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Verification Experiments Characterization Experi- Calibration Experiments
ments

standardre(qubits, lengths[, num_samples, ...]) 71(qubit. delays], unit]) pregCa1(QUbK)

Interleavedre(interleaved element, qubits, ...) rRabi(qubit)
T2rams=y (QUDIt, delays[, unit, osc_freq, ..])

. . eFrabi{qubit)
StateTomography ('CIFC.LJIt[i . ]:]

C_:..r'."it;::EC:’CSCCP}'{qubit; frequenC|es[‘ ]) Fi’e;—'xm:'.i:udel:qubiu
-“P3:es5"-:-|*1:g’aph;-'{CirDUit[; ])

FineXAmplitude {(QuUbiIt)

guantumvolume (Qubits], trials, seed, .. ]) EFspectroscopy (QUDIt, frequencies], unit, . ])

Finesxamp litude (Qubit)




Backends with different properties of
qubits

v' 23 backends in IBM Ibmqg_lima (5
Quantum Experi- -

ences Qubit ~ T1(us) 12(us) Frequency (GHz)

v All backends con-
sists of different
number of qubits
with different prop-
erties

v Characterizing all
the qubit at once.
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Running Composite Experiment - & Qiskit
Qubit Characterization Experiment

from giskit_experiments.framework import ParallelExperiment

: combine separate component experiments as a single composite experiment

Parallel_exp=ParallelExperiment[expl, exp2, exp3...]

Parallel_exp.run(backend).block for results()

from qiskit_experiments.library.characterization.qubit_spectroscopy import QubitSpec—
troscopy

from qiskit_experiments.library import [ 1

from qiskit_experiments.library import [2Ramsey
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Ibmqg lima
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Iomq_lima :All T2 at
once
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Verification of a backend with mul- Qiskit

tiple qubits

Tl T2 Frequency 1&2qubit gate errors

Conponent inent 0

alpha 85 + 2.1900e-04
EPC = 7.3009e-04 + 1.0950e-04
EPG. 0.0000e +00
3.7880e-04
3.7880e-04

400 600
Clifford Length
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1 qubit RB for
1 aubit gate er-

r — standardRB

Ol
exp2 Combine 5

sub
—— experiment
exp3 s into one
single

-
exp4 composite
experiment
O-==a-
exp5




2qubit gate RB

Nt avrrerar
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2qubit gate RB € Qiskit

lhadmranta arrar

Combine sub experiments BatchExperime
Into a single nt

Composite experiment
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‘ N O I D I rectl o n t coupled_aubit=config. coupl ing_nap
def native_cnot{coupled_aubit):

native_cnot =[]

coupl ing_map=1ist (map(tuple, coupled_aubit))
print(f'coupling_map={coup!ing_man}')
print(*4n')

. for i in rangel0, lenfcoupling_map)—1]:
CNOT error Gate time (ns) for j in range(i+1, len(coupl ing_map)):

it counling_mapli] [0]==coup!ing_manli][1] and coupling_maplil [1]==coup!ing_manli] [0]:

i _direction=backend. properties(). gate_lengthl 'cx' ,Ccounling_mapli] [0], counl ing_map[i]1(1]
j_direction=backend. properties(). gate_length('cx', (coupl ing_map[i] (0], coupl ing_map[i1[11)]
print{f' cxicounling_map[il} takes {i dlrectlon}sec ]

|rect|or‘3r|:1t f cx{coupling_map[il} takes {j_direction}sec')
j _direction:
Gate tim% pend(coupl ing_nap[j])

else:

nat ive_cnot . append{coup ! ing_map[i])
return native_cnot

Y

nat ive_cnot=nat ive_cnot (colpled_aubit)

print (native_cnot)

coupling_map=[(0. 1. (1. 00, (1, 2), (1, 3}, (2, 1), (3, 1), (3, 4, (4, 3]

cxl0, 1) takes 3.08777777777777T0e-07sec
cx(1, 0) takes 3.4133333333333353e-07=ec

cxl1, 21 takes 3.342222222222227e-0T=ec
cxl2, 1) takes 2.9866RGREAERERREdE-07seC

cxl(1, 3) takes 4977777777777 70e-07=ec
cxl(d, 1) takes 4 B22222222222227e-0T=ec

cx(d, 41 takes 5191111111111 11 e-07=ec
cxld, 3) takes 4.B835R55555555555e-07=ec

1, (4, 3]
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