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Tom tit - Trong bai bao nay, nhom tac gia thuc thi cac thuat toén
lugng tir Deutsch-Jozsa, Bernstein-Vazirani, Simon va Grover,
chay chiing trén may tinh lugng tir IBM thong qua icloud cua trinh
mo phong Qiskit (Qiskitv0.35.0). Nhom tac gia sir dung ngbn ngi
lap trinh python dé mé ta mach lwong tir ciia hé gdm 5 qubit va
mo phong két qua do duge (& dang x4c suit) ing véi moi thuat
toan trén. Két qua thuc hién cho thiy, cAc thuat toan luong tir c6
s6 14n truy vAn it hon va t6i uu hon thuat toan cb dién vi chiing
hoat dong dwa trén tinh chét ctia co hoc lugng tir (tinh chdng chat
va vudng viu lwong tir). C4c thudt todn ndy tao co s¢ ¥ tuong dé
xay dung c&c thuat toan t&i wu hon c6 thé giai cAc bai toan phirc
tap hon nhu phan phéi khéa lugng ti, sira 181 lwong tir, tim kiém
khong ciu triic, hé pha mat ma khoé cong khai.

Tu khéa - Thuét todn luong ti; thuat toan Deutsch; thuat toan
Bernstein-Vazirani; thuat toan Simon; thuét todn Grover

1. Gioi thiéu

Y tuéng vé dién todn lwong tir 1an dau tién dugc dé xuét
doc 1ap boi cac nha khoa hoc Benioff [1], Manin [2] va
Feynman [3] vao nhimg nam dau thap nién 80. Benioff xay
dung mot mé hinh co hoc lugng tir vi mdé cua may tinh
dugc biéu dién boi may Turing c6 sir dung trang théi dimg
thoa man phuong trinh Schrodinger [1]. Nha toan hoc
Manin cho rang khong gian trang thai lugng tir c6 dung
lugng rat 16m so v&i khong gian co dién Vi nd c6 sy chong
chét trang thai, tirc 12 t6 hop cua cac trang théi co so, nén
md hinh toén hoc cua né doi héi phai st dung cac nguyén
If lwong tir [2]. Nam 1981, Feynman dat van dé: Loai may
tinh nao ching ta sé st dung dé mo phong vat |i? Liéu vat
Ii c6 thé dugec mo phong tot bai mot may tinh phd thong
khong? Ong cho rang thé gidi vat Ii 1a co hoc lugng tir do
d6 van dé thich hop la md phong vt Ii lugng tir, ma may
tinh s& hoat dong trén co ché nay [3].

Khéc voi dién toan cb dién hoat dong trén co ché dién
tlr, trong d6 don vi thong tin la céc bit 1 hodc 0 duoc thuc
hién vé& mat vat Ii dudi dang bat va tit cua cac bong ban
dan riéng 1¢ va trang thai dugc mo ta bang mot chudi nhi
phén (10100110...), dién todn lugng tur st dung hai trang
théi luong tir co ban |1) va |0) lam don vi thong tin goi la
céc bit lwong tir (qubit) két hop véi nguyén Ii chong chét
(superposition principle) va vuéng viu luong tir (Quantum
entanglement) trong co hoc luong tir [4]. Hé luong tir cho
qubit ¢ thé 1a dién tir voi hai trang thai spin (xudng -1 hodc
I1én -0), hay trong hé lugng tir hai muc nang lwong (kich
thich -1, co ban -0), hay trang thai photon phéan cyc. Nho
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nguyén Ii chong chit ma ta c6 thé biéu dién trang thai cta
mdt qubit théng qua ham séng y = a|l1) + b|0). Trong do,
céc bién do lugng tir a va b 1a cac sé phirc tlly y thoa man
diéu kién chuén hoa |aj2 + |b|2 = 1, ddng thoi [a? va |b|? cho
ta Xac suat dé qubit y 1an luot & trang thai [1) va |0). Trai
nguoc véi bit ¢ dién chi 6 thé & mot trong hai trang thai
1 hodc 0, qubit c6 thé & trong mot chudi lién tuc cia cac
trang thai dugc xac dinh bai cac bién do lugng tira va b do
tinh chdng chat. Vi N qubit, c6 2V trang théi co ban, do d6
trang thai chung ctia N qubit tang theo cap s6 nhan va dugc
xac dinh béi mot ham séng voi 2V bién do lwgng tir. Vi du,
néu cé 3 qubit thi s& c6 23 = 8 trang thai co ban: {|000),
001), [010), |100), |011), [101), [110) va [111)}. Trang thai
chung cua 3 qubit duge md ta bang ham séng |y) = aj000)
+ bj001) + c|010) + d|100) + [011) [101) + g|L10) +
h[111), voi [af? + [bf? +[c]” + [df? + [ef* +[f* + [g* + |h* = 1
Khi mot trang thai lugng tir khdng thé tach roi thanh cac
trang thai doc 1ap thi goi la vudng viu. Tuc 1a, mot trang
thai |y) vuéng viu s& khong thé biéu didn o dang:
[w1) ®|w2), véi cac ham séng |w1) va [w2) cho hai hé con, va
& la tich tensor hai trang thai. Vi dy, trang thai vudng viu
ctia hé 3 qubit c6 thé Ia |[GHZ) = (J000) + [111))/V/2, hay
W) = (J001) + [010) + [100))/v/3. S vuéng viu xay ra voi
c4c trang thai da qubit, khi d6 trang thai két hop ctia cac
qubit chira nhiéu thdng tin hon cac qubit hoat dong doc lap.
Véi mot cap ddi tuong luong tir vudng viu, mot phép do
dugc thyc hién trén mot dbi tugng hrong tir nay s& ngay lap
tic ¢6 anh huong dén dbi tuong Kia ma khong can cho doi
do tré trong qud trinh truyén tin.
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Nhu vay, tbe d6 tinh toan cua dién toan luong rat nhanh
vi n6 ¢6 kha ning tinh toan song song do trang thai chong
chat véi cac tham sb phirc tuy y. Do d6, may tinh luong tir
hoat dong trén co ché nay 1a mot may twong tu lam viéc
v6i cac tham s lién tuc, tréi ngugce véi cac may tinh ky
thuat s6 thong thuong hoat dong véi cac tham sb roi rac.
May tinh luong tir phd dung hién nay sir dung mé hinh
mach luong tr (quantum circuit model). Mach luong tir
gbm Cac cong luong ti, Ccac 1énh (thuit toan lugng tir) va
logic diéu khién cé dién. Cac thuét toén lugng tir hoat dong
nhd cac tinh chit co hoc luong tir nén sé bude it hon dan
dén thoi gian thuc hién nhanh hon so véi thuét toan c¢b dién.
Nhitng thuat toan lwong tir dau tién la Deutsch-Jozsa [5],
Bernstein-Vazirani [6] Simon [7] va Grover [8]. Cac thuat
toan nay tao co s¢' Y tudong dé xay dung cac thuat toan t6i
wu hon ¢6 thé giai cac bai toan phirc tap hon nhu phan phéi
khoa lugng tir, stra 18i lugng tir, tim kiém khéng cau trdc,
hé pha mat ma khoa céng khai

Nam 2018, Mandviwalla va cac cong su da thur nghiém
hoat déng ctia cac thuat toan trén may tinh luong tir va chi
ra sy khac biét dang chu y gitra cac luya chon khéc nhau cua
c4c qubit trong thiét ké trién khai va giira c4c thiét bi luong
tir kh&c nhau thyec thi thuat todn. Nhung nghién ciru nay chi
thure thi vai thuat toan Grover va véi 4 qubit [9].

Trong nghién cttu ndy, nhom tac gia thyc thi cic thuat
toan luong tir Deutsch-Jozsa, Bernstein-Vazirani, Simon
va Grover trén may tinh lugng tor IBM théng qua icloud
cta trinh mé phong Qiskit (Qiskitv0.35.0).

2. Cé&c thuit toan lugng tir co ban
2.1. Thugt toan Deutsch-Jozsa

Thuat toan lugng tir Deutsch-Jozsa [5] 1a mét thuat todn
xéc dinh, tirc ludn ludn tra vé dap &n va dap an luén chinh
X&c bai mot truy van. N6 13 thuat toan dau tién cho thay sy
khéc biét vé do phirc tap tinh toan giita lugng tir va ¢ dién.
Thuét toan ndy thé hién tim quan trong cua viéc cho phép
bién d6 lugng tir nhan ca gia trj &m va dwong, trdi ngugc
véi cac xéc suét ¢ dién ludn khong am.

Bai todn Deutsch-Jozsa dugc dinh nghia nhu sau. Xét
mot ham véi vao 1a mot chudi n ky tu nhi phan va tra vé
gia tri 0 hodc 1, tuc la hop den thyc thi ham f:{0,1}" -
{0,1}, nhiém vu 1a xac dinh xem liéu f I bat bién (hoic
nhan toan 0, hodc nhan toan 1) hay can bang (mdt nira nhan
0 va mét nira nhan 1). Vi tong s6 dau vao c6 thé co la
2" nén vé mit cb dién, truong hop x4u nhat chung ta can
2" +1 phép thir & chic chén rang f(x) la bat b1er1 Trong
khi thuat toan Deutsch-Jozsa c6 thé giai quyét van dé nay
v6i do tin cay 100% chi sau mot 1an goi ham f(x) trong mot
hop den lugng tir (hay oracle). M6 hinh toan hoc cho thuét
toan Deutsch-Jozsa dugc thé hién & Hinh 1 va né hoat dong
qua cac budce sau [10]:

(1) Chuén bj hai thanh ghi lugng tir. Mot thanh ghi
n-qubit dugc khai tao ¢ trang thai |0), va thanh ghi thir hai
1a mét qubit duge khoi tao [1): jwo) = |0)@"|1).

(2) Ap dung cdng Hadamard H [4] cho mbi qubit:

[¥1) = === 225" %) (10) = 1))

(3) Ap dung hop den lugng tir (oracle) |x)ly) thanh

DT ()):
¥2) = = 225 (=17 x) (10) — [1)).

(4) Bo qua thanh ghi qubit tha hai. Ap dung cong
Hadamard cho méi qubit & thanh ghi thir nhat:

) = 5 BB (- D (=D |y).
(5) bo thanh ghl tha nhat. Cha y rang X4c suat do

Rn _
0)er = |

cho két qua 1 néu f (x) bat bién va 0 néu f () 1a can bang.
Nhu vy, ta chi ¢6 dau vao, mot lan truy van vao hop den
luong tir va thuc hién phép do la di thu duoc két qua loai
ham f can tim.
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Hinh 1. M6 hinh toan hoc thudt todn Deutsch-Jozsa
2.2. Thudgt toan Bernstein-Vazirani

Thuat todn Bernstein-Vazirani [6] c6 thé dugc coi la
mot phdn mé rong cua thuat toan Deutsch-Jozsa. N6 chi ra
rang, 6 thé c6 loi thé khi sir dung may tinh lwong tir nhu
mdt cOng cu tinh todn cho cac bai toan phirc tap hon bai
toan Deutsch-Jozsa. Bai toan Bernstein-Vazirani dugec mo
ta nhu sau: Mot ham hop den f nhan dau vao 1a mot chudi
bit {x} va tra vé 0 hodc 1, nghia Ia: f({xo, X1, X2,...}) — 0
hodc 1, trong d6 x, 12 0 hodc 1. Ham dugc dam béo tra vé
tich sd bit cua ddu vao voi mot sb chudi s. N6i cach khac,
v6i mot dau vao x: f(x) = sx (mod 2), chiing ta can tim s.
Vé mit cb dién, chling ta s& can n lan goi ham f5(x).

|0) f |5)
|

Hinh 2. M6 hinh thudt toan Bernstein-Vazirani

Thuat toan luong tir Bernstein-Vazirani dé tim chudi bit
an rat don gian, chi sau mot lan goi ham f(x). Hinh 2 bicu
dién md hinh cho thuét todn nay va n6 hoat dong qua cac
bude [10]:

(1) Khoi tao cac qubit dau vao ¢ trang thai |0)®", va
xuat qubit thanh |-).

(2) Ap dung cac cong Hadamard Ién thanh ghi dau vao.

(3) Truy vén hop den.

(4) Ap dung cac cong Hadamard cho thanh ghi dau vao.

(5) Po két qua.

C6 thé van tit cc budc thdng qua chudi sau:

Hon
109m) 5 L% o 1) B 5 1* %) o ).



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - BAI HOC DA NANG, VOL. 20, NO. 7, 2022 113

Nhu vay, & budc cudi ciing, ta chi can do trang thai |s).
Theo céch hoat dong nay, ta co thé xay dung thuat toan sira
16i lwgng tir.

2.3. Thudt todn Simon

Bai toan Simon la mot bai toan thudc dang cly quyét
dinh hay dang truy vén, duoc dién ta boi Daniel Simon nam
1994 [7]. Simon da dua ra mét thuat toan lugng tir dé giai
quyét bai toan nhanh hon rat nhleu (so mii 14n) so voi bét
ki thuat todn xé4c dinh hay xac sudt c6 dién nao. Bai toan
Simon dugc md ta nhu sau. C6 mdt ham hop den khdng
xac dinh f, duge dam bao la mot-mét (1-1) hodc hai-mot
(2-1), trong d6 cac ham mot-mét va hai-mot co cac thude
tinh sau:

(i) Mét-mét: Anh xa chinh x&c mdi dau vao khéc nhau
cho mét dau ra. Vi du voi mot ham c6 4 dau vao la:
f(1) — 1, f(2) — 2, f(3) — 3, f(4) — 4.

(ii) Hai-mér: Anh xa chinh x4c mdi hai dau vao cho
cing mot két qua dau ra. Vi du voi mot ham nhan 4 dau
vao la: f(1) — 1, f(2) — 2, f(3) — 1, f(4) — 2. Anh xa hai-
mot ndy theo mot an chudi bit b, trong dé: cho trudc X, y: f
(x) =f(y) véiy =xDb.

Véi hop den f ndy, 1am thé nao dé c6 thé xéac dinh f 1a
mot-mot hay hai-mot. Néu f 13 hai-mot, thi 1am thé nao dé
c6 thé xé4c dinh b? Theo cb dién, néu ching ta mudn biét b
v6i d6 chic chin 100% dbi vai f da cho, chling ta phai kiém
tra toi da (2"+1) dau vao, trong dé n 1a s bit trong dau
Vao, tirc 1a do phure tap luy thira bac n. Trong khi thuat toén
Simon chi can t6i da n bude lap. Hinh 3 12 md hinh toén
hoc thuét toan Simon, né thyuc hién qua cac budce sau:

1 2 3 4 5 6
HaH =
e R I [
AP D N
s L A
e
I I I | I I
1 \ I I
A I et A A
e 10
A I O
+—H =

Hinh 3. M6 hinh thudt toan Simon
(1) Khoi tao hai thanh ghi d4u vao n-qubit & trang théi
0: Jy1) = [0)®"0)&".
(2) Ap dung céc cong Hadamard cho thanh ghi th nhat:

[¥2) = 7= Txetoaynl0)10)®™.
(3) Ap dung ham truy van Q.
¥3) = 7= ZxetoynOIF (X))

(4) Bo thanh ghi thir hai. Gi tri cua f(x) s€ dugc quan
sat. Do cach thiét 1ap cua bai toan, gia tri quan sét f(x) c6
thé tuong g v6i hai ddu vao co thé co: x vay = x@b. Do
d6, thanh ghi dau tién tré thanh: |ya) = (X) + |y))/\2, trong
do6 bo qua thanh ghi tht hai vi n6 da duoc do.

(5) Ap dung Hadamard trong thanh ghi déu tién:
¥s) = 7 Doeto [ (D + (=1)¥7]2).

(6) Viéc do thanh ghi dau tién s& chi cho két qua dau ra
néu (—1)*% = (1)Y=

Thuét todn Simon di tao ra mot su ting tdc theo ham
mil SO v6i cac thuét toan ¢ dién va ciing 12 co so ly tuong
dé xay dung cac thuat todn pha hé ma khoa cong khai.
2.4. Thugt toan tim kiém Grover

Thuat toén ctia Grover [8] thé hién kha ning tim kiém
co s& dit liéu véi tde d6 vuot troi ciia nd. Thuat toan nay cd
thé tang toc d6 mot bai toan tim kiém khong c6 ciu tric
theo phuong phap béc hai, nhung viée sir dung n6 con mo
rong hon the nira. Vi duy, de giai quyét mot van dé thoa man
Boolean t6 hop cu thé, tdi wu cho X4c suét truong hop xau
nhat (3-SAT). Hay cac thuit todn dé udc tinh tai nguyén
luong tir, tiéu chuan ma hda nang cao (AES) ciing nhu giao
thirc chia sé bi mat lugng tir, toi wu hda do sau cua cac thuat
toan tim kiém lugng tr nhu giai ma luge dd ma hoa DES
[11]. Y tudng cua thuat todn Grover ¢ nhimg diém vuot
trdi d6 14 thu thuat khuéch dai bién do bang cach doi pha
muc can tim, thuc hién phép quay lip nhiéu lan dé ting
bién do, két qua do bién d6 cua trang thai ndo 16n nhat
chinh 1a dap an. Hinh 4 1a m6 hinh to&n hoc cta thuét toan
Grover, n6 c6 thé hoat dong qua céc budc sau:

(1) Bt dau khuéch dai bién do trong chong chit dong
nhit |[s) = H®"|0)",

(2) Ap dung phan xa hop den Us cho trang thi |s).

(3) Thuye hién mot phan xa bd sung Us vé trang thai |s):

= 2|s)(s| - 1. Phép bién dbi néy anh xa trang thai thanh

USUf|S> va hoan thanh phep bién d6i. C6 thé thiy, bién do
tang tuyén tinh véi s6 1an quay (vong lap) ti 1é véi tAN.
Tuy nhién, vi dang xur ly cac bién d6 chir khéng phai xac
suat, do do, bién d6 dugc khuéch dai trong quy trinh nay.

Toén ti truyén tin Grover

m H |U’A fUﬂl —In }_\ 2N e /'/\%_

\ _f_” _”Hu'

— L

Vong lip O(VN)
Hinh 4. Mb hinh thudt todn Grover

Nhin chung, quy trinh lam viéc cua thudt toan luong tir
dién hinh bao gom

(1) Véan dé can giai quyét;

(2) M6t thuat todn cd dién tao ramot mo ta vé mot mach
luong tu;

(3) Mach luong tir cAn duoc chay trén phan cimg luong tir;

(4) Va phép do cb dién &p dung & dau ra.

O muc tiép theo, nhom téc gia thyc hién code python
m0 phong dé vé cac mach luong tir va thuc hién do két qua
cho cac thuat todn trén véi dau vao 5 qubits s dung méa
nguon mo cua Qiskit chay trén icoud IMB [10].

3. Két qua thyc hién va thio luin

Cac thuat toan lugng tir phai dugc thue thi trén may tinh
lugng tir, nhung & Viét Nam chua c6 may tinh lugng tur,
nén phai chay trén nén icloud ctia cac may tinh luong tir
that cta cac hdng may tinh 16n nhu IBM, Google,
Microsoft... Trong sb do, c6 cac moi truong 1ap trinh lugng
tir khéc nhau voi cac ma ngudn mé [12]: Qiskit tir IBM,
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Forest (pyQuil) tir Rigetti, Q# tir Microsoft va ProjectQ tur
ETH, hay may 4o lugng tor Qsun. Nhom tac gia da thir
nghiém trén céc trinh khac nhau, Forest la ngdn ngi
chuong trinh lugng tir m& nguoén mé dwgc phat trién boi
Rigetti bao gdm pyQuil dua trén Quil, tuy nhién cau Iénh
pyQuil phirc tap va hinh anh mach lugng tir xuat dang text
nén khong hai hoa [12]. Déi voi Microsoft thi hién nay
khong c6 thiét bi nao ma nguoi dung c6 thé két ndi thong
qua bo phét trién luong tir, ddng thoi, cl phap ciia Q# kha
khéc so véi cac ngon ngir 1ap trinh, nd gan gidng véi C# va
dai dong hon Python. Trong khi ProjectQ chi sir dung ngén
ngit Python, tai liéu huéng dan cua ProjectQ roi rac va
khong dé cap dén cac thuat todn co ban, nén rat kho cho
nhitng ngudi méi bat dau. Véi Qsun thi chua ¢6 hudng dan
cu thé, kho tiép can va chi chay trén may tinh luong tir 4o
[13]. Bén canh d6, Qiskit sir dung ngdn ngit 1dp trinh
Python, JavaScript and Swift rat tién loi cho nguoi dung,
dong thoi c6 tom tit ndi dung Ii thuyét va tiép can tir nhitng
thudt todn co ban nhat rat hitu ich cho nguoi ding. Vi vy,
nhom tac gia sir dung ma ngudn mé trén nén Qiskit, ding
code python va cai tién mot sb 1énh dé thyuc thi cac thuat
toan tuong tng.

Khi str dung Qiskit, quy trinh lam viéc ctua ngudi dung
vé danh nghia bao gdm bén budc sau:

(1) Xay dyung: Thiét ké (c4c) mach luong tir biéu dién
cho vén dé can giai quyét.

(2) Bién dich: Bién dich cdc mach cho mdt may chi
luong tir cu thé.

(3) Chay: Chay cac mach da bién dich trén (cac) may
chu lugng tir duoc chi dinh. O ddy méy chi ndy dua trén
dam may.

(4) Phan tich: Tinh toén s liéu thong ké tom tit va hinh
dung két qua cuia cac thi nghiém.

Nhom tac gia thye thi thuat todn Deutsch-Jozsa cho 5
qubit stir dung code 1ap trinh python chay trén icloud cta
may tinh luong ti IBM [10] theo nhitng dong 1énh nhu sau:

import numpy as np

from giskit import IBMQ, Aer

from qiskit.providers.ibmq import least_busy

from qgiskit import QuantumCircuit, assemble,
transpile

from qiskit.visualization import plot_histogram

def dj_oracle(case, n):

oracle_gqc = QuantumCircuit(n+1)
if case == "balanced":
b = np.random.randint(1,2*%*n)
b_str = format(b, '@'+str(n)+'b")
for qubit in range(len(b_str)):
if b_str[qubit] == '1':
oracle_gc.x(qubit)
for qubit in range(n):
oracle_qgc.cx(qubit, n)
for qubit in range(len(b_str)):
if b_str[qubit] == '1':
oracle_gc.x(qubit)
if case == "constant":
output = np.random.randint(2)
if output ==
oracle_gc.x(n)
oracle_gate = oracle_qc.to_gate()
oracle_gate.name = "Oracle" # To show when we

display the circuit
return oracle_gate
def dj_algorithm(oracle, n):

dj_circuit = QuantumCircuit(n+1, n)

dj_circuit.x(n)

dj_circuit.h(n)

for qubit in range(n):
dj_circuit.h(qubit)

dj_circuit.append(oracle, range(n+l))

for qubit in range(n):
dj_circuit.h(qubit)

for i in range(n):
dj_circuit.measure(i, i)

return dj_circuit

n=>5

oracle_gate = dj_oracle('balanced', n)

dj_circuit = dj_algorithm(oracle_gate, n)

dj_circuit.draw() # v& mach lugng tu

#----- chay doan code trén trudc dé vé& mach lugng
tlr; sau dé m&i chay doan code sau:

aer_sim = Aer.get_backend('aer_simulator') #tiép
tuc doan code nay dé do két qua.

qobj = assemble(dj_circuit, aer_sim)

transpiled_dj_circuit = transpile(dj_circuit,
aer_sim)

gobj = assemble(transpiled_dj_circuit)

results = aer_sim.run(qobj).result()

answer = results.get_counts()

plot_histogram(answer) #trad két qua (xac suat do)
dang d6 thi.

Két qua dugc thé hién & Hinh 5. Mach luong tir gom
hai thanh ghi, thanh ghi thir nhat gom 5 qubit dwoc dénh
déu qo dén q4, thanh ghl thir hai la mot qubit duoc danh dau
1a gs. Két qua do tra vé v6i Xac suat p =100% cua dau vao
“11111”, nghia Ia ham f trong oracle 12 ham bat bién. Theo
cach hoat dong nay, thuat toan Deutsch-Jozsa c6 thé duoc
sir dung dé phan phdi khoa luong tir bang céch sir dung
trang thai vudng viu GHZ.

XAc suat| 1000
TN

o - H

E— e lam
o fil—z 2
Oracle 0.50
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o fl— I
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Hinh 5. Mach heéng tir va két qua tra vé ciia
thudt toan Deustch-Jozsa

Véi thuat todn Bernstein-Vazirani, ta st dung doan
code sau:

import matplotlib.pyplot as plt

import numpy as np

from giskit import IBMQ, Aer

from qiskit.providers.ibmq import least_busy

from gqiskit import QuantumCircuit,
ClassicalRegister, QuantumRegister, transpile, assemble

from giskit.visualization import plot_histogram

n=25# S6 qubit dé biéu didn

s = '00110'  #chudi nhi phan an

bv_circuit = QuantumCircuit(n+1, n)

bv_circuit.h(n)

bv_circuit.z(n)

for i in range(n):

bv_circuit.h(i)
bv_circuit.barrier()
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s = s[::-1]
for g in range(n):
if s[q] == '@":
bv_circuit.i(q)
else:

bv_circuit.cx(q, n)

bv_circuit.barrier()
for i in range(n):

bv_circuit.h(i)
for i in range(n):

bv_circuit.measure(i, i)
bv_circuit.draw() #vé& mach lugng tu
#---dung dén day dé vé mach lugng tlr, sau dé xuat

két qua do

aer_sim = Aer.get_backend('aer_simulator")
shots = 1024
gobj = assemble(bv_circuit)
results = aer_sim.run(qobj).result()
answer = results.get_counts()
plot_histogram(answer)

Hinh 6 thé hién két qua thyc thi thuat toan Bernstein-
Vazirani, hinh bén trai 1a mach luong tir v6i 5 qubit va hinh
bén phai la két qua tra vé cua chudi s 1a “00110” véi X4c suét
100%. Thuét to&n nay ding trong truyén théng va stra 15i
lwong tir. Ngoai ra, st dung nhidu hé luong tir song song
cling véi thuat todn ndy dé tinh toan nhidu ham cting mét ldc.
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Hinh 6. Mach heong tir (trén) Va két qud trd vé (duéi) ciia
thudt toan Bernstein-Vazirani

Nhém tac gia sir dung code sau cho thuét todn Simon:

from giskit import IBMQ, Aer

from giskit.providers.ibmq import least_busy

from qiskit import QuantumCircuit, transpile,
assemble

from qgiskit.visualization import plot_histogram

from giskit_textbook.tools import simon_oracle

b = '11010"'

n = len(b)

simon_circuit = QuantumCircuit(n*2, n)

simon_circuit.h(range(n))

simon_circuit.barrier()

simon_circuit += simon_oracle(b)

simon_circuit.barrier()

simon_circuit.h(range(n))

simon_circuit.measure(range(n), range(n))

simon_circuit.draw()
# Sau d6 xudt két qua
aer_sim = Aer.get_backend('aer_simulator')
shots = 1024
gqobj = assemble(simon_circuit, shots=shots)
results = aer_sim.run(qobj).result()
counts = results.get_counts()
plot_histogram(counts)
# Sau d6, thém cdc code sau dé tinh tich bén trong
cla hai chudi
def bdotz(b, z):
accum = 0
for i in range(len(b)):
accum += int(b[i]) * int(z[i])
return (accum % 2)
for z in counts:
print( '{}.{} = {}
bdotz(b,z)) )
Hinh 7 md ta mach lugng tir cua thuét todn Simon véGi
5 qubit va tra vé két qua cta chudi z v6i CAC XAC suat twong
(g, trong d6 chudi z “11100” cho X4c suat cao nhat, 8,2%.
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Hinh 7. Mach lwong ti (trén); két qua tra vé img voi Xac sudt
(duwai trai) va xuat chuoi tring z (dudi phdi) ciia thugdt todn Simon

Cubi cuing 1 thuat toan Grover, ta cho thuc thi véi doan
code sau:
import matplotlib.pyplot as plt
import numpy as np
from giskit import IBMQ, Aer, assemble, transpile
from giskit import QuantumCircuit,
ClassicalRegister, QuantumRegister

from giskit.providers.ibmg import least_busy
from giskit.visualization import plot_histogram
n=>5
grover_circuit = QuantumCircuit(n)
def initialize_s(qc, qubits):

"""Ap dung céng H cho qubit"""

for g in qubits:

qc.h(q)

return qc
grover_circuit = initialize s(grover circuit, [9,1,2,3,4])
grover_circuit.cz(0,1) # Oracle
grover_circuit.h([0,1,2,3,4])
grover_circuit.z([0,1,2,3,4])
grover_circuit.cz(0,1)
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grover_circuit.h([0,1,2,3,4])
grover_circuit.draw()

#-dng & day dé vé mach, tiép theo do xac sudt.
sim = Aer.get_backend('aer_simulator')
grover_circuit_sim = grover_circuit.copy()
grover_circuit_sim.save_statevector()

gobj = assemble(grover_circuit_sim)

result = sim.run(qobj).result()

statevec = result.get_statevector()
grover_circuit.measure_all()

aer_sim = Aer.get_backend('aer_simulator")
gobj = assemble(grover_circuit)

result = aer_sim.run(qobj).result()

counts = result.get_counts()
plot_histogram(counts)

Két qua thyc thi duoc thé hién ¢ Hinh 8 véi 5 qubit va
tra vé cac két qua cua chudi s twong g voi Xac suat khéc
nhau. Trong d6 chudi két qua “01011” cho két qua véi xac
sudt cao nhat, 15,5%.
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Hinh 8. Mach heong ni (trén) va két qua tra vé

thudt toan tim kiem Grover

Thuat toan Grover c6 nhiéu &p dung, nhu giai céc bai
toan 3-SAT hay giai trd choi sudoku gom céc 6 latinh vai
quy tic: Khéng cot nao, khéng hang nao va khong nhom
hinh nao c6 thé chtra ciing mot gid tri hai 1an. Thuat toan
tim kiém lwong tir c6 thé 13 mot lwa chon hap dén va thich
hop trong ky nguyén cong nghé luong tir 6n a0 quy md
trung gian [14].

Viée trién khai trén cac thuat toan luogng tir trén nén
Qiskit rit tién loi cho cac nghién ctru vé thuat toan. Ta thay,
thoi gian chay cac thuat toan trén véi 5 qubit 1a rat nhanh.
Vay khi sb qubit tang 1én gap nhiéu lan thi thoi gian chay
s& nhu thé ndo? Muc d6 hiéu qua va ing dung cu thé cua
c4c thuat toan trén nhu thé ndo? Nhom tac gia sé thuc hién
né trong nghién ctru tiép theo.

010“
0, 12,
IOD.I}
1oy,
110”
11111

=

duci) cua

4. Két luan

Nhom tac gia da thyc thi cac thuét toan lugng tir trén
nén Qiskit. Két qua cho thiy, véi s6 1an truy van rat it nén
thuat toan lugng tir xir Ii r4t nhanh so véi thuat toan co dién.
C6 nhitng bai toan véi hé n-bit thi thuat todn ¢ dién phai
ding 2"+1 lan truy van, trong khi thuat ton luong tir chi
can 1 1an truy van vi n6 c6 thé thuc hién dong thoi cac trang
thai vai két qua |4 sac xuat nho tinh chong chét trang thai.
Bon thuat toan nay di co ban nhung 6 nhimng tmg dung
giai quyét bai toan da phan tich ¢ trén va dic biét 1a ¢6 anh
hudng 16n cho céc phat trién thuat toan c6 ung dung 16n va
thé hién uy quyén luong tir nhu thuat toan stra 16i lugng tir,
thuat todn Shor pha mé khoa cong khai (RSA). Trong cac
nghién ctu tiép theo, nhdm tac gia s& cai tién thuat toan
Shor va xay dung cac ma sura 15i méi.

Loi cam on: Nghién ciu nay duoc tai trg béi Quy phat
trien Khoa hg)c Truong Dai hoc Su pham — Pai hoc Pa
Ning trong dé tai c6 ma s6 T2022-TN-09.
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