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Understanding Data Binning and Discretization

Data binning, also known as discretization, is an essential technique in data preprocessing,
particularly when dealing with variables that exhibit a wide range of values. The core goal of this
process is to transform continuous data into a set of finite, ordered discrete intervals or categories,

commonly referred to as bins or buckets. This transformation is crucial for several reasons,
including mitigating the effects of small errors in measurement, managing outliers, and improving
the stability and interpretability of models, especially those sensitive to continuous inputs, such as
decision trees or certain machine learning algorithms.

When working within the vast ecosystem of PySpark, data preparation tasks must be handled
efficiently across distributed datasets. PySpark offers robust, scalable tools specifically designed
for this purpose, housed primarily within the pyspark. m . f eat ur e module. Properly implemented
binning allows analysts and data scientists to group similar values together, revealing underlying
patterns that might be obscured by the granularity of the raw, continuous scale. For instance,
instead of analyzing precise age values, we might categorize individuals into age groups (e.g.,
20-30, 31-40), which simplifies analysis and often enhances predictive power.

PySpark provides two primary classes for achieving this transformation: the Bucketizer and the
QuantileDiscretizer. The choice between these two depends heavily on the desired binning

strategy. The Bucketizer facilitates fixed-width or custom-defined interval binning, relying on
manually specified split points. In contrast, the QuantileDiscretizer focuses on creating buckets that
contain an approximately equal number of observations, ensuring a uniform distribution of records
across the resulting categories, which is often desirable for handling skewed data distributions.

Implementing Fixed-Width Binning with Bucketizer

The most straightforward approach to discretizing continuous features in PySpark involves using
the Bucketizer class. This transformer is ideal when the boundaries of your bins are already known
or when you require fixed, uniform intervals. To utilize the Bucketizer, you must first define the
specific split points that delineate the edges of your desired bins. These split points form an array
that must be sorted in ascending order and effectively determine how the input column values will
be partitioned.

The core functionality of the Bucketizer relies on its constructor, which takes crucial parameters:
splits,inputCol, and out put Col . The spl i ts parameter, a list of numerical values, establishes
the boundaries. It is important to remember that the resulting bins will be left-inclusive and right-
exclusive (e.qg., ,
inputCol="points',
outputCol='bins")
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#perform binning based on values in 'points' column
df_bins = bucketizer.setHandlelnvalid('keep").transform(df)

Detailed Breakdown of Bucketizer Splits

The definition of the spl i t s array----is critical, as it dictates the resulting numerical index assigned
to each record in the new 'bins' column. Since there are N split points, the Bucketizer will generate
N-1 bins, indexed sequentially starting from 0. Understanding these boundaries is key to
interpreting the output of the PySpark transformation.

For the specific array provided, the transformation effectively creates five bins. The index assigned
to the new 'bins' column directly corresponds to the sequential order of these intervals. By default,
the assignment mechanism ensures that the lower bound of each interval is inclusive, while the
upper bound is exclusive, adhering to standard mathematical notation ,

#define column names
columns =

#create dataframe using data and column names
df = spark.createDataFrame(data, columns)

#view dataframe
df.show()

S — S — +

|player|points|
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| E| 12]

| F| null|

| G| 15

| H| 17]
[1]19]

| J] 22]

B —  — +

Applying the Bucketizer Transformation (Handling Invalid Data: 'Keep")

Now that the DataFrame is prepared, we apply the Bucketizer using the same split definitions
established earlier: . A crucial configuration step involves setting the invalid data handling strategy
using the set Handl el nval i d() method. In this initial demonstration, we utilize the argument
' keep' , which instructs PySpark to retain any invalid values (such as nulls or non-numeric entries)
and assign them to a dedicated output bin, typically represented by a null value in the new column.

The transformation is executed using the . t r ansf or n( df ) method, resulting in a new DataFrame,
df _bi ns. This DataFrame incorporates the original 'player' and 'points' columns alongside the
newly created 'bins' column, which categorizes the continuous data. Reviewing the output confirms

that the bin indices (0.0, 1.0, 2.0, 3.0, 4.0) accurately reflect the defined split boundaries, effectively
transforming the raw scores into discrete intervals.

Observe the results for Player F: because the poi nt s value was nul | , and we specified ' keep' ,
the corresponding value in the new bi ns column is also recorded as nul | . This strategy ensures
no records are lost during the binning process, making it suitable when subsequent stages of the
ETL pipeline are responsible for handling missing values.

from pyspark.ml.feature import Bucketizer

#specify bin ranges and column to bin
bucketizer = Bucketizer(splits=,
inputCol="points’,

outputCol='bins")

#perform binning based on values in 'points' column
df_bins = bucketizer.setHandlelnvalid(‘'keep").transform(df)

#view new DataFrame
df_bins.show()

S E— R N
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|player|points|bins|
B —— S — +-at
| Al 3] 0.0

| B] 8] 1.0]

| C| 9] 1.0]

| D| 9] 1.0]

| E| 12| 2.0]

| F| nulljnuli]

| G| 15| 3.0|

| H| 17] 3.0]

[ 1] 19] 3.0|

| J] 22| 4.0]

B — S — +-t

Controlling Invalid Data Handling (The 'Skip' Strategy)

While the ' keep' strategy is useful for retaining the full row count, often, invalid or missing data
points are undesirable for modeling or downstream analysis. For scenarios requiring the complete
removal of records that cannot be placed into a defined bin, the Bucketizer provides the alternative
handling mode: ' skip'. Specifying set Handl el nval i d(' ski p') instructs the PySpark
transformation engine to discard any rows where the value in the i nput Col (‘points') falls outside
the defined split range or is explicitly null or NaN.

This approach results in a smaller, cleaner DataFrame, guaranteeing that every record remaining
has been successfully assigned to one of the valid discrete intervals (0 through 4, in our example).

This method is widely employed in feature engineering pipelines where robustness is prioritized
over retaining every single observation, especially if the missing data rate is low.

The code below demonstrates how to adjust the invalid handling parameter to ' ski p' and re-
execute the binning process. When comparing the output of this execution with the previous one,
notice the immediate removal of the row corresponding to Player F, confirming that the nul | entry
was successfully filtered out before the final DataFrame was displayed.

from pyspark.ml.feature import Bucketizer

#specify bin ranges and column to bin
bucketizer = Bucketizer(splits=,
inputCol="points',

outputCol='bins")

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://spark.apache.org/docs/latest/api/python/reference/api/pyspark.ml.feature.Bucketizer.html
https://en.wikipedia.org/wiki/Discrete_data
https://scales.arabpsychology.com/?p=110580
https://scales.arabpsychology.com
https://scales.arabpsychology.com

How to Bin Data in PySpark: A Step-by-Step Guide

#perform binning based on values in 'points' column, remove invalid values
df_bins = bucketizer.setHandlelnvalid('skip').transform(df)

#view new DataFrame
df_bins.show()

B —  — B —
|player|points|bins|
S S — R —
| A] 3] 0.0

| B| 8] 1.0]

| C| 9] 1.0]

| D] 9] 1.0]

| E| 12] 2.0]

| G| 15] 3.0

| H| 17| 3.0|

[ 1] 19] 3.0

| J] 22| 4.0|

S — S — ot

Notice clearly that the row that contained null in the points column (Player F) has simply been
removed from the resultant DataFrame, confirming the successful application of the ' ski p'
handling strategy.

Alternative Approach: Quantile Discretization

While Bucketizer is essential for fixed-interval binning, data distributions are often skewed,
meaning fixed intervals might lead to some bins being highly populated while others remain
sparse. To address this issue, PySpark offers the QuantileDiscretizer. This transformer
automatically determines the split points based on the underlying distribution of the data, aiming to

create bins that each contain roughly the same number of observations.

The QuantileDiscretizer is defined by the number of bins desired (nunBucket s). Instead of

supplying manual split points, the transformer calculates quantiles (e.g., quartiles, deciles) from the
input column data. This method is particularly useful when the goal is to standardize the population
density across categories, making the resulting bins more balanced for subsequent analytical
processes. However, it is important to note that the resulting split points might not be easily
interpretable integers, unlike the manually defined boundaries used in Bucketizer.

Using the QuantileDiscretizer requires careful consideration of potential edge cases, such as
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handling highly discrete input columns where many values are identical. If the input data has many
identical values near a desired quantile boundary, it might not be possible to achieve perfectly
equal observation counts in every bin. Nonetheless, for transforming truly continuous data into

balanced groups, this method often provides superior results compared to arbitrary fixed-width
binning.

Summary of PySpark Binning Strategies

Effective data binning is a fundamental step in feature engineering that leverages PySpark's
powerful distributed processing capabilities. Choosing between the Bucketizer (for fixed or custom
intervals) and the QuantileDiscretizer (for equal-frequency bins) depends on the specific analytical

goals and the nature of the data distribution. Both tools provide necessary controls for handling
invalid data, ensuring the resulting dataset is clean and structured for modeling.

The key takeaway is the meticulous definition of split points for the Bucketizer, ensuring they are
sorted and correctly capture the desired range [min, max). Furthermore, the appropriate invalid
handling strategy--keeping nulls for later processing or skipping them for immediate cleansing--
must be chosen based on the pipeline requirements. Mastering these techniques ensures robust
and scalable data preparation in large-scale Spark environments.

For comprehensive details regarding all available parameters, transformation behaviors, and
advanced configurations, always refer to the official documentation for the relevant PySpark
feature transformer classes.
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