| FE  EBIRER RCE

| FEEN

IBM2021 g?ﬂlﬁﬁ

CRBK - MEE - IBE

BB EE SR+
d e Eram-
(I -

1981 FEJii-E B T E2Ee Bl IBM SR — 5Bl
Ayl r 28t H5ouE 1] /£2021 45 H
IBM 5% [ BB T3 15 40 SRR B T DR -
Hrfe s TRFETE S 5 HEIEF EEEE - ar
1o i 5 AR TR FEMCHEREANEE
ST EE A BTSSR 7 B P AR ) B A » (Rt
BAAEE

1994
Shor's algorithm

2007

wBK - BT - MEREE

Transmon qubits

 REWRPRAREATRRREHRRAEEFEANDL - HRHNANEETF

TEFERTRERMS -

CNOT [l R - i@ & @Rt LU
Fir A5 B BERE N |- SWAP R : 22 #3fH ) - (A IBM
PRERERRY2E —EE 2 M A AR (CX, RZ, SX, X
E-EJ) FHRFEFR LR o
— AR EEEE - BT ART LR
*ﬁiﬁﬁﬁﬁﬁmﬁmﬂﬁa@{ 8 x 8 JEFHEA R LM
(HEEMAESE AR LRI M) - HFREM
SRR BB DA > 18 WA R
KA EE » CEMEER IR
[7] 50 FRTHY R FEMYI - AERE

© @ € ©

1980 1995
Toffoli gate Quantum error
correction

©

1:2021 5 IBM $EEEHT 5 ARE -

F—rE : FIREMR (CX,RZ, SX, X )
HERIEF R

1980 1K, » SEFEHIZFEHE (Tommaso Toffoli )
EERBFCIR B (Toffoli gate) [2-3] > HEHEMEZA
Fy & FET B ] DUFE th 2 75 B RIAHE B oy S ER A
] NAND F1 AND f#] » 5 25 & fi5 [ & 22 15 oy i 8
EE B IR o BRILZ IMERGT B FHBERIZ O
NEZEM) TGm)  (oracle) K- WEHGHLHE
RIMITAAE » RILFESR R IEE BRI 7l
[ o BRILE SMBIEEER G - B R R 3 F R
(universal gate) HFEZEATE BRI CNOT S (FT
SEHIFTE B R o] DU B AR 1S i ER T BT — 2

42 | mE L

AU B B AR 8 2 3% 0 H3tE 4954 MOST111-2119-M-033-001- °

B T AN KA S —H e
w..““ o BRI RR - AAHA TR e
riational quantum
eigensolver ZIHIRE S 2 JiK o T L RE IR ik
NERE
g 3
a . ——o--o—

2 F—RERE - JAMBNE T BERRE R, x B CNOT R °

g REATRS P B 2 HOAIR - & MR RE e B
AR iR - AR B FE o] 23T H S R m AR
fy ﬂﬁﬁﬁgg?ﬁﬁ%%zﬁﬁfﬁ » Nt
ARG 1 REH@EERAET AR 7821y
JFERACGRGT - A e R T %EE’JE?%‘@ 1
1960 A MR 58 ] 0 8 iR ] sy (58 R sk D 31 3503t
EREEFEL - NRREBHER - 5 ERRE Ll
BT A FERUEERBE T - 1 ] 3 e R RE B B




B BBt AR 2l - A EIRAEE - 2K
FrETREEARIREF ©

ERE  FEEEE

TEat R > [ EEAMABEE A RTRER K N
R B FIENIERE  B140 » A —FREEEE > 3%
EEEGMEEEA N ME R > EHENIFE R
BB RTRR o IRTA — LG HERE - EEERE
AR/ N 2IEERIE R > EERE B RES K
REVFARMAD > HIER ERIERTET B AR o
1994 4F » 75#f (Peter Shor) KBH » /L& FEF HH&

L REA S SUE (R EUT  [4] © 382 —E 8T >
K R FR A A B RS B B - R R
FRER ISR - HE [ > RSA % - L2 ICHER %
EEESTRAI P EE (semiprime » HAE 1~ HCOH
W R EE) (FE R AT « Ik
T BA R R N R R RSA I HIRE
FWasEA

e MRS DU B A - A BTl

s P

BELHETL SGOPEEGIE
B BT RER )RR -
EEREENE T a > a < N » B
f(z) = a®modN ;
EXFIA A s B f (o) R -
Bl » @38 BEEE—5
R0 R EBERETE f(r/2) + LR f(r/2) =1 »
T N A AR e al R A& AR AR
ARBOKREE N FIRB - B REE S EA
SERCERBUME - HFREIESFAREEE— -
Fh b TN A v R A S R R B R R AR
B2 PE a¥modN HYEERE o BEPRFAM HIE 20 a5
%R IS LR S - (HIS LR R OB S HIET
FRRAGR IR K » = E )2 » a1 R IETHE—
B65 B G E R & A > PR AR o] L T
B [5] WAl E ERAIER - RItE —EEHE
B ¥ 35 (R E KRB - IEE T AN &R —
flél 35¥mod N WIEEE » % EE RS 1] AT R HE
A H 0] LL{E "ibmq santiago" b 3#E1T o 1 L RE A
HIfRELT R 3

control —JF

aoArral, —.
controt, [l

- m— o

rarper,

w43



aontral

oentroh

sonerel,

4

Bt

cevabraly

coatral,

conbod - -

o 11

coatraly
coniroly —.
conrof; n

L
- Eoo ™
e — - -~ - O—
oty ] ¥

from math import ged # Greatest common divisor

for x in [-1, 1]:

print(f"Guessed factor: {(god(13*=*={4//2)+x, 35)}")

Guessed factor: 7
Guessed factor: 5
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with pulse.align_sequential():

# Pay attention to this part to solve the problem at the end
pulse.set_frequency(freq*GHz, DriveChannel(qubit))
pulse.play(spec_pulse, DriveChannel(qubit))

pulse.call(meas)
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with pulse.align_sequential():

pulse.set frequency(f01*GHz, DriveChannel(qubit))
rabi_pulse = Gaussian(duration=drive duration, amp=amp,
sigma=drive sigma, name=f"Rabi drive amplitude = {amp}")
pulse.play(rabi_pulse, DriveChannel(qubit))

pulse.call(meas)
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# Promote qubit from [0) to |1)

pulse.play(x_pulse, DriveChannel(qubit))# Incrementally
sweeping the frequency interval to find |1) — |2) transition
frequency
pulse.set_frequency((freq+tanharm_guess GHz)*GHz,
DriveChannel(qubit))

pulse.play(spec_pulse, DriveChannel(qubit))
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from giskit nature.drivers import PySCFDriver

molecule = 'Li 9.2 ©.0 9.9; H 9.0 8.0 1.5474"
driver = PySCFDriver(atom=molecule)

gmolecule = driver.run()

Pl =7 41ER9EE (electronic structure problem )

HIHEILE T RS EEHE -
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from giskit_nature.problems.second_guantization.electronic import ElectronicStructurefroblem
from giskit_nature.transformers import FreezeCoreTransformer
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# SROLIBE RS

freezeCoreTransfomer = FreezeCoreTransformer(freeze_core=True,remove orbitalsz[3,4])

#HEEEERRATENNS  BRXE TELNERNER

HOlLIFBRHFIEEEE : https://qgiskit.org/documentation/nature/tutorials/81 electronic_structure. html
gmolecule = freezeCoreTransfomer.transform{gmolecule)

problem = ElectronicStructureProblem(driver,q molecule_transformerss[freezeCoreTransfomer])

¢ BR_ABFEERT - _XEFENENERBEFRCENSNESES

second_q_ops = problem.second_q_ops()

# BEHE

main_op = second_q_ops[@]

#EEERERor it EEEEES

print(main_op)

El EF77Ti5i%R22 (QubitConverter)
BER —RE L EMS R & AT b B QISKIT &4 5t » A FE
EHANAT o

from qiskit nature.mappers.second _quantization import ParityMapper, BravyiKitaevMapper, JordanWignerMapper
from giskit_nature.converters.second_quantization.qubit_converter import QubitConverter

from qiskit.opflow.primitive ops impert PauliSumOp

# WEEHBNEFHAEMESE - PHEEPECEEEES Qubits ANIERER

mapper_type = 'ParityMapper’

if mapper_type == 'ParityMapper':
mapper = ParityMapper()

elif mapper type == 'JordanWignerMapper’:
mapper = JordanWignerMapper()

elif mapper_type == 'BravyiKitaevMapper':
mapper = BravyiKitaevMapper()

#two_qubit_reduction - EHEFEEZEMENT  EMERCKERER
#z2symmetry reduction - Z2ER#IE - N ESESHIIEEESE

converter = QubitConverter(mapper=mapper, two_gubit_reduction=True,z2symmetry reduction = [-1])

# B FEERNEEF T

num_particles = (problem.molecule_data_transformed.num_alpha,
problem.molecule_data_transformed.num_beta)

qubit op = converter.convert(main op, num_particles=num particles)
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0 #J9RRE (initial state)
BRI A B LB R AR IR R ST L (Hartree-Fock algorithm ) SIRE HY
SRR R & -

from giskit_nature.circuit.library import HartreeFock
t Ti5725 | AHartreeFockfESATEE - BREZBEFZFIIREE
.‘: JEFEES :https://en.wikipedia.org/wiki/Hartree¥E2%80%93Fock_method

num_particles = (problem.molecule_data transformed.num_alpha,
problem.molecule_data_transformed.num_beta)

num_spin_orbitals = 2 * problem.molecule_data_transformed.num_molecular_orbitals

init_state = HartreeFock(num spin_orbitals, num_particles, converter)

= = e e S =,

b A
print(init_state)
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KA VQE EREESERIA 2 E
WA CASR AT A E CASEE LY T - 8 P AR 1BM PRI E A
nJEEETHHIEMESR - BTSRRI EARE

'optimal_value': — 1.0863572878179788,

#EA VOE BT - EEEIMEESENEFOLIEESES
from giskit. algnrlthms import WQE
from IPython.display import display, clear output

# Print and save the doto in Lists
def callbacki(eval count, parameters, mean, std}:
# Overwrites the same Line when printing
display{"Evaluation: {}, Emergy: {}, 5td: {}".format(eval count, mean, std))}
clear_output{wait=True)
counts.append(eval count)
values.append(mean)
params.appendlparameters)
deviation.append{std)

counts = [1]
values = []
params = []

deviation = []

# Set ipnitial parometers of the ansotz
# We choose g fixed small displacement
# 50 oll participants stert from similor starting point

try:

initial point = [@.81] * len{ansatz.ordered_parameters)
except:

initial_point = [8.81] * ansatz.num_parameters
#3070

FEEER GO EEEN B S EEE rEEEE
algorithm = WE(ansatz,
optimizer=optimizer,
guantum_instance=backend,
callback=callback,

initial point=initial_point)

result = algorithm.compute minimum_eigenvalue(gubit_op)

print(result)
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