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m* C E, 1
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Electronic_Energy= (-1.

Nuclear_ Repulsion= @.78@
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Theta WS Energy

_02 -
—_— theta

—0.4

—0.&

—0.8
—1.0

—1.2 -

Energy

—-1.4

—1.6
—-1.8

min= -1.851179144721936
FHO -~ R T o O AL BENR b Bl VVEF AL E
% -1.851179144721936 -
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Bl(--): Desmos % §]-Theta VS Energy

(-0.115, -1.851) (3.027, -1.851)
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) *ﬁ%?;‘é + TR TF"’LJ?'J ;é Hir IE' kil ﬁw}&ﬁa

Do
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P
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W
g
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g} s
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SRR TR RER AN A (R ]
Hamiltonian*® % 78 c#p ¥ & » EEJ" B0 A4 EAMaE

2

v
4 A~ N 7 P P
|§'§'J}A7’J‘L’I‘J%F NE—E_ o

B - ) 25 TRARSAH(FT 2 pe[2])
psi® = np.zeros((4,1))
psi@[e] =
psi® = np.dot(np.kron(I,Sx),psi@)

bda theta: (np.dot(np.dot{np.kron(-Ry{(np.pi/2),Rx(np.pi/f2)),
np.dot(CNOT18,
np.dot(np.kron(I,Rz(theta)),
CNOT18))),
np.kron(Ry(np.pi/2),-Rx(np.pi/2))))

def projective_expected(theta,ansatz,psi@):
circuit = ansatz(theta[8])
psi = np.dot(circuit,psi@)
measureZ = lambd : np.dot(np.conj(U).T,np.dot(np.kron(5z,I),U))
energy = 0.0

energy +=

= SWAP
energy += gl*np.dot(psi.conj().T,np.dot(measureZ{U),psi))

= np.kron(I,T)
energy += g2*np.dot(psi.conj().T,np.dot(measureZ(U),psi))

U = CNOTB1
energy += g3*np.dot(psi.conj().T,np.dot(measureZ(U),psi))

U = np.dot(CNOTO1,np.kron(H,H))
energy += gd*np.dot(psi.conj().T,np.dot(measureZ(U),psi))

U = np.dot(CNOTO1,np.kron(np.dot(H,S.conj().T),np.dot(H,S5.conj().T)))
energy += g5*np.dot(psi.conj().T,np.dot(measureZ(U),psi))

1 np.real(energy)[0,8]



Classical diagonalization:
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[+] theta:

[+] energy:
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[1] O’Malley, Peter JJ, et al. “Scalable quantum simulation of molecular energies.”
Physical Review X 6.3 (2016): 031007

[2] Variational Quantum Eigensolver(VQE) Example
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(3] A 3 Hoehll »
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Structural evolution and electric properties of Bi;«TmsFeQs films

(x = 0-0.6)
F 4a $7(S09210017)*
PR 3B ELp
*Email: s09210017@thu.edu.tw
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E//[001]  (b) E // [100]
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(c) £/[110]  (d)
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To realize quantum random walk on quantum computer simulator
BERAHEE(S09210052)

EEHIRNE . SR
Email: S09210052@thu.edu.tw

e
HR—FREES I EEE#IS 2 (classical random walk)F%R, T HE(E
quantum coin IEIRBEFZ T, random walk FRHAHIRRVGERAE, TASEER
i@ python 18458, FRINIEHEEH classical random walk FEHEZER,: SHio#
18, BFRAER quantum random walk, FEEARRI A LARLE, BRI
classical random walk BURE#{EHBIERMIE, quantum coin ZERH—EEZNNRE
(superposition), EEEEENRE (RIFEHR quautum coin) , FTiREEHAVAER
HEAR. BRTEEIARSS, £ quantum random walk FIEEEHFFEZEFHER
EREEE AR ASEIR python KA&#E quantum random walk B quantum coin
B NNRE(superposition) A%, LAREFRHERE quantum coin EEFIELEZH
R, FPRIBZESR#F Quantum random walk I{EIEFEfk EXER.

HRIERE

(—) TRREEEIEHSTRIRE
BT {#FEquantum random walkEEFEK FEIR, ¥AETHEEF
classical random walkf9Z5l, AR quantum coin{EREEARITERAZ
R, EEpythonfHE—HEEREHARE, IHREESHEE.
B[ 17T LA & 0quantum random walkBY{EIEEREEES classical
random walkiR 7 E5E, Mtt—REZREMNEEFSK LER
quantum random walk, AFETLAUAERERNAARRISHANESR.,

()  XEACIEEERERGY
Quantum random walk BYEEEEZSCLA Classical random walk AEREEL
48, 1E Classical random walk #, {RERE—HETH, #IBRNERR
B, RB—HKUEE, EEEESIEERRGRE—F, RZEIAELR
), AEEREnIXE, SE2EHNES, EREESIRERNT
5, HEEUBEHRXEZ2WE, S2RShohZER.

108


mailto:S09210052@thu.edu.tw

(=)

£ Quantum AYHERH, FRr{EFARVEEEEF] Classical B9AERE], £ Quantum
random walk 1, RIFRRIIARIE X MR E Yy, ), 1HERS Classical
coin EBIFHEMA, KREMZA, Quantum coin BIR—EENNRE, AILIE
B%:

al0) + b|1), Hlal®? + b2 =1

=)0 =()
tEiEs, ERLEREMEAE, FRIBGHEUR, ERZ0)58E11)E
BOJEEE¥4, Quantum random walk A{ERREHEEFN Classical AF, BH
Hadamard operator, shift operatr @{EFB{E quantum coin £, EBHREX

BILARNE, EMESE/ERTE quantum coin _HIXIERIFAIE, B
Hadamard operator £ :
g L1
2 ( 1,-1 )

H{EF#E Quantum coin EIFAZHERR, EZEHEASBESHD
ElfZ, %@ Hadamard operator {EFR1&, IEEMALZZF, EA Hadamard

operator #{/i< Quantum coin H1[0), |DEIERTEAREEN. EFflzRXF
Quantum random walk TEHFtER HRVEIEER A ER, FRLUSZ5IA Y

operator:
V= 1 (1, i)
VAV

ERtE TR AT AS BIFARER RSB [L] PR IERE, MIEmAZEfEAIEE
2 FE

5|BAZ2%E 3R]

G ER TR

—FAtRIAFQuantum random walkhE, 2f¢Classical random walksg
AT, SEEENGEESETUREEINMEASEELR, EHEEM
B, sst&EUEHRAE, ArIEREMUEHRRENS, BNIREG
RnEEHREE, $EREREERTLUER, SaihoHmER. (Bt
EG AT A EE HARA S Flrandom walkfIEE S AR, iRE FIH
pythona]LA5| ArandomiVIigE, iEiErandomEBIRFEHIZIEERF, IR
EIEIRE], #§classical random walk 7Epython EiEfTi&EE, FiF5EM
B, GeEERENR, Aea2"ETsE, EREETLIER, mER
EEEIT2VRIGH, BEiBMonte Carlo Method, HE1EEI&ERDERE:
IEEEo . fAF7eClassical random walk{g, ETFRAGEpython L&

109



(1))

¥ Quantum random walk ,

A5 3 Bk [1] & B 12 & Z Shift

operator,Hadamard operator,Y operatorfEffEquantum coin £z
WERERHAKMLEKEBE xR, TLLUFER, &FIEEF Shift
operator,Hadamard operatorfEf#Equantum coin_k, EXEHIER
[1IFFTEERRVEEIZEZ, B SREAR], (BEEINLTY operatorfy
YRS, BIRIRRIHISZIFRRARYEIZEY.

(RB)ER R

Simulate the coin toss

3 1001

azs{
ooo 1L, 2
20 -0 > p

Samplé =10

_d WW HH

Sample 1000

Simulate the

IHIHH i

Simulate the Simulate the
| bl lill || IlllMI |‘H’|‘Il "ll 1"111“” | “mllllm
Sample 250 Sample 500
Simulate the coin toss Simulate the coin toss
Sample=10000 Sample=100000

B—: ARESampleTClassical random walkE4E5#300) R R4\ B

B—A&ARESampleTClassical random walkj&
o, BILIERI, RRIBEGRIEGERIE3000REEE, "%ﬁ 230FEER, EB
PEMSENER, ERUREAES, FER/IV2MEHER E+oaTE

pa) i

Quantum random walk simulate in python

=R,
0.04
2 0031
E
©
Q
o 002
o
0.01
0.00 +

200 400 _ . 600
position

800 1000

EIRI300R R4S E

N

110



E—: Quantum random walk (without Y operator)
Quantum random walk simulate in python
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Thermal stability of Co/MnN/Ta thin films by inserting thin nitrogen gradient
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