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Welcome to Anaconda3 2020.07
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.07 (E4-bit
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Anaconda Installers

64-Bit Graphical Instaler (462 MB) 64-Bit (xB6) Instaler (550 MB)

64-Bit Command Line Installer (454 MB)

Supercharge your data science
efforts with Anaconda.
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16 packages will be installed

Name Unlink

*blas =
*ca-certificates 2020.7 22
*certifi 2020.6.20
*icc_rk

*intel-openmp -

*libblas

* indicates the package is a dependency of a selected package

Link Channel
452 conda-forge
1.0 pkgs/main
2020.6.20 conda-forge
2020.6.20 conda-Fforge
2019.0.0 pkgs/main
2020.2 pkgs/main

3.8.0 conda-forge s
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20. import qutip.testing as qt

gt.run() = Y5} Run +

‘ Jupyter Untitled Last Checkpoint 12 7 |
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import qutip.testing as ot
at.run()

=
|

ﬁ Logout

& ‘Pylhur? ®

QuTIP: Quantum Toolbox in Pyvthon

Copyright (c) QUTIP team 2011 and later.
Original developers: R. J. Johansson & P. D. Mation.
Previous lead developers: Chris Granade & A, Grinsmo,

Current adnin team: #lexander Pitchford, Paul D. Mation, Mathan Shammah, Shahnawaz Ahmed. Meill Lambert, Eric Giougre, and Boxi Li

Project Manager: Franco Mori.

Current v developed throush wide collaboration. See https://github. confoutin for details.

QUTIP Yersion: 4.5
Munpy Yersion: 1.1
Scipy Version: 1.5
Cython Version: 0.29.21
Matplotlib Version: 3.3
Python Version: 3.8
Mumber of CPUs: 12
BLAS Info: Generlc
OPENMP Installed:  False

Ju pyter Untitled Last Checkpoint: 5%  (unsaved changss)
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In [11: import eutip.testing as at
at.run()

B | Code v| | 2

Logout

| Python 3 O

FAILED tests/test_propagator

FAILED tests/test_acbievo, py!
FAILED tests/test_aobievo, py:
FAILED tests/test_aobjevo.py:
FAILED tests/test_aobjevo. py:
FAILED tests/test_aob]evo.py:
FAILED tests/test_acbievo. py:
FAILED tests/test_aobievo, py:
FAILED tests/test_qobjevo. py:
FAILED tests/test_aobjevo.py:
FAILED tests/test_sesolve.py:
FAILED tests/test_sesolve py:
FAILED tests/test_sesolve py
= 24 failed, 597 passed, 19 skipped, 61 deselected, 2 xfailed., 965 warnings in 266.10s (0:04:26) =

FAILED tests/test_mezolve py:
FAILED tests/test_mesolve py
FAILED tests/test_mesolve. py:
FAILED tests/test_mesolve.py:
FAILED tests/test_mesolve. py:

:TestWESolverConstDecay: ' testMEDecavhsstrlist - ...
:TestMESolveTDDecay: : testMETDDecavhsStrlist - BEx...
‘TestMESolveSuper Init:  testMETDDecayhsStriist - ...
:TestMESolveStepFuncCoeff: test _array_str_coeff
:TestWESolveStepFuncCoeff: i test _array_str_py_coeff
by itestPropHOStrTd - Exception: Could not conve. ..
‘test_OobiBvo_call - Exception: Could not conver...
‘test_OobiBvo_call_arags - Exception: Could not c...
‘test_QobjEvo_nul _vec - Exception: Could not con...
‘test_(objEvo_nul _mat - Exception: Could not con...
‘test_(objEvo_expect _psi - Except fon: Could not ...
‘test_QobiBvo_expect _rhe - Excention: Could net ...
‘test_OobiBEvo_with state - Exception: Could not ...
‘test_QobjEvo_pickle - Exception: Could not conw...
‘test_QobjEvo_safepickle - Exception: Could not ...
‘TestSESolve: itest _04_1 _state_with_list _str H - ...
TestSESolve: :test_04_2_unitary_with_list_func_H
TestSESolve: itest 064 compare_state_and unitary_|ist_str
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In [13:

In [2):

In [3]:

Out [3]

O|X| Run = THH
(EW =0 A run
=

Lecture 0 - Introduction to QuTiP - The Quantum Toolbox in Python

Author. J. R. Johanssen (robert@riken.jp), hitp./dml.riken.jp/~rob/

The latest version of this IPython notebook lecture is available at http //github com/jriohansson/qutip-lectures.

The other notebooks in this lecture series are indexed at http:/jrjchansson.github com

#matplot|ib inline

import matplotlib.pyplot as plt
inport numpy as np

from IPythen.display import Inage

Introduction
QuTiPis a pymon package for calculations and numerical simulations of quantum systems

Itincludes facilities for representing and doing calculations with guantum objects such state vectors (wavefunctions). as bras/kets/density matrices.
quantum operators of single and composite systems, and superoperators (useful for defining master equations)

It also includes solvers for a time-evolution of quantum systems, according to: Schrodinger equation, von Neuman equation, master equations, Floquet
formalism, Monte-Carlo quantum trajectors, experimental implementations of the stochastic Schredinger/master equations.

For more information see the project web site at hitp/qutip. googlecode.com, and the documentation at
nttp://qulip.geoglecode. com/svn/doc/2.1.0/imyindex him

Installation

To install QuTIP, download the latest release from hitp de google com/p/qutip/downloads/ist or get the latest code from hitps:/github com/q
and run

§ sude pvthon setup.by install

in the source cede directory. For more detailed installation instructions and a list of dependencies that must be installed on the system (basically
python+cython+numpy+scipy+ see hitp./iqutip.g code.com/svn/doc/2.1.0/htmlfinstallation.html.

To use QUTIP in a Python program, first inlude the autip module
from autip import «

This will make the functions and classes in QuTIP available in the rest of the program.

Quantum object class: qobj
At the heart of the QuTIP DEEKEQE isthe Qobj class, which is used for represemmg quamum ODJEE[ such as states and operatur

The (Qobj class contains all the information required to describe a quantum system, such as its matrix representation, composite structure and
dimensionality

Inage(filenane="inages/qobj .png')
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'Jupyter Lecture-0-Introduction-to-QuTiP  (unsaved changes)
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In [26]: def conmutator(opl, opz):
return opl = opZ — opZ * opl

la.a']=1

In [29]: a = destroy(E)
comnutator(a, a.daal())
0ut[29] Quantum object: dims = [[5] [5]] shape = (5, 5). type = oper, isherm = True
1.0 00 00 0.0
00 1.0 00 l)‘[) l)‘()
00 00 1.000 0.0 00
00 00 00 1.0 00
00 00 00 00 -40

Logout

Not Trusted | Kemel O

Ops... The result is not identity! \Why? Because we have truncated the Hilbert space. But that's OK as long as the highest Fock state isn't involved in the

dynamics in our truncated Hilbert space. If it is, the approximation that the truncation introduces might be a problem

Lepl=1i

In [34]: % = (a + a.dagl))/sart(2)
p=-li + (a - a.dag))/sart(2)

MameError

<|nython input-34-816ad9091ea5> in

> 1l x= (a + a.dagl))/sart(2)
= -1i + (a - a.dagl))/sart(2)

Traceback (most recent call last)

HameError: name 'sart' is not defined

In [35]: counutator(x, )

0ut[35] ¢ Quantum object: dims = [[5], [5]], shape = (5, 5), type = oper, isherm = False
1.000; 0.0 0.0 0.0 0.0
0.0 1.0j 00 0.0 0.0
0.0 0.0 1.000; 00 0.0
0.0 0.0 0.0 1.000 0.0
0.0 0.0 0.0 0.0  —4.0004

Same issue with the truncated Hilbert space. but otherwise OK.

Let's try some Pauli spin inequalities

loy.o,] = 2io,

In [32]: comnutator(signax(), sigmay()) - Z2i + sigmaz()

0ut[32]: Quantum object: dims = [[2]. [2]]. shape = [2. 2]. type = oper. isherm = True
00 00
00 00

—io,6y0. =1

Line 34 0| Al = Of| 2{ S A L|Ct. O] = qutip

=M 7t

OfL| 2 python syntax =Al|. Sqrt(2) EH 4! np.sqrt(2)
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cops - [np.sartCkappa) « al
In [B3]: tlist = np.linspace(0, &0, 100)

# roquest that the sofver return the expectation vatue of the photon number siale operator @.dagl) + a
result = mesolve(H, rhol, tlist, c_ops, [a.dag() * a])

In [64]: fig, axes = plt.subplots(l, 1)
axes.plot (tlist, result.expect[0])
axes. set_xlabel (r'0td", fontsize=20)
axes, set_ylabel (r'Photon nuiber”, fontsize=16):

Photon number

Software versions

In [B5]: from autip.ipynbtools import version_table

version_table()

Out [85] ¢ Software Version
QuTiP 452

Numpy 1.19.1

SciPy 150

matplotiib 331

Cython 0.29.21

Number of CPUs 12

BLAS Info Generic

IPython 7181

Python  3.8.5 (default, Aug 5 2020, 09:44:06) [MSC v.1916 64 bit (AMD64)]
os nt [win32]
Sun Aug 30 16:20:52 2020 L3213 EEA|

>~
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cs/latest/installation.html

N7

3 Zurich Instruments @ charge noise 4 Single-Electron Do... @ Model 4200A-5CS

Docs » Installation

Installation
Frontmatter

General Requirements

2 Installation

General Requirements QUTiP depends on several open-source libraries for scientific computing in the Python
Platform-independent Installation programming language. The following packages are currently required:

Installing via pip

Installing from Source Package Version Details
Installation on MS Windows
Verifying the Installation Python E2hA

Version 3.5+ is highly recommended
Checking Version Information using

NumPy 1.8+ Not tested on lower versions.
the About Function

U Cude SciPy 0.15+ Lower versions have missing features.
[]% Matplotlib 1.2.1+
API documentation

Some plotting does not work on lower versions.

Cython 0.21+ Needed for compiling some time-dependent Ha
Change Log C++ Compiler GCC 4.7+ MSVS 2015 Needed for compiling Cythen files.

Developers

Python Headers 2.7+

Linux only. Needed for compiling Cython files.
Bibliography

»

In addition, there are several optional packages that provide additional functionality:

Package Version Details
LaTeX TexLive 2009+ Needed if using LaTeX in matplotlib figures.
pytest 5.3+ For running the test suite.

We would not recommend installation into the system Python on Linux platforms, as it is likely that
the required libraries will be difficult to update to sufficiently recent versions. The system Python
on Linux is used for system things, changing its configuration could lead to highly undesirable
results. We are recommending and supporting Anaconda / Miniconda Python environments for
QUTIP on all platformsx [It is also possible to install the Intel Python Distribution via the conda
installer in Anacondal.

Platform-independent Installation

QuTiP is designed to work best when using the Anaconda or Intel Python distributions that support
the conda package management system.

If you aleady have your conda environment set up, and have the con
then you can install QUTiP using:

channel available,

conda install qutip
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# for large evetems or long time evolutions, bul there is Fixed=time

# overhead that makes it inefficient for emall and shori-time evoluiions,

H=[H, TH, ]

oltput = mesolve(H, psil, tlist, cop_list, [sn.dag() * snl, {})

return output . expect [0

In [117:
# sof o the caloulation
2+ no.pl # qubit sigmex cooffioient
2+ no.pl  # qubit sigmez cooffioient
7 % np.pi # eweep rate
# relaxation rate
# dephasing rate
psil = basis(2,0) # initial state
thist = np. |inspace(-20.0, 20.0, 5000}
In [12]: start_tine = tine.tine()
pex - aubit_integrate(delta, epsD. A, gamwal, gamma2, psi0. tlist)
print(*tine elapsed = * + str(tine.tine() - start_tine))
D: fiprograndatatidnacondadflenvstiqut ip-envil| ibisi t e-packagestiqut i pflaobjevo_codegen.py in {ops, args, dyn_arg
s, tlist)

123 wan

124 code = _nake_code_4_cinport (ops, args, dyn_args, tlist)

—> 125 coeff_obj, filename = _import_str{code, "cqobjevo_conpiled_coeff_",

126 "Conpi |l edStrCoeff", True)

127 return coeff_obj(ops, args, tlist, dyn_args), code, filenane
D:#iprograndata®Anacondadfienvsiiqut i p-envil| ibiisi t e-packagesfiqut i pfiqobj evo_codegen.py in (code, basefilenane, ob
j_name, cythonfile)

a err =g

82 if mot import_list:

—> 83 raise Exception("Could mot convert string to inportable function, "

a4 “tapfile:” + try_file + ext) from err
=5} coeff_obj = import_list[0]

Exception: Could not cenvert string to importable function, tmefile: caobieve_compiled_coeff_BOSI 1740405462 pyx

In [1: fig, ax = plt.subplots(figsize .
ax.plot(tlist, np.real(p_ex), 'b', tlist, np.real(1-p_ex), 'r')
ax.plot(tlist, 1 - np.exp(-np.pi + delta ++2 / {2 =« 4)) + np.ones(shape(tlist)), 'k')
ax.set_xlabel ("Tine')

x.set_ylabel (*Occupat ion probability')

ax.set_title( Landau-Zener transition')

ax. legend(("Excited state’, "Ground state’, "Landau-Zener formula"), loc=0):

M

Steady state of strongly driven two-level system (repeated LZ transitions)

In [41]: def aubit_intearate(delta, epsD, A, owega, gammal, gawma2, psi0, tlist, option):

# tami | tonian
igna()
ignaz()
si = destroy(2)

HO
HI

deltaf2.0 « sx - eps0f2.0 « sz
4f2.0 % sz
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Solving Problems with Time-dependent
Hamiltonians

Methods for Writing Time-Dependent Operators

In the previous examples of quantum evolution, we assumed that the systems under consideration
were described by time-independent Hamiltonians. However, many systems have explicit time
dependence in either the Hamiltonian, or the collapse operators describing coupling to the
environment, and sometimes both components might depend on time. The time-evolutions solvers
qutip.mesolve , qutip.mcsolve , qutip.sesolve , qutip.brmesolve qutip.ssesolve ,
qutip.photocurrent_sesolve , qutip.smesolve ,and qutip.photocurrent_mesolve are all capable of
handling time-dependent Hamiltonians and collapse terms. There are, in general, three different
ways to implement time-dependent problems in QuTiP:

1. Function based: Hamiltonian / collapse operators expressed using [qobj, func] pairs, where the
time-dependent coefficients of the Hamiltonian (or collapse operators) are expressed using
Python functions.

2. String (Cython) based: The Hamiltonian and/or collapse operators are expressed as a list of
[qobyj, string] pairs. where the time-dependent coefficients are represented as strings. The
resulting Hamiltonian is then compiled into C code using Cython and executed.

3. Array Based: The Hamiltonian and/or collapse operators are expressed as a list of [qobj,
np.array] pairs. The arrays are 1 dimensional and dtype are complex or float. They must contain
one value for each time in the tlist given to the solver. Cubic spline interpolation will be used
between the given times.

4. Hamiltonian function (outdated): The Hamiltonian is itself a Python function with time-
dependence. Collapse operators must be time independent using this input format.

Give the multiple choices of input style, the first question that arrises is which option to choose? In
short, the function based method (option #1) is the most general, allowing for essentially arbitrary
coefficients expressed via user defined functions. However, by automatically compiling your system
into C++ code, the second option (string based) tends to be more efficient and will run faster [This
is also the only format that is supported in the qutip.brmesove solver]. Of course, for small system
sizes and evolution times, the difference will be minor. Although this method does not support all
time-dependent coefficients that one can think of, it does support essentially all problems that one
would typically encounter. Time-dependent coefficients using any of the following functions, or
combinations thereof (including constants) can be compiled directly into C++-code:

', 'arg’, ‘"asin’, 'asinh’, ‘atan', ‘atanh', °
‘erf', 'zerf', g', 'log', 'logle’, 'norm’,
', 'tanh’

‘abs’, ‘acos’,
‘cos', 'cosh','e
‘proj’, 'real’, 'sin’, 'sinh’, ‘'sgrt

In addition, QuTIP supports cubic spline based interpolation functions [Modeling Non-Analytic
and/or Experimental Time-Dependent Parameters using Interpolating Functions].

If you require mathematical functions other than those listed above, it is possible to call any of the
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