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IBM Qiskitfy=>]
SAPAERNBNDE, e RtyaRE, HERAERBMR T s

—. IBM Qiskit42i3

In [164]:

%config InlineBackend. figure format = " svg # il-&{&TEEN
from IPython.display import Image
Image (filename = "E: /5.0 /1BM QiskitZE#4. png’)

Out[164]:

SR R TR

IBM QiskitZ&4d

Aer(ES)

A

—. Biligix
2.1.8FHBIg

BQuantumCircuitid S el

In [165]:

from qiskit import *
gc = QuantumCircuit ()

ZBESRIREASE, REETF, BiRERH

22875
fEFIQuantumRegistertt SRR, BN, BN — MR MRTALEMAESERSE, FHEEMRAa

In [166]:

qr = QuantumRegister (2, qreg’)

{£F3add_register/5iAGEIRINZIEREET, FEIEEqregsHIENRHNZERETERREHRINTE
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In [167]:

gc. add_register( qr )
qc. qregs

Out[167]:

[QuantumRegister (2, ’qreg’)]

MEBREERIMEFL, ERBRINS— N ITEREEEIME: draw()
RSP S F=aPaPIRESY S (0)
In [168]:

qc. draw(output="mpl’ ) # mplZ=1t 515

Out[168]:

qréego

qrega

2.3 IME4E!]
2.3.13%800HI"]
ZEREEE—MEEubit, BIEDAENSFREFER Maubit, JHRKEFESBIAar(0/Far(1].

In [169]:
qc. h(qrl0]) # Z&FF#qr[0] L, 1E/H 7 — 717
Out[169]:

{giskit.circuit. instructionset. InstructionSet at 0x1b959eaca20>

2.3.2;xhN54=4El] C-Not
FERINSE: BREFUURBIREFR, (EFlbit, BERbit)
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In [170]:

gc. cx(qr[0], qrl1]);
gc. draw (output="mpl’)

Out[170]:

qgregp — H

qrega

2.4 RERSRMER

55N, {&EF3statevector_simulator

In [171]:

vector_sim = Aer. get backend( statevector simulator’)

1EHI28Ri% (backend) IEEFEFELIFNzTHNESIRE (TUSREISHELHNEFTEN) . EFH
Aer.backends()ATLABEEAerh T EIEIZEAY5IZR

In [172]:
Aer. backends ()

Out[172]:

[<QasmSimulator C gasm simulator’) from AerProvider () >,
{StatevectorSimulator  statevector simulator’) from AerProvider()>,
<UnitarySimulator C unitary simulator’) from AerProvider () >,
<PulseSimulator ( pulse simulator’) from AerProvider ()>]

In [173]:

job = execute(qe, vector sim) # MH/77 T — At Flexecute I 5 7 job
ket = job.result(). get statevector() # JEH=EZ%
for amplitude in ket:

print (amplitude) # FEIRZEINES )72

(0. 7071067811865476+0j)
0j
0j
(0. 7071067811865476+03)
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BEbelis (100) + |11))/+/2

2.5 B FRIQASMIERLIES

24P BHTEEERNRSHE. BIFRENEENEATENFERRY. Lirt, FENERFBESERK
S NTHITNE, FE24BEIEM FBEN — 1 RULHEFS.

In [174]:

cr = ClassicalRegister (2, creg’ ) # QUL M 71778

qc. add _register(cr) # JFLEMEF 1A 2 Bl E T H S

WEBEAmeasure 5%, ZAEFRER TS FENERNqUbItUNREBEE NERNE (A,

TEAE, WETHNIEFL, HEEIINEREAREREH(,

In [175]:

gc. measure (qr[0], cr[0])
gc. measure (qr[1], cr[1])
gc. draw (output="mpl’)

Out[175]:

qgregp — H

qrega

2
creg

E, JLAEAHEITIERIES, ERMRRIENETLINEFRE. Hlt, EEMexecuteREIHRINE— N
Ashots, BHEIE{TRIEANAEL. NRAIRME I [shots{E, NERIAE/ 1024,

In [176]:

emulator = Aer. get _backend( qasm simulator’) # £/l 7%

job = execute( qc, emulator, shots=8192 ) # LIPS TT HIEES192/4

ERAFEEPythonFHZZINEFE. AILABprintRExR

In [177]:

hist = job.result().get counts()
print (hist)

700" : 4074, * 11’ : 4118}
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BHEEHANET

In [178]:

from qiskit.visualization import plot histogram
plot histogram(hist)

Out[178]:

0.60 e ————————

0.45{

0.30{

Probabilities

0.154

0.00-

T AHTEFRENER, LSRR ZERSRNERSEER,

In [179]:

job = execute(qc, emulator, shots=10, memory=True)
samples = job. result().get memory ()

print (samples) # XLefy&M AL EIAFRICHT, crl0]Z&R 4T

[’00” ;11)’ :11” )00)’ :11” ,11,, 111)’ ’11,, ;11)’ ’00’]

2.6MEFERYIRE
JXERF|Fqiskit, {SEFBlochBREHTAIMM, FIANZER|0)F1|1) RSN
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In [180]:

from qiskit.visualization import plot bloch vector
plot bloch vector([1, 0, 0])

Out[180]:

2.7 BIAEENEFIRE
SNBSS T LERIBMQaEIR S

In [181]:
IBMQ. load account ()

ibmgfactory. load account:WARNING:2020-07-26 20:36:57,522: Credentials are already
in use. The existing account in the session will be replaced.

Out[181]:
{AccountProvider for IBMQ(hub="ibm-q’, group= open’, project= main’)>
TR, MET L AEEAEMLHE SR
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In [182]:

provider = IBMQ. get provider (hub="ibm—q )
provider. backends ()

Out[182]:

[<IBMQSimulator ( ibmq gasm simulator’) from IBMQ(hub="ibm—q’, group= open’, projec
t="main’ ) >,

<IBMQBackend (" ibmgx2’) from IBMQ(hub="ibm—q’, group=" open’, project= main’ )>,
<{IBMQBackend (" ibmq_16_melbourne’) from IBMQ(hub="ibm—q’, group= open’, project=m
ain’)>,

<IBMQBackend  ibmg_vigo’ ) from IBMQ(hub="ibm-q , group=open’, project=main )>,
<{IBMQBackend (" ibmq_ourense’) from IBMQ(hub="ibm—-q’, group= open’, project= main’)
2,

<IBMQBackend (" ibmq_london’) from IBMQ (hub="ibm—q’, group= open’, project=main’)
2,

<{IBMQBackend (" ibmq_burlington’) from IBMQ(hub="ibm—q’, group= open’, project= mai
n)>,

<IBMQBackend (" ibmq_essex’) from IBMQ(hub="ibm—q’, group=" open’, project= main’)>,
<{IBMQBackend (" ibmq_armonk’) from IBMQ (hub=" ibm—q’, group= open’, project="main’)
>]

FEERAEF I EEUSE HRIIREIHNETFRE.
Fstatus() 5 ZBEXEIREIPATE.

In [183]:

for backend in provider. backends () :
print (backend. status())

{giskit. providers. models. backendstatus. BackendStatus object at 0x000001B95994F7B8>
{qiskit. providers. models. backendstatus. BackendStatus object at 0x000001B95994F7B8>
{qiskit. providers. models. backendstatus. BackendStatus object at 0x000001B95994F7B8>
{giskit. providers. models. backendstatus. BackendStatus object at 0x000001B95994F7B8>
<{giskit. providers. models. backendstatus. BackendStatus object at 0x000001B95994F7B8>
<{qiskit. providers. models. backendstatus. BackendStatus object at 0x000001B95994F7B8>
{qiskit. providers. models. backendstatus. BackendStatus object at 0x000001B95994F7B8>
<{giskit. providers. models. backendstatus. BackendStatus object at 0x000001B95994F7B8>
<{giskit. providers. models. backendstatus. BackendStatus object at 0x000001B95994F7B8>

KRB FURARI RN HEmIIR

In [184]:

real device = provider. get backend(’ ibmq 16 melbourne’)

ALMEREShESRTEEENATERE DETHRE. KLURNERLREM.

In [185]:

properties = real device. properties()
coupling map = real device. configuration().coupling map

5, AJLE— MR EERE IR LIRS
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In [186]:

from qiskit.providers. aer.noise import NoiseModel # FA 7MLz 7 17)%

noise model = NoiseModel. from backend (properties)

EhE=s LiniTiziRll, EEBNELREMNMEXYINGE. TEX MEBREIANIETIERRIER N
H10’, RMBETREFE, BHERERE

In [187]:

gc = QuantumCircuit (2, 2)
ge. x(1)

gc. measure (0, 0)

gc. measure (1, 1)

job = execute(qc, emulator, shots=1024, noise model=noise model,
coupling map=coupling map,
basis gates=noise model. basis gates)

job. result (). get _counts()
Out[187]:

{00 : 61, *10" : 963}

ERDTE = MEHEMILAIR00, IgFLL: 55 = 0.064

=. (ERQiskitI TIERIEFE=AT2LR:

o HE: R —MUREBEEE RNENE FEE,

« T EARNGER (BREFEFMENRE) Diaf7s0a.

o O HELEFITHEUEHTMWEIIRER. ## oS TIERE LtENEFILUES RAANEER:
- SAE

- YRHEE

o NO007]

« AIRNILERES

- 1RIUSCI

. AR

1.8A8

In [188]:

import numpy as np

from giskit import(
QuantumCircuit, # A/ LIETEEE T RAHIT5S, BB G E ek
execute, # 1517 HFE/ SLH
Aer) # &={THEE/ .

from qiskit.visualization import plot histogram # g/ £ 77/&
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2.1nEE

In [189]:

circuit = QuantumCircuit(2, 2) # LT ZFELBHI2 I E TILHIT R . G2 NE M7 i BN circu
1tiZEFH

3. IMBAE IRIRN BEERISFRR

In [190]:

circuit. h(0) # A7, (F/iEqubit 0.F, (ERLTFZNKE

circuit. cx(0, 1) # FSHZHEgEl TS #IEFfiqubit OF1H A F1rqubit 11, fEEFI4FAHHA
circuit. measure ([0, 1], [0, 1)) # 47RIGH & FRIZZH G (7 # 168 dameasure, F11) @ F HAFHTNE 5K
FEIFREA T TN

Out[190]:

{giskit.circuit. instructionset. InstructionSet at 0x1b95417e080>

4. ]I 2 FEER

QuantumCircuit.draw()

In [191]:
circuit. draw(output="mpl’)

Out[191]:

QuantumCircuitFriAYdraw 7 ZHHRINIBIZRYE FEREEHTEIMMK, WEZIAROREHT]. 2387 7§
qubit_OFqubit_17zfi#Ec_0Flc_1/M P EHFaa+

518300

Qiskit AerBBFE 7RIS MR EESESR, AEPEIgasm_simulatorskiEHIBES, ZEBIEERISTES™
H{7ER00z]11
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In [192]:

simulator = Aer. get _backend (' qasm simulator’)
job = execute(circuit, simulator, shots=1000)
result = job.result()

counts = result. get counts(circuit)

print ("\nTotal count for 00 and 11 are:”, counts)

Total count for 00 and 11 are: {700’ : 482, * 11’ : 518}
HH{IER J900F0 11 A9RTEIELFIZ9791:1. B Aqubit_0F0qubit_1£44EfE 7 —ie

6. AJ LR
X B2 PR 75 AT 6 ST ER 0O 1 RIS

In [193]:
plot_histogram(counts)

Out[193]:
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In [194]:
Image (filename = "E:/&if/B H 1. png’)
Out[194]:

0y + B}~ FTTH A

[u) = U’ (0

In [195]:

%matplotlib inline

from gqiskit import QuantumCircuit, ClassicalRegister, QuantumRegister
from qiskit import execute

from qiskit import BasicAer

import math

# WE A THIHL TR
n =4 7B P EFFs T4 ERF
m =1 #F P FFHPEITF

# WEE T e PHILIFEC = 1N arir s 7 AR A

g = QuantumRegister (ntm, 'q’)

# s L O T

register = QuantumCircuit (q)

ANEE—ANSiE=E LIS
4. 2R FSHEUN]

In [196]:

# X H— NI I FEF AT HE A

for j in range(n-1,-1,-1):
# 41 EF P EFFEPXIGE TN, FFXewm 7 rE0:
register. h(qlj])
# 42 BFEITEFTIN, FE2NE N X IEETU:
register. ul (math. pi/float (2%¢(3)), qljl)

IIVE NSRSk
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In [197]:

Image (filename = "E:/5i[f/B F 2. png’)

Out[197]:

First register

t qubits

Second register {

4. 3{H RN IFIR

In [198]:

# ST FIHR kIRME, BE) AL, BRIk

for j in range(n):

IBM Qiskit/] %% >]

0) < H

B

|0y 4 H

0) H{H

0) < 1

] (5

for k in range(j):
register. cul (-math. pi/float (2% (j-k)), qljl, qlkl)

register. h(ql[j])

# TS Z 15T THIT P LLFFHI A e

def swap(qc, q, i, j):

qc. ex(qlil, qlj])
gc. ex(qljl, qlil)
qc. ex(qlil, qljl)

if n%h2==1:

for i in range(int((n-1)/2)):
swap (register, q, i, n-i-1)

else:

for i in range(int (n/2)):
swap (register, q, i, n-i—1)

register. draw(output="mpl”)

Out[198]:

|0)
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0)

(,‘Zm'{‘."‘lup]u)

e2mi(2%9) 1)
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IBM Qiskit/1)2%>]
BR_KIBHERTE—FFsPIs N
In [199]:
Image (filename = ~E:/LiMl/Hi3k. jpg’)
Out[199]:
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In [200]:
# B 17y

¢ = ClassicalRegister (ntm, "¢’ )
% GIE— T

measure = QuantumCircuit(qg, c)
measure. barrier (q)

# a7 U F LS L F
measure. measure (g, c)

# Qiskit AN R HAEG1EH
# EERETF

qc = registertmeasure

# 2B

gc. draw (output="mpl”)

Out[200]:

o —-E-— S &
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o —-E “mo o
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In [201]:
# fHAerdifgasm simulator U277

backend sim = BasicAer. get backend (" gasm simulator’)

# rEqasmf gy [ 7T HEF
# TS E R A FEE 10244, JEAECU (E

job_sim = execute(qc, backend sim, shots=1024)

# MIEA jobF i A 24 2.

result sim = job sim. result()

counts = result sim. get counts(qc)
print (counts)

{701000” : 1024}

ERAIRIRFSxRan...q2q1, BEESEHERAINFEq192...9n, AEKRI2" BEIERIIERL.
540, tNERLEERE01000 (q4q3929190) , ROZESCIREBIEMAYIRER00010 (q0q1q2q3q4) #H1THER. 28
EoASFEE, ENAERITH0001, B2 (XEn=4) 5, BREE (B 116, XEMENAL

In [202]:

from qiskit. tools.visualization import plot histogram
plot histogram(result sim. get counts(qc))

Out[202]:
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