Understanding and Resolving
NumPy Broadcast Errors: A Guide
to “ValueError: operands could not
be broadcast together with shapes

Authored by
Mohammed looti

November 2, 2025

Mohammed looti (2025). Understanding and Resolving NumPy Broadcast Errors: A Guide to
“ValueError: operands could not be broadcast together with shapes. PSYCHOLOGICAL
STATISTICS. Retrieved from https://statistics.arabpsychology.com/?p=8836

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com



https://statistics.arabpsychology.com/?p=8836
https://statistics.arabpsychology.com/?p=8836
https://statistics.arabpsychology.com/?p=8836
https://statistics.arabpsychology.com/?p=8836
https://statistics.arabpsychology.com/?p=8836
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com

Understanding and Resolving NumPy Broadcast Errors: A Guide to “ValueError: operands could not be
broadcast together with shapes

When specializing in scientific computing using NumPy, the foundational library in Python for
handling large, multi-dimensional arrays, developers frequently encounter challenges related to
array dimensions. One of the most persistent and often confusing runtime exceptions is the
ValueError: operands could not be broadcast together with shapes (X,Y) (A,B).

This exception is a direct signal of a fundamental dimensional incompatibility. It arises because the
arrays involved fail to satisfy the strict rules governing broadcasting, which is necessary for the
requested arithmetic operation to proceed. In the context of array multiplication, this error
overwhelmingly indicates a critical confusion between element-wise operations and true linear
algebra matrix multiplication.

This guide provides an expert breakdown of the underlying causes of this specific ValueError,
clarifying why Python raises the exception, and offering definitive, practical solutions utilizing the
correct dedicated NumPy functions designed for linear algebra.

Understanding the ValueError Message

The appearance of ValueError: operands could not be broadcast together with shapes
signals that the chosen operation, typically array multiplication using the standard asterisk operator
(*), requires the input arrays to possess compatible geometries as defined by NumPy's internal
rules. The error message explicitly provides the incompatible shapes, such as (2, 2) (2, 3), which
are crucial clues for diagnosis.

This exception is most commonly thrown when a user attempts an element-wise operation
(Hadamard product) on arrays that are dimensionally suited only for true linear algebra
multiplication. For instance, attempting to multiply a (2,2) matrix by a (2,3) matrix using the
element-wise operator will immediately trigger this failure because element-by-element pairing is
impossible.

The error often manifests in the console in a format similar to this, highlighting the specific
incompatible shapes:

ValueError: operands could not be broadcast together with shapes (2,2) (2,3)

Resolving this error hinges entirely on understanding the profound mathematical and
computational difference between performing multiplication on corresponding elements and
performing the dot product required for proper matrices.

The Core Conflict: Element-Wise vs. Matrix Multiplication

The primary source of confusion for new NumPy users lies in the overloaded nature of the asterisk
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operator (*). When applied to NumPy arrays, this operator defaults to performing element-wise
multiplication, also known as the Hadamard product. For this operation to succeed, the arrays must
either share identical shapes or their shapes must align perfectly under the rules of broadcasting.

Conversely, true matrix multiplication adheres strictly to the algebraic definitions established in
linear algebra. For this operation, if Matrix A has dimensions (m x n) and Matrix B has dimensions
(n x p), the resulting product C will be (m x p). The critical requirement is that the inner dimensions

(n) must match. This operation is correctly implemented in NumPy using functions like
numpy.dot(), or the dedicated matrix multiplication operator (@ introduced in Python 3.5+,

The ValueError arises because the NumPy interpreter, upon encountering the element-wise
operator (*), attempts to apply the broadcasting mechanism. Since arrays dimensionally
compatible for matrix multiplication (e.g., 2x2 and 2x3) are often incompatible for element-wise
operations, the broadcasting rules fail immediately, triggering the exception rather than performing
the linear algebra calculation the user intended.

Reproducing the Error with Incompatible Shapes

To clearly demonstrate the failure mode, let us define two arrays that are mathematically
compatible for matrix multiplication but incompatible for element-wise operations. We will use
Matrix C (2x2) and Matrix D (2x3). In linear algebra, these matrices can be multiplied because the
number of columns in C (2) matches the number of rows in D (2).

Consider the 2x2 matrix C:

C= /7 5
6 3

And the 2x3 matrix D:

The correct linear algebra multiplication (dot product) of C by D yields a 2x3 matrix, calculated as:
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CxD= 7*2+5%5 7*1+5"1 74+ 52
6*2+3"5 61+ 3"1 64+ 3*2

The resulting matrix from the dot product is:

CxD= 39 12 38
27 9 30

When we attempt to execute this intended operation in Python using the element-wise
multiplication operator (*), the dimensional mismatch triggers the exception:

import numpy as np

#define matrices
C = np.array().reshape(2, 2)
D = np.array().reshape(2, 3)

#print matrices
print(C)

print(D)

#attempt to multiply two matrices together using the element-wise operator (*)
C*D

ValueError: operands could not be broadcast together with shapes (2,2) (2,3)

As demonstrated, the code terminates with the expected ValueError because the shapes (2,2)
and (2,3) cannot be successfully paired element-by-element, regardless of their compatibility for
linear algebra.
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Deconstructing NumPy's Broadcasting Rules

Broadcasting is a powerful feature in NumPy that allows arithmetic operations to be performed on
arrays of differing shapes, provided they meet specific criteria. If two arrays are broadcastable,
NumPy effectively "stretches" the dimensions of the smaller array to match the larger one without
actually copying the data, enabling the element-wise operation.

The strict rules governing broadcasting compatibility are straightforward. When NumPy compares
the shapes of two arrays, it begins by examining the trailing (rightmost) dimensions and progresses
leftward. Two dimensions are deemed compatible only if they satisfy one of the following two
conditions:

When operating on two arrays, NumPy compares their shapes element-wise. It starts with the
trailing (i.e. rightmost) dimensions and works its way left. Two dimensions are compatible when

they are equal, or
one of themis 1

If these conditions are not met, a ValueError: operands could not be broadcast together
exception is thrown, indicating that the arrays have incompatible shapes.

Applying these rules to our failing example, the shapes are (2, 2) and (2, 3). We compare them
starting from the right: the first pair of dimensions is 2 and 3. Since 2 is not equal to 3, and neither
dimension is 1, the compatibility check immediately fails. The error message is therefore a precise
technical report: the shapes (2,2) and (2,3) violate the broadcasting rules necessary for element-
wise multiplication.

The Definitive Solution: Using the Correct Multiplication Function

Since the user's true intention in most cases where this error appears is not element-wise
multiplication but true matrix _multiplication (the dot product), the fix requires replacing the

ambiguous element-wise operator (*) with the function specifically designed for linear algebra.

The most robust and traditional way to resolve this common ValueError is by employing the
numpy.dot() function or its array method equivalent (e.g., C. dot ( D) ). For environments running
Python 3.5 or newer, the dedicated matrix multiplication operator (@ offers the cleanest, most
readable syntax for this precise operation.

By switching to . dot () or “@", we explicitly instruct NumPy to perform linear algebra multiplication.
This operation bypasses the element-wise broadcasting rules entirely, relying instead on the linear
algebra requirement that the inner dimensions must match (2 and 2 in our case). This successful
execution confirms that the arrays were dimensionally incompatible only for the Hadamard product,
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not the dot product.
Here is the corrected code utilizing the . dot () method:
import numpy as np

#define matrices
C = np.array().reshape(2, 2)
D = np.array().reshape(2, 3)

#perform matrix multiplication using the .dot() method
C.dot(D)

array(,

)

The successful output confirms that the ValueError is resolved. The resulting array matches the
manually calculated dot product shown earlier, validating the successful execution of the linear
algebra operation.

Summary and Best Practices

The ValueError: operands could not be broadcast together with shapes is perhaps the most
frequent dimensional error encountered when working with numerical programming in NumPy. It
serves as a crucial reminder of the dual nature of multiplication operations within the library.

To avoid this error and ensure code clarity, always adhere to the following operational distinction:

The asterisk operator (*) should only be used for element-wise operations (Hadamard product),
which strictly relies on NumPy's broadcasting rules for dimensional compatibility.
For true linear algebra matrix multiplication (dot product), always use the numpy.dot() function or

the dedicated "@" operator. This operation only requires inner dimensions to match, independent
of broadcasting rules.

Before executing complex calculations, it is highly recommended to confirm the shapes of your
input arrays using the array. shape attribute. This proactive step helps pre-empt dimensional
errors and ensures that the chosen operator aligns with the mathematical intent, thereby
preventing unexpected runtime exceptions.

Additional Resources

The following tutorials explain how to fix other common errors in Python and NumPy:
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How to Fix: ValueError: cannot convert float NaN to integer
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