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This is the CuPy documentation.
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2 Contents



CHAPTER 1

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, uintl6, 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
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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.
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CHAPTER 2

Tutorial

2.1 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

2.1.1 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([1l, 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([1l, 2, 3])
>>> 12 _cpu = np.linalg.norm(x_cpu)
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We can calculate it on GPU with CuPy in a similar way:

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

2.1.2 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_gpul0 = cp.array([1l, 2, 3, 4, 51)

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

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

. x_on_gpu0 x 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.

6 Chapter 2. Tutorial
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2.1.3 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, 31)
>>> 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.

>>> with cp.cuda.Device (0):
. x_gpu_0 = cp.ndarray([1l, 2, 31) # 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 1in the current device
>>> X_Cpu = Cp.asnumpy (x_gpu) # move the array to the host.

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

>>> x_cpu = X_gpu.get ()

Note: If you work with Chainer, you can also use to_cpu () and to_gpu () to move arrays back and forth
between a device and a host, or between different devices. Note that to_gpu () has device option to specify the
device which arrays are transferred.

2.1.4 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)))

2.1. Basics of CuPy 7
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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.

>>> np.allclose(x_cpu, [1, 2, 31)
True

>>> np.allclose(x_gpu, [1, 2, 31)
Traceback (most recent call last):

ValueError: object __array__ method not producing an array

>>> np.allclose (cp.asnumpy (x_cpu), [1, 2, 31)
True
>>> np.allclose(cp.asnumpy (x_gpu), [1, 2, 31)
True

2.2 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.

2.2.1 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 (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., 0.7,
[25., 25., 25., 25., 25.11, dtype=float32)
>>> squared_diff (x, 5)
array ([[25., 16., 9., 4., 1.1,
[ o., 1., 4., 9., 16.]], dtype=float32)

Output arguments can be explicitly specified (next to the input arguments):
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>>> 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.]], dtype=float32)

2.2.2 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_diff kernel can be made type-generic as follows:

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

'squared_diff_ generic')

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, Y vy',
'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.

2.2.3 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.

2.2. User-Defined Kernels 9




CuPy Documentation, Release 5.2.0

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() - 1 - 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 ().

2.2.4 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', # map
'a + b', # reduce
'y = sqgrt(a)’', # post—-reduction map
'0', # identity value
'12norm' # kernel name
)
>>> x = cp.arange (10, dtype=np.float32) .reshape(2, 5)
>>> l2norm_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.

2.2.5 Raw kernels

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

10 Chapter 2. Tutorial
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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;

yltid] = x1[tid] + x2[tid];

}

'Y, 'my_add')
>>> x1 = cupy.arange (25, dtype=cupy.float32) .reshape (5, 5)
>>> x2 = cupy.arange (25, dtype=cupy.float32) .reshape (5, 5)
>>> y = cupy.zeros((5, 5), dtype=cupy.float32)
>>> add_kernel ((5,), (5,), (x1, x2, y)) # grid, block and arguments
>>> y
array ([ , 2., 4., 6., 8.1,

0. ]
0. I
0., 22., 24., 26., 28.]1,
0 ]
0 ]

[
[
[
[30., 32., 34., 36., 38.
[

DSw N

’
], dtype=float32)

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 dtype 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 long=*. For Python primitive types, int, float and bool map to long long, double and bool,
respectively.

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

2.2. User-Defined Kernels 11
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CHAPTER 3

Reference Manual

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

¢ modindex

3.1 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.

3.1.1 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.

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

13
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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.

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 ( 01)

__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

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

>>> x
array ([10, 10, 21])

Note: The behavior differs from NumPy when integer arrays in s1ices reference the same location
multiple times. In that case, the value that is actually stored is undefined.

>>> import cupy

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

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

>>> v = cupy.arange (10000) .astype (cupy.float)
>>> ali] = v

>>> a # doctest: +SKIP
array ([9150., 9151.1])

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,))

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

>>> v_cpu = numpy.arange (10000) .astype (numpy.float)
>>> a_cpuli_cpu] = 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.

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.

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

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

Parameters

. Multi-Dimensional Array (ndarray) 15
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e 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)- 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 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 oxrder({'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 ()

conj (self) — ndarray

16 Chapter 3. Reference Manual
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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 (a, 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.cumsum ()

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)
Dumps a pickle of the array to a string.

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

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

3.1.
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See also:
numpy.ndarray.flatten ()

get (self, stream=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.

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

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

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

See also:

numpy.nonzero ()

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

Parameters

e 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) — 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 ()
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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 ()

ravel (self) — 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.

Parameters dtype — Data type specifier. If it is given, then the memory sequence is reinter-
preted 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)
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.

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

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

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:

fromDIpack () is a method for zero-copy conversion from a DLPack tensor (which is encapsulated in a
PyCapsule object) to a ndarray

20
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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)

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

See also:
numpy .ndarray.tolist ()

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.
Return type cupy.ndarray
See also:

numpy.ndarray.view ()

3.1.
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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
imag

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.
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size

strides
Strides of axes in bytes.

See also:

numpy.ndarray.strides

3.1.2 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.

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 cupy module is returned.

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

Return type module
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3.1.3 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.qget ().

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.

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 ob j 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’, it uses ‘F’ if a is column-major and uses ‘C’ other-
wise. And when order is ‘K’, it keeps strides as closely as possible. If obj 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 ()
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cupy.asarray
cupy .asarray (a, dtype=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.
Returns An array on the current device. If a is already on the device, no copy is performed.
Return type cupy.ndarray
See also:

numpy.asarray ()

cupy.ashumpy
cupy . asnumpy (a, stream=None)
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.

Returns Converted array on the host memory.

Return type numpy.ndarray

3.2 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
* Output type determination
¢ Casting rules

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

3.2.1 Ufunc class

cupy.ufunc Universal function.
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cupy.ufunc
class cupy.ufunc
Universal function.
Variables
* name (st r)— The name of the universal function.
* nin (int)— Number of input arguments.
* nout (int)— Number of output arguments.

* nargs (int)— Number of all arguments.

Methods
__call__ (self, *args, **kwargs)
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.

Attributes

types
A list of type signatures.

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

3.2.2 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.

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

cupy.logaddexp2 Computes 1log2 (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.

Continued on next page
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Table 5 — continued from previous page

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 1log (1 + x) elementwise.

cupy.sqrt Elementwise square root function.

cupy.square Elementwise square function.

cupy.reciprocal Computes 1 / x 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

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:

3.2. Universal Functions (ufunc)
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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 1og2 (exp2 (x1) + exp2(x2)) elementwise.

See also:

numpy . logaddexp?

cupy.true_divide

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

See also:

numpy .true_divide

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'>
Py g
Takes numerical negative elementwise.

See also:

numpy .negative

cupy.power

cupy.power = <ufunc 'cupy_ power'>
Computes x1 »+ x2 elementwise.

See also:
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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

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, 0, or 1 depending on the sign of the input.

3.2. Universal Functions (ufunc)

29


https://docs.scipy.org/doc/numpy/reference/generated/numpy.power.html#numpy.power
https://docs.scipy.org/doc/numpy/reference/generated/numpy.remainder.html#numpy.remainder
https://docs.scipy.org/doc/numpy/reference/generated/numpy.remainder.html#numpy.remainder
https://docs.scipy.org/doc/numpy/reference/generated/numpy.fmod.html#numpy.fmod
https://docs.scipy.org/doc/numpy/reference/generated/numpy.absolute.html#numpy.absolute
https://docs.scipy.org/doc/numpy/reference/generated/numpy.rint.html#numpy.rint

CuPy Documentation, Release 5.2.0

See also:

numpy.sign

cupy.exp

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

See also:

numpy . exp

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.loglO
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cupy.expmi

cupy .expml = <ufunc 'cupy_expml'>
Computes exp (x) — 1 elementwise.

See also:

numpy .expml

cupy.log1p

cupy.loglp = <ufunc
Computes 1og (1 + x) elementwise.

See also:

numpy .loglp

cupy.sqrt

cupy.sqrt = <ufunc 'cupy_sqrt'>
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_loglp'>

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

See also:

numpy.reciprocal

Trigonometric functions

Elementwise sine function.

cupy.sin

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.

Continued on next page
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Table 6 — continued from previous page

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

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
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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?

cupy.hypot

cupy .hypot = <ufunc 'cupy_hypot'>
Computes the hypoteneous of orthogonal vectors of given length.

This is equivalent to sqrt (x1 *x2 + x2 =+ 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
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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

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
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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.

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
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_or'>

'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

Computes the bitwise NOT of an array elementwise.

'cupy_invert'>

Only integer and boolean arrays are handled.

See also:

numpy.invert

3.2. Universal Functions (ufunc)

35


https://docs.scipy.org/doc/numpy/reference/generated/numpy.bitwise_and.html#numpy.bitwise_and
https://docs.scipy.org/doc/numpy/reference/generated/numpy.bitwise_or.html#numpy.bitwise_or
https://docs.scipy.org/doc/numpy/reference/generated/numpy.bitwise_xor.html#numpy.bitwise_xor
https://docs.scipy.org/doc/numpy/reference/generated/numpy.invert.html#numpy.invert

CuPy Documentation, Release 5.2.0

cupy.left_shift

cupy.left_shift = <ufunc 'cupy_ left_shift'>
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 'cupy_ right_shift'>
Shifts the bits of each integer element to the right.

Only integer arrays are handled
See also:

numpy .right_shift

Comparison functions

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 'cupy_ greater'>
Tests elementwise if x1 > x2.

See also:

numpy.greater

cupy.greater_equal

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

See also:
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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

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:
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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

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
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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 % 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.

cupy.isfinite

cupy.isfinite = <ufunc
Tests finiteness elementwise.

'cupy_isfinite'>

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

3.2. Universal Functions (ufu

nc)
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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

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
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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

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

3.2.3 ufunc.at

Currently, CuPy does not support at for ufuncs in general. However, cupyx.scatter_add () can substitute
add. at as both behave identically.
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3.3 Routines

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

3.3.1 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
Zeros.

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.

cupy.empty

cupy .empty (shape, dtype=<class 'float’>, order="C’)
Returns an array without initializing the elements.

Parameters
* shape (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 A new array with elements not initialized.
Return type cupy.ndarray
See also:

numpy .empty ()

cupy.empty_like

cupy .empty_1like (a, dtype=None)
Returns a new array with same shape and dtype of a given array.

This function currently does not support order and subok options.
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Parameters
* a(cupy.ndarray)— Base array.
* dtype - Data type specifier. The data type of a is used by default.
Returns A new array with same shape and dtype of a with elements not initialized.
Return type cupy.ndarray
See also:

numpy .empty_like ()

cupy.eye
cupy . eye (N, M=None, k=0, dtype=<class 'float’>)
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.
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
* 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 ()
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cupy.ones

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

This function currently does not support order option.
Parameters
* shape (tuple of ints)- Dimensionalities of the array.
* dtype — Data type specifier.
Returns An array filled with ones.
Return type cupy.ndarray
See also:

numpy .ones ()

cupy.ones_like

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

This function currently does not support order and subok options.
Parameters
* a(cupy.ndarray) — Base array.
* dtype — Data type specifier. The dtype of a is used by default.
Returns An array filled with ones.
Return type cupy.ndarray
See also:

numpy .ones_like ()

cupy.zeros

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

Parameters
* shape (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)
Returns an array of zeros with same shape and dtype as a given array.

This function currently does not support order and subok options.
Parameters

* a(cupy.ndarray)— Base array.

* dtype — Data type specifier. The dtype of a is used by default.

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

numpy .zeros_like ()

cupy.full

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

This function currently does not support order option.
Parameters
* shape (tuple of ints)- Dimensionalities of the array.
e £ill wvalue - A scalar value to fill a new array.
» dtype — Data type specifier.
Returns An array filled with £111_value.
Return type cupy.ndarray
See also:

numpy.full ()

cupy.full_like

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

This function currently does not support order and subok options.
Parameters
* a(cupy.ndarray)— Base array.

* £ill wvalue - A scalar value to fill a new array.

* dtype - Data type specifier. The dtype of a is used by default.

Returns An array filled with £111_value.

Return type cupy.ndarray
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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.asanyarray

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

This is currently equivalent to asarray (), since there is no subclass of 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 ()

cupy.ascontiguousarray

cupy .ascontiguousarray (a, 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.
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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.

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

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

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)
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

e start — Start of the interval.
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* 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.

* 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.
Returns The 1-D array of ranged values.

Return type cupy.ndarray

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.
* 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 (float)— 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

cupy.meshgrid

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

Given one-dimensional coordinate arrays x1, X2, ..., xn, this function makes N-D grids.
For one-dimensional arrays x1, X2, ..., xn with lengths Ni = len (xi), this function returns (N1, N2,
N3, ..., Nn) shaped arrays if indexing='ij’ or (N2, N1, N3, ..., Nn) shaped arrays if index-
ing="xy’.
Unlike NumPy, CuPy currently only supports 1-D arrays as inputs. Also, CuPy does not support sparse option
yet.

Parameters

* xi (tuple of ndarrays)— 1-D arrays representing the coordinates of a grid.
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* indexing ({'xy', 'ij'}, optional) — Cartesian (‘xy’, default) or matrix (‘ij’)
indexing of output.

* 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

Matrix creation

cupy.diag Returns a diagonal or a diagonal array.
Continued on next page
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Table 13 — continued from previous page

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

cupy.tri

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

Parameters
e 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.
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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-1like)— 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()

3.3.2 Array Manipulation Routines

Basic operations

cupy.copyto Copies values from one array to another with broadcast-
ing.
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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 ()

Changing array shape

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

cupy.reshape

cupy . reshape (a, newshape)
Returns an array with new shape and same elements.

It tries to return a view if possible, otherwise returns a copy.
This function currently does not support order option.
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.

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

numpy . reshape ()

cupy.ravel

cupy . ravel (a)
Returns a flattened array.
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It tries to return a view if possible, otherwise returns a copy.

This function currently does not support order option.
Parameters a (cupy.ndarray) — Array to be flattened.
Returns A flattened view of a if possible, otherwise a copy.
Return type cupy.ndarray

See also:

numpy.ravel ()

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.
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Return type cupy.ndarray
See also:

numpy.rollaxis ()

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.

e 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.

Continued on next page
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Table 17 — continued from previous page
cupy.expand_dims Expands given arrays.
cupy.squeeze Removes size-one axes from the shape of an array.

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:

* Ifits shape is (), then the shape of outputis (1, 1, 1).
e If its shape is (N, ), then the shape of outputis (1, N, 1).
o If its shape is (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.
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See also:

numpy.atleast_3d()

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
Attributes

nd
shape
size

values

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 ()
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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 ()

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
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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.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 ()

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)
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)— The axis to join arrays along.
Returns Joined array.
Return type cupy.ndarray
See also:

numpy .concatenate ()
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cupy.stack

cupy . stack (tup, axis=0)
Stacks arrays along a new axis.

Parameters
* tup (sequence of arrays)— Arrays to be stacked.
* axis (int)— Axis along which the arrays are stacked.
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 ()

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.
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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.

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.
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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 ()

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.
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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 ()

Adding and removing elements

cupy.unique Find the unique elements of an array.

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
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* 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)- Not supported 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

See also:

numpy .unique ()

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

Note that £11p 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)— Axis in array, which entries are reversed.

Returns Output array.
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Return type ndarray
See also:

numpy.flip ()

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.

Parameters
* a(ndarray) — Array to be rolled.
* shift (int)— The number of places by which elements are shifted.

* axis (int or None)— The axis along which elements are shifted. If axis is None,
the array is flattened before shifting, and after that it is reshaped to the original shape.

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 ()

3.3.3 Binary Operations

Elementwise bit operations

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.
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.
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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 ()

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 ()

3.3.4 FFT Functions

Standard FFTs

cupy.fft.frt Compute the one-dimensional FFT.
cupy.fft.ifft Compute the one-dimensional inverse FFT.
cupy.fft.fre2 Compute the two-dimensional FFT.
cupy.fft.ifft2 Compute the two-dimensional inverse FFT.
cupy.fft.fftn Compute the N-dimensional FFT.

Continued on next page
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Table 27 — continued from previous page
cupy.fft.ifftn Compute the N-dimensional inverse FFT.

cupy.fft.fft

cupy.fft.££ft (a, n=None, axis=-1, norm=None)
Compute the one-dimensional FFT.

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

* n (None or int) - Length of the transformed axis of the output. If n is not given, the
length of the input along the axis specified by axis is used.

* axis (int)— Axis over which to compute the FFT.
* norm (None or "ortho") — Keyword to specify the normalization mode.

Returns The transformed array which shape is specified by n and type will convert to complex if
the input is other.

Return type cupy.ndarray
See also:

numpy.fft.fft ()

cupy.fft.ifft

cupy.fft.ifft (a, n=None, axis=-1, norm=None)
Compute the one-dimensional inverse FFT.

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

* n (None or int) - Length of the transformed axis of the output. If n is not given, the
length of the input along the axis specified by axis is used.

* axis (int)— Axis over which to compute the FFT.
* norm (None or "ortho") — Keyword to specify the normalization mode.

Returns The transformed array which shape is specified by n and type will convert to complex if
the input is other.

Return type cupy.ndarray
See also:

numpy.fft.ifft ()

cupy.fft.fft2

cupy.fft.££t2 (a, s=None, axes=(-2, -1), norm=None)
Compute the two-dimensional FFT.

Parameters

* a(cupy.ndarray)— Array to be transform.
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* s (None or tuple of ints)— Shape of the transformed axes of the output. If s is
not given, the lengths of the input along the axes specified by axes are used.

* axes (tuple of ints)— Axes over which to compute the FFT.
* norm (None or "ortho") — Keyword to specify the normalization mode.

Returns The transformed array which shape is specified by s and type will convert to complex if
the input is other.

Return type cupy.ndarray
See also:

numpy.fft.£ft2 ()

cupy.fft.ifft2

cupy.fft.ifft2 (a, s=None, axes=(-2, -1), norm=None)
Compute the two-dimensional inverse FFT.

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

* s (None or tuple of ints)— Shape of the transformed axes of the output. If s is
not given, the lengths of the input along the axes specified by axes are used.

* axes (tuple of ints)— Axes over which to compute the FFT.
* norm (None or "ortho") — Keyword to specify the normalization mode.

Returns The transformed array which shape is specified by s and type will convert to complex if
the input is other.

Return type cupy.ndarray
See also:

numpy.fft.ifft2 ()

cupy.fft.fftn

cupy.fft.£fftn (a, s=None, axes=None, norm=None)
Compute the N-dimensional FFT.

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

* s (None or tuple of ints)— Shape of the transformed axes of the output. If s is
not given, the lengths of the input along the axes specified by axes are used.

* axes (tuple of ints)— Axes over which to compute the FFT.
* norm (None or "ortho") — Keyword to specify the normalization mode.

Returns The transformed array which shape is specified by s and type will convert to complex if
the input is other.

Return type cupy.ndarray
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See also:

numpy.fft.fftn ()

cupy.fft.ifftn

cupy.fft.ifftn (a, s=None, axes=None, norm=None)
Compute the N-dimensional inverse FFT.

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

* s (None or tuple of ints)— Shape of the transformed axes of the output. If s is
not given, the lengths of the input along the axes specified by axes are used.

* axes (tuple of ints)-— Axes over which to compute the FFT.
* norm (None or "ortho") — Keyword to specify the normalization mode.

Returns The transformed array which shape is specified by s and type will convert to complex if
the input is other.

Return type cupy.ndarray
See also:

numpy.fft.ifftn ()

Real FFTs

cupy.fft.rfft Compute the one-dimensional FFT for real input.

cupy.fft.irfft Compute the one-dimensional inverse FFT for real in-
put.

cupy.fft.rfft2 Compute the two-dimensional FFT for real input.

cupy.fft.irfft2 Compute the two-dimensional inverse FFT for real in-
put.

cupy.fft.rfftn Compute the N-dimensional FFT for real input.

cupy.fft.irfftn Compute the N-dimensional inverse FFT for real input.

cupy.fft.rfft

cupy.fft.rfft (a, n=None, axis=-1, norm=None)
Compute the one-dimensional FFT for real input.

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

* n(None or int)— Number of points along transformation axis in the input to use. If n
is not given, the length of the input along the axis specified by axis is used.

* axis (int)— Axis over which to compute the FFT.
* norm (None or "ortho") — Keyword to specify the normalization mode.

Returns The transformed array which shape is specified by n and type will convert to complex if
the input is other. The length of the transformed axisis n//2+1.
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Return type cupy.ndarray
See also:

numpy.fft.rfft ()

cupy.fft.irfft

cupy.fft.irfft (a, n=None, axis=-1, norm=None)
Compute the one-dimensional inverse FFT for real input.

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

* n (None or int) - Length of the transformed axis of the output. For n output points,
n//2+1 input points are necessary. If n is not given, it is determined from the length of the
input along the axis specified by axis.

* axis (int)— Axis over which to compute the FFT.
* norm (None or "ortho") — Keyword to specify the normalization mode.

Returns The transformed array which shape is specified by n and type will convert to complex if
the input is other. If n is not given, the length of the transformed axis is‘2*(m-1)‘ where m is the
length of the transformed axis of the input.

Return type cupy.ndarray
See also:

numpy.fft.irfft ()

cupy.fft.rfft2

cupy.fft.rf££ft2 (a, s=None, axes=(-2, -1), norm=None)
Compute the two-dimensional FFT for real input.

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

* s (None or tuple of ints)— Shape to use from the input. If s is not given, the
lengths of the input along the axes specified by axes are used.

* axes (tuple of ints)— Axes over which to compute the FFT.
* norm (None or "ortho") — Keyword to specify the normalization mode.

Returns The transformed array which shape is specified by s and type will convert to complex if
the input is other. The length of the last axis transformed willbe s [-1]//2+1.

Return type cupy.ndarray
See also:

numpy.fft.rfft2 ()
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cupy.fft.irfft2

cupy.fft.irfft2 (a, s=None, axes=(-2, -1), norm=None)
Compute the two-dimensional inverse FFT for real input.

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

* s (None or tuple of ints)- Shape of the output. If s is not given, they are deter-
mined from the lengths of the input along the axes specified by axes.

* axes (tuple of ints)— Axes over which to compute the FFT.
* norm (None or "ortho") — Keyword to specify the normalization mode.

Returns The transformed array which shape is specified by s and type will convert to complex if
the input is other. If s is not given, the length of final transformed axis of output will be 2*(m-1)
where m is the length of the final transformed axis of the input.

Return type cupy.ndarray
See also:

numpy.fft.irfft2 ()

cupy.fft.rfftn

cupy.fft.rfftn (a, s=None, axes=None, norm=None)
Compute the N-dimensional FFT for real input.

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

* s (None or tuple of ints)— Shape to use from the input. If s is not given, the
lengths of the input along the axes specified by axes are used.

* axes (tuple of ints)— Axes over which to compute the FFT.
* norm (None or "ortho") — Keyword to specify the normalization mode.

Returns The transformed array which shape is specified by s and type will convert to complex if
the input is other. The length of the last axis transformed willbe s [-1]//2+1.

Return type cupy.ndarray
See also:

numpy.fft.rfftn()

cupy.fft.irfftn

cupy.fft.irfftn (a, s=None, axes=None, norm=None)
Compute the N-dimensional inverse FFT for real input.

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

* s (None or tuple of ints)- Shape of the output. If s is not given, they are deter-
mined from the lengths of the input along the axes specified by axes.
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* axes (tuple of ints)— Axesover which to compute the FFT.
* norm (None or "ortho") — Keyword to specify the normalization mode.

Returns The transformed array which shape is specified by s and type will convert to complex if the
input is other. If s is not given, the length of final transformed axis of output will be 2 (m—-1)
where m is the length of the final transformed axis of the input.

Return type cupy.ndarray
See also:

numpy.fft.irfftn()

Hermitian FFTs

cupy.fft.hfft Compute the FFT of a signal that has Hermitian sym-
metry.

cupy.fft.ihfft Compute the FFT of a signal that has Hermitian sym-
metry.

cupy.fft.hfft

cupy.fft.hfft (a, n=None, axis=-1, norm=None)
Compute the FFT of a signal that has Hermitian symmetry.

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

* n (None or int) - Length of the transformed axis of the output. For n output points,
n//2+1 input points are necessary. If n is not given, it is determined from the length of the
input along the axis specified by axis.

* axis (int)— Axis over which to compute the FFT.
* norm (None or "ortho") — Keyword to specify the normalization mode.

Returns The transformed array which shape is specified by n and type will convert to complex if
the input is other. If n is not given, the length of the transformed axis is 2x (m—-1) where m is
the length of the transformed axis of the input.

Return type cupy.ndarray
See also:

numpy.fft.hfft ()

cupy.fft.ihfft

cupy.fft.ihfft (a, n=None, axis=-1, norm=None)
Compute the FFT of a signal that has Hermitian symmetry.

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

* n(None or int)- Number of points along transformation axis in the input to use. If n
is not given, the length of the input along the axis specified by axis is used.
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* axis (int)— Axis over which to compute the FFT.
* norm (None or "ortho") — Keyword to specify the normalization mode.

Returns The transformed array which shape is specified by n and type will convert to complex if
the input is other. The length of the transformed axisisn//2+1.

Return type cupy.ndarray
See also:

numpy.fft.ihfft ()

Helper routines

cupy.fft.fftfreqg Return the FFT sample frequencies.
cupy.fft.rfftfreq Return the FFT sample frequencies for real input.
cupy.fft.fftshift Shift the zero-frequency component to the center of the
spectrum.
cupy.fft.ifftshift The inverse of fftshift ().
cupy.fft.fftfreq

cupy.fft.fftfreq(n,d=1.0)
Return the FFT sample frequencies.

Parameters
* n (int) - Window length.
* d(scalar)— Sample spacing.
Returns Array of length n containing the sample frequencies.
Return type cupy.ndarray
See also:

numpy.fft.fftfreq()

cupy.fft.rfftfreq

cupy.fft.rfftfreq(n,d=1.0)
Return the FFT sample frequencies for real input.

Parameters
* n (int)— Window length.
* d(scalar)— Sample spacing.
Returns Array of length n//2+1 containing the sample frequencies.
Return type cupy.ndarray
See also:

numpy.fft.rfftfreq()
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cupy.fft.fftshift

cupy.fft.fftshift (x, axes=None)
Shift the zero-frequency component to the center of the spectrum.

Parameters
* x (cupy.ndarray) — Input array.

e axes (int or tuple of ints)- Axes over which to shift. Default is None, which
shifts all axes.

Returns The shifted array.
Return type cupy.ndarray
See also:

numpy.fft.fftshift ()

cupy.fft.ifftshift

cupy.fft.ifftshift (x, axes=None)
The inverse of frtshift ().

Parameters
* x (cupy.ndarray) — Input array.

e axes (int or tuple of ints)- Axes over which to shift. Default is None, which
shifts all axes.

Returns The shifted array.
Return type cupy.ndarray
See also:

numpy.fft.ifftshift ()

Normalization

The default normalization has the direct transforms unscaled and the inverse transforms are scaled by 1/n. If the
ketyword argument norm is "ortho", both transforms will be scaled by 1/y/n.

Code compatibility features
FFT functions of NumPy alway return numpy.ndarray which type is numpy.complex128 or numpy.float64.

CuPy functions do not follow the behavior, they will return numpy . complex64 or numpy . float 32 if the type
of the input is numpy . float 16, numpy.float32, or numpy.complex64.

3.3.5 Indexing Routines

cupy.c_
cupy.r_

Continued on next page
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Table 31 — continued from previous page

Cupy.nonzero Return the indices of the elements that are non-zero.

cupy.where Return elements, either from x or y, depending on con-
dition.

cupy.indices Returns an array representing the indices of a grid.

cupy.ix_ Construct an open mesh from multiple sequences.

cupy.unravel_index Converts array of flat indices into a tuple of coordinate

arrays.

cupy.take Takes elements of an array at specified indices along an
axis.
cupy.choose
cupy.diag Returns a diagonal or a diagonal array.
cupy.diagonal Returns specified diagonals.
cupy.fill diagonal Fills the main diagonal of the given array of any dimen-
sionality.
cupy.c_
cupy.c_ = <cupy.indexing.generate.CClass object>
cupy.r_
cupy.r_ = <cupy.indexing.generate.RClass object>

cupy.nonzero
cupy .nonzero (a)
Return the indices of the elements that are non-zero.

Returns a tuple of arrays, one for each dimension of a, containing the indices of the non-zero elements in that
dimension.

Parameters a (cupy.ndarray) — array
Returns Indices of elements that are non-zero.
Return type tuple of arrays

See also:

numpy.nonzero ()

cupy.where
cupy . where (condition, x=None, y=None)
Return elements, either from x or y, depending on condition.
If only condition is given, return condition.nonzero ().
Parameters
* condition (cupy.ndarray)— When True, take x, otherwise take y.
* x (cupy.ndarray) — Values from which to choose on True.

* y (cupy.ndarray) — Values from which to choose on False.
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Returns

Each element of output contains elements of x when condition is True, otherwise ele-
ments of y. If only condition is given, return the tuple condition.nonzero (), the
indices where condition is True.

Return type cupy.ndarray
See also:

numpy .where ()

cupy.indices
cupy . indices (dimensions, dtype=<class ’int’>)
Returns an array representing the indices of a grid.
Computes an array where the subarrays contain index values 0,1,... varying only along the corresponding axis.
Parameters
* dimensions — The shape of the grid.
* dtype - Data type specifier. It is int by default.

Returns The array of grid indices, grid.shape = (len(dimensions),) +
tuple (dimensions).

Return type ndarray

Examples

>>> grid = cupy.indices((2, 3))
>>> grid.shape

(2, 2, 3)
>>> grid[0] # row indices
array([[0, O, O],
(1, 1, 111)
>>> grid[1] # column indices

array ([[0, 1, 271,
[0, 1, 211)

See also:

numpy .indices ()

cupy.ix_
cupy.ix_ (*args)
Construct an open mesh from multiple sequences.

This function takes N 1-D sequences and returns N outputs with N dimensions each, such that the shape is 1 in
all but one dimension and the dimension with the non-unit shape value cycles through all N dimensions.

Using ix_ one can quickly construct index arrays that will index the cross product. a[cupy.ix_([1,3],
[2,51) ] returns the array [[a[l,2] a[l,5]1], [al3,2] al3,5]11].

Parameters xargs — 1-D sequences
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Returns N arrays with N dimensions each, with N the number of input sequences. Together these
arrays form an open mesh.

Return type tuple of ndarrays

Examples

>>> a = cupy.arange (10) .reshape (2, 5)

>>> a

array ([ [0, 1

[5, 6, 7, 8, 911)

>>> ixgrid = cupy.ix_([0,1], [2,4])

>>> ixgrid

(array ([ [0]
[11]

-~

, array ([[2, 4]]))

See also:

numpy.ix_ ()

cupy.unravel_index
cupy .unravel_index (indices, dims, order="C")
Converts array of flat indices into a tuple of coordinate arrays.
Parameters

* indices (cupy.ndarray)— An integer array whose elements are indices into the flat-
tened version of an array of dimensions dims.

* dims (tuple of ints) - The shape of the array to use for unraveling indices.

* order ('C' or 'F')-Determines whether the indices should be viewed as indexing in
row-major (C-style) or column-major (Fortran-style) order.

Returns Each array in the tuple has the same shape as the indices array.

Return type tuple of ndarrays

Examples

>>> cupy.unravel_index (cupy.array([22, 41, 371), (7, 6))

(array ([3, 6, 61), array([4, 5, 11))

>>> cupy.unravel_index (cupy.array([31, 41, 131), (7, 6), order='F")
(array ([3, 6, 6]), array([4, 5, 11))

See also:

numpy .unravel_index ()

cupy.take

cupy . take (a, indices, axis=None, out=None)
Takes elements of an array at specified indices along an axis.

This is an implementation of “fancy indexing” at single axis.

3.3. Routines
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This function does not support mode option.
Parameters
* a(cupy.ndarray) — Array to extract elements.
e indices (int or array-Ilike)- Indices of elements that this function takes.
* axis (int)—The axis along which to select indices. The flattened input is used by default.

* out (cupy.ndarray) — Output array. If provided, it should be of appropriate shape and
dtype.

Returns The result of fancy indexing.
Return type cupy.ndarray
See also:

numpy .take ()

cupy.choose

cupy . choose (a, choices, out=None, mode="raise’)

cupy.diagonal
cupy .diagonal (a, offset=0, axis1=0, axis2=1)
Returns specified diagonals.

This function extracts the diagonals along two specified axes. The other axes are not changed. This function
returns a writable view of this array as NumPy 1.10 will do.

Parameters
* a(cupy.ndarray)— Array from which the diagonals are taken.

* offset (int)-Index of the diagonals. Zero indicates the main diagonals, a positive value
upper diagonals, and a negative value lower diagonals.

* axisl (int) - The first axis to take diagonals from.
* axis2 (int) - The second axis to take diagonals from.
Returns A view of the diagonals of a.
Return type cupy.ndarray
See also:

numpy .diagonal ()

cupy.fill_diagonal
cupy.£fill_diagonal (a, val, wrap=False)
Fills the main diagonal of the given array of any dimensionality.

For an array a with a.ndim > 2, the diagonal is the list of locations with indices a[i, i, ..., 1i] all
identical. This function modifies the input array in-place, it does not return a value.

Parameters

* a(cupy.ndarray) — The array, at least 2-D.
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* val (scalar)— The value to be written on the diagonal. Its type must be compatible with
that of the array a.

* wrap (bool) —If specified, the diagonal is “wrapped” after N columns. This affects only
tall matrices.

Examples

>>> a = cupy.zeros((3, 3), int)
>>> cupy.fill_diagonal (a, 5)
>>> a

array ([[5, 0, 0],

See also:

numpy.fill_diagonal ()

3.3.6 Input and Output

NumPy binary files (NPY, NPZ)

cupy.load Loads arrays or pickled objects from .npy, .npz or
pickled file.

cupy.save Saves an array to a binary file in . npy format.

cupy.savez Saves one or more arrays into a file in uncompressed
.npz format.

cupy.savez_compressed Saves one or more arrays into a file in compressed . npz
format.

cupy.load

cupy . load (file, mmap_mode=None)
Loads arrays or pickled objects from . npy, .npz or pickled file.

This function just calls numpy . 1oad and then sends the arrays to the current device. NPZ file is converted to
NpzFile object, which defers the transfer to the time of accessing the items.

Parameters
e file(file—-like object or string)-— The file to read.

* mmap_mode (None, 'r+', 'r', 'w+', 'c')—IfnotNone, memory-map the file
to construct an intermediate numpy . ndarray object and transfer it to the current device.

Returns CuPy array or NpzFile object depending on the type of the file. NpzFile object is a
dictionary-like object with the context manager protocol (which enables us to use with state-
ment on it).

See also:

numpy . load ()

3.3. Routines 79


https://docs.python.org/3/library/functions.html#bool
https://docs.scipy.org/doc/numpy/reference/generated/numpy.fill_diagonal.html#numpy.fill_diagonal
https://docs.python.org/3/library/constants.html#None
https://docs.scipy.org/doc/numpy/reference/generated/numpy.ndarray.html#numpy.ndarray
https://docs.scipy.org/doc/numpy/reference/generated/numpy.load.html#numpy.load

CuPy Documentation, Release 5.2.0

cupy.save

cupy . save (file, arr)
Saves an array to a binary file in . npy format.

Parameters
e file(file or str)-Fileor filename to save.
* arr (array_like)— Array to save. It should be able to feed to cupy . asnumpy ().
See also:

numpy .save ()

cupy.savez

cupy . savez (file, *args, **kwds)
Saves one or more arrays into a file in uncompressed . npz format.

Arguments without keys are treated as arguments with automatic keys named arr_0, arr_1, etc. correspond-
ing to the positions in the argument list. The keys of arguments are used as keys in the .npz file, which are
used for accessing NpzFile object when the file is read by cupy . 1oad () function.

Parameters
e file(file or str)- File or filename to save.
* xargs — Arrays with implicit keys.
* xxkwds — Arrays with explicit keys.
See also:

numpy.savez ()

cupy.savez_compressed

cupy . savez_compressed (file, *args, **kwds)
Saves one or more arrays into a file in compressed . npz format.

It is equivalent to cupy. savez () function except the output file is compressed.
See also:

cupy.savez () for more detail, numpy.savez_compressed ()

String formatting

cupy.array_repr Returns the string representation of an array.
cupy.array_str Returns the string representation of the content of an
array.

cupy.array_repr

cupy .array_repr (arr, max_line_width=None, precision=None, suppress_small=None)
Returns the string representation of an array.
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Parameters
* arr (array_1ike)— Input array. It should be able to feed to cupy . asnumpy ().
* max_line_width (int)— The maximum number of line lengths.

* precision (int) — Floating point precision. It uses the current printing precision of
NumPy.

* suppress_small (bool) - If True, very small numbers are printed as zeros
Returns The string representation of arr.
Return type str
See also:

numpy.array_repr ()

cupy.array_str

cupy .array_str (arr, max_line_width=None, precision=None, suppress_small=None)
Returns the string representation of the content of an array.

Parameters
* arr (array_1ike)— Input array. It should be able to feed to cupy . asnumpy ().
* max_line_width (int)— The maximum number of line lengths.

* precision (int) — Floating point precision. It uses the current printing precision of
NumPy.

* suppress_small (bool) - If True, very small number are printed as zeros.
See also:

numpy.array_str ()

Base-n representations

cupy.binary repr Return the binary representation of the input number as
a string.
cupy.base_repr Return a string representation of a number in the given

base system.

cupy.base_repr

cupy .base_repr (number, base=2, padding=0)
Return a string representation of a number in the given base system.

See also:

numpy .base_repr ()
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3.3.7 Linear Algebra

Matrix and vector products

cupy.dot Returns a dot product of two arrays.

cupy.vdot Returns the dot product of two vectors.

cupy.inner Returns the inner product of two arrays.

cupy.outer Returns the outer product of two vectors.

cupy.matmul Returns the matrix product of two arrays and is the im-
plementation of the @ operator introduced in Python 3.5
following PEP465.

cupy.tensordot Returns the tensor dot product of two arrays along spec-
ified axes.

cupy.einsum Evaluates the Einstein summation convention on the
operands.

cupy.linalg.matrix_power Raise a square matrix to the (integer) power n.

cupy.kron Returns the kronecker product of two arrays.

cupy.dot

cupy .dot (a, b, out=None)
Returns a dot product of two arrays.

For arrays with more than one axis, it computes the dot product along the last axis of a and the second-to-last
axis of b. This is just a matrix product if the both arrays are 2-D. For 1-D arrays, it uses their unique axis as an
axis to take dot product over.

Parameters
* a(cupy.ndarray)— The left argument.
* b (cupy.ndarray)— The right argument.
* out (cupy.ndarray)— Output array.
Returns The dot product of a and b.
Return type cupy.ndarray
See also:

numpy .dot ()

cupy.vdot

cupy .vdot (a, b)
Returns the dot product of two vectors.

The input arrays are flattened into 1-D vectors and then it performs inner product of these vectors.
Parameters
* a (cupy.ndarray) — The first argument.
* b (cupy.ndarray) - The second argument.

Returns Zero-dimensional array of the dot product result.
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Return type cupy.ndarray
See also:

numpy .vdot ()

cupy.inner

cupy.inner (a, b)
Returns the inner product of two arrays.

It uses the last axis of each argument to take sum product.
Parameters
* a(cupy.ndarray)— The first argument.
* b (cupy.ndarray)— The second argument.
Returns The inner product of a and b.
Return type cupy.ndarray
See also:

numpy .inner ()

cupy.outer

cupy .outer (a, b, out=None)
Returns the outer product of two vectors.

The input arrays are flattened into 1-D vectors and then it performs outer product of these vectors.
Parameters
* a (cupy.ndarray) — The first argument.
* b (cupy.ndarray) - The second argument.
* out (cupy.ndarray)— Output array.
Returns 2-D array of the outer product of a and b.
Return type cupy.ndarray
See also:

numpy .outer ()

cupy.matmul

cupy .matmul (ndarray a, ndarray b, ndarray out=None) — ndarray
Returns the matrix product of two arrays and is the implementation of the @ operator introduced in Python 3.5
following PEP465.

The main difference against cupy.dot are the handling of arrays with more than 2 dimensions. For more infor-
mation see numpy .matmul ().

Note: The out array as input is currently not supported.
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Parameters
* a (cupy.ndarray) — The left argument.
* b (cupy.ndarray) — The right argument.
* out (cupy.ndarray)— Output array.
Returns Output array.

Return type cupy.ndarray

See also:

numpy .matmul ()

cupy.tensordot

cupy .tensordot (a, b, axes=2)
Returns the tensor dot product of two arrays along specified axes.

This is equivalent to compute dot product along the specified axes which are treated as one axis by reshaping.
Parameters
* a(cupy.ndarray)— The first argument.
* b (cupy.ndarray) - The second argument.
* axes —
— Ifitis an integer, then axes axes at the last of a and the first of b are used.

— Ifitis a pair of sequences of integers, then these two sequences specify the list of axes for
a and b. The corresponding axes are paired for sum-product.

Returns The tensor dot product of a and b along the axes specified by axes.
Return type cupy.ndarray
See also:

numpy .tensordot ()

cupy.einsum

cupy . einsum (subscripts, *operands, dtype=False)
Evaluates the Einstein summation convention on the operands. Using the Einstein summation convention, many
common multi-dimensional array operations can be represented in a simple fashion. This function provides a
way to compute such summations.

Note: Memory contiguity of calculation result is not always compatible with numpy.einsum. out, order, and
casting options are not supported.

Parameters
* subscripts (str) - Specifies the subscripts for summation.

* operands (sequence of arrays)-— These are the arrays for the operation.
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Returns The calculation based on the Einstein summation convention.

Return type cupy.ndarray

See also:

numpy .einsum ()

cupy.linalg.matrix_power

cupy.linalg.matrix_power (M, n)
Raise a square matrix to the (integer) power n.

Parameters
* M(ndarray) — Matrix to raise by power n.
e n (~int)— Power to raise matrix to.
Returns Output array.

Return type ndarray

Note: M must be of dtype float32 or float64.

..seealso:: numpy.linalg.matrix_power ()

cupy.kron

cupy .kron (a, b)
Returns the kronecker product of two arrays.

Parameters
* a (ndarray) — The first argument.
* b (ndarray) — The second argument.
Returns Output array.
Return type ndarray
See also:

numpy .kron ()

Decompositions

cupy.linalg.cholesky Cholesky decomposition.
cupy.linalg.qr QR decomposition.
cupy.linalg.svd Singular Value Decomposition.

cupy.linalg.cholesky

cupy.linalg.cholesky (a)
Cholesky decomposition.
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Decompose a given two-dimensional square matrix into L * L.T, where L is a lower-triangular matrix and
. T is a conjugate transpose operator. Note that in the current implementation a must be a real matrix, and only
float32 and float64 are supported.

Parameters a (cupy.ndarray)— The input matrix with dimension (N, N)
Returns The lower-triangular matrix.
Return type cupy.ndarray

See also:

numpy.linalg.cholesky ()

cupy.linalg.qr
cupy.linalg.qr (a, mode="reduced’)
QR decomposition.

Decompose a given two-dimensional matrix into Q * R, where Q is an orthonormal and R is an upper-triangular
matrix.

Parameters
* a(cupy.ndarray)— The input matrix.

ISR

* mode (str)— The mode of decomposition. Currently ‘reduced’, ‘complete’, ‘r’, and ‘raw’
modes are supported. The default mode is ‘reduced’, in which matrix A = (M, N) is
decomposed into Q, R with dimensions (M, K), (K, N),where K = min (M, N).

Returns Although the type of returned object depends on the mode, it returns a tuple of (Q, R) by
default. For details, please see the document of numpy . linalg.qgr ().

Return type cupy.ndarray, or tuple of ndarray
See also:

numpy.linalg.qgr ()

cupy.linalg.svd

cupy.linalg.svd (a, full_matrices=True, compute_uv=True)
Singular Value Decomposition.

Factorizes the matrix a as u * np.diag(s) = v, where u and v are unitary and s is an one-dimensional
array of a’s singular values.

Parameters
* a (cupy.ndarray)— The input matrix with dimension (M, N).

e full matrices (bool)-If True, it returns u and v with dimensions (M, M) and (N,
N) . Otherwise, the dimensions of u and v are respectively (M, K) and (K, N), where K
= min (M, N).

* compute_uv (bool) - If True, it only returns singular values.
Returns A tuple of (u, s, v) suchthata = u * np.diag(s) = v.

Return type tuple of cupy.ndarray
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See also:

numpy.linalg.svd()

Matrix eigenvalues

cupy.linalg.eigh Eigenvalues and eigenvectors of a symmetric matrix.
cupy.linalg.eigvalsh Calculates eigenvalues of a symmetric matrix.

cupy.linalg.eigh

cupy.linalg.eigh (a, UPLO="L’)
Eigenvalues and eigenvectors of a symmetric matrix.

This method calculates eigenvalues and eigenvectors of a given symmetric matrix.

Note: Currenlty only 2-D matrix is supported.

Note: CUDA >=8.0 is required.

Parameters
* a(cupy.ndarray)— A symmetric 2-D square matrix.

* UPLO (str)— Select from 'L"' or 'U"'. It specifies which part of a is used. 'L"' uses the
lower triangular part of a, and 'U"' uses the upper triangular part of a.

Returns Returns a tuple (w, v). w contains eigenvalues and v contains eigenvectors. v[:, 1]
is an eigenvector corresponding to an eigenvalue w[1i].

Return type tuple of ndarray

See also:

numpy.linalg.eigh ()

cupy.linalg.eigvalsh

cupy.linalg.eigvalsh (a, UPLO="L’)
Calculates eigenvalues of a symmetric matrix.

This method calculates eigenvalues a given symmetric matrix. Note that cupy. 1inalg.eigh () calculates
both eigenvalues and eigenvectors.

Note: Currenlty only 2-D matrix is supported.

Note: CUDA >=8.0 is required.

Parameters
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* a(cupy.ndarray)— A symmetric 2-D square matrix.

* UPLO (str)— Select from 'L"' or 'U"'. It specifies which part of a is used. 'L"' uses the
lower triangular part of a, and 'U' uses the upper triangular part of a.

Returns Returns eigenvalues as a vector.

Return type cupy.ndarray

See also:

numpy.linalg.eigvalsh ()

Norms etc.
cupy.linalg.det Retruns the deteminant of an array.
cupy.linalg.norm Returns one of matrix norms specified by ord parame-
ter.
cupy.linalg.matrix_rank Return matrix rank of array using SVD method
cupy.linalg.slogdet Returns sign and logarithm of the determinant of an ar-
ray.
cupy.trace Returns the sum along the diagonals of an array.
cupy.linalg.det
cupy.linalg.det (a)
Retruns the deteminant of an array.
Parameters a (cupy.ndarray) — The input matrix with dimension (..., N, N).

Returns Determinant of a. Its shape is a. shape[:-2].
Return type cupy.ndarray
See also:

numpy.linalg.det ()

cupy.linalg.norm

cupy.linalg.norm (x, ord=None, axis=None, keepdims=False)
Returns one of matrix norms specified by ord parameter.

Complex valued matrices and vectors are not supported. See numpy.linalg.norm for more detail.
Parameters
* x (cupy.ndarray) — Array to take norm. If axis is None, x must be 1-D or 2-D.
* ord (non-zero int, inf, -inf, 'fro')-Norm type.
* axis (int, 2-tuple of ints, None)—1-D or2-D norm is cumputed over axis.
* keepdims (bool)— If this is set True, the axes which are normed over are left.

Returns cupy.ndarray
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cupy.linalg.matrix_rank

cupy.linalg.matrix_rank (M, tol=None)
Return matrix rank of array using SVD method

Parameters
* M(cupy.ndarray) — Input array. Its ndim must be less than or equal to 2.

* tol (None or float)- Threshold of singular value of M. When fol is None, and eps is
the epsilon value for datatype of M, then fol is set to S.max() * max(M.shape) * eps, where
S is the singular value of M. It obeys numpy . linalg.matrix_rank ().

Returns Rank of M.
Return type cupy.ndarray
See also:

numpy.linalg.matrix_rank ()

cupy.linalg.slogdet

cupy.linalg.slogdet (a)
Returns sign and logarithm of the determinant of an array.

It calculates the natural logarithm of the determinant of a given value.
Parameters a (cupy.ndarray)— The input matrix with dimension (..., N, N).

Returns It returns a tuple (sign, logdet). sign represents each sign of the determinant as a
real number 0, 1 or —1. ‘logdet’ represents the natural logarithm of the absolute of the determi-
nant. If the determinant is zero, sign will be 0 and 1ogdet will be —inf. The shapes of both
sign and logdet are equal to a.shape[:-2].

Return type tuple of ndarray
See also:

numpy.linalg.slogdet ()

cupy.trace

cupy . trace (a, offset=0, axis1=0, axis2=1, dtype=None, out=None)
Returns the sum along the diagonals of an array.

It computes the sum along the diagonals at axis1 and axis?2.
Parameters
* a(cupy.ndarray) — Array to take trace.

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

* axisl (int) — The first axis along which the trace is taken.
* axis2 (int) - The second axis along which the trace is taken.
» dtype — Data type specifier of the output.

* out (cupy.ndarray)— Output array.
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Returns The trace of a along axes (axisl, axis2).
Return type cupy.ndarray
See also:

numpy.trace ()

Solving linear equations

cupy.linalg.solve Solves a linear matrix equation.
cupy.linalg.tensorsolve Solves tensor equations denoted by ax = b.
cupy.linalg.inv Computes the inverse of a matrix.
cupy.linalg.pinv Compute the Moore-Penrose pseudoinverse of a matrix.
cupy.linalg.tensorinv Computes the inverse of a tensor.
cupyx.scipy.linalg.solve_triangular Solve the equation a x = b for x, assuming a is a trian-

gular matrix.

cupy.linalg.solve

cupy.linalg.solve (a,b)
Solves a linear matrix equation.

It computes the exact solution of x in ax = b, where a is a square and full rank matrix.

Parameters

* a (cupy.ndarray)— The matrix with dimension (..., M, M).

* b (cupy.ndarray) - The matrix with dimension (...,M) or (..., M, K).
Returns The matrix with dimension (..., M) or (..., M, K).

Return type cupy.ndarray
See also:

numpy.linalg.solve ()

cupy.linalg.tensorsolve

cupy.linalg.tensorsolve (a, b, axes=None)
Solves tensor equations denoted by ax = b.

Suppose that b is equivalent to cupy . tensordot (a, x). This function computes tensor x from a and b.
Parameters
* a(cupy.ndarray)— The tensor with 1en (shape) >= 1
* b (cupy.ndarray)— The tensor with 1en (shape) >= 1
* axes (tuple of ints)- Axes in a to reorder to the right before inversion.
Returns The tensor with shape Q such that b. shape + Q == a.shape.
Return type cupy.ndarray
See also:

numpy.linalg.tensorsolve ()
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cupy.linalg.inv

cupy.linalg.inv(a)
Computes the inverse of a matrix.

This function computes matrix a_inv from n-dimensional regular matrix a such that dot (a, a_inv) ==
eye (n).

Parameters a (cupy.ndarray) — The regular matrix
Returns The inverse of a matrix.
Return type cupy.ndarray

See also:

numpy.linalg.inv ()

cupy.linalg.pinv

cupy.linalg.pinv (a, rcond=1e-15)
Compute the Moore-Penrose pseudoinverse of a matrix.

It computes a pseudoinverse of a matrix a, which is a generalization of the inverse matrix with Singular Value
Decomposition (SVD). Note that it automatically removes small singular values for stability.

Parameters
¢ a(cupy.ndarray)— The matrix with dimension (M, N)

* rcond (f1oat)— Cutoff parameter for small singular values. For stability it computes the
largest singular value denoted by s, and sets all singular values smaller than s to zero.

Returns The pseudoinverse of a with dimension (N, M).
Return type cupy.ndarray
See also:

numpy.linalg.pinv ()

cupy.linalg.tensorinv

cupy.linalg.tensorinv (a, ind=2)
Computes the inverse of a tensor.

This function computes tensor a_inv from tensor a such that tensordot (a_inv, a, ind) == I,
where I denotes the identity tensor.

Parameters

¢ a (cupy.ndarray) — The tensor such that prod (a.shape[:ind]) == prod(a.
shape[ind:]).

* ind (int)— The positive number used in axes option of tensordot.

Returns The inverse of a tensor whose shape is equivalent to a.shape[ind:] + a.
shape[:ind].

Return type cupy.ndarray
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See also:

numpy.linalg.tensorinv ()

cupyx.scipy.linalg.solve_triangular

cupyx.scipy.linalg.solve_triangular (a, b, trans=0, lower=False, unit_diagonal=False, over-

write_b=False, check_finite=False)
Solve the equation a x = b for X, assuming a is a triangular matrix.

Parameters
* a (cupy.ndarray)— The matrix with dimension (M, M).
* b (cupy.ndarray)— The matrix with dimension (M, ) or (M, N).

* lower (bool)— Use only data contained in the lower triangle of a. Default is to use upper
triangle.

* trans ({0, 1, 2, 'N', 'T', 'C'"}) — Type of system to solve: ========
========= trans system Oor ' NNax=blor ‘T"a*Tx=b2
or ‘Ca"Hx=b

* unit_diagonal (bool) - If True, diagonal elements of a are assumed to be 1 and will
not be referenced.

* overwrite_b (bool)— Allow overwriting data in b (may enhance performance)

* check_finite (bool) — Whether to check that the input matrices contain only finite
numbers. Disabling may give a performance gain, but may result in problems (crashes,
non-termination) if the inputs do contain infinities or NaNs.

Returns The matrix with dimension (M, ) or (M, N).
Return type cupy.ndarray
See also:

scipy.linalg.solve_triangular ()

3.3.8 Logic Functions

Truth value testing

cupy.all Tests whether all array elements along a given axis eval-
uate to True.
cupy.any Tests whether any array elements along a given axis

evaluate to True.

cupy.all

cupy .all (a, axis=None, out=None, keepdims=False)
Tests whether all array elements along a given axis evaluate to True.

Parameters
* a(cupy.ndarray) — Input array.

* axis (int or tuple of ints)— Along which axis to compute all. The flattened
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array is used by default.
* out (cupy.ndarray)— Output array.
* keepdims (bool)—If True, the axis is remained as an axis of size one.
Returns An array reduced of the input array along the axis.
Return type cupy.ndarray
See also:

numpy.all ()

cupy.any

cupy . any (a, axis=None, out=None, keepdims=False)
Tests whether any array elements along a given axis evaluate to True.

Parameters
* a(cupy.ndarray) - Input array.

* axis (int or tuple of ints) — Along which axis to compute all. The flattened
array is used by default.

* out (cupy.ndarray)— Output array.
* keepdims (bool)—If True, the axis is remained as an axis of size one.
Returns An array reduced of the input array along the axis.
Return type cupy.ndarray
See also:

numpy.any ()

Infinities and NaNs

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.

Array type testing

cupy.iscomplex Returns a bool array, where True if input element is
complex.

cupy.iscomplexobj Check for a complex type or an array of complex num-
bers.

cupy.isfortran Returns True if the array is Fortran contiguous but not
C contiguous.

cupy.isreal Returns a bool array, where True if input element is real.

cupy.isrealobj Return True if x is a not complex type or an array of
complex numbers.

cupy.isscalar Returns True if the type of num is a scalar type.
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cupy.iscomplex

cupy.iscomplex (x)
Returns a bool array, where True if input element is complex.

What is tested is whether the input has a non-zero imaginary part, not if the input type is complex.
Parameters x (cupy.ndarray) — Input array.
Returns Boolean array of the same shape as x.
Return type cupy.ndarray

See also:

isreal (), iscomplexobij ()

Examples

>>> cupy.iscomplex (cupy.array([1+13, 1+03, 4.5, 3, 2, 231))
array ([ True, False, False, False, False, True])

cupy.iscomplexobj

cupy .iscomplexobj (x)
Check for a complex type or an array of complex numbers.

The type of the input is checked, not the value. Even if the input has an imaginary part equal to zero, iscom-

plexobj evaluates to True.
Parameters x (cupy.ndarray) — Input array.
Returns The return value, True if x is of a complex type or has at least one complex element.
Return type bool

See also:

isrealobj (), iscomplex ()

Examples

>>> cupy.iscomplexobj(cupy.array([3, 1+0j, True]))
True

>>> cupy.iscomplexobj(cupy.array([3, 1, Truel))
False

cupy.isfortran

cupy.isfortran (a)
Returns True if the array is Fortran contiguous but not C contiguous.

If you only want to check if an array is Fortran contiguous use a. flags. f_contiguous instead.
Parameters a (cupy.ndarray) — Input array.

Returns The return value, True if a is Fortran contiguous but not C contiguous.
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Return type bool
See also:

isfortran ()

Examples

cupy.array allows to specify whether the array is written in C-contiguous order (last index varies the fastest), or
FORTRAN-contiguous order in memory (first index varies the fastest).

>>> a = cupy.array([[1, 2, 3], [4, 5, 6]], order='C")

>>> a
array ([[1, 2, 31,

(4, 5, 611)
>>> cupy.isfortran(a)

False

>>> b = cupy.array([[l, 2, 31, [4, 5, 6]], order='F")

>>> b
array ([[1, 2, 3],

[4, 5, 6]1)
>>> cupy.isfortran (b)

True

The transpose of a C-ordered array is a FORTRAN-ordered array.

>>> a = cupy.array([[1, 2, 3], [4, 5, 6]], order='C")

>>> a
array([[1, 2, 31,

(4, 5, 6]1)
>>> cupy.isfortran(a)
False
>>> b = a.T
>>> Db
array ([[1, 4],

(2, 51,

[3, 611)
>>> cupy.isfortran (b)
True

C-ordered arrays evaluate as False even if they are also FORTRAN-ordered.

>>> cupy.isfortran(np.array([1l, 2], order='F'"))
False

cupy.isreal

cupy.isreal (x)

Returns a bool array, where True if input element is real.
If element has complex type with zero complex part, the return value for that element is True.
Parameters x (cupy.ndarray) — Input array.

Returns Boolean array of same shape as x.
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Return type cupy.ndarray
See also:

iscomplex (), isrealobij()

Examples

>>> cupy.isreal (cp.array ([1+13, 1+03, 4.5, 3, 2, 23]1))
array ([False, True, True, True, True, False])

cupy.isrealobj

cupy.isrealobj (x)
Return True if x is a not complex type or an array of complex numbers.

The type of the input is checked, not the value. So even if the input has an imaginary part equal to zero, isrealobj
evaluates to False if the data type is complex.

Parameters x (cupy.ndarray)— The input can be of any type and shape.
Returns The return value, False if x is of a complex type.
Return type bool

See also:

iscomplexobij (), isreal ()

Examples

>>> cupy.isrealobj(cupy.array([3, 1+07j, True]))
False

>>> cupy.isrealobj(cupy.array([3, 1, Truel))
True

cupy.isscalar

cupy.isscalar (num)
Returns True if the type of num is a scalar type.

See also:

numpy.isscalar ()

Logic operations

cupy.logical_and Computes the logical AND of two arrays.
cupy.logical_or Computes the logical OR of two arrays.
cupy.logical_not Computes the logical NOT of an array.
cupy.logical_xor Computes the logical XOR of two arrays.
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Comparison

cupy.allclose Returns True if two arrays are element-wise equal
within a tolerance.

cupy.isclose Returns a boolean array where two arrays are equal
within a tolerance.

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.equal Tests elementwise if x1 == x2.

cupy.not_equal Tests elementwise if x1 = x2.

cupy.aliclose

cupy.allclose (a, b, rtol=1e-05, atol=1e-08, equal_nan=False)
Returns True if two arrays are element-wise equal within a tolerance.

Two values in a and b are considiered equal when the following equation is satisfied.
la — b] < atol + rtol|b|

Parameters
* a(cupy.ndarray) - Input array to compare.
* b (cupy.ndarray) — Input array to compare.
e rtol (float)— The relative tolerance.

e atol (float)— The absolute tolerance.

* equal_nan (bool)-If True, NaN’s in a will be considered equal to NaN’s in b.

Returns
if True, two arrays are element-wise equal within a tolerance.
Return type bool
See also:

numpy.allclose()

cupy.isclose

cupy .isclose (a, b, rtol=1e-05, atol=1e-08, equal_nan=False)
Returns a boolean array where two arrays are equal within a tolerance.

Two values in a and b are considiered equal when the following equation is satisfied.
la — b] < atol + rtol|b|

Parameters
* a(cupy.ndarray) - Input array to compare.

* b (cupy.ndarray) - Input array to compare.
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e rtol (float)— The relative tolerance.

e atol (float)— The absolute tolerance.

* equal_nan (bool)-If True, NaN’s in a will be considered equal to NaN’s in b.

Returns A boolean array storing where a and b are equal.

Return type cupy.ndarray
See also:
numpy.isclose ()

3.3.9 Mathematical Functions

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.hypot

Computes the hypoteneous of orthogonal vectors of
given length.

cupy.arctanZz

Elementwise inverse-tangent of the ratio of two arrays.

cupy.degrees

Converts angles from radians to degrees elementwise.

cupy.radians

Converts angles from degrees to radians elementwise.

cupy.degZrad

Converts angles from degrees to radians elementwise.

cupy.radZdeg

Converts angles from radians to degrees elementwise.

cupy.degrees

cupy .degrees = <ufunc 'cupy_rad2deg'>
Converts angles from radians to degrees elementwise.

See also:

numpy . rad2deg, numpy .degrees

cupy.radians

cupy.radians = <ufunc 'cupy_deg2rad'>
Converts angles from degrees to radians elementwise.

See also:

numpy .deg2rad, numpy.radians

Hyperbolic functions
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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.
Rounding
cupy.around Rounds to the given number of decimals.
cupy.round_
cupy.rint Rounds each element of an array to the nearest integer.
cupy.fix If given value x is positive, it return floor(x).
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.
cupy.around

cupy .around (a, decimals=0, out=None)
Rounds to the given number of decimals.

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

* decimals (int)— umber of decimal places to round to (default: 0). If decimals is nega-
tive, it specifies the number of positions to the left of the decimal point.

* out (cupy.ndarray)— Output array.
Returns Rounded array.
Return type cupy.ndarray
See also:

numpy .around ()

cupy.round_

cupy . round_ (a, decimals=0, out=None)

cupy.fix

cupy.fix = <ufunc 'cupy_ fix'>
If given value x is positive, it return floor(x). Else, it return ceil(x).

See also:

numpy . f£ix ()
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Sums, products, differences

cupy.prod Returns the product of an array along given axes.
cupy.sum Returns the sum of an array along given axes.
cupy . cumprod Returns the cumulative product of an array along a given
axis.
cupy.cumsum Returns the cumulative sum of an array along a given
axis.
cupy.prod

cupy .prod (a, axis=None, dtype=None, out=None, keepdims=False)
Returns the product of an array along given axes.

Parameters
* a(cupy.ndarray) — Array to take product.
* axis (int or sequence of ints)— Axes along which the product is taken.
» dtype — Data type specifier.
* out (cupy.ndarray)— Output array.
* keepdims (bool)—If True, the specified axes are remained as axes of length one.
Returns The result array.
Return type cupy.ndarray
See also:

numpy .prod ()

cupy.sum

cupy . sum (a, axis=None, dtype=None, out=None, keepdims=False)
Returns the sum of an array along given axes.

Parameters
* a(cupy.ndarray)— Array to take sum.
* axis (int or sequence of ints)-— Axes along which the sum is taken.
» dtype — Data type specifier.
* out (cupy.ndarray)— Output array.
* keepdims (bool)—If True, the specified axes are remained as axes of length one.
Returns The result array.
Return type cupy.ndarray
See also:

numpy .sum ()
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cupy.cumprod

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

Parameters
* a(cupy.ndarray) - Input array.

* axis (int)— Axis along which the cumulative product is taken. If it is not specified, the
input is flattened.

* dtype — Data type specifier.
* out (cupy.ndarray)— Output array.
Returns The result array.
Return type cupy.ndarray
See also:

numpy . cumprod ()

cupy.cumsum

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

Parameters
* a(cupy.ndarray) - Input array.

* axis (int)— Axis along which the cumulative sum is taken. If it is not specified, the input
is flattened.

* dtype — Data type specifier.
* out (cupy.ndarray)— Output array.
Returns The result array.
Return type cupy.ndarray
See also:

numpy .cumsum ()

Exponents and logarithms

cupy.exp Elementwise exponential function.

cupy.expml Computes exp (x) — 1 elementwise.

cupy.exp2 Elementwise exponentiation with base 2.

cupy.log Elementwise natural logarithm function.

cupy.logl0 Elementwise common logarithm function.

cupy.log2 Elementwise binary logarithm function.

cupy.loglp Computes 1log (1 + x) elementwise.

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

Continued on next page
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Table 49 — continued from previous page

cupy.logaddexpZ2

Computes 1og2 (exp2 (x1) + exp2(x2)) ele-

mentwise.

Other special functions

cupy.i0

Modified Bessel function of the first kind, order O.

cupy.sinc

Elementwise sinc function.

cupy.io

cupy.i0 = <ufunc 'cupy_ iO'>
Modified Bessel function of the first kind, order 0.
See also:

numpy .10 ()

cupy.sinc

cupy.sinc = <ufunc 'cupy_sinc'>
Elementwise sinc function.

See also:

numpy.sinc ()

Floating point routines

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.frexp Decomposes each element to mantissa and two’s expo-
nent.
cupy.ldexp Computes x1 * 2 x* x2 elementwise.

cupy.nextafter

Computes the nearest neighbor float values towards the
second argument.

Arithmetic operations

cupy.add

Adds two arrays elementwise.

cupy.reciprocal

Computes 1 / x elementwise.

cupy.negative

Takes numerical negative elementwise.

cupy.multiply

Multiplies two arrays elementwise.

cupy.divide

Elementwise true division (i.e.

cupy.power

Computes x1 *+ x2 elementwise.

cupy.subtract

Subtracts arguments elementwise.

cupy.true_divide

Elementwise true division (i.e.

cupy.floor_divide

Elementwise floor division (i.e.

Continued on next page
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Table 52 — continued from previous page

cupy . fmod Computes the remainder of C division elementwise.

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

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

mentwise.

cupy.remainder

Computes the remainder of Python division element-
wise.

cupy.divmod

cupy.divmod

cupy.divmod = <ufunc 'cupy_divmod'>

Handling complex numbers

cupy.angle Returns the angle of the complex argument.

cupy.real Returns the real part of the elements of the array.

cupy.imag Returns the imaginary part of the elements of the array.

cupy.conj Returns the complex conjugate, element-wise.
cupy.angle

cupy.angle = <ufunc 'cupy_angle'>
Returns the angle of the complex argument.

See also:

numpy.angle ()

cupy.real

cupy .real (val)

Returns the real part of the elements of the array.

See also:

numpy.real ()

cupy.imag

cupy . imag (val)

Returns the imaginary part of the elements of the array.

See also:

numpy . imag ()
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cupy.conj

cupy.conj = <ufunc 'cupy_conj'>
Returns the complex conjugate, element-wise.

See also:

numpy .conj

Miscellaneous

cupy.clip Clips the values of an array to a given interval.
cupy.sqrt Elementwise square root function.
cupy.cbrt Elementwise cube root function.

cupy.square

Elementwise square function.

cupy.absolute

Elementwise absolute value function.

cupy.sign

Elementwise sign function.

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.nan_to_num

Elementwise nan_to_num function.

cupy.blackman

Returns the Blackman window.

cupy.hamming

Returns the Hamming window.

cupy.hanning

Returns the Hanning window.

cupy.clip

cupy . clip (a, a_min=None, a_max=None, out=None)
Clips the values of an array to a given interval.

This is equivalent to maximum (minimum (a,

Parameters

a_max), a_min), while this function is more efficient.

* a(cupy.ndarray)— The source array.

* a_min(scalar, cupy.ndarray or None)-— The left side of the interval. When it

is None, it is ignored.

* a_max (scalar, cupy.ndarray or None)- The right side of the interval. When

itis None, it is ignored.

* out (cupy.ndarray)— Output array.

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

numpy.clip ()
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cupy.cbrt

cupy.cbrt = <ufunc 'cupy_cbrt'>
Elementwise cube root function.

See also:

numpy.cbrt

cupy.nan_to_num

cupy.nan_to_num = <ufunc 'cupy_ nan_to_num'>
Elementwise nan_to_num function.

See also:

numpy.nan_to_num

cupy.blackman

cupy .-blackman (M)
Returns the Blackman window.

The Blackman window is defined as

w(n) = 0.42 — 0.5 cos (J\jw_nl> + 0.08 cos (Z\;W—nl) 0<n<M-1
Parameters M (int) — Number of points in the output window. If zero or less, an empty array is
returned.
Returns Output ndarray.
Return type ndarray
See also:

numpy .blackman ()

cupy.hamming

cupy - hamming (M)
Returns the Hamming window.

The Hamming window is defined as

2
w(n) = 0.54 — 0.46 cos ( ik

<n<M-—1
M—l) Osns

Parameters M (int) — Number of points in the output window. If zero or less, an empty array is
returned.
Returns Output ndarray.
Return type ndarray
See also:

numpy . hamming ()
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cupy.hanning

cupy -hanning (M)
Returns the Hanning window.

Ihe Halllllllg lndc 18 deﬁIlE[ as
( )_—“() ()gb(}()b —_— 0< < Zu
wn n

Parameters M (int) — Number of points in the output window. If zero or less, an empty array is
returned.

Returns Output ndarray.

Return type ndarray

See also:

numpy . hanning ()

3.3.10 Padding

cupy.pad Returns padded array.

cupy.pad
cupy .pad (array, pad_width, mode, **keywords)
Returns padded array. You can specify the padded widths and values.
This function currently supports only mode=constant .
Parameters
* array (array-1ike)— Input array of rank N.

* pad_width (int or array-like)— Number of values padded to the edges of each
axis. ((before_l1, after_1), ... (before_N, after_N)) uniquely pad widths for each axis.
((before, after),) yields same before and after pad for each axis. (pad,) or int is a shortcut for
before = after = pad width for all axes. You cannot specify cupy.ndarray .

e mode (str)—
‘constant’ Pads with a constant values.
’edge’ Pads with the edge values of array.

’reflect’ Pads with the reflection of the vector mirrored on the first and last values of the
vector along each axis.

* constant_values (int or array-like)-— Used in constant. The values are
padded for each axis. ((before_1, after_1), ... (before_N, after_N)) uniquely pad constants
for each axis. ((before, after),) yields same before and after constants for each axis. (con-
stant,) or int is a shortcut for before = after = constant for all axes. Default is 0. You cannot
specify cupy.ndarray .

* reflect_type - {‘even’, ‘odd’}, optional Used in ‘reflect’, and ‘symmetric’. The ‘even’
style is the default with an unaltered reflection around the edge value. For the ‘odd’ style,
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the extented part of the array is created by subtracting the reflected values from two times
the edge value.

Returns Padded array of rank equal to array with shape increased according to pad_width .
Return type cupy.ndarray
See also:

numpy .pad ()

3.3.11 Random Sampling (cupy . random)

The big difference of cupy.random from numpy . random is that cupy. random supports dtype option for
most functions. This option enables us to generate float32 values directly without any space overhead.

Unlike NumPy, CuPy allows itself to replace its random number generator across its major versions. It means that
numbers generated by cupy.random of a new major version may not be the same as that of its previous one even if the
same seed and distribution are used.

Sample random data

cupy.random.rand Returns an array of uniform random values over the in-
terval [0, 1).

cupy.random.randn Returns an array of standard normal random values.

cupy.random.randint Returns a scalar or an array of integer values over
[low, high).

cupy.random.random _integers Return a scalar or an array of integer values over [ low,
high]

cupy.random.random sample Returns an array of random values over the interval [0,
1).

cupy.random.random Returns an array of random values over the interval [0,
1).

cupy.random.ranf Returns an array of random values over the interval [0,
1).

cupy.random. sample Returns an array of random values over the interval [0,
1).

cupy.random.choice Returns an array of random values from a given 1-D
array.

cupy.random.bytes Returns random bytes.

cupy.random.rand

cupy . random. rand ( *size, **kwarg)

Returns an array of uniform random values over the interval [0, 1).

Each element of the array is uniformly distributed on the half-open interval [0, 1). All elements are identi-
cally and independently distributed (i.i.d.).

Parameters
* size (ints)— The shape of the array.

* dtype — Data type specifier. Only numpy.float32 and numpy.float64 types are
allowed. The default is numpy . float 64.

3.3.

Routines 107


https://docs.scipy.org/doc/numpy/reference/generated/numpy.pad.html#numpy.pad

CuPy Documentation, Release 5.2.0

Returns A random array.
Return type cupy.ndarray
See also:

numpy . random. rand ()

Example

>>> cupy.random.rand (3, 2)

array ([[0.86476479, 0.05633727]1, # random
[0.27283185, 0.382553547, # random
[0.16592278, 0.75150313]1]) # random

>>> cupy.random.rand (3, 2, dtype=cupy.float32)

array ([[0.9672306 , 0.9590486 1, # random
[0.6851264 , 0.704576257, # random
[0.22382522, 0.36055237]], dtype=float32) # random

cupy.random.randn

cupy.random. randn ( *size, **kwarg)
Returns an array of standard normal random values.

Each element of the array is normally distributed with zero mean and unit variance. All elements are identically
and independently distributed (i.i.d.).

Parameters
* size (ints)— The shape of the array.

* dtype — Data type specifier. Only numpy.float32 and numpy.float64 types are
allowed. The default is numpy . float 64.

Returns An array of standard normal random values.
Return type cupy.ndarray
See also:

numpy .random.randn ()

Example

>>> cupy.random.randn (3, 2)

array ([[0.41193321, 1.595795427], # random
[0.47904589, 0.18566376], # random
[0.59748424, 2.32602829]1]1) # random

>>> cupy.random.randn (3, 2, dtype=cupy.float32)

array ([[ 0.1373886 , 2.403238 1, # random
[ 0.84020025, 1.5089266 ], # random
[-1.2268474 , -0.48219103]], dtype=float32) # random
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cupy.random.randint

cupy . random. randint (low, high=None, size=None, dtype="l")
Returns a scalar or an array of integer values over [1low, high).

Each element of returned values are independently sampled from uniform distribution over left-close and right-
open interval [low, high).

Parameters

e low (int)—If high is not None, it is the lower bound of the interval. Otherwise, it is the
upper bound of the interval and lower bound of the interval is set to 0.

* high (int)— Upper bound of the interval.
* size (None or int or tuple of ints)- The shape of returned value.
» dtype — Data type specifier.

Returns If size is None, it is single integer sampled. If size is integer, it is the 1D-array of length
size element. Otherwise, it is the array whose shape specified by size.

Return type int or cupy.ndarray of ints

cupy.random.random_integers

cupy.random.random integers (low, high=None, size=None)
Return a scalar or an array of integer values over [low, high]

Each element of returned values are independently sampled from uniform distribution over closed interval
[low, high].

Parameters

e low (int)—If high is not None, it is the lower bound of the interval. Otherwise, it is the
upper bound of the interval and the lower bound is set to 1.

* high (int)— Upper bound of the interval.
* size (None or int or tuple of ints)- The shape of returned value.

Returns If size is None, it is single integer sampled. If size is integer, it is the 1D-array of length
size element. Otherwise, it is the array whose shape specified by size.

Return type int or cupy.ndarray of ints

cupy.random.random_sample

cupy.random.random_sample (size=None, dtype=<class 'float’>)
Returns an array of random values over the interval [0, 1).

This is a variant of cupy . random. rand ().
Parameters
* size (int or tuple of ints)-The shape of the array.

* dtype — Data type specifier. Only numpy.float32 and numpy.float64 types are
allowed.

Returns An array of uniformly distributed random values.
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Return type cupy.ndarray
See also:

numpy .random.random_sample ()

cupy.random.random

cupy . random. random (size=None, dtype=<class 'float’>)
Returns an array of random values over the interval [0, 1).

This is a variant of cupy . random. rand ().
Parameters
* size (int or tuple of ints)-The shape of the array.

* dtype — Data type specifier. Only numpy.float32 and numpy.float64 types are
allowed.

Returns An array of uniformly distributed random values.
Return type cupy.ndarray
See also:

numpy . random. random_sample ()

cupy.random.ranf

cupy . random. ranf (size=None, dtype=<class 'float’>)
Returns an array of random values over the interval [0, 1).

This is a variant of cupy. random. rand ().
Parameters
* size (int or tuple of ints)— The shape of the array.

* dtype — Data type specifier. Only numpy.float32 and numpy.float64 types are
allowed.

Returns An array of uniformly distributed random values.
Return type cupy.ndarray
See also:

numpy .random.random_sample ()

cupy.random.sample

cupy.random.sample (size=None, dtype=<class 'float’>)
Returns an array of random values over the interval [0, 1).

This is a variant of cupy . random. rand ().
Parameters

* size (int or tuple of ints)- The shape of the array.
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* dtype — Data type specifier. Only numpy.float32 and numpy.float64 types are
allowed.

Returns An array of uniformly distributed random values.
Return type cupy.ndarray
See also:

numpy . random. random_sample ()

cupy.random.choice

cupy . random.choice (a, size=None, replace=True, p=None)
Returns an array of random values from a given 1-D array.

Each element of the returned array is independently sampled from a according to p or uniformly.

Note: Currently p is not supported when replace=False.

Parameters

* a(l-D array-like or int) - If an array-like, a random sample is generated from
its elements. If an int, the random sample is generated as if a was cupy .arange (n)

* size (int or tuple of ints)-The shape of the array.
* replace (boolean)— Whether the sample is with or without replacement.

* p(1-D array-1ike)— The probabilities associated with each entry in a. If not given
the sample assumes a uniform distribution over all entries in a.

Returns
An array of a values distributed according to p or uniformly.

Return type cupy.ndarray

See also:

numpy . random.choice ()

cupy.random.bytes

cupy.random.bytes (length)
Returns random bytes.

See also:

numpy .random.bytes ()

Distributions

cupy.random.beta Beta distribution.
cupy.random.binomial Binomial distribution.

Continued on next page
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https://docs.scipy.org/doc/numpy/reference/generated/numpy.random.random_sample.html#numpy.random.random_sample
https://docs.python.org/3/library/functions.html#int
https://docs.python.org/3/library/functions.html#int
https://docs.scipy.org/doc/numpy/reference/generated/numpy.random.choice.html#numpy.random.choice
https://docs.scipy.org/doc/numpy/reference/generated/numpy.random.bytes.html#numpy.random.bytes
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cupy.random.chisquare Chi-square distribution.

cupy.random.dirichlet Dirichlet distribution.

cupy.random.exponential Exponential distribution.
