk, h trg thanh mot vector don vi,
do d6 co trang thai lugng tir hop I¢:

—, néu x la nghiém
h(x) = {ﬁ ’ St
0, néu x khong la nghiém
DPinh nghia vector trugt dich m:
0, néu x la nghiém

— néux khéng la nghiém

m(x) = {
Nk’

Tur d6 m cling thudc vao khong gian con, vi:

(VNj —Vkh), 3)

1
m =
VN—-k
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va quan trong, la né truc giao vai h do:

1 1 1 1 1 1
==, =, 0, ﬁ) (0, 0, ...,o,ﬁ,..,o) =0 (4)

Do m 1a vector dic trung cua tap S nén phan xa cua vector a qua m c6 thé sir dung Grover
oracle Uz. Ma § = S, nén phan xa cua vector a qua m: c6 thé st dung Grover oracle Us.

m-h=(

Phan xa qua m str dung Grover oracle cua tap S, dugc dinh nghia bai:

-1 néux=ye€eS
Uslx,y] =4 1 néux=y¢Ss
0 néux=+y

bat 6 la goc hop gitra m va a trudc nhitng vong lap caa thuat toan Grover. Gia sur:
a<0< %; m dong vai tro 1a truc Ox, goc hop gitra a’ va j bay gio la a + 6. Lac nay, phép
phan xa a’ qua j bién a’ thanh a. Goc hop giita a va j lic nay 1a 2(a + 6). Do d6, goc hop
cua vector a vai truc Ox sau vong lap Grover dau tién la:

0'=—60+2(a+0)=0+2a (5)
Ham Oracle f(x) trong thuat toan Grover dinh nghia la:

néu x la nghiém

1
f&) = {0 néu x khong la nghiém ©)
Hoat dong cta ham Oracle dwoc biéu dién trong toan hoc:
IX)q) = (=1)/@|x)lq) (1)

véi |x) 1a trang thai dau vao, f(x) tra vé 1 néu x la giai phap va 0 néu nguoc lai.

Ham Diffusion 1am tang xac suat tim Kiém dugc phan tir ding, ting xac suit do dugc cac
trang thai am (trang thai dung), trong khi giam xac suat do duoc cac trang thai duong. Ham
Diffusion dugc biéu dién dudi dang toan hoc nhu sau:

D = HO"(2lj)jl-1) H®" (8)

Biéu dién toan hoc nay minh hoa cac toan tir khuéch dai bién ddi cac bién d6 cua cac trang
thai trong trang thai chong chat Iugng ti, tang xac suat do duoc trang thai muc tiéu. Bay la mot
ham gidp cho viéc tang d6 bac hai cua thuat toan.

Trong nghién ctiru nay, tac gia da str dung véi may tinh Intel® Core™ i7-10700 2.90 GHz,
RAM: 8 GB DDR4 2400 MHz, SSD: 256 GB, va duoc két ndi vai may tinh lugng tir cua IBM.
May tinh luogng tir cua IBM c6 cau hinh chi tiét: 32 Qubit, Max shots = 20000, Max circuits =
300, Max qubits/gate = 3, and Max channels gate = 9, viéc két néi nay thong qua ham API.

IBM da cung cAp cAc trinh m phong tién tién thuc hién cac thuat toan luong tu trén cac
bo xtr Iy thong thuong, canh cac thiét bi phan cung thuc [12]. VGi may tinh luong tir, hién nay
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c6 nhiéu cong cu dugc hd trg nhu nén tang ngdn ngir lap trinh Qiskit ([13]) va thu vién
libquantum 0.9.1 ([14]) dé thiét ké thir nghiém tng dung chay trén may tinh lugng tir thuc va
may tinh luong tir 40. Trong d6, véi cong viéc trién khai cac ung dung thuong duoc cac nha
khoa hoc chon nén tang mé phong vai hd trg trén cac may tinh hién co, chinh vi thé thu vién
libquantum 0.9.1 1 giai phép tt dwoc st dung hién nay. Thu vién libquantum 0.9.1 duoc cai
dat va cd nhiéu hd tro trén cac hé may tinh véi hé diéu hanh ubuntu hién nay. Libquantum 0.9.1
1a thu vién C dé md phong co hoc lwong ti, tap trung vao tinh toan luong tir [14]. Dya trén cac
nguyén tic cua co hoc luong ti, libquantum cung cp cach trién khai thanh ghi lwong tir. Cac
thao tac co ban dé twong tac véi cong Hadamard luong tir hodc céng Controlled-NOT luong tir
(CNOT) déu c6 san dé& sir dung. Cac phép do c6 thé duoc thuc hién trén cac qubit don 16 hoic
toan bo thanh ghi lugng tur.

2.2. Ung dung thuit toan hrong tir tim kiém Grover

Mach lugng tir dugc dé xuét cho thuat toan lugng tir tim kiém Grover hé mat S-DES theo
[11] duoc thé hién ¢ Hinh 1.

Vong 1 (Vong 1)
Ky®e | . + 1
I £ 2 i
|P)®8 I g = |
| = |
| =} |
[ = =t
|0>®4 & : ; e He ; e E He E = —01_; :
o % = + !
L E ]| 2| @ a W RIERINRIRSER
A ~ Q Q =< ~ -9
®4 el 3] 8 = CRIRERIES [
10) LELELERS B 1EREN=UE
N K ) /e : 7 =
®10 l < S| |
0 , Lo H !
0) | * - i
A o
®4 ! =
10) | T2 1
| 2 |
4 o
10) 0 2 ]
I
| |
|0)®% ; D :
|
| |
4
10)& | 5 :
Lo }
|0>®4
|0>®4

Hinh 1. Mach Iugng tir cho hé mat S-DES [11].

Dé nguoi tham ma lwong tir tin cong vao ma khéi thi yéu cau dau tién phai c6 1a mot mach
dao luong tr. Ngudi tham ma lugng tir trién khai mot ma khéi nhue mot mach lwong tir hoan
chinh c6 thé dao nguoc, mach luong tir c6 thé duogc tich hop nhu mot ham trong mét oracle
hodc hop den. Hop den 1a mot ham boolean trong cac thuat toan lugng tir. Khi mot cudc tan
cong Grover ddi véi S-DES duoc thuc hién, bude dau tién trong viéc trién khai cudc tan cong
la xay dung Oracle dugc thé hién trong phuong trinh (7). Mach luong tir cia S-DES duoc md
hinh nhu mét ham Boolean f (k) dé thay thé ham trong phuong trinh (6) nhu sau:

1, néu SDES(k,p,) = c.

flo = {O, néu SDES(k,p,) #+ c. 9)
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k) 2 (—1)7®)|k) (10)

Trong phuong trinh (10), |k) 1a khdng gian trang thai ciia khda, Uy 1a Oracle dugc truy van
trén |k), va trong ham Boolean f (k), cap p. va c, la cap van ban r6-ma tuong ung ciia mé hoa
S-DES.

------------------------------ Lip lai t,, lén(tk zg) B et ettt

Yo Yy v, P Yy

e fu i | $)er
P T ] L Py

|0)®26 ! !

Vong 1 1 1 Vong 1

va va
(Vong1)' (Vong 1)}

SW
SwT

Vong 2 (Vong2)'

0y2 U b ——0)®

L H H 4§7|0>®4

0@ — RS

02— il i —
u 1 !

2 m—nk 5 i g

o 1 1 1 1 1 o

Hinh 2. Ap dung thuat toan Grover cho hé mat S-DES [11].

Hinh 2 minh hoa md hinh hoan chinh ciia cugc thuét todn Grover tan cong doi véi hé mat
S-DES. Tai [)y), cac thanh ghi lugng tir dugc khai tao, tat ca cac qubit bao gom ca qubit caa
Oracle dugc dat thanh |0), tao thanh trang thai ban dau caa hé thdng: [y, ) = |0)®1¢ ® |0).

3. KET QUA VA THAO LUAN

Thuec thi thuat toan lugng tir tim kiém Grover trong tim kiém khoa hé mat S-DES dugc md
phong trén ma ngudén mé Ubuntu 18.04 st dung ngdn ngit lap trinh C. Mot sé phan mém va
thiét bj sir dung may tinh c6 cau hinh CPU: Intel® Core™ i7-10700 2.90 GHz, RAM: 8 GB
DDR4 2400 MHz, SSD: 256 GB. Trong do, c6 tich hop thu vién libquantum 0.9.1 trong hé diéu
hanh Ubuntu 18.04.

Thuét toan lwong tir Grover tim kiém trong mot co so dit liéu chwa duogc sap xép duoc thuc
hién theo cac buadc [11]:

Budc 1: Khoi tao thanh ghi lugng tir
Budc 2: Pt cac thanh ghi vao trang thai chong chét lugng tir bang céch sir dung tap
hop céc cong Hadamard H. Pua qubit cua Oracle vao trang thai |1) bang cach

&p dung mot cong Pauli-X sau d6 chuyén sang trang thai chong chat nhd cong
Hadamard H.
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Budc 3: Ap dung ham Oracle.v Ham Oracle duoc cai dat dé danh dau trang thai muc tiéu
bang cach st dung cong CNOT.

Budc 4: Po trang thai cia mach dau ra
Trwong hep 1: Thuc hién tham hé mat S-DES khi biét mot cap ban ré-ma.
Budc 1: Thuc hién tao cap ban r6-ma vaéi khoa cho trudce. Vi ban ré p c6 do dai 8 bit:

p= 00010000 va khoa k = 1100010011. Khi do, thuc hién ma hoa cho ban r p, ta thu dugc ban
ma dau ra nhu hinh 3.

e input plaintext is: 00010000
e input key is: 1100010011
e output from (IP) is the state |00001000> with probability of 1.000000

e output from (XOR1) is the state |11100010= with probability of 1.000000

e output from (P4-R1) is the state |11011000> with probability of 1.000000

e output from (P4-R2) is the state |00101101> with probability of 1.000000
The output ciphertext is: |00110011> with probability of 1.000000

It took ©.000151 seconds to execute
Total time = 0.080147 seconds

Hinh 3. Két qua ban ma ¢ thu duoc sau qua trinh ma héa S-DES.

~ Buoc 2: Su dung cap pén r6-ma tao dugc & Budc 1 véi p= 00010000 va khoa c=00110011
dé thyuc hién tim Ighéa k, két qua sau khi bién dich va chay md phong thuat todn Grover tan cong
tim khoa duoc thé hién ¢ hinh 4.

.000726 +0.0000001|7> (5.266659e-07) (|00 0000 0111=)
.000726 +0.0000001|11> (5.266656e-07) (|00 0000 1011=)
.000726 +0.0000001|51> (5.266676e-07) (|00 0011 0011>)
.000726 +0.0000001|83> (5.266749e-07) (|00 0101 0011=)
.A08726 +6.00000011147> (5.266638e-67) (1686 16801 6611>)
.999728 +0.0000001|787> (9.994553e-01) (|11 0001 0011>)
LU0 L0 +RD.DDDNOUL | £> [ o.£0002592-0U7) ( |UD DOUD QOLU=>)
.000726 +0.0000001|4> (5.266659e-07) (|00 0086 0100=)
.000726 +0.0000001|5> (5.266658e-07) (|00 0000 0101=)
.000726 +0.0000001|6> (5.266659e-07) (|00 0086 ©0110=)
.000726 +0.0000001|8> (5.266659e-07) (|00 0000 1000=>)

Hinh 4. Khéa k cia hé mat S-DES.

)
)
0
)
3]
-0
¥
0
)
)
0

Trong hinh 4 cho thay khoa k tim duoc la ding véi khda k c6 trong Budc 1 véi thoi gian
tim khda cua hé mat S-DES duoc thé hién trong hinh 5.
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It took 0.823728 seconds to execute

Total time = 0.0623835 seconds
Hinh 5. Thoi gian tim khoa caa hé mat S-DES.

Truwong hep 2: Tham hé mat S-DES trong truong hop stra doi di ban ma véi cap ban ro-
ma dang.

Véi ban 16 p c6 d6 dai 8 bit 1a p = 00010000 va ban ma ¢ sai = 10110011. Két qua sau khi
chay mo6 phong la mot khoa k sai khac véi khoa k co trong Budc 1, truong hop 1 la
k=1110110011 (¢ dang thap phéan la: 819), két qua duoc thé hién trong Hinh 6.

root@ubuntu: /home/QSDES# ./qsdes findkey 00010000 101160811

Number of found solution(s) = 1

The measured solution is |819> with a probability of ©.999455 among 1 solutions

If the secret key is not this solution |819> (in binary is |1100110011>)

It took 0.023980 seconds to execute
Total time = 8.023991 seconds

Hinh 6. Khoa ctia hé mat S-DES sau khi thir nghiém vai ban ma c sai.

Sau khi thuc hién cai dat thuat toan tim kiém Grover tim kiém khéa hé mat S-DES véi kich
ban dau vao 1a mot cap van ban ré-ma, ta thu duoc khoa k = 1100110011 véi xac suat 0,999455
va thoi gian tim kiém 12 0,023991 gidy. Két qua thir nghiém duogc thé hién ¢ Bang 1.
Bang 1. Két qua thar nghiém tan cdng véi cap van ban rd-ma.

Lanthir  Cipban rd/ma  Xéac suit tim kiém khoa Theoi gian
nghiém (plc) thanh cong (%) (mili giy)
Lin1 00010000/ 99,946 23,835
00110011

Lan 2 11101100/ 19,972 14,912
11100000

Lan 3 10110001 / 14,286 12,185
00011100

Bang 2. Chi phi lwong tir caa mach lwong tir d& xuat cho S-AES.

S6 S6 Qubits
Qubits Ancilla

X-gates C-NOT  Toffoli

Ham mé rong khéa 10 568 192 32 -
Ham ma héa 16 512 384 32 8
Tong sb 26 1080 573 64 8

279



Tap chi Khoa hoc Giao théng van tai, Tap 76, S6 03 (04/2025), 271-281

Trong cdng bé [6],[15],[16] véi ma hoa S-AES, viéc 4p dung phuong phap nghich dao
Fermat (thuat toan binh phuong va nhan) c6 thé dan dén cung chi phi tai nguyén ve so luong
qubit va cong luong tir. Do 6, thuit toan binh phwong va nhan dugc ap dung dé tinh ngich dao
nhan trong truong hitu han GF(2%) cia ma hoa S-AES. Mdi quan hé gitra s6 luong qubit va
cong luong tir 1a nghich dao, mic du viéc st dung sé luong qubit trong viéc nay co thé dan dén
su tang 1én sé lwong cong. Theo [16], chi phi lwong tir cia mach lugng tir d& xuat cho S-AES
duoc tinh toan va thé hién trong Bang 2.

Thuat todn Grover trong cong b [16],[17] da c6 cac nghién ctru &p dung cho tan cong hé
mat S-AES va AES, diéu nay cho thay viéc ap dung thuat toan tim kiém Grover cho cac hé mat
ma khi khac co tinh kha thi. Pay 1a co s& cho tac gia tiép tuc nghién ctru 4p dung thuat toan
Grover tham ma cho cac hé ma khi.

4. KET LUAN

Tac gia da thyc thi thuat toan Grover trong thim ma voi hé mat ma khdi S-DES, sir dung
tinh rru viét ctia xir 1y tinh toan ctia ham Oracle va ham Diffusion lam tang xac suat tim kiém
dugc phan tir ding, ting xac suat do dugc cac trang thai 4m (trang thai dung), trong khi giam
xac suét do duge cac trang théi duong. Két qua dat duoc, vai ba cap ban ro-ma xac dinh, qua 3
lan thir nghiém tan cong véi thoi gian tim kiém 1an luot 14 23,835 (mili gidy), 14,912 (mili giay)
va 12,185 (mili gidy); xac xudt tim ra duoc khoa k 1an luot 1a 99,946%, 19,972% va 14,286%.
Pay chinh 14 co s& gitip nhom c6 cac tién dé dé nghién ctru dp dung thuat toan tim kiém Grover
trong viéc tham ma véi cac hé mat ma khéi khac nhu DES, AES trong tuong lai.

LOI CAM ON

Nghién ctru ndy dugc tai tro boi Bo Gido duc va Dao tao trong dé tai ma sb dé tai ma sé B2025-
GHA-02. Téc gia xin chan thanh cam on Hoc vién K¥ thuat mat ma va Trudong Pai hoc Giao
thong van tai da ho trg trong qua trinh thuc hién nghién ctru thuc nghiém.
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