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CHAPTER
ONE

OVERVIEW

CuPy is an implementation of NumPy-compatible multi-dimensional array on CUDA. CuPy consists of cupy.
ndarray, the core multi-dimensional array class, and many functions on it. It supports a subset of numpy .
ndarray interface.

The following is a brief overview of supported subset of NumPy interface:

Basic indexing (indexing by ints, slices, newaxes, and Ellipsis)
Most of Advanced indexing (except for some indexing patterns with boolean masks)

Data types (dtypes): bool_, int8, intl6, int32, int64, uint8, uintl6é, uint32, uint64,
floatl6, float32, float64, complex64, complex128

Most of the array creation routines (empty, ones_1like, diag, etc.)

Most of the array manipulation routines (reshape, rollaxis, concatenate, etc.)
All operators with broadcasting

All universal functions for elementwise operations (except those for complex numbers).

Linear algebra functions, including product (dot, matmul, etc.) and decomposition (cholesky, svd, etc.),
accelerated by cuBLAS.

Reduction along axes (sum, max, argmax, etc.)

CuPy also includes the following features for performance:

User-defined elementwise CUDA kernels

User-defined reduction CUDA kernels

Fusing CUDA kernels to optimize user-defined calculation
Customizable memory allocator and memory pool

cuDNN utilities

CuPy uses on-the-fly kernel synthesis: when a kernel call is required, it compiles a kernel code optimized for
the shapes and dtypes of given arguments, sends it to the GPU device, and executes the kernel. The compiled
code is cached to $ (HOME) /.cupy/kernel_cache directory (this cache path can be overwritten by setting the
CUPY_CACHE_DIR environment variable). It may make things slower at the first kernel call, though this slow down
will be resolved at the second execution. CuPy also caches the kernel code sent to GPU device within the process,
which reduces the kernel transfer time on further calls.



https://github.com/cupy/cupy
https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray
https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray
https://docs.scipy.org/doc/numpy/reference/arrays.indexing.html
https://docs.scipy.org/doc/numpy/reference/arrays.indexing.html#advanced-indexing
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html
https://docs.scipy.org/doc/numpy/reference/routines.array-manipulation.html
https://docs.scipy.org/doc/numpy/user/basics.broadcasting.html
https://docs.scipy.org/doc/numpy/reference/ufuncs.html
https://docs.scipy.org/doc/numpy/reference/routines.linalg.html
https://developer.nvidia.com/cublas
https://developer.nvidia.com/cudnn
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CHAPTER
TWO

INSTALLATION GUIDE

2.1 Requirements

The following Linux distributions are recommended.
* Ubuntu 18.04 LTS (x86_64)
e CentOS 7 (x86_64)
These components must be installed to use CuPy:
* NVIDIA CUDA GPU with the Compute Capability 3.0 or larger.
* CUDA Toolkit: v9.0/v9.2/v10.0/v10.1/v10.2/v11.0/v11.1/v11.2

— If you have multiple versions of CUDA Toolkit installed, CuPy will automatically choose one of the CUDA
installations. See Working with Custom CUDA Installation for details.

e Python: v3.5.1+/v3.6.0+ / v3.7.0+ / v3.8.0+ / v3.9.0+

Note: On Windows, CuPy only supports Python 3.6.0 or later.

2.1.1 Python Dependencies
NumPy/SciPy-compatible API in CuPy v8 is based on NumPy 1.19 and SciPy 1.5, and has been tested against the
following versions:
e NumPy: v1.16 /v1.17/v1.18 / v1.19/v1.20
* SciPy (optional): v1.3/v1.4/v1.5/v1.6
— Required only when using SciPy-compatible Routines (cupyx . scipy).
* Optuna (optional): v2.x

— Required only when using Automatic Kernel Parameters Optimizations.

Note: SciPy and Optuna are optional dependencies and will not be installed automatically.

Note: Before installing CuPy, we recommend you to upgrade setuptools and pip:

$ python -m pip install -U setuptools pip



https://www.ubuntu.com/
https://www.centos.org/
https://developer.nvidia.com/cuda-gpus
https://developer.nvidia.com/cuda-toolkit
https://python.org/
https://numpy.org/
https://scipy.org/
https://optuna.org/
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2.1.2 Additional CUDA Libraries

Part of the CUDA features in CuPy will be activated only when the corresponding libraries are installed.
e cuTENSOR: v1.2
— The library to accelerate tensor operations. See Environment variables for the details.
e NCCL: v2.0/v2.1/v2.2/v23/v2.4/v25/v2.6/v2.7/v2.8
— The library to perform collective multi-GPU / multi-node computations.
e cuDNN: v7.0/v7.1/v7.2/v13/v714/v1.5/v7.6/v8.0/v8.1

— The library to accelerate deep neural network computations.

2.2 Installing CuPy

Wheels (precompiled binary packages) are available for Linux (x86_64, Python 3.5+) and Windows (amd64, Python
3.6+). Package names are different depending on your CUDA Toolkit version.

CUDA | Command

v9.0 $ pip install cupy-cuda90

v9.2 $ pip install cupy-cuda92

v10.0 $ pip install cupy-cudal00

v10.1 $ pip install cupy-cudalOl

v10.2 $ pip install cupy-cudal0O2

vl1.0 $ pip install cupy-cudallO

vll.l $ pip install cupy-cudalll

vll.2 $ pip install cupy-cudall2 (see #4704 for Linux instructions)

Note: Wheel packages are built with NCCL (Linux only) and cuDNN support enabled.
e NCCL library is bundled with these packages. You don’t have to install it manually.

* cuDNN library is bundled with these packages except for CUDA 10.1+. For CUDA 10.1+, you need to manually
download and install cuDNN v8.x library to use cuDNN features.

Note: Use pip install --pre cupy-cudaXXX if you want to install prerelease (development) versions.

When using wheels, please be careful not to install multiple CuPy packages at the same time. Any of these packages
and cupy package (source installation) conflict with each other. Please make sure that only one CuPy package (cupy
or cupy-cudaXX where XX is a CUDA version) is installed:

$ pip freeze | grep cupy

4 Chapter 2. Installation Guide
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2.3 Installing CuPy from Conda-Forge

Conda/Anaconda is a cross-platform package management solution widely used in scientific computing and other
fields. The above pip install instruction is compatible with conda environments. Alternatively, for Linux 64
systems once the CUDA driver is correctly set up, you can install CuPy from the conda—-forge channel:

’$ conda install -c conda-forge cupy ‘

and conda will install pre-built CuPy and most of the optional dependencies for you, including CUDA runtime
libraries (cudatoolkit), NCCL, and cuDNN. It is not necessary to install CUDA Toolkit in advance. If you need
to enforce the installation of a particular CUDA version (say 10.0) for driver compatibility, you can do:

’$ conda install -c conda-forge cupy cudatoolkit=10.0 ‘

Note: cuTENSOR is available on conda-forge for CUDA 10.1+ and is an optional dependency. To install CuPy
with the cuTENSOR support enabled, you can do:

’$ conda install -c conda-forge cupy cutensor cudatoolkit=10.2 ‘

Note that cupy and cutensor must be installed at the same time (as shown above) in order for the conda solver
to pick up the right package; otherwise, the cuTENSOR support is disabled.

Note: If you encounter any problem with CuPy from conda-forge, please feel free to report to cupy-feedstock,
and we will help investigate if it is just a packaging issue in conda-forge’s recipe or a real issue in CuPy.

Note:  If you did not install CUDA Toolkit yourselves, the nvcc compiler might not be available. The
cudatoolkit package from Anaconda does not have nvcc included.

2.4 Installing CuPy from Source

Use of wheel packages is recommended whenever possible. However, if wheels cannot meet your requirements (e.g.,
you are running non-Linux environment or want to use a version of CUDA / cuDNN / NCCL not supported by wheels),
you can also build CuPy from source.

Note: CuPy source build requires g++-6 or later. For Ubuntu 18.04, run apt-get install g++. For Ubuntu
16.04, CentOS 6 or 7, follow the instructions /ere.

Note: When installing CuPy from source, features provided by additional CUDA libraries will be disabled if these
libraries are not available at the build time. See Installing cuDNN and NCCL for the instructions.

Note: If you upgrade or downgrade the version of CUDA Toolkit, cuDNN, NCCL or caTENSOR, you may need to
reinstall CuPy. See Reinstalling CuPy for details.

You can install the latest stable release version of the CuPy source package via pip.

2.3. Installing CuPy from Conda-Forge 5
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$ pip install cupy

If you want to install the latest development version of CuPy from a cloned Git repository:

$ git clone —--recursive https://github.com/cupy/cupy.git
$ cd cupy
$ pip install .

Note: To build the source tree downloaded from GitHub, you need to install Cython 0.29.22 or later (pip install
cython). You don’t have to install Cython to build source packages hosted on PyPI as they include pre-generated
C++ source files.

2.5 Uninstalling CuPy

Use pip to uninstall CuPy:

’$ pip uninstall cupy

Note: If you are using a wheel, cupy shall be replaced with cupy—-cudaXX (where XX is a CUDA version number).

Note: If CuPy is installed via conda, please do conda uninstall cupy instead.

2.6 Upgrading CuPy

Justuse pip install with —U option:

’$ pip install -U cupy

Note: If you are using a wheel, cupy shall be replaced with cupy—-cudaXX (where XX is a CUDA version number).

2.7 Reinstalling CuPy

To reinstall CuPy, please uninstall CuPy and then install it. When reinstalling CuPy, we recommend using
—-—no-cache-dir option as pip caches the previously built binaries:

$ pip uninstall cupy
$ pip install cupy —--no-cache-dir

Note: If you are using a wheel, cupy shall be replaced with cupy—-cudaXX (where XX is a CUDA version number).

6 Chapter 2. Installation Guide
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2.8 Using CuPy inside Docker

We are providing the official Docker images. Use NVIDIA Container Toolkit to run CuPy image with GPU. You can
login to the environment with bash, and run the Python interpreter:

’$ docker run —--gpus all —-it cupy/cupy /bin/bash

Or run the interpreter directly:

’$ docker run —-gpus all —-it cupy/cupy /usr/bin/python

2.9 FAQ

2.9.1 pip fails to install CuPy

Please make sure that you are using the latest setuptools and pip:

’$ pip install -U setuptools pip

Use —vvvv option with pip command. This will display all logs of installation:

’$ pip install cupy -vvvv

If you are using sudo to install CuPy, note that sudo command does not propagate environment variables. If you
need to pass environment variable (e.g., CUDA_PATH), you need to specify them inside sudo like this:

’$ sudo CUDA_PATH=/opt/nvidia/cuda pip install cupy

If you are using certain versions of conda, it may fail to build CuPy with error g++: error: unrecognized
command line option ‘-R’. This is due to a bug in conda (see conda/conda#6030 for details). If you en-
counter this problem, please upgrade your conda.

2.9.2 Installing cuDNN and NCCL

We recommend installing cuDNN and NCCL using binary packages (i.e., using apt or yum) provided by NVIDIA.

If you want to install tar-gz version of cuDNN and NCCL, we recommend installing it under the CUDA_PATH di-
rectory. For example, if you are using Ubuntu, copy = .h files to include directory and *.so« files to 1ib64
directory:

$ cp /path/to/cudnn.h $CUDA_PATH/include
$ cp /path/to/libcudnn.so* $CUDA_PATH/1ib64

The destination directories depend on your environment.

If you want to use cuDNN or NCCL installed in another directory, please use CFLAGS, LDFLAGS and
LD_LIBRARY_PATH environment variables before installing CuPy:

$ export CFLAGS=-I/path/to/cudnn/include
$ export LDFLAGS=-L/path/to/cudnn/lib
$ export LD_LIBRARY PATH=/path/to/cudnn/lib:S$LD_LIBRARY_ PATH

2.8. Using CuPy inside Docker 7
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2.9.3 Working with Custom CUDA Installation
If you have installed CUDA on the non-default directory or multiple CUDA versions on the same host, you may need
to manually specify the CUDA installation directory to be used by CuPy.
CuPy uses the first CUDA installation directory found by the following order.
1. CUDA_PATH environment variable.
2. The parent directory of nvcc command. CuPy looks for nvcce command from PATH environment variable.
3. /usr/local/cuda

For example, you can build CuPy using non-default CUDA directory by CUDA_PATH environment variable:

$ CUDA_PATH=/opt/nvidia/cuda pip install cupy

Note: CUDA installation discovery is also performed at runtime using the rule above. Depending on your system
configuration, you may also need to set LD_LIBRARY_PATH environment variable to $SCUDA_PATH/1ib64 at
runtime.

2.9.4 CuPy always raises cupy.cuda.compiler.CompileException
If CuPy raises a CompileException for almost everything, it is possible that CuPy cannot detect CUDA installed
on your system correctly. The followings are error messages commonly observed in such cases.

e nvrtc: error: failed to load builtins

* catastrophic error: cannot open source file "cuda_fpl6.h"

* error: cannot overload functions distinguished by return type alone

* error: identifier "__ _half raw" is undefined

Please try setting LD_LIBRARY_PATH and CUDA_PATH environment variable. For example, if you have CUDA
installed at /usr/local/cuda-9.0:

$ export CUDA_PATH=/usr/local/cuda-9.0
$ export LD_LIBRARY PATH=$CUDA_PATH/1ib64:$LD_LIBRARY PATH

Also see Working with Custom CUDA Installation.

2.9.5 Build fails on Ubuntu 16.04, CentOS 6 or 7

In order to build CuPy from source on systems with legacy GCC (g++-5 or earlier), you need to manually set up g++-6
or later and configure NVCC environment variable.

On Ubuntu 16.04:

$ sudo add-apt-repository ppa:ubuntu-toolchain-r/test
$ sudo apt update

$ sudo apt install g++-6

$ export NVCC="nvcc —--compiler-bindir gcc-6"

On CentOS 6/ 7:

8 Chapter 2. Installation Guide
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sudo yum install centos-release-scl

sudo yum install devtoolset-7-gcc-c++
source /opt/rh/devtoolset-7/enable
export NVCC="nvcc —--compiler-bidir gcc-7"

v »r A

2.9. FAQ 9
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CHAPTER
THREE

TUTORIAL

3.1 Basics of CuPy

In this section, you will learn about the following things:
e Basics of cupy.ndarray
* The concept of current device

* host-device and device-device array transfer

3.1.1 Basics of cupy.ndarray

CuPy is a GPU array backend that implements a subset of NumPy interface. In the following code, cp is an abbreviation
of cupy, as np is numpy as is customarily done:

>>> import numpy as np
>>> import cupy as cp

The cupy.ndarray class is in its core, which is a compatible GPU alternative of numpy . ndarray.

>>> x_gpu = cp.array([l, 2, 3])

x_gpu in the above example is an instance of cupy.ndarray. You can see its creation of identical to NumPy’s
one, except that numpy is replaced with cupy. The main difference of cupy . ndarray from numpy .ndarray is
that the content is allocated on the device memory. Its data is allocated on the current device, which will be explained
later.

Most of the array manipulations are also done in the way similar to NumPy. Take the Euclidean norm (a.k.a L2 norm)
for example. NumPy has numpy.linalg.norm () to calculate it on CPU.

>>> x_cpu = np.array([l, 2, 3])
>>> 12 _cpu = np.linalg.norm(x_cpu)

We can calculate it on GPU with CuPy in a similar way:

>>> x_gpu = cp.array([l, 2, 31])
>>> 12_gpu = cp.linalg.norm(x_gpu)

CuPy implements many functions on cupy.ndarray objects. See the reference for the supported subset of NumPy
API. Understanding NumPy might help utilizing most features of CuPy. So, we recommend you to read the NumPy
documentation.

11
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3.1.2 Current Device

CuPy has a concept of the current device, which is the default device on which the allocation, manipulation, calculation
etc. of arrays are taken place. Suppose the ID of current device is 0. The following code allocates array contents on
GPU 0.

>>> x_on_gpu0 = cp.array([1l, 2, 3, 4, 51)

The current device can be changed by cupy . cuda.Device.use () as follows:

>>> x_on_gpul = cp.array([l, 2, 3, 4, 51)
>>> cp.cuda.Device (1) .use ()
>>> x_on_gpul = cp.array([1l, 2, 3, 4, 51)

If you switch the current GPU temporarily, with statement comes in handy.

>>> with cp.cuda.Device(1l):
. x_on_gpul = cp.array([1l, 2, 3, 4, 51)
>>> x_on_gpul0 = cp.array([1l, 2, 3, 4, 51)

Most operations of CuPy is done on the current device. Be careful that if processing of an array on a non-current
device will cause an error:

>>> with cp.cuda.Device (0) :

. x_on_gpuO0 = cp.array([1l, 2, 3, 4, 51)
>>> with cp.cuda.Device (1) :

. x_on_gpu0 = 2 # raises error
Traceback (most recent call last):

ValueError: Array device must be same as the current device: array device = 0 while
—current = 1

cupy.ndarray.device attribute indicates the device on which the array is allocated.

>>> with cp.cuda.Device(1l):

. X = cp.array([1l, 2, 3, 4, 51])
>>> x.device

<CUDA Device 1>

Note: If the environment has only one device, such explicit device switching is not needed.

3.1.3 Data Transfer

Move arrays to a device

cupy.asarray () can be used to move a numpy .ndarray, a list, or any object that can be passed to numpy .
array () to the current device:

>>> x_cpu = np.array([1l, 2, 3])
>>> x_gpu = cp.asarray (x_cpu) # move the data to the current device.

cupy.asarray () can accept cupy.ndarray, which means we can transfer the array between devices with this
function.

12 Chapter 3. Tutorial
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>>> with cp.cuda.Device (0):
.. x_gpu_0 = cp.ndarray([1l, 2, 3]) # create an array in GPU 0
>>> with cp.cuda.Device (1) :

x_gpu_l = cp.asarray (x_gpu_0) # move the array to GPU 1

Note: cupy.asarray () does not copy the input array if possible. So, if you put an array of the current device, it
returns the input object itself.

If we do copy the array in this situation, you canuse cupy . array () with copy=True. Actually cupy.asarray ()
is equivalent to cupy.array(arr, dtype, copy=False).

Move array from a device to the host

Moving a device array to the host can be done by cupy . asnumpy () as follows:

>>> x_gpu = cp.array([l, 2, 3]) # create an array in the current device
>>> X_Cpu = Cp.asnumpy (x_gpu) # move the array to the host.

We can also use cupy.ndarray.get ():

>>> x_cpu = xX_gpu.get ()

3.1.4 How to write CPU/GPU agnostic code

The compatibility of CuPy with NumPy enables us to write CPU/GPU generic code. It can be made easy by the
cupy.get_array_module () function. This function returns the numpy or cupy module based on arguments.
A CPU/GPU generic function is defined using it like follows:

>>> # Stable implementation of log(l + exp(x))
>>> def softplus(x):
Xp = cp.get_array_module (x)
return xp.maximum (0, x) + xp.loglp(xp.exp (—abs(x)))

Sometimes, an explicit conversion to a host or device array may be required. cupy.asarray () and cupy.
asnumpy () can be used in agnostic implementations to get host or device arrays from either CuPy or NumPy
arrays.

>>> y_cpu = np.array([4, 5, 6])
>>> xX_cpu +
array ([5, 7, 91)
>>> xX_gpu + y_cpu

Traceback (most recent call last):

TypeError: Unsupported type <class 'numpy.ndarray'>
>>> cp.asnumpy (x_gpu) + y_cpu

array ([5, 7, 91)

>>> cp.asnumpy (Xx_gpu) + cp.asnumpy (y_cpu)

array ([5, 7, 91)

>>> x_gpu + cp.asarray(y_cpu)

array ([5, 7, 9])

>>> cp.asarray (x_gpu) + cp.asarray(y_cpu)

array ([5, 7, 91)

3.1. Basics of CuPy 13
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3.2 User-Defined Kernels

CuPy provides easy ways to define three types of CUDA kernels: elementwise kernels, reduction kernels and raw
kernels. In this documentation, we describe how to define and call each kernels.

3.2.1 Basics of elementwise kernels

An elementwise kernel can be defined by the ElementwiseKernel class. The instance of this class defines a
CUDA kernel which can be invoked by the ___call__ method of this instance.

A definition of an elementwise kernel consists of four parts: an input argument list, an output argument list, a loop
body code, and the kernel name. For example, a kernel that computes a squared difference f(z,y) = (z — y)? is
defined as follows:

>>> squared_diff = cp.ElementwiseKernel (
'float32 x, float32 y',
'float32 z',
'z = (x —y) *» (x —y)',
'squared_diff'")

The argument lists consist of comma-separated argument definitions. Each argument definition consists of a fype
specifier and an argument name. Names of NumPy data types can be used as type specifiers.

Note: n, i, and names starting with an underscore __ are reserved for the internal use.

The above kernel can be called on either scalars or arrays with broadcasting:

>>> x = cp.arange (10, dtype=np.float32) .reshape (2, 5)
>>> y = cp.arange (5, dtype=np.float32)
>>> squared_diff (x, vy)
array([([ 0., 0., 0., 0., 0.1,
[25., 25., 25., 25., 25.]1]1, dtype=float32)
>>> squared_diff (x, 5)
array([[25., 16., 9., 4., 1.1,
[ 0., 1., 4., 9., 16.]], dtype=float32)

Output arguments can be explicitly specified (next to the input arguments):

>>> z = cp.empty ((2, 5), dtype=np.float32)
>>> squared_diff (x, vy, z)
array([([ 0., 0., 0., 0., 0.1,
[25., 25., 25., 25., 25.]11, dtype=float32)

3.2.2 Type-generic kernels

If a type specifier is one character, then it is treated as a type placeholder. It can be used to define a type-generic
kernels. For example, the above squared_di f f kernel can be made type-generic as follows:

>>> squared_diff_generic = cp.ElementwiseKernel (
'T x, Ty',
'T z',
'z = (x —y) » (x —y)',

'squared_diff_generic')
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Type placeholders of a same character in the kernel definition indicate the same type. The actual type of these place-
holders is determined by the actual argument type. The ElementwiseKernel class first checks the output arguments
and then the input arguments to determine the actual type. If no output arguments are given on the kernel invocation,
then only the input arguments are used to determine the type.

The type placeholder can be used in the loop body code:

>>> squared_diff_ generic = cp.ElementwiseKernel (
'"T x, T y',
'T Zl,

rro

T diff = x — y;
z = diff * diff;

rro
’

'squared_diff_ generic')

More than one type placeholder can be used in a kernel definition. For example, the above kernel can be further made
generic over multiple arguments:

>>> squared_diff_super_generic = cp.ElementwiseKernel (
'X x, Yvy',
'2 z',
'z = (x —y) x (x —y)',

'squared_diff_super_generic')

Note that this kernel requires the output argument explicitly specified, because the type Z cannot be automatically
determined from the input arguments.

3.2.3 Raw argument specifiers

The ElementwiseKernel class does the indexing with broadcasting automatically, which is useful to define most el-
ementwise computations. On the other hand, we sometimes want to write a kernel with manual indexing for some
arguments. We can tell the ElementwiseKernel class to use manual indexing by adding the raw keyword preceding
the type specifier.

We can use the special variable 1 and method _ind.size () for the manual indexing. i indicates the index within
the loop. _ind.size () indicates total number of elements to apply the elementwise operation. Note that it repre-
sents the size after broadcast operation.

For example, a kernel that adds two vectors with reversing one of them can be written as follows:

>>> add_reverse = cp.ElementwiseKernel (
'T x, raw T y', 'T z',
'z = x + y[_ind.size() - i - 11",

'add_reverse')

(Note that this is an artificial example and you can write such operation justby z = x + y[::-1] without defining
a new kernel). A raw argument can be used like an array. The indexing operator y[_ind.size() - i - 1]
involves an indexing computation on y, so y can be arbitrarily shaped and strode.

Note that raw arguments are not involved in the broadcasting. If you want to mark all arguments as raw, you must
specify the size argument on invocation, which defines the value of _ind.size ().
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3.2.4 Reduction kernels
Reduction kernels can be defined by the ReductionKernel class. We can use it by defining four parts of the kernel
code:

1. Identity value: This value is used for the initial value of reduction.

2. Mapping expression: It is used for the pre-processing of each element to be reduced.

3. Reduction expression: It is an operator to reduce the multiple mapped values. The special variables a and b are
used for its operands.

4. Post mapping expression: It is used to transform the resulting reduced values. The special variable a is used as
its input. Output should be written to the output parameter.

ReductionKernel class automatically inserts other code fragments that are required for an efficient and flexible reduc-
tion implementation.

For example, L2 norm along specified axes can be written as follows:

>>> 12norm_kernel = cp.ReductionKernel (
'T x', # input params
'T yv', # output params
x x x', # map
'a + b', # reduce
sqrt (a) ', # post-reduction map
'0', # identity value
'"12norm' # kernel name

=
Il

)
>>> x = cp.arange (10, dtype=np.float32) .reshape(2, 5)
>>> l12norm_kernel (x, axis=1)
array ([ 5.477226 , 15.9687195], dtype=float32)

Note: raw specifier is restricted for usages that the axes to be reduced are put at the head of the shape. It means,
if you want to use raw specifier for at least one argument, the axis argument must be 0 or a contiguous increasing
sequence of integers starting from 0, like (0, 1), (0, 1, 2),etc.

3.2.5 Raw kernels

Raw kernels can be defined by the RawKernel class. By using raw kernels, you can define kernels from raw CUDA
source.

RawKernel object allows you to call the kernel with CUDA’s cuLaunchKernel interface. In other words, you
have control over grid size, block size, shared memory size and stream.

>>> add_kernel = cp.RawKernel (r'"'
extern "C" _ _global___
void my_add(const floatx x1, const floatx x2, floatx y) {
int tid = blockDim.x % blockIdx.x + threadIdx.x;
y[tid] = x1[tid] + x2[tid];
}
Lo ", "Tmy_add!')
>>> x1 = cp.arange (25, dtype=cp.float32) .reshape(5, 5)
>>> x2 = cp.arange (25, dtype=cp.float32) .reshape(5, 5)
>>> y = cp.zeros((5, 5), dtype=cp.float32)
>>> add_kernel ((5,), (5,), (x1, x2, v)) # grid, block and arguments

(continues on next page)
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(continued from previous page)

>>> y
array ([[ 0., 2., 4., 6., 8.1,
(0., 12., 14., 16., 18.1,
[20., 22., 24., 26., 28.7,
[30., 32., 34., 36., 38.1,
[40., 42., 44., 46., 48.]], dtype=float32)

Raw kernels operating on complex-valued arrays can be created as well:

>>> complex_kernel = cp.RawKernel (r'''
#include <cupy/complex.cuh>
extern "C" _ _global___
void my_func (const complex<float>x x1, const complex<float>x x2,

complex<float>* y, float a) {
int tid = blockDim.x % blockIdx.x + threadIdx.x;
y[tid] = x1[tid] + a * x2[tid];
}
coo ", "Tmy _func')

>>> x1 = cupy.arange (25, dtype=cupy.complex64) .reshape (5, 5)

>>> x2 = ljxcupy.arange (25, dtype=cupy.complex64) .reshape (5, 5)

>>> y = cupy.zeros((5, 5), dtype=cupy.complex64)

>>> complex_kernel ((5,), (5,), (x1, x2, y, cupy.float32(2.0))) # grid, block and_

—arguments

>>> y

array ([[ 0. +0.3, 1. +2.3, 2. +4.3, 3. +6.3, 4. +8.371,

5.+10.3, 6.+12.3, 7.+14.3, 8.+16.3, 9.+18.71,
0.+20.3, 11.+22.3, 12.+24.3, 13.+26.3, 14.+28.73],

5.430.3, 16.+432.3, 17.+434.73, 18.+36.73, 19.+38.7]

0.+40.3, 21.+42.3, 22.+44.3, 23.+46.3, 24.+48.7]

dtype=complex64)

1,

[
[
[
[
[
t

Note that while we encourage the usage of complex<T> types for complex numbers (available by including <cupy/
complex.cuh> as shown above), for CUDA codes already written using functions from cuComplex.h there is
no need to make the conversion yourself: just set the option translate_cucomplex=True when creating a
RawKernel instance.

The CUDA kernel attributes can be retrieved by either accessing the at t ributes dictionary, or by accessing the
RawKernel object’s attributes directly; the latter can also be used to set certain attributes:

>>> add_kernel = cp.RawKernel (r'"''
extern "C" __global___
void my_add(const floatx x1, const float* x2, floatx y) {
int tid = blockDim.x * blockIdx.x + threadIdx.x;

y[ltid] = x1[tid] + x2[tid];

}
oo "N, "Tmy_add!')
>>> add_kernel.attributes
{'max_threads_per_block': 1024, 'shared_size_bytes': 0, 'const_size_bytes': 0, 'local_
—size_bytes': 0, 'num_regs': 10, 'ptx_version': 70, 'binary_version': 70, 'cache_
—mode_ca': 0, 'max_dynamic_shared_size_bytes': 49152, 'preferred_shared_memory_
—carveout': -1}
>>> add_kernel .max_dynamic_shared_size_bytes
49152
>>> add_kernel .max_dynamic_shared_size_bytes = 50000 # set a new value for the_

—attribute
>>> add_kernel .max_dynamic_shared_size_bytes
50000
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Dynamical parallelism is supported by RawKernel. You just need to provide the linking flag (such as —dc) to
RawKernel’s options arugment. The static CUDA device runtime library (cudadevrt) is automatically discov-
ered by CuPy. For further detail, see CUDA Toolkit’s documentation.

Accessing texture (surface) memory in RawKernel is supported via CUDA Runtime’s Texture (Surface) Object
API, see the documentation for TextureOb ject (SurfaceObject) as well as CUDA C Programming Guide.
For using the Texture Reference API, which is marked as deprecated as of CUDA Toolkit 10.1, see the introduction to
RawModu 1 e below.

Note: The kernel does not have return values. You need to pass both input arrays and output arrays as arguments.

Note: No validation will be performed by CuPy for arguments passed to the kernel, including types and number
of arguments. Especially note that when passing ndarray, its dt ype should match with the type of the argument
declared in the method signature of the CUDA source code (unless you are casting arrays intentionally). For example,
cupy.float32 and cupy.uint64 arrays must be passed to the argument typed as float and unsigned
long longx*. For Python primitive types, int, float, complex and bool map to long long, double,
cuDoubleComplex and bool, respectively.

Note: When using printf () in your CUDA kernel, you may need to synchronize the stream to see the output. You
can use cupy.cuda.Stream.null.synchronize () if you are using the default stream.

3.2.6 Raw modules

For dealing a large raw CUDA source or loading an existing CUDA binary, the RawModu 1 e class can be more handy.
It can be initialized either by a CUDA source code, or by a path to the CUDA binary. The needed kernels can then
be retrieved by calling the get_ function () method, which returns a RawKernel instance that can be invoked as
discussed above.

>>> loaded_from_source = r'''
extern "C"{

. __global__ void test_sum(const floatx x1, const floatx x2, floatx y, \
unsigned int N)
{
unsigned int tid = blockDim.x * blockIdx.x + threadIdx.x;
if (tid < N)
{
yltid] = x1[tid] + x2[tid];

}

. __global__ void test_multiply(const float* x1, const float* x2, float* y, \
unsigned int N)
{
unsigned int tid = blockDim.x * blockIdx.x + threadIdx.x;
if (tid < N)
{
yltid] = x1[tid] * x2[tid];

(continues on next page)
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(continued from previous page)

. prre
>>> module = cp.RawModule (code=loaded_from_source)
>>> ker_sum = module.get_function('test_sum')
>>> ker_times = module.get_function('test_multiply")
>>> N = 10
>>> x1 = cp.arange (Nxx2, dtype=cp.float32
>>> x2 = cp.ones((N, N), dtype=cp.float32
>>> y = cp.zeros((N, N), dtype=cp.float32
>>> ker_sum((N,), (N,), (x1, x2, vy, Nxx2)
>>> assert cp.allclose(y, x1 + x2)
>>> ker_times ((N,), (N,), (x1, x2, y, Nxx2)) # vy
>>> assert cp.allclose(y, x1 % x2)

) .reshape (N, N)

)

)

) #y =x1 + x2

x1 * x2

The instruction above for using complex numbers in RawKernel also applies to RawModule.

For CUDA kernels that need to access global symbols, such as constant memory, the get_global () method can
be used, see its documentation for further detail.

CuPy also supports the Texture Reference API. A handle to the texture reference in a module can be retrieved by
name via get_texref (). Then, you need to pass it to TextureReference, along with a resource descriptor
and texture descriptor, for binding the reference to the array. (The interface of TextureReference is meant to
mimic that of TextureOb ject to help users make transition to the latter, since as of CUDA Toolkit 10.1 the former
is marked as deprecated.)

3.2.7 Kernel fusion

cupy. fuse () is a decorator that fuses functions. This decorator can be used to define an elementwise or reduction
kernel more easily than ElementwiseKernel or ReductionKernel.

By using this decorator, we can define the squared_diff kernel as follows:

>>> Q@Qcp.fuse()
def squared_diff(x, y):
return (x - y) * (X — y)

The above kernel can be called on either scalars, NumPy arrays or CuPy arrays likes the original function.

>>> x_cp = cp.arange (10)

>>> y_cp = cp.arange (10) [::-1]

>>> squared_diff (x_cp, y_cp)

array([81, 49, 25, 9, 1, 1, 9, 25, 49, 81])
>>> x_np = np.arange (10)

>>> y_np = np.arange (10) [::-1]

>>> squared_diff (x_np, y_np)

array([81, 49, 25, 9, 1, 1, 9, 25, 49, 81])

At the first function call, the fused function analyzes the original function based on the abstracted information of
arguments (e.g. their dtypes and ndims) and creates and caches an actual CUDA kernel. From the second function call
with the same input types, the fused function calls the previously cached kernel, so it is highly recommended to reuse
the same decorated functions instead of decorating local functions that are defined multiple times.

cupy. fuse () also supports simple reduction kernel.
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>>> Q@cp.fuse ()
def sum_of_products(x, y):
return cp.sum(x % y, axis = -1)

You can specify the kernel name by using the kernel_name keyword argument as follows:

>>> @cp.fuse (kernel_name='squared diff')
def squared_diff(x, y):
return (x - y) * (x — V)

Note: Currently, cupy. fuse () can fuse only simple elementwise and reduction operations. Most other routines
(e.g. cupy.matmul (), cupy.reshape ()) are not supported.
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CHAPTER
FOUR

API REFERENCE

This is the official reference of CuPy, a multi-dimensional array on CUDA with a subset of NumPy interface.
¢ genindex

¢ modindex

4.1 Multi-Dimensional Array (ndarray)

cupy.ndarray is the CuPy counterpart of NumPy numpy.ndarray. It provides an intuitive interface for a
fixed-size multidimensional array which resides in a CUDA device.

For the basic concept of ndarrays, please refer to the NumPy documentation.

cupy.ndarray Multi-dimensional array on a CUDA device.

4.1.1 cupy.ndarray
class cupy.ndarray (shape, dtype=float, memptr=None, strides=None, order='C")
Multi-dimensional array on a CUDA device.

This class implements a subset of methods of numpy . ndarray. The difference is that this class allocates the
array content on the current GPU device.

Parameters

* shape (tuple of ints)- Length of axes.

* dtype - Data type. It must be an argument of numpy . dtype.

* memptr (cupy.cuda.MemoryPointer) — Pointer to the array content head.

* strides (tuple of ints or None)- Strides of data in memory.

e order ({'C', 'F'})—Row-major (C-style) or column-major (Fortran-style) order.
Variables

* base (None or cupy.ndarray) — Base array from which this array is created as a
view.

* data (cupy.cuda.MemoryPointer) — Pointer to the array content head.

» dtype (numpy . dt ype) — Dtype object of element type.
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See also:
Data type objects (dtype)

* size (int)— Number of elements this array holds.
This is equivalent to product over the shape tuple.
See also:

numpy.ndarray.size

Methods

__getitem__ ()

X.__getitem__(y) <==> x[y]

Supports both basic and advanced indexing.

Note: Currently, it does not support s1ices that consists of more than one boolean arrays

Note: CuPy handles out-of-bounds indices differently from NumPy. NumPy handles them by raising an
error, but CuPy wraps around them.

Example

>>> a = cupy.arange (3)
>>> a[[1l, 3]]
(1,

array ( 07)

__setitem ()

X.__setitem__(slices, y) <==> x[slices] =y

Supports both basic and advanced indexing.

Note: Currently, it does not support s1ices that consists of more than one boolean arrays

Note: CuPy handles out-of-bounds indices differently from NumPy when using integer array indexing.
NumPy handles them by raising an error, but CuPy wraps around them.

>>> import cupy

>>> x = cupy.arange (3)
>>> x[[1, 3]1] = 10
>>> x

array ([10, 10, 21])

Note: The behavior differs from NumPy when integer arrays in s1lices reference the same location
multiple times. In that case, the value that is actually stored is undefined.

22
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>>> import cupy

>>> a = cupy.zeros((2,))

>>> 1 = cupy.arange(10000) % 2

>>> v = cupy.arange (10000) .astype (cupy.float_)
>>> af[i] = v

>>> a

array ([9150., 9151.])

On the other hand, NumPy stores the value corresponding to the last index among the indices referencing
duplicate locations.

>>> import numpy

>>> a_cpu = numpy.zeros((2,))

>>> 1_cpu = numpy.arange (10000) % 2

>>> v_cpu = numpy.arange (10000) .astype (numpy.float_)
>>> a_cpuli_cpul] = v_cpu

>>> a_cpu
array ([9998., 9999.1])

_len_ ()
Return len(self).

__iter_ ()
Implement iter(self).

__copy__ (self)
all (self, axis=None, out=None, keepdims=False) — ndarray
any (self, axis=None, out=None, keepdims=False) — ndarray

argmax (self, axis=None, out=None, dtype=None, keepdims=False) — ndarray
Returns the indices of the maximum along a given axis.

Note: dtype and keepdim arguments are specific to CuPy. They are not in NumPy.

Note: axis argument accepts a tuple of ints, but this is specific to CuPy. NumPy does not support it.

See also:
cupy.argmax () for full documentation, numpy .ndarray.argmax ()

argmin (self, axis=None, out=None, dtype=None, keepdims=False) — ndarray
Returns the indices of the minimum along a given axis.

Note: dtype and keepdim arguments are specific to CuPy. They are not in NumPy.

Note: axis argument accepts a tuple of ints, but this is specific to CuPy. NumPy does not support it.

See also:

cupy.argmin () for full documentation, numpy .ndarray.argmin ()

4.1.
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argpartition (self, kth, axis=- 1) — ndarray
Returns the indices that would partially sort an array.

Parameters

* kth(int or sequence of ints)-Elementindex to partition by. If supplied with
a sequence of k-th it will partition all elements indexed by k-th of them into their sorted
position at once.

* axis (int or None)- Axisalong which to sort. Default is -1, which means sort along
the last axis. If None is supplied, the array is flattened before sorting.

Returns Array of the same type and shape as a.
Return type cupy.ndarray
See also:
cupy.argpartition () for full documentation, numpy.ndarray.argpartition ()

argsort (self, axis=- 1) — ndarray
Returns the indices that would sort an array with stable sorting

Parameters axis (int or None)— Axis along which to sort. Default is -1, which means
sort along the last axis. If None is supplied, the array is flattened before sorting.

Returns Array of indices that sort the array.
Return type cupy.ndarray
See also:
cupy.argsort () for full documentation, numpy .ndarray.argsort ()

astype (self, dtype, order="K', casting=None, subok=None, copy=True) — ndarray
Casts the array to given data type.

Parameters
* dtype - Type specifier.

e order({'C', 'F', 'A', 'K'})—Row-major (C-style) or column-major (Fortran-
style) order. When order is ‘A’, it uses ‘F’ if a is column-major and uses ‘C’ otherwise.
And when order is ‘K’, it keeps strides as closely as possible.

* copy (bool)—Ifitis False and no cast happens, then this method returns the array itself.
Otherwise, a copy is returned.

Returns If copy is False and no cast is required, then the array itself is returned. Otherwise, it
returns a (possibly casted) copy of the array.

Note: This method currently does not support cast ing, and subok arguments.

See also:
numpy.ndarray.astype ()
choose (self, choices, out=None, mode="raise')

clip (self, a_min=None, a_max=None, out=None) — ndarray
Returns an array with values limited to [a_min, a_max].

See also:

cupy.clip () for full documentation, numpy.ndarray.clip ()
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compress (self, condition, axis=None, out=None) — ndarray
Returns selected slices of this array along given axis.

Warning: This function may synchronize the device.

See also:

cupy.compress () for full documentation, numpy .ndarray.compress ()
conj (self) — ndarray
conjugate (self) — ndarray

copy (self, order="C') — ndarray
Returns a copy of the array.

This method makes a copy of a given array in the current device. Even when a given array is located in
another device, you can copy it to the current device.

Parameters order ({'C', 'F', 'A', 'K'}) - Row-major (C-style) or column-major
(Fortran-style) order. When order is ‘A’, it uses ‘F’ if a is column-major and uses ‘C’
otherwise. And when order is ‘K, it keeps strides as closely as possible.

See also:
cupy.copy () for full documentation, numpy .ndarray.copy ()

cumprod (self, axis=None, dtype=None, out=None) — ndarray
Returns the cumulative product of an array along a given axis.

See also:
cupy . cumprod () for full documentation, numpy . ndarray.cumprod ()

cumsum (self, axis=None, dtype=None, out=None) — ndarray
Returns the cumulative sum of an array along a given axis.

See also:
cupy . cumsum () for full documentation, numpy . ndarray.cumsumn ()

diagonal (self, offset=0, axis1=0, axis2=1) — ndarray
Returns a view of the specified diagonals.

See also:
cupy.diagonal () for full documentation, numpy .ndarray.diagonal ()

dot (self, ndarray b, ndarray out=None)
Returns the dot product with given array.

See also:
cupy.dot () for full documentation, numpy .ndarray.dot ()

dump (self, file)
Dumps a pickle of the array to a file.

Dumped file can be read back to cupy.ndarray by cupy. load().

dumps (self) — bytes
Dumps a pickle of the array to a string.

£i11 (self, value)
Fills the array with a scalar value.

4.1.
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Parameters value — A scalar value to fill the array content.
See also:
numpy.ndarray.fill ()

flatten (self) — ndarray
Returns a copy of the array flatten into one dimension.

It currently supports C-order only.
Returns A copy of the array with one dimension.
Return type cupy.ndarray

See also:

numpy.ndarray.flatten ()

get (self, stream=None, order="'C', out=None)
Returns a copy of the array on host memory.

Parameters

* stream (cupy.cuda.Stream) — CUDA stream object. If it is given, the copy runs
asynchronously. Otherwise, the copy is synchronous. The default uses CUDA stream
object of the current context.

e order ({'C', 'F', 'A'})- The desired memory layout of the host array. When
order is ‘A’, it uses ‘F’ if the array is fortran-contiguous and ‘C’ otherwise. The order
will be ignored if out is specified.

* out (numpy.ndarray) — Output array. In order to enable asynchronous copy, the
underlying memory should be a pinned memory.

Returns Copy of the array on host memory.
Return type numpy.ndarray

item (self)
Converts the array with one element to a Python scalar

Returns The element of the array.
Return type int or float or complex
See also:
numpy.ndarray.item()

max (self, axis=None, out=None, keepdims=False) — ndarray
Returns the maximum along a given axis.

See also:
cupy .amax () for full documentation, numpy .ndarray.max ()

mean (self, axis=None, dtype=None, out=None, keepdims=False) — ndarray
Returns the mean along a given axis.

See also:
cupy .mean () for full documentation, numpy . ndarray.mean ()

min (self, axis=None, out=None, keepdims=False) — ndarray
Returns the minimum along a given axis.
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See also:

cupy.amin () for full documentation, numpy .ndarray.min ()

nonzero (self) — tuple
Return the indices of the elements that are non-zero.

Returned Array is containing the indices of the non-zero elements in that dimension.
Returns Indices of elements that are non-zero.

Return type tuple of arrays

Warning: This function may synchronize the device.

See also:
numpy.nonzero ()

partition (self, kth, int axis=-1)
Partitions an array.

Parameters

* kth(int or sequence of ints)-Elementindex to partition by. If supplied with

a sequence of k-th it will partition all elements indexed by k-th of them into their sorted
position at once.

e axis (int) — Axis along which to sort. Default is -1, which means sort along the last
axis.

See also:

cupy.partition () for full documentation, numpy .ndarray.partition ()

prod (self, axis=None, dtype=None, out=None, keepdims=None) — ndarray
Returns the product along a given axis.

See also:

cupy.prod () for full documentation, numpy .ndarray.prod ()

ptp (self, axis=None, out=None, keepdims=False) — ndarray
Returns (maximum - minimum) along a given axis.

See also:

cupy .ptp () for full documentation, numpy .ndarray.ptp ()

put (self, indices, values, mode="wrap')
Replaces specified elements of an array with given values.

See also:

cupy.put () for full documentation, numpy .ndarray .put ()

ravel (self, order="C') — ndarray
Returns an array flattened into one dimension.

See also:
cupy.ravel () for full documentation, numpy .ndarray.ravel ()

reduced_view (self, dtype=None) — ndarray
Returns a view of the array with minimum number of dimensions.

4.1.
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Parameters dtype — (Deprecated) Data type specifier. If it is given, then the memory sequence
is reinterpreted as the new type.

Returns A view of the array with reduced dimensions.
Return type cupy.ndarray

repeat (self, repeats, axis=None)
Returns an array with repeated arrays along an axis.

See also:
cupy.repeat () for full documentation, numpy .ndarray.repeat ()

reshape (self, *shape, order="C")
Returns an array of a different shape and the same content.

See also:
cupy.reshape () for full documentation, numpy .ndarray.reshape ()

round (self, decimals=0, out=None) — ndarray
Returns an array with values rounded to the given number of decimals.

See also:
cupy.around () for full documentation, numpy .ndarray.round ()

scatter_add (self, slices, value)
Adds given values to specified elements of an array.

See also:
cupyx.scatter_add () for full documentation.

scatter_max (self, slices, value)
Stores a maximum value of elements specified by indices to an array.

See also:
cupyx.scatter_max () for full documentation.

scatter_min (self, slices, value)
Stores a minimum value of elements specified by indices to an array.

See also:
cupyx.scatter_min () for full documentation.

set (self, arr, stream=None)
Copies an array on the host memory to cupy.ndarray.

Parameters
e arr (numpy.ndarray) — The source array on the host memory.

* stream (cupy.cuda.Stream) — CUDA stream object. If it is given, the copy runs
asynchronously. Otherwise, the copy is synchronous. The default uses CUDA stream
object of the current context.

sort (self, int axis=-1)
Sort an array, in-place with a stable sorting algorithm.

Parameters axis (int)— Axis along which to sort. Default is -1, which means sort along the
last axis.
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Note: For its implementation reason, ndarray.sort currently supports only arrays with their own
data, and does not support kind and order parameters that numpy .ndarray.sort does support.

See also:

cupy.sort () for full documentation, numpy .ndarray.sort ()

squeeze (self, axis=None) — ndarray
Returns a view with size-one axes removed.

See also:
cupy.squeeze () for full documentation, numpy .ndarray.squeeze ()

std (self, axis=None, dtype=None, out=None, ddof=0, keepdims=False) — ndarray
Returns the standard deviation along a given axis.

See also:
cupy.std () for full documentation, numpy .ndarray.std ()

sum (self, axis=None, dtype=None, out=None, keepdims=False) — ndarray
Returns the sum along a given axis.

See also:
cupy.sum () for full documentation, numpy .ndarray . sum ()

swapaxes (self, Py_ssize_t axisl, Py_ssize_t axis2) — ndarray
Returns a view of the array with two axes swapped.

See also:
cupy.swapaxes () for full documentation, numpy .ndarray.swapaxes ()

take (self, indices, axis=None, out=None) — ndarray
Returns an array of elements at given indices along the axis.

See also:
cupy.take () for full documentation, numpy .ndarray.take ()

toDlpack (self)
Zero-copy conversion to a DLPack tensor.

DLPack is a open in memory tensor structure proposed in this repository: dmlc/dlpack.

This function returns a PyCapsule object which contains a pointer to a DLPack tensor converted from
the own ndarray. This function does not copy the own data to the output DLpack tensor but it shares the
pointer which is pointing to the same memory region for the data.

Returns
Output DLPack tensor which is encapsulated in a PyCapsule object.
Return type dltensor (PyCapsule)

See also:

fromDlpack () is a method for zero-copy conversion from a DLPack tensor (which is encapsulated in a
PyCapsule object) to a ndarray
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Warning: As of the DLPack v0.3 specification, it is (implicitly) assumed that the user is responsible
to ensure the Producer and the Consumer are operating on the same stream. This requirement might be
relaxed/changed in a future DLPack version.

Example

>>> import cupy

>>> arrayl = cupy.array ([0, 1, 2], dtype=cupy.float32)
>>> dltensor = arrayl.toDlpack ()

>>> array2 = cupy.fromDlpack (dltensor)

>>> cupy.testing.assert_array_equal (arrayl, array?2)

tobytes (self, order="'C') — bytes
Turns the array into a Python bytes object.

tofile (self, fid, sep="", format="%s")
Writes the array to a file.

See also:
numpy .ndarray.tofile ()

tolist (self)
Converts the array to a (possibly nested) Python list.

Returns The possibly nested Python list of array elements.
Return type list

See also:

numpy.ndarray.tolist ()

trace (self, offset=0, axis1=0, axis2=1, dtype=None, out=None) — ndarray
Returns the sum along diagonals of the array.

See also:
cupy.trace () for full documentation, numpy .ndarray.trace ()

transpose (self, *axes)
Returns a view of the array with axes permuted.

See also:
cupy.transpose () for full documentation, numpy .ndarray.reshape ()

var (self, axis=None, dtype=None, out=None, ddof=0, keepdims=False) — ndarray
Returns the variance along a given axis.

See also:
cupy.var () for full documentation, numpy .ndarray.var ()

view (self, dtype=None) — ndarray
Returns a view of the array.

Parameters dtype — If this is different from the data type of the array, the returned view rein-
terpret the memory sequence as an array of this type.

Returns A view of the array. A reference to the original array is stored at the ba se attribute.
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Return type cupy.ndarray
See also:
numpy.ndarray.view ()

__eq__ (value,/)
Return self==value.

__ne__ (value,/)
Return self!=value.

_1t_ (value,/)
Return self<value.

__le  (value,/)
Return self<=value.

__gt__ (value,/)
Return self>value.

__ge__ (value,/)
Return self>=value.

__bool__ ()
self 1=0
Attributes
T
Shape-reversed view of the array.
If ndim < 2, then this is just a reference to the array itself.
base
cstruct
C representation of the array.
This property is used for sending an array to CUDA kernels. The type of returned C structure is different
for different dtypes and ndims. The definition of C type is written in cupy/carray.cuh.
data
device
CUDA device on which this array resides.
dtype
flags
Object containing memory-layout information.
It only contains c_contiguous, f_contiguous, and owndata attributes. All of these are read-only.
Accessing by indexes is also supported.
See also:
numpy.ndarray.flags
flat
imag
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itemsize
Size of each element in bytes.

See also:
numpy.ndarray.itemsize

nbytes
Total size of all elements in bytes.

It does not count skips between elements.
See also:
numpy.ndarray.nbytes

ndim
Number of dimensions.

a.ndimis equivalentto len (a.shape).
See also:
numpy .ndarray.ndim

real

shape
Lengths of axes.

Setter of this property involves reshaping without copy. If the array cannot be reshaped without copy, it
raises an exception.

size

strides
Strides of axes in bytes.

See also:

numpy.ndarray.strides

4.1.2 Code compatibility features

cupy.ndarray is designed to be interchangeable with numpy . ndarray in terms of code compatibility as much
as possible. But occasionally, you will need to know whether the arrays you’re handling are cupy.ndarray
or numpy .ndarray. One example is when invoking module-level functions such as cupy. sum () or numpy .
sum () . In such situations, cupy.get_array module () can be used.

cupy.get_array_module Returns the array module for arguments.
cupyx.scipy.get_array _module Returns the array module for arguments.
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cupy.get_array_module
cupy.get_array_module (*args)
Returns the array module for arguments.

This function is used to implement CPU/GPU generic code. If at least one of the arguments is a cupy.
ndarray object, the cupy module is returned.

Parameters args — Values to determine whether NumPy or CuPy should be used.
Returns cupy or numpy is returned based on the types of the arguments.

Return type module

Example

A NumPy/CuPy generic function can be written as follows

>>> def softplus(x):
Xp = cupy.get_array_module (x)
return xp.maximum (0, x) + xp.loglp(xp.exp(-abs(x)))

cupyx.scipy.get_array _module
cupyx.scipy.get_array_module (*args)
Returns the array module for arguments.

This function is used to implement CPU/GPU generic code. If at least one of the arguments is a cupy.
ndarray object, the cupyx. scipy module is returned.

Parameters args — Values to determine whether NumPy or CuPy should be used.
Returns cupyx.scipy or scipy isreturned based on the types of the arguments.

Return type module

4.1.3 Conversion to/from NumPy arrays
cupy.ndarray and numpy .ndarray are not implicitly convertible to each other. That means, NumPy functions
cannot take cupy . ndarrays as inputs, and vice versa.

e To convert numpy .ndarray to cupy.ndarray,use cupy.array () or cupy.asarray ().

e To convert cupy.ndarray to numpy .ndarray, use cupy.asnumpy () or cupy.ndarray.get ().

Note that converting between cupy .ndarray and numpy . ndarray incurs data transfer between the host (CPU)
device and the GPU device, which is costly in terms of performance.

cupy.array Creates an array on the current device.
cupy.asarray Converts an object to array.
cupy.asnumpy Returns an array on the host memory from an arbitrary

source array.
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cupy.array
cupy .array (obj, dtype=None, copy=True, order="K', subok=False, ndmin=0)
Creates an array on the current device.
This function currently does not support the subok option.
Parameters

* obj — cupy.ndarray object or any other object that can be passed to numpy.
array ().

* dtype — Data type specifier.

* copy (bool) —If False, this function returns obj if possible. Otherwise this function
always returns a new array.

e order ({'C', 'F', 'A', 'K'})- Row-major (C-style) or column-major (Fortran-
style) order. When order is 'A',ituses 'F' if a is column-major and uses 'C' other-
wise. And when order is 'K', it keeps strides as closely as possible. If ob 7 is numpy .
ndarray, the function returns 'C' or 'F ' order array.

* subok (bool)—If True, then sub-classes will be passed-through, otherwise the returned
array will be forced to be a base-class array (default).

* ndmin (int)—Minimum number of dimensions. Ones are inserted to the head of the shape
if needed.

Returns An array on the current device.

Return type cupy.ndarray

Note: This method currently does not support subok argument.

See also:

numpy.array ()

cupy.asarray
cupy .asarray (a, dtype=None, order=None)
Converts an object to array.

This is equivalent to array (a, dtype, copy=False). This function currently does not support the
order option.

Parameters
* a — The source object.
* dtype — Data type specifier. It is inferred from the input by default.

* order ({'C', 'F'})— Whether to use row-major (C-style) or column-major (Fortran-
style) memory representation. Defaults to 'C'. order is ignored for objects that are not
cupy.ndarray,buthavethe _ cuda_array_interface_  attribute.

Returns An array on the current device. If a is already on the device, no copy is performed.

Return type cupy.ndarray
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See also:

numpy.asarray ()

cupy.asnumpy
cupy . asnumpy (a, stream=None, order='C")
Returns an array on the host memory from an arbitrary source array.
Parameters
* a — Arbitrary object that can be converted to numpy . ndarray.

* stream(cupy.cuda.Stream)— CUDA stream object. If it is specified, then the device-
to-host copy runs asynchronously. Otherwise, the copy is synchronous. Note that if a is not
a cupy.ndarray object, then this argument has no effect.

* order ({'C', 'F', 'A'}) - The desired memory layout of the host array. When
order is ‘A’, it uses ‘F’ if a is fortran-contiguous and ‘C’ otherwise.

Returns Converted array on the host memory.

Return type numpy.ndarray

4.2 Universal Functions (ufunc)

CuPy provides universal functions (a.k.a. ufuncs) to support various elementwise operations. CuPy’s ufunc supports
following features of NumPy’s one:

* Broadcasting
e Qutput type determination
* Casting rules

CuPy’s ufunc currently does not provide methods such as reduce, accumulate, reduceat, outer, and at.

4.2.1 Ufunc class

cupy.ufunc Universal function.

cupy.ufunc

'

class cupy.ufunc (name, nin, nout, _Ops ops, preamble=u", loop_prep=u", doc=u'", de-

fault_casting=None, _Ops out_ops=None, *)
Universal function.

Variables
e name (str)— The name of the universal function.
* nin (int)— Number of input arguments.
* nout (int)— Number of output arguments.

* nargs (int)— Number of all arguments.
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Methods

_call_ ()

Applies the universal function to arguments elementwise.

Parameters

* args — Input arguments. Each of them can be a cupy . ndarray object or a scalar. The
output arguments can be omitted or be specified by the out argument.

* out (cupy.ndarray) — Output array. It outputs to new arrays default.

* dtype - Data type specifier.

Returns Output array or a tuple of output arrays.

__eq__ (value,/)
Return self==value.

ne__ (value,/)
Return self!=value.

_ 1t (value,/)
Return self<value.

__le  (value,/)
Return self<=value.

__gt__ (value,/)
Return self>value.

__ge__ (value,/)
Return self>=value.

Attributes

name
nargs
nin
nout

types

A list of type signatures.

Each type signature is represented by type character codes of inputs and outputs separated by ‘->’.

4.2.2 Available ufuncs

Math operations

cupy.add

Adds two arrays elementwise.

cupy.subtract

Subtracts arguments elementwise.

cupy.multiply

Multiplies two arrays elementwise.

cupy.divide

Elementwise true division (i.e.

continues on next page
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Table 5 — continued from previous page

cupy.logaddexp Computes log (exp (x1) + exp(x2)) element-
wise.

cupy.logaddexpZ2 Computes log2 (exp2 (x1) + exp2(x2)) ele-
mentwise.

cupy.true_divide

Elementwise true division (i.e.

cupy.floor_divide

Elementwise floor division (i.e.

cupy.negative

Takes numerical negative elementwise.

cupy.power

Computes x1 *+ x2 elementwise.

cupy.remainder

Computes the remainder of Python division element-
wise.

cupy.mod Computes the remainder of Python division element-
wise.
cupy . fmod Computes the remainder of C division elementwise.

cupy.absolute

Elementwise absolute value function.

cupy.rint

Rounds each element of an array to the nearest integer.

cupy.sign Elementwise sign function.

cupy.exp Elementwise exponential function.
cupy.exp2 Elementwise exponentiation with base 2.
cupy.log Elementwise natural logarithm function.
cupy.log2 Elementwise binary logarithm function.
cupy.logl0 Elementwise common logarithm function.
cupy.expml Computes exp (x) — 1 elementwise.
cupy.loglp Computes log (1 + x) elementwise.
cupy.sqrt Elementwise square root function.

cupy.square

Elementwise square function.

cupy.reciprocal

Computes 1 / x elementwise.

cupy.gcd Computes ged of x1 and x2 elementwise.
cupy.lcm Computes lcm of x1 and x2 elementwise.
cupy.add

cupy.add = <ufunc 'cupy_add'>
Adds two arrays elementwise.

See also:

numpy .add

cupy.subtract

cupy .subtract = <ufunc 'cupy_ subtract'>
Subtracts arguments elementwise.

See also:

numpy .subtract

4.2. Universal Functions (ufunc)
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cupy.multiply

cupy.multiply = <ufunc 'cupy multiply'>
Multiplies two arrays elementwise.

See also:

numpy.multiply

cupy.divide

cupy.divide = <ufunc 'cupy_true divide'>
Elementwise true division (i.e. division as floating values).

See also:

numpy .true_divide

cupy.logaddexp

cupy .logaddexp = <ufunc 'cupy_logaddexp'>
Computes 1og (exp (x1) + exp (x2)) elementwise.

See also:

numpy . logaddexp

cupy.logaddexp2

cupy .logaddexp2 = <ufunc 'cupy_ logaddexp2'>
Computes 10g2 (exp2 (x1) + exp2 (x2)) elementwise.

See also:

numpy . logaddexp?2

cupy.true_divide

cupy.true_divide = <ufunc 'cupy true_divide'>
Elementwise true division (i.e. division as floating values).

See also:

numpy .true_divide
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cupy.floor_divide

cupy.floor_divide = <ufunc 'cupy_ floor divide'>

Elementwise floor division (i.e. integer quotient).
See also:

numpy.floor_divide

cupy.negative

cupy.negative = <ufunc 'cupy negative'>
Takes numerical negative elementwise.

See also:

numpy .negative

cupy.power

cupy .power = <ufunc 'cupy_power'>
Computes x1 *x* x2 elementwise.

See also:

numpy .power

cupy.remainder

cupy.remainder = <ufunc 'cupy_ remainder'>
Computes the remainder of Python division elementwise.

See also:

numpy .remainder

cupy.mod

cupy.mod = <ufunc 'cupy_ remainder'>
Computes the remainder of Python division elementwise.

See also:

numpy.remainder
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cupy.fmod

cupy.fmod = <ufunc 'cupy_fmod'>
Computes the remainder of C division elementwise.

See also:

numpy . fmod

cupy.absolute

cupy .absolute = <ufunc 'cupy_absolute'>
Elementwise absolute value function.

See also:

numpy .absolute

cupy.rint

cupy.rint = <ufunc 'cupy_rint'>
Rounds each element of an array to the nearest integer.

See also:

numpy.rint

cupy.sign

cupy.sign = <ufunc 'cupy_sign'>
Elementwise sign function.
It returns -1, O, or 1 depending on the sign of the input.
See also:

numpy.sign

cupy.exp

cupy.exp = <ufunc 'cupy_exp'>
Elementwise exponential function.

See also:

numpy . exp
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cupy.exp2

cupy.exp2 = <ufunc 'cupy_exp2'>

Elementwise exponentiation with base 2.

See also:

numpy .exp2

cupy.log

cupy.log = <ufunc 'cupy_ log'>
Elementwise natural logarithm function.
See also:

numpy . log

cupy.log2

cupy.log2 = <ufunc 'cupy_log2'>
Elementwise binary logarithm function.

See also:

numpy . log2

cupy.log10

cupy.logl0 = <ufunc 'cupy_loglO'>
Elementwise common logarithm function.

See also:

numpy.logl0

cupy.expmi

cupy.expml = <ufunc 'cupy_expml'>

Computes exp (x) — 1 elementwise.
See also:

numpy .expml

4.2. Universal Functions (ufunc)
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cupy.logip

cupy.loglp = <ufunc 'cupy_loglp'>
Computes 1og (1 + x) elementwise.
See also:

numpy.loglp

cupy.sqrt

cupy.sqrt = <ufunc 'cupy_sqgrt'>
Elementwise square root function.

See also:

numpy.sqrt

cupy.square

cupy.square = <ufunc 'cupy_square'>
Elementwise square function.

See also:

numpy .square

cupy.reciprocal

cupy.reciprocal = <ufunc 'cupy_reciprocal'>
Computes 1 / x elementwise.

See also:

numpy .reciprocal

cupy.gcd

cupy.ged = <ufunc 'cupy_gcd'>
Computes ged of x1 and x2 elementwise.

See also:

numpy .gcd
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cupy.lcm

cupy.lem = <ufunc 'cupy_lcm'>

Computes lcm of x1 and x2 elementwise.

See also:

numpy.lcm

Trigonometric functions

cupy.sin

Elementwise sine function.

cupy.cos

Elementwise cosine function.

cupy.tan

Elementwise tangent function.

cupy.arcsin

Elementwise inverse-sine function (a.k.a.

cupy.arccos

Elementwise inverse-cosine function (a.k.a.

cupy.arctan

Elementwise inverse-tangent function (a.k.a.

cupy.arctanZz

Elementwise inverse-tangent of the ratio of two arrays.

cupy.hypot Computes the hypoteneous of orthogonal vectors of
given length.

cupy.sinh Elementwise hyperbolic sine function.

cupy.cosh Elementwise hyperbolic cosine function.

cupy.tanh Elementwise hyperbolic tangent function.

cupy.arcsinh

Elementwise inverse of hyperbolic sine function.

cupy.arccosh

Elementwise inverse of hyperbolic cosine function.

cupy.arctanh

Elementwise inverse of hyperbolic tangent function.

cupy.degZrad

Converts angles from degrees to radians elementwise.

cupy.rad2deg

Converts angles from radians to degrees elementwise.

cupy.sin

cupy.sin = <ufunc 'cupy_sin'>
Elementwise sine function.

See also:

numpy.sin

cupy.cos

cupy.cos = <ufunc 'cupy_cos'>
Elementwise cosine function.

See also:

numpy .cos

4.2. Universal Functions (ufunc)
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cupy.tan

cupy.tan = <ufunc 'cupy_ tan'>
Elementwise tangent function.

See also:

numpy.tan

cupy.arcsin

cupy.arcsin = <ufunc 'cupy_arcsin'>
Elementwise inverse-sine function (a.k.a. arcsine function).

See also:

numpy.arcsin

cupy.arccos

cupy.arccos = <ufunc 'cupy_arccos'>
Elementwise inverse-cosine function (a.k.a. arccosine function).

See also:

numpy .arccos

cupy.arctan

cupy.arctan = <ufunc 'cupy_arctan'>

Elementwise inverse-tangent function (a.k.a. arctangent function).

See also:

numpy.arctan

cupy.arctan2

cupy.arctan2 = <ufunc 'cupy_ arctan2'>
Elementwise inverse-tangent of the ratio of two arrays.

See also:

numpy.arctan?2
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cupy.hypot

cupy.hypot = <ufunc 'cupy_hypot'>
Computes the hypoteneous of orthogonal vectors of given length.
This is equivalent to sgrt (x1 **2 + x2 *x 2), while this function is more efficient.
See also:

numpy . hypot

cupy.sinh

cupy.sinh = <ufunc 'cupy_sinh'>
Elementwise hyperbolic sine function.

See also:

numpy .sinh

cupy.cosh

cupy.cosh = <ufunc 'cupy_cosh'>
Elementwise hyperbolic cosine function.

See also:

numpy .cosh

cupy.tanh

cupy.tanh = <ufunc 'cupy_tanh'>
Elementwise hyperbolic tangent function.

See also:

numpy .tanh

cupy.arcsinh

cupy.arcsinh = <ufunc 'cupy_arcsinh'>
Elementwise inverse of hyperbolic sine function.

See also:

numpy .arcsinh
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cupy.arccosh

cupy .arccosh <ufunc 'cupy_ arccosh'>
Elementwise inverse of hyperbolic cosine function.

See also:

numpy.arccosh

cupy.arctanh

cupy.arctanh <ufunc 'cupy_arctanh'>
Elementwise inverse of hyperbolic tangent function.

See also:

numpy .arctanh

cupy.deg2rad

cupy .deg2rad = <ufunc 'cupy_deg2rad'>

Converts angles from degrees to radians elementwise.

See also:

numpy .deg2rad, numpy.radians

cupy.rad2deg

cupy .rad2deg = <ufunc 'cupy_rad2deg'>

Converts angles from radians to degrees elementwise.

See also:

numpy . rad2deg, numpy .degrees

Bit-twiddling functions

cupy.bitwise_and Computes the bitwise AND of two arrays elementwise.
cupy.bitwise_or Computes the bitwise OR of two arrays elementwise.
cupy.bitwise_xor Computes the bitwise XOR of two arrays elementwise.
cupy.invert Computes the bitwise NOT of an array elementwise.
cupy.left_shift Shifts the bits of each integer element to the left.
cupy.right_shift Shifts the bits of each integer element to the right.
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cupy.bitwise_and

cupy.bitwise_and = <ufunc 'cupy bitwise_and'>
Computes the bitwise AND of two arrays elementwise.

Only integer and boolean arrays are handled.
See also:

numpy .bitwise_and

cupy.bitwise_or

cupy.bitwise_or = <ufunc 'cupy_ bitwise_or'>
Computes the bitwise OR of two arrays elementwise.

Only integer and boolean arrays are handled.
See also:

numpy .bitwise_or

cupy.bitwise_xor

cupy.bitwise_xor = <ufunc 'cupy bitwise_xor'>
Computes the bitwise XOR of two arrays elementwise.

Only integer and boolean arrays are handled.
See also:

numpy .bitwise_xor

cupy.invert

cupy.invert = <ufunc 'cupy_invert'>
Computes the bitwise NOT of an array elementwise.

Only integer and boolean arrays are handled.

Note: cupy.bitwise_not () is an alias for cupy.invert ().

See also:

numpy.invert

4.2. Universal Functions (ufunc)
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cupy.left_shift

cupy.left_shift = <ufunc

Shifts the bits of each integer element to the left.

Only integer arrays are handled.

See also:

nunmpy.left_shift

cupy.right_shift

cupy.right_shift = <ufunc
Shifts the bits of each integer element to the right.

Only integer arrays are handled

See also:

numpy .right_shift

Comparison functions

'cupy_left_shift'>

'cupy_right_shift'>

cupy.greater Tests elementwise if x1 > x2
cupy.greater_equal Tests elementwise if x1 >= x2.
cupy.less Tests elementwise if x1 < x2.
cupy.less_equal Tests elementwise if x1 <= x2.
cupy.not_equal Tests elementwise if x1 = x2.
cupy.equal Tests elementwise if x1 == x2.
cupy.logical_and Computes the logical AND of two arrays.
cupy.logical_or Computes the logical OR of two arrays.
cupy.logical_xor Computes the logical XOR of two arrays.
cupy.logical_not Computes the logical NOT of an array.
cupy.maximum Takes the maximum of two arrays elementwise.
cupy.minimum Takes the minimum of two arrays elementwise.
cupy.fmax Takes the maximum of two arrays elementwise.
cupy.fmin Takes the minimum of two arrays elementwise.
cupy.greater

cupy .greater = <ufunc
Tests elementwise if x1 > x2.

See also:

numpy.greater

'cupy_greater'>
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cupy.greater_equal

cupy.greater _equal = <ufunc 'cupy_greater_equal'>
Tests elementwise if x1 >= x2.

See also:

numpy.greater_equal

cupy.less

cupy.less = <ufunc 'cupy_less'>
Tests elementwise if x1 < x2.

See also:

numpy.less

cupy.less_equal

cupy.less_equal = <ufunc 'cupy_ less_equal'>
Tests elementwise if x1 <= x2.

See also:

numpy.less_equal

cupy.not_equal

cupy.not_equal = <ufunc 'cupy_ not_equal'>
Tests elementwise if x1 != x2.

See also:

numpy .equal

cupy.equal

cupy.equal = <ufunc 'cupy_equal'>
Tests elementwise if x1 == x2.

See also:

numpy .equal
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cupy.logical_and

cupy.logical_and = <ufunc 'cupy_ logical_and'>
Computes the logical AND of two arrays.

See also:

numpy.logical_and

cupy.logical_or

cupy.logical _or = <ufunc 'cupy logical or'>
Computes the logical OR of two arrays.

See also:

numpy.logical_or

cupy.logical_xor

cupy.logical_xor = <ufunc 'cupy_ logical_xor'>
Computes the logical XOR of two arrays.

See also:

numpy.logical_xor

cupy.logical_not

cupy.logical_not = <ufunc 'cupy_logical_not'>
Computes the logical NOT of an array.

See also:

numpy.logical_not

cupy.maximum

cupy.maximum = <ufunc 'cupy_maximum'>
Takes the maximum of two arrays elementwise.

If NaN appears, it returns the NaN.
See also:

numpy .maximum

50 Chapter 4. API Reference


https://numpy.org/doc/stable/reference/generated/numpy.logical_and.html#numpy.logical_and
https://numpy.org/doc/stable/reference/generated/numpy.logical_or.html#numpy.logical_or
https://numpy.org/doc/stable/reference/generated/numpy.logical_xor.html#numpy.logical_xor
https://numpy.org/doc/stable/reference/generated/numpy.logical_not.html#numpy.logical_not
https://numpy.org/doc/stable/reference/generated/numpy.maximum.html#numpy.maximum

CuPy Documentation, Release 8.6.0

cupy-minimum

cupy.minimum = <ufunc 'cupy minimum'>
Takes the minimum of two arrays elementwise.

If NaN appears, it returns the NaN.
See also:

numpy .minimum

cupy.fmax

cupy.fmax = <ufunc 'cupy_fmax'>
Takes the maximum of two arrays elementwise.

If NaN appears, it returns the other operand.
See also:

numpy . fmax

cupy.fmin

cupy.fmin = <ufunc 'cupy_fmin'>
Takes the minimum of two arrays elementwise.

If NaN appears, it returns the other operand.
See also:

numpy . fmin

Floating functions

cupy.isfinite

Tests finiteness elementwise.

cupy.isinf

Tests if each element is the positive or negative infinity.

cupy.isnan

Tests if each element is a NaN.

cupy.signbit

Tests elementwise if the sign bit is set (i.e.

cupy.copysign

Returns the first argument with the sign bit of the second
elementwise.

cupy.nextafter

Computes the nearest neighbor float values towards the
second argument.

cupy.modf Extracts the fractional and integral parts of an array ele-
mentwise.

cupy.ldexp Computes x1 * 2 xx x2 elementwise.

cupy.frexp Decomposes each element to mantissa and two’s expo-
nent.

cupy. fmod Computes the remainder of C division elementwise.

cupy.floor

Rounds each element of an array to its floor integer.

cupy.ceil

Rounds each element of an array to its ceiling integer.

cupy.trunc

Rounds each element of an array towards zero.
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cupy.isfinite

cupy.isfinite = <ufunc 'cupy isfinite'>
Tests finiteness elementwise.

Each element of returned array is True only if the corresponding element of the input is finite (i.e. not an
infinity nor NaN).

See also:

numpy.isfinite

cupy.isinf

cupy.isinf = <ufunc 'cupy_isinf'>
Tests if each element is the positive or negative infinity.
See also:

numpy.isinf

cupy.ishan

cupy.isnan = <ufunc 'cupy_isnan'>
Tests if each element is a NaN.

See also:

numpy.isnan

cupy.signbit

cupy.signbit = <ufunc 'cupy_signbit'>
Tests elementwise if the sign bit is set (i.e. less than zero).
See also:

numpy.signbit

cupy.copysign

cupy.copysign = <ufunc 'cupy_ copysign'>
Returns the first argument with the sign bit of the second elementwise.
See also:

numpy .copysign

52 Chapter 4. API Reference


https://numpy.org/doc/stable/reference/generated/numpy.isfinite.html#numpy.isfinite
https://numpy.org/doc/stable/reference/generated/numpy.isinf.html#numpy.isinf
https://numpy.org/doc/stable/reference/generated/numpy.isnan.html#numpy.isnan
https://numpy.org/doc/stable/reference/generated/numpy.signbit.html#numpy.signbit
https://numpy.org/doc/stable/reference/generated/numpy.copysign.html#numpy.copysign

CuPy Documentation, Release 8.6.0

cupy.nextafter

cupy.nextafter = <ufunc 'cupy nextafter'>
Computes the nearest neighbor float values towards the second argument.

Note: For values that are close to zero (or denormal numbers), results of cupy.nextafter () may be
different from those of numpy .nextafter (), because CuPy sets ~ftz=true.

See also:

numpy .nextafter

cupy.modf

cupy .modf = <ufunc 'cupy_modf'>
Extracts the fractional and integral parts of an array elementwise.

This ufunc returns two arrays.
See also:

numpy .modf

cupy.ldexp

cupy.ldexp = <ufunc 'cupy_ldexp'>
Computes x1 * 2 x* x2 elementwise.

See also:

numpy . ldexp

cupy.frexp

cupy.frexp = <ufunc 'cupy_ frexp'>
Decomposes each element to mantissa and two’s exponent.

This ufunc outputs two arrays of the input dtype and the int dtype.
See also:

numpy . frexp

cupy.floor

cupy.floor = <ufunc 'cupy_floor'>
Rounds each element of an array to its floor integer.

See also:

numpy.floor
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cupy.ceil

cupy.ceil <ufunc 'cupy_ceil'>
Rounds each element of an array to its ceiling integer.

See also:

numpy.ceil

cupy.trunc

cupy .trunc <ufunc 'cupy_trunc'>
Rounds each element of an array towards zero.

See also:

numpy.trunc

4.2.3 ufunc.at

Currently, CuPy does not support at for ufuncs in general. However, cupyx.scatter_add () can substitute

add. at as both behave identically.

4.3 Routines

The following pages describe NumPy-compatible routines. These functions cover a subset of NumPy routines.

4.3.1 Array Creation Routines

Basic creation routines

cupy.empty Returns an array without initializing the elements.

cupy.empty_like Returns a new array with same shape and dtype of a
given array.

cupy.eye Returns a 2-D array with ones on the diagonals and ze-
ros elsewhere.

cupy.identity Returns a 2-D identity array.

cupy.ones Returns a new array of given shape and dtype, filled with
ones.

cupy.ones_like Returns an array of ones with same shape and dtype as

a given array.

cupy.zeros

Returns a new array of given shape and dtype, filled with
ZEeros.

cupy.zeros_like

Returns an array of zeros with same shape and dtype as
a given array.

cupy. full Returns a new array of given shape and dtype, filled with
a given value.
cupy.full like Returns a full array with same shape and dtype as a
given array.
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cupy.empty
cupy . empty (shape, dtype=<class 'float’>, order="C")
Returns an array without initializing the elements.
Parameters
* shape (int or tuple of ints)- Dimensionalities of the array.
» dtype — Data type specifier.
e order ({'C', 'F'})—Row-major (C-style) or column-major (Fortran-style) order.
Returns A new array with elements not initialized.
Return type cupy.ndarray
See also:

numpy .empty ()

cupy.empty_like

cupy .empty_1like (a, dtype=None, order="K', subok=None, shape=None)
Returns a new array with same shape and dtype of a given array.

This function currently does not support subok option.
Parameters
* a(cupy.ndarray) — Base array.
* dtype — Data type specifier. The data type of a is used by default.

e order ({'C', 'F', 'A', or 'K'})- Overrides the memory layout of the result.
'C"' means C-order, 'F' means F-order, 'A"' means 'F' if a is Fortran contiguous, 'C"'
otherwise. 'K' means match the layout of a as closely as possible.

* subok — Not supported yet, must be None.

* shape (int or tuple of ints)- Overrides the shape of the result. If order="K"
and the number of dimensions is unchanged, will try to keep order, otherwise, order="C"
is implied.

Returns A new array with same shape and dtype of a with elements not initialized.
Return type cupy.ndarray
See also:

numpy .empty_like ()
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cupy.eye
cupy . eye (N, M=None, k=0, dtype=<class 'float'>, order="C")
Returns a 2-D array with ones on the diagonals and zeros elsewhere.
Parameters
* N (int)— Number of rows.
* M (int)— Number of columns. M == N by default.

* k (int)—Index of the diagonal. Zero indicates the main diagonal, a positive index an upper
diagonal, and a negative index a lower diagonal.

* dtype — Data type specifier.
e order ({'C', 'F'})—Row-major (C-style) or column-major (Fortran-style) order.
Returns A 2-D array with given diagonals filled with ones and zeros elsewhere.
Return type cupy.ndarray
See also:

numpy.eye ()

cupy.identity

cupy.identity (n, dtype=<class float™>)
Returns a 2-D identity array.

It is equivalent to eye (n, n, dtype).
Parameters
e n (int)— Number of rows and columns.
* dtype — Data type specifier.
Returns A 2-D identity array.
Return type cupy.ndarray
See also:

numpy .identity ()

cupy.ones

cupy .ones (shape, dtype=<class 'float">, order="C")
Returns a new array of given shape and dtype, filled with ones.

This function currently does not support order option.
Parameters
* shape (int or tuple of ints)- Dimensionalities of the array.
» dtype — Data type specifier.
* order ({'C', 'F'})—Row-major (C-style) or column-major (Fortran-style) order.

Returns An array filled with ones.
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Return type cupy.ndarray
See also:

numpy .ones ()

cupy.ones_like

cupy .ones_1like (a, dtype=None, order="K', subok=None, shape=None)
Returns an array of ones with same shape and dtype as a given array.

This function currently does not support subok option.
Parameters
* a(cupy.ndarray)— Base array.
* dtype — Data type specifier. The dtype of a is used by default.

e order ({'C', 'F', 'A', or 'K'})- Overrides the memory layout of the result.
'C' means C-order, 'F ' means F-order, 'A' means 'F' if a is Fortran contiguous, 'C"'
otherwise. 'K' means match the layout of a as closely as possible.

* subok — Not supported yet, must be None.

* shape (int or tuple of ints)- Overrides the shape of the result. If order="K"
and the number of dimensions is unchanged, will try to keep order, otherwise, order="C"
is implied.

Returns An array filled with ones.
Return type cupy.ndarray
See also:

numpy .ones_1like ()

cupy.zeros

cupy . zeros (shape, dtype=<class float’>, order="C")
Returns a new array of given shape and dtype, filled with zeros.

Parameters
* shape (int or tuple of ints)- Dimensionalities of the array.
* dtype — Data type specifier.
* order ({'C', 'F'})—Row-major (C-style) or column-major (Fortran-style) order.
Returns An array filled with zeros.
Return type cupy.ndarray
See also:

numpy.zeros ()
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cupy.zeros_like

cupy . zeros_1like (a, dtype=None, order="K', subok=None, shape=None)
Returns an array of zeros with same shape and dtype as a given array.

This function currently does not support subok option.
Parameters
* a(cupy.ndarray)— Base array.
* dtype — Data type specifier. The dtype of a is used by default.

e order ({'C', 'F', 'A', or 'K'})- Overrides the memory layout of the result.
'C' means C-order, 'F ' means F-order, 'A' means 'F' if a is Fortran contiguous, 'C"'
otherwise. 'K ' means match the layout of a as closely as possible.

* subok — Not supported yet, must be None.

* shape (int or tuple of ints)-—Overrides the shape of the result. If order="K"
and the number of dimensions is unchanged, will try to keep order, otherwise, order="C"
is implied.

Returns An array filled with zeros.
Return type cupy.ndarray
See also:

numpy .zeros_like ()

cupy.full

cupy . £ull (shape, fill_value, dtype=None, order="C")
Returns a new array of given shape and dtype, filled with a given value.

This function currently does not support order option.
Parameters
* shape (int or tuple of ints)- Dimensionalities of the array.
* £ill wvalue — A scalar value to fill a new array.
* dtype — Data type specifier.
e order ({'C', 'F'})—Row-major (C-style) or column-major (Fortran-style) order.
Returns An array filled with £111_value.
Return type cupy.ndarray
See also:

numpy.full ()
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cupy.full_like

cupy.full_like (a, fill_value, dtype=None, order="K', subok=None, shape=None)
Returns a full array with same shape and dtype as a given array.

This function currently does not support subok option.

Parameters

a (cupy.ndarray) — Base array.
£ill value — A scalar value to fill a new array.
dtype — Data type specifier. The dtype of a is used by default.

order ({'C', 'F', 'A', or 'K'})- Overrides the memory layout of the result.
'C"' means C-order, 'F' means F-order, 'A"' means 'F' if a is Fortran contiguous, 'C"'
otherwise. 'K ' means match the layout of a as closely as possible.

subok — Not supported yet, must be None.

shape (int or tuple of ints)- Overrides the shape of the result. If order="K"
and the number of dimensions is unchanged, will try to keep order, otherwise, order="C"
is implied.

Returns An array filled with fi11_value.

Return type cupy.ndarray

See also:

numpy.full_ like()

Creation from other data

cupy.array Creates an array on the current device.
cupy.asarray Converts an object to array.
cupy.asanyarray Converts an object to array.
cupy.ascontiguousarray Returns a C-contiguous array.
cupy.copy Creates a copy of a given array on the current device.
cupy.fromfile Reads an array from a file.

cupy.asanyarray

cupy .asanyarray (a, dtype=None, order=None)
Converts an object to array.

This is currently equivalent to cupy.asarray (), since there is no subclass of cupy.ndarray in CuPy.
Note that the original numpy . asanyarray () returns the input array as is if it is an instance of a subtype of
numpy .ndarray.

See also:

cupy.asarray (), numpy.asanyarray ()
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cupyasconﬁguousanay

cupy.ascontiguousarray (g, dtype=None)
Returns a C-contiguous array.

Parameters
* a(cupy.ndarray)— Source array.
» dtype — Data type specifier.
Returns If no copy is required, it returns a. Otherwise, it returns a copy of a.
Return type cupy.ndarray
See also:

numpy .ascontiguousarray ()

cupy.copy

cupy . copy (a, order='K")
Creates a copy of a given array on the current device.

This function allocates the new array on the current device. If the given array is allocated on the different device,
then this function tries to copy the contents over the devices.

Parameters
* a(cupy.ndarray) — The source array.

e order ({'C', 'F', 'A', 'K'})- Row-major (C-style) or column-major (Fortran-
style) order. When orderis 'A"',ituses 'F ' if a is column-major and uses ' C' otherwise.
And when order is 'K', it keeps strides as closely as possible.

Returns The copy of a on the current device.
Return type cupy.ndarray
See also:

numpy.copy (), cupy.ndarray.copy ()

cupy.fromfile

cupy . fromfile (*args, **kwargs)
Reads an array from a file.

Note: Uses NumPy’s fromfile and coerces the result to a CuPy array.

See also:

numpy .fromfile ()
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Numerical ranges

cupy.arange Returns an array with evenly spaced values within a
given interval.

cupy.linspace Returns an array with evenly-spaced values within a
given interval.

cupy.logspace Returns an array with evenly-spaced values on a log-
scale.

cupy.meshgrid Return coordinate matrices from coordinate vectors.

cupy.mgrid Construct a multi-dimensional “meshgrid”.

cupy.ogrid Construct a multi-dimensional “meshgrid”.

cupy.arange

cupy .arange (start, stop=None, step=1, dtype=None)
Returns an array with evenly spaced values within a given interval.

Values are generated within the half-open interval [start, stop). The first three arguments are mapped like the
range built-in function, i.e. start and step are optional.

Parameters
* start — Start of the interval.
* stop — End of the interval.
* step — Step width between each pair of consecutive values.
* dtype - Data type specifier. It is inferred from other arguments by default.
Returns The 1-D array of range values.
Return type cupy.ndarray
See also:

numpy.arange ()

cupy.linspace

cupy . linspace (start, stop, num=50, endpoint=True, retstep=False, dtype=None, axis=0)
Returns an array with evenly-spaced values within a given interval.

Instead of specifying the step width like cupy . arange (), this function requires the total number of elements
specified.

Parameters
* start (scalar or array_like)— Starting value(s) of the sequence.

* stop (scalar or array_like) — Ending value(s) of the sequence, unless
endpoint is setto False. In that case, the sequence consists of all but the last of num +
1 evenly spaced samples, so that stop is excluded. Note that the step size changes when
endpoint is False.

¢ num — Number of elements.

* endpoint (bool)—If True, the stop value is included as the last element. Otherwise,
the stop value is omitted.
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* retstep (bool) - If True, this function returns (array, step). Otherwise, it returns only
the array.

* dtype — Data type specifier. It is inferred from the start and stop arguments by default.

* axis (int) — The axis in the result to store the samples. Relevant only if start or stop are
array-like. By default 0, the samples will be along a new axis inserted at the beginning. Use
-1 to get an axis at the end.

Returns The 1-D array of ranged values.
Return type cupy.ndarray
See also:

numpy . linspace ()

cupy.logspace

cupy . logspace (start, stop, num=>50, endpoint=True, base=10.0, dtype=None)
Returns an array with evenly-spaced values on a log-scale.

Instead of specifying the step width like cupy . arange (), this function requires the total number of elements
specified.

Parameters
* start — Start of the interval.
e stop — End of the interval.
* num — Number of elements.

* endpoint (bool)—If True, the stop value is included as the last element. Otherwise,
the stop value is omitted.

* base (f1oat)— Base of the log space. The step sizes between the elements on a log-scale
are the same as base.

* dtype — Data type specifier. It is inferred from the start and stop arguments by default.
Returns The 1-D array of ranged values.
Return type cupy.ndarray
See also:

numpy . logspace ()

cupy.meshgrid

cupy .meshgrid (*xi, **kwargs)
Return coordinate matrices from coordinate vectors.

Given one-dimensional coordinate arrays x1, x2, ... , xn thisfunction makes N-D grids.

For one-dimensional arrays x1, x2, ... , xnwithlengthsNi = len (xi), this function returns (N1,
N2, N3, ..., Nn) shaped arrays if indexing="ij” or (N2, N1, N3, ..., Nn) shaped arrays if in-
dexing="xy’.

Unlike NumPy, CuPy currently only supports 1-D arrays as inputs.

Parameters
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* xi (tuple of ndarrays)— 1-D arrays representing the coordinates of a grid.

* indexing ({'xy', 'ij'}, optional) — Cartesian (‘xy’, default) or matrix (‘ij’)
indexing of output.

* sparse (bool, optional)-If True, a sparse grid is returned in order to conserve
memory. Defaultis False.

* copy (bool, optional)-IfFalse, aview into the original arrays are returned. De-
fault is True.

Returns list of cupy.ndarray
See also:

numpy .meshgrid ()

cupy.mgrid

cupy.mgrid = <cupy._creation.ranges.nd _grid object>
Construct a multi-dimensional “meshgrid”.

grid = nd_grid() creates an instance which will return a mesh-grid when indexed. The dimension and
number of the output arrays are equal to the number of indexing dimensions. If the step length is not a complex
number, then the stop is not inclusive.

However, if the step length is a complex number (e.g. 5j), then the integer part of its magnitude is interpreted
as specifying the number of points to create between the start and stop values, where the stop value is inclusive.

If instantiated with an argument of sparse=True, the mesh-grid is open (or not fleshed out) so that only
one-dimension of each returned argument is greater than 1.

Parameters sparse (bool, optional)— Whether the grid is sparse or not. Default is False.
See also:

numpy .mgrid and numpy.ogrid

cupy.ogrid

cupy.ogrid = <cupy._creation.ranges.nd _grid object>
Construct a multi-dimensional “meshgrid”.

grid = nd_grid() creates an instance which will return a mesh-grid when indexed. The dimension and
number of the output arrays are equal to the number of indexing dimensions. If the step length is not a complex
number, then the stop is not inclusive.

However, if the step length is a complex number (e.g. 5j), then the integer part of its magnitude is interpreted
as specifying the number of points to create between the start and stop values, where the stop value is inclusive.

If instantiated with an argument of sparse=True, the mesh-grid is open (or not fleshed out) so that only
one-dimension of each returned argument is greater than 1.

Parameters sparse (bool, optional)— Whether the grid is sparse or not. Default is False.
See also:

numpy .mgrid and numpy.ogrid
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Matrix creation

cupy.diag Returns a diagonal or a diagonal array.
cupy.diagflat Creates a diagonal array from the flattened input.
cupy.tri Creates an array with ones at and below the given diag-
onal.
cupy.tril Returns a lower triangle of an array.
cupy.triu Returns an upper triangle of an array.
cupy.diag

cupy .diag (v, k=0)
Returns a diagonal or a diagonal array.

Parameters
* v (array-1ike)— Array or array-like object.

* k (int) — Index of diagonals. Zero indicates the main diagonal, a positive value an upper
diagonal, and a negative value a lower diagonal.

Returns If v indicates a 1-D array, then it returns a 2-D array with the specified diagonal filled by
v. If v indicates a 2-D array, then it returns the specified diagonal of v. In latter case, if v is a
cupy.ndarray object, then its view is returned.

Return type cupy.ndarray
See also:

numpy .diag ()

cupy.diagflat

cupy.diagflat (v, k=0)
Creates a diagonal array from the flattened input.

Parameters
* v (array-1like)— Array or array-like object.
* k (int) - Index of diagonals. See cupy.diag () for detail.
Returns A 2-D diagonal array with the diagonal copied from v.
Return type cupy.ndarray
See also:

numpy.diagflat ()

64 Chapter 4. API Reference


https://docs.python.org/3/library/functions.html#int
https://numpy.org/doc/stable/reference/generated/numpy.diag.html#numpy.diag
https://docs.python.org/3/library/functions.html#int
https://numpy.org/doc/stable/reference/generated/numpy.diagflat.html#numpy.diagflat

CuPy Documentation, Release 8.6.0

cupy.tri

cupy .tri (N, M=None, k=0, dtype=<class 'float'>)
Creates an array with ones at and below the given diagonal.

Parameters
* N (int)— Number of rows.
* M (int)— Number of columns. M == N by default.

* k (int)—The sub-diagonal at and below which the array is filled. Zero is the main diagonal,
a positive value is above it, and a negative value is below.

* dtype — Data type specifier.
Returns An array with ones at and below the given diagonal.
Return type cupy.ndarray
See also:

numpy.tri()

cupy.tril

cupy.tril (m, k=0)
Returns a lower triangle of an array.

Parameters
* m(array-1ike)— Array or array-like object.

* k (int) - The diagonal above which to zero elements. Zero is the main diagonal, a positive
value is above it, and a negative value is below.

Returns A lower triangle of an array.
Return type cupy.ndarray
See also:

numpy.tril ()

cupy.triu

cupy .triu (m, k=0)
Returns an upper triangle of an array.

Parameters
* m(array-1like)— Array or array-like object.

* k (int)—The diagonal below which to zero elements. Zero is the main diagonal, a positive
value is above it, and a negative value is below.

Returns An upper triangle of an array.
Return type cupy.ndarray
See also:

numpy .triu()
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4.3.2 Array Manipulation Routines

Basic operations

cupy.copyto Copies values from one array to another with broadcast-
ing.
cupy.shape Returns the shape of an array
cupy.copyto

cupy . copyto (dst, src, casting='"same_kind', where=None)
Copies values from one array to another with broadcasting.

This function can be called for arrays on different devices. In this case, casting, where, and broadcasting is not
supported, and an exception is raised if these are used.

Parameters
* dst (cupy.ndarray) — Target array.
* src (cupy.ndarray)— Source array.
* casting (str)— Casting rule. See numpy .can_cast () for detail.

* where (cupy.ndarray of bool) — If specified, this array acts as a mask, and an
element is copied only if the corresponding element of where is True.

See also:

numpy .copyto ()

cupy.shape

cupy . shape (a)
Returns the shape of an array

Parameters a (array_1ike)— Input array
Returns The elements of the shape tuple give the lengths of the corresponding array dimensions.

Return type tuple of ints

Changing array shape

cupy.reshape Returns an array with new shape and same elements.
cupy.ravel Returns a flattened array.
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cupy.reshape

cupy . reshape (a, newshape, order='C")
Returns an array with new shape and same elements.

It tries to return a view if possible, otherwise returns a copy.
Parameters
* a(cupy.ndarray)— Array to be reshaped.

* newshape (int or tuple of ints)-— The new shape of the array to return. If it is
an integer, then it is treated as a tuple of length one. It should be compatible with a.size.
One of the elements can be -1, which is automatically replaced with the appropriate value
to make the shape compatible with a.size.

e order ({'C', 'F', 'A'})—Read the elements of a using this index order, and place
the elements into the reshaped array using this index order. ‘C’ means to read / write the
elements using C-like index order, with the last axis index changing fastest, back to the first
axis index changing slowest. ‘F’ means to read / write the elements using Fortran-like index
order, with the first index changing fastest, and the last index changing slowest. Note that
the ‘C’ and ‘F’ options take no account of the memory layout of the underlying array, and
only refer to the order of indexing. ‘A’ means to read / write the elements in Fortran-like
index order if a is Fortran contiguous in memory, C-like order otherwise.

Returns A reshaped view of a if possible, otherwise a copy.
Return type cupy.ndarray
See also:

numpy .reshape ()

cupy.ravel

cupy .ravel (a, order='C")
Returns a flattened array.

It tries to return a view if possible, otherwise returns a copy.
This function currently does not support the order = 'K' option.
Parameters
* a(cupy.ndarray)— Array to be flattened.

e order ({'C', 'F', 'A'})-—Read the elements of a using this index order, and place
the elements into the reshaped array using this index order. ‘C’ means to read / write the
elements using C-like index order, with the last axis index changing fastest, back to the first
axis index changing slowest. ‘F’ means to read / write the elements using Fortran-like index
order, with the first index changing fastest, and the last index changing slowest. Note that
the ‘C’ and ‘F’ options take no account of the memory layout of the underlying array, and
only refer to the order of indexing. ‘A’ means to read / write the elements in Fortran-like
index order if a is Fortran contiguous in memory, C-like order otherwise.

Returns A flattened view of a if possible, otherwise a copy.
Return type cupy.ndarray
See also:

numpy.ravel ()

4.3. Routines 67


https://docs.python.org/3/library/functions.html#int
https://numpy.org/doc/stable/reference/generated/numpy.reshape.html#numpy.reshape
https://numpy.org/doc/stable/reference/generated/numpy.ravel.html#numpy.ravel

CuPy Documentation, Release 8.6.0

Transpose-like operations

cupy.moveaxis Moves axes of an array to new positions.
cupy.rollaxis Moves the specified axis backwards to the given place.
cupy.swapaxes Swaps the two axes.

cupy.transpose Permutes the dimensions of an array.

cupy.moveaxis

cupy .moveaxis (a, source, destination)
Moves axes of an array to new positions.

Other axes remain in their original order.
Parameters
* a(cupy.ndarray)— Array whose axes should be reordered.

* source (int or sequence of int)- Original positions of the axes to move. These
must be unique.

* destination (int or sequence of int)- Destination positions for each of the
original axes. These must also be unique.

Returns Array with moved axes. This array is a view of the input array.
Return type cupy.ndarray
See also:

numpy .moveaxis ()

cupy.rollaxis

cupy.rollaxis (a, axis, start=0)
Moves the specified axis backwards to the given place.

Parameters
* a(cupy.ndarray)— Array to move the axis.
e axis (int) - The axis to move.
* start (int)— The place to which the axis is moved.
Returns A view of a that the axis is moved to start.
Return type cupy.ndarray
See also:

numpy.rollaxis ()
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cupy.swapaxes

cupy . swapaxes (a, axisl, axis2)
Swaps the two axes.

Parameters
* a(cupy.ndarray)— Array to swap the axes.
* axisl (int) - The first axis to swap.
* axis2 (int) - The second axis to swap.
Returns A view of a that the two axes are swapped.
Return type cupy.ndarray
See also:

numpy . swapaxes ()

cupy.transpose

cupy . transpose (a, axes=None)
Permutes the dimensions of an array.

Parameters

* a(cupy.ndarray)— Array to permute the dimensions.

* axes (tuple of ints) - Permutation of the dimensions. This function reverses the

shape by default.
Returns A view of a that the dimensions are permuted.
Return type cupy.ndarray
See also:
numpy .transpose ()
See also:

cupy.ndarray.T

Changing number of dimensions

cupy.atleast_1d Converts arrays to arrays with dimensions >= 1.
cupy.atleast_2d Converts arrays to arrays with dimensions >= 2.
cupy.atleast_3d Converts arrays to arrays with dimensions >= 3.
cupy.broadcast Object that performs broadcasting.
cupy.broadcast_to Broadcast an array to a given shape.
cupy.broadcast_arrays Broadcasts given arrays.

cupy.expand_dims Expands given arrays.

cupy.squeeze Removes size-one axes from the shape of an array.
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cupy.atleast_1d

cupy .atleast_1d (*arys)
Converts arrays to arrays with dimensions >= 1.

Parameters arys (tuple of arrays) — Arrays to be converted. All arguments must be
cupy.ndarray objects. Only zero-dimensional array is affected.

Returns If there are only one input, then it returns its converted version. Otherwise, it returns a list
of converted arrays.

See also:

numpy.atleast_1d()

cupy.atleast_2d

cupy .atleast_2d (*arys)
Converts arrays to arrays with dimensions >= 2.

If an input array has dimensions less than two, then this function inserts new axes at the head of dimensions to
make it have two dimensions.

Parameters arys (tuple of arrays) — Arrays to be converted. All arguments must be
cupy.ndarray objects.

Returns If there are only one input, then it returns its converted version. Otherwise, it returns a list
of converted arrays.

See also:

numpy .atleast_2d()

cupy.atleast_3d

cupy .atleast_3d (*arys)
Converts arrays to arrays with dimensions >= 3.

If an input array has dimensions less than three, then this function inserts new axes to make it have three
dimensions. The place of the new axes are following:

 If its shape is (), then the shape of outputis (1, 1, 1).
e Ifits shape is (N, ), then the shape of outputis (1, N, 1).
e Ifits shapeis (M, N), then the shape of outputis (M, N, 1).
¢ Otherwise, the output is the input array itself.
Parameters arys (tuple of arrays) — Arrays to be converted. All arguments must be
cupy.ndarray objects.
Returns If there are only one input, then it returns its converted version. Otherwise, it returns a list
of converted arrays.
See also:

numpy .atleast_3d()
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cupy.broadcast

class cupy.broadcast (*arrays)
Object that performs broadcasting.

CuPy actually uses this class to support broadcasting in various operations. Note that this class does not provide
an iterator.

Parameters arrays (tuple of arrays)-— Arrays to be broadcasted.
Variables
* shape (tuple of ints)- The broadcasted shape.
* nd (int)— Number of dimensions of the broadcasted shape.
* size (int)— Total size of the broadcasted shape.
* values(list of arrays)-— The broadcasted arrays.
See also:

numpy .broadcast

Methods
__eq__ (value,/)
Return self==value.

__ne__ (value,/)
Return self!=value.

_ 1t (value,/)
Return self<value.

__le_ (value,/)
Return self<=value.

__gt__ (value,/)
Return self>value.

__ge__ (value,/)
Return self>=value.

Attributes

nd
shape
size

values
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cupy.broadcast_to

cupy .broadcast_to (array, shape)
Broadcast an array to a given shape.

Parameters
* array (cupy.ndarray)— Array to broadcast.
* shape (tuple of int)- The shape of the desired array.
Returns Broadcasted view.
Return type cupy.ndarray
See also:

numpy .broadcast_to ()

cupy.broadcast_arrays

cupy .broadcast_arrays ( *args)
Broadcasts given arrays.

Parameters args (tuple of arrays)— Arrays to broadcast for each other.
Returns A list of broadcasted arrays.
Return type list

See also:

numpy .broadcast_arrays ()

cupy.expand_dims

cupy .expand_dims (a, axis)
Expands given arrays.

Parameters
* a(cupy.ndarray)— Array to be expanded.
* axis (int) - Position where new axis is to be inserted.
Returns
The number of dimensions is one greater than that of the input array.
Return type cupy.ndarray
See also:

numpy .expand_dims ()
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cupy.squeeze

cupy .- squeeze (a, axis=None)
Removes size-one axes from the shape of an array.

Parameters
* a(cupy.ndarray)— Array to be reshaped.

e axis (int or tuple of ints)— Axes to be removed. This function removes all
size-one axes by default. If one of the specified axes is not of size one, an exception is
raised.

Returns An array without (specified) size-one axes.
Return type cupy.ndarray
See also:

numpy .squeeze ()

Changing kind of array

cupy.asarray Converts an object to array.

cupy.asanyarray Converts an object to array.

cupy.asfortranarray Return an array laid out in Fortran order in memory.

cupy.ascontiguousarray Returns a C-contiguous array.

cupy.require Return an array which satisfies the requirements.
cupy.asfortranarray

cupy .asfortranarray (a, dtype=None)
Return an array laid out in Fortran order in memory.

Parameters
* a (ndarray)— The input array.

* dtype (str or dtype object, optional)- By default, the data-type is inferred
from the input data.

Returns The input a in Fortran, or column-major, order.
Return type ndarray
See also:

numpy.asfortranarray ()
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cupy.require

cupy.require (a, dtype=None, requirements=None)
Return an array which satisfies the requirements.

Parameters
* a (ndarray) — The input array.

* dtype (str or dtype object, optional) — The required data-type. If None
preserve the current dtype.

* requirements (str or list of str) - The requirements can be any of the fol-
lowing

— '’F_CONTIGUOUS’ (‘F’, ‘FORTRAN’) - ensure a Fortran-contiguous array.
— ’C_CONTIGUOUS’ (‘C’, ‘CONTIGUOUS’) - ensure a C-contiguous array.
— "OWNDATA’ (‘O’) - ensure an array that owns its own data.
Returns
The input array a with specified requirements and type if provided.
Return type ndarray
See also:

numpy.require ()

Joining arrays

cupy.concatenate Joins arrays along an axis.
cupy.stack Stacks arrays along a new axis.
cupy.column_stack Stacks 1-D and 2-D arrays as columns into a 2-D array.
cupy.dstack Stacks arrays along the third axis.
cupy.hstack Stacks arrays horizontally.
cupy.vstack Stacks arrays vertically.

cupy.concatenate

cupy .concatenate (fup, axis=0, out=None)
Joins arrays along an axis.

Parameters

* tup (sequence of arrays) — Arrays to be joined. All of these should have same
dimensionalities except the specified axis.

* axis (int or None)-The axis to join arrays along. If axis is None, arrays are flattened
before use. Default is 0.

* out (cupy.ndarray)— Output array.
Returns Joined array.

Return type cupy.ndarray
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See also:

numpy .concatenate ()

cupy.stack

cupy . stack (tup, axis=0, out=None)
Stacks arrays along a new axis.

Parameters
* tup (sequence of arrays)— Arrays to be stacked.
* axis (int)— Axis along which the arrays are stacked.
* out (cupy.ndarray)— Output array.
Returns Stacked array.
Return type cupy.ndarray
See also:

numpy .stack ()

cupy.column_stack

cupy.column_stack (fup)
Stacks 1-D and 2-D arrays as columns into a 2-D array.

A 1-D array is first converted to a 2-D column array. Then, the 2-D arrays are concatenated along the second
axis.

Parameters tup (sequence of arrays)-— 1-D or 2-D arrays to be stacked.
Returns A new 2-D array of stacked columns.
Return type cupy.ndarray

See also:

numpy.column_stack ()

cupy.dstack

cupy .dstack (fup)
Stacks arrays along the third axis.

Parameters tup (sequence of arrays)— Arrays to be stacked. Each array is converted by
cupy.atleast_3d () before stacking.

Returns Stacked array.
Return type cupy.ndarray
See also:

numpy .dstack ()
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cupy.hstack

cupy .hstack (fup)
Stacks arrays horizontally.

If an input array has one dimension, then the array is treated as a horizontal vector and stacked along the first
axis. Otherwise, the array is stacked along the second axis.

Parameters tup (sequence of arrays)— Arrays to be stacked.
Returns Stacked array.
Return type cupy.ndarray

See also:

numpy .hstack ()

cupy.vstack

cupy.vstack (fup)
Stacks arrays vertically.

If an input array has one dimension, then the array is treated as a horizontal vector and stacked along the
additional axis at the head. Otherwise, the array is stacked along the first axis.

Parameters tup (sequence of arrays)— Arrays to be stacked. Each array is converted by
cupy.atleast_2d () before stacking.

Returns Stacked array.
Return type cupy.ndarray
See also:

numpy .dstack ()

Splitting arrays

cupy.split Splits an array into multiple sub arrays along a given
axis.

cupy.array_split Splits an array into multiple sub arrays along a given
axis.

cupy.dsplit Splits an array into multiple sub arrays along the third
axis.

cupy.hsplit Splits an array into multiple sub arrays horizontally.

cupy.vsplit Splits an array into multiple sub arrays along the first
axis.
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cupy.split

cupy .split (ary, indices_or_sections, axis=0)
Splits an array into multiple sub arrays along a given axis.

Parameters
* ary (cupy.ndarray) — Array to split.

* indices_or_sections (int or sequence of ints)-— A value indicating how
to divide the axis. If it is an integer, then is treated as the number of sections, and the axis
is evenly divided. Otherwise, the integers indicate indices to split at. Note that the sequence
on the device memory is not allowed.

* axis (int)— Axis along which the array is split.
Returns A list of sub arrays. Each array is a view of the corresponding input array.
See also:

numpy.split ()

cupy.array_split

cupy.array_split (ary, indices_or_sections, axis=0)
Splits an array into multiple sub arrays along a given axis.

This function is almost equivalent to cupy.split (). The only difference is that this function allows an
integer sections that does not evenly divide the axis.

See also:

cupy.split () for more detail, numpy.array_split ()

cupy.dsplit

cupy .dsplit (ary, indices_or_sections)
Splits an array into multiple sub arrays along the third axis.
This is equivalent to split with axis=2.
See also:

cupy.split () for more detail, numpy.dsplit ()

cupy.hsplit

cupy .hsplit (ary, indices_or_sections)
Splits an array into multiple sub arrays horizontally.
This is equivalent to split with axis=0 if ary has one dimension, and otherwise that with axis=1.
See also:

cupy.split () for more detail, numpy.hsplit ()
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cupy.vsplit

cupy .vsplit (ary, indices_or_sections)
Splits an array into multiple sub arrays along the first axis.
This is equivalent to split with axis=0.
See also:

cupy.split () for more detail, numpy.dsplit ()

Tiling arrays

cupy.tile Construct an array by repeating A the number of times
given by reps.
cupy.repeat Repeat arrays along an axis.
cupy.tile

cupy.tile (A, reps)
Construct an array by repeating A the number of times given by reps.

Parameters
* A(cupy.ndarray)— Array to transform.
* reps (int or tuple)— The number of repeats.
Returns Transformed array with repeats.
Return type cupy.ndarray
See also:

numpy.tile ()

cupy.repeat

cupy . repeat (a, repeats, axis=None)
Repeat arrays along an axis.

Parameters
* a(cupy.ndarray)— Array to transform.
* repeats (int, list or tuple)- The number of repeats.
* axis (int) - The axis to repeat.
Returns Transformed array with repeats.
Return type cupy.ndarray
See also:

numpy . repeat ()
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Adding and removing elements

cupy.unique Find the unique elements of an array.
cupy.trim zeros Trim the leading and/or trailing zeros from a 1-D array
or sequence.

cupy.unique

cupy .unique (ar, return_index=False, return_inverse=False, return_counts=False, axis=None)
Find the unique elements of an array.

Returns the sorted unique elements of an array. There are three optional outputs in addition to the unique
elements:

* the indices of the input array that give the unique values
* the indices of the unique array that reconstruct the input array

¢ the number of times each unique value comes up in the input array

Parameters
* ar (array_like)— Input array. This will be flattened if it is not already 1-D.

* return_index (bool, optional) - If True, also return the indices of ar (along the
specified axis, if provided, or in the flattened array) that result in the unique array.

* return_inverse (bool, optional)—If True, also return the indices of the unique
array (for the specified axis, if provided) that can be used to reconstruct ar.

e return_counts (bool, optional) - If True, also return the number of times each
unique item appears in ar.

* axis (int or None, optional)- Notsupported yet.
Returns

If there are no optional outputs, it returns the cupy.ndarray of the sorted unique values.
Otherwise, it returns the tuple which contains the sorted unique values and followings.

* The indices of the first occurrences of the unique values in the original array. Only provided
if return_index is True.

* The indices to reconstruct the original array from the unique array. Only provided if re-
turn_inverse is True.

* The number of times each of the unique values comes up in the original array. Only provided
if return_counts is True.

Return type cupy.ndarray or tuple

Warning: This function may synchronize the device.

See also:

numpy .unique ()
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cupy.trim_zeros

cupy.trim_zeros (filt, trim=fb’)
Trim the leading and/or trailing zeros from a 1-D array or sequence.

Returns the trimmed array
Parameters
e £filt (cupy.ndarray) - Input array

e trim(str, optional)- ‘tb’ default option trims the array from both sides. ‘f” option
trim zeros from front. ‘b’ option trim zeros from back.

Returns trimmed input
Return type cupy.ndarray
See also:

numpy.trim_zeros ()

Rearranging elements

cupy.flip Reverse the order of elements in an array along the given
axis.

cupy.fliplr Flip array in the left/right direction.

cupy. flipud Flip array in the up/down direction.

cupy.reshape Returns an array with new shape and same elements.

cupy.roll Roll array elements along a given axis.

cupy.rot90 Rotate an array by 90 degrees in the plane specified by
axes.

cupy.flip

cupy . £1ip (a, axis=None)
Reverse the order of elements in an array along the given axis.

Note that £11ip function has been introduced since NumPy v1.12. The contents of this document is the same as
the original one.

Parameters
* a(ndarray) — Input array.

* axis (int or tuple of int or None) — Axis or axes along which to flip over.
The default, axis=None, will flip over all of the axes of the input array. If axis is negative
it counts from the last to the first axis. If axis is a tuple of ints, flipping is performed on all
of the axes specified in the tuple.

Returns Output array.
Return type ndarray
See also:

numpy.flip ()
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cupy.fliplr

cupy.fliplr (a)
Flip array in the left/right direction.

Flip the entries in each row in the left/right direction. Columns are preserved, but appear in a different order
than before.

Parameters a (ndarray) — Input array.
Returns Output array.
Return type ndarray

See also:

numpy.fliplr ()

cupy.flipud

cupy.flipud (a)
Flip array in the up/down direction.

Flip the entries in each column in the up/down direction. Rows are preserved, but appear in a different order
than before.

Parameters a (ndarray) — Input array.
Returns Output array.
Return type ndarray

See also:

numpy . flipud ()

cupy.roll

cupy .roll (a, shift, axis=None)
Roll array elements along a given axis.

Elements that roll beyond the last position are re-introduced at the first.
Parameters
* a(ndarray) — Array to be rolled.

* shift (int or tuple of int) — The number of places by which elements are
shifted. If a tuple, then axis must be a tuple of the same size, and each of the given axes is
shifted by the corresponding number. If an int while axis is a tuple of ints, then the same
value is used for all given axes.

* axis (int or tuple of int or None) — The axis along which elements are
shifted. By default, the array is flattened before shifting, after which the original shape
is restored.

Returns Output array.

Return type ndarray
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See also:

numpy.roll ()

cupy.rot90

cupy .rot90 (a, k=1, axes=(0, 1))
Rotate an array by 90 degrees in the plane specified by axes.

Note that axes argument has been introduced since NumPy v1.12. The contents of this document is the same
as the original one.

Parameters
* a(ndarray) — Array of two or more dimensions.
* k (int)— Number of times the array is rotated by 90 degrees.

* axes — (tuple of ints): The array is rotated in the plane defined by the axes. Axes must be
different.

Returns Output array.
Return type ndarray
See also:

numpy .rot 90 ()

4.3.3 Binary Operations

Elementwise bit operations

cupy.bitwise_and Computes the bitwise AND of two arrays elementwise.
cupy.bitwise_not Computes the bitwise NOT of an array elementwise.
cupy.bitwise or Computes the bitwise OR of two arrays elementwise.
cupy.bitwise xor Computes the bitwise XOR of two arrays elementwise.
cupy.invert Computes the bitwise NOT of an array elementwise.
cupy.left_shift Shifts the bits of each integer element to the left.
cupy.right_shift Shifts the bits of each integer element to the right.

cupy.bitwise_not

cupy.bitwise_not = <ufunc 'cupy_invert'>
Computes the bitwise NOT of an array elementwise.

Only integer and boolean arrays are handled.

Note: cupy.bitwise not () isan alias for cupy. invert ().

See also:

numpy.invert
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Bit packing
cupy.packbits Packs the elements of a binary-valued array into bits in
a uint8 array.
cupy.unpackbits Unpacks elements of a uint8 array into a binary-valued
output array.
cupy.packbits

cupy .packbits (myarray)
Packs the elements of a binary-valued array into bits in a uint8 array.

This function currently does not support axis option.
Parameters myarray (cupy.ndarray) — Input array.
Returns The packed array.

Return type cupy.ndarray

Note: When the input array is empty, this function returns a copy of it, i.e., the type of the output array is
not necessarily always uint8. This exactly follows the NumPy’s behaviour (as of version 1.11), alghough this is
inconsistent to the documentation.

See also:

numpy .packbits ()

cupy.unpackbits

cupy .unpackbits (myarray)
Unpacks elements of a uint8 array into a binary-valued output array.

This function currently does not support axis option.
Parameters myarray (cupy.ndarray) — Input array.
Returns The unpacked array.

Return type cupy.ndarray

See also:

numpy .unpackbits ()
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Output formatting

cupy.binary_ repr Return the binary representation of the input number as
a string.

cupy.binary_repr

cupy .binary_repr (num, width=None)
Return the binary representation of the input number as a string.

See also:

numpy.binary_repr ()

4.3.4 Data Type Routines

cupy.can_cast Returns True if cast between data types can occur ac-
cording to the casting rule.

cupy.result_type Returns the type that results from applying the N