
©2021 Databricks Inc. — All rights reserved

Deep Dive into the New 
Features of Apache 
Spark 3.2 and 3.3

1

Data + AI Summit 2022

Xiao Li gatorsmile

Wenchen  Fan cloud-fan

Daniel Tenedorio dtenedor



©2021 Databricks Inc. — All rights reserved

The Spark team at 
About Us

Xiao Li
(Github: gatorsmile)

Wenchen Fan 
(Github: cloud-fan) 

Daniel Tenedorio
(Github: dtenedor) 

https://github.com/gatorsmile
https://github.com/cloud-fan
https://github.com/dtenedor


©2021 Databricks Inc. — All rights reserved

5000+
Across the globe

CUSTOMERS

     Lakehouse
One simple platform to unify all of 

your data, analytics, and AI workloads

The Data and AI Company
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Community 
Updates

4

GrowthAward



2022 ACM SIGMOD Systems Award 
“Recognize system with significant impact on the
theory and practice of large scale data systems”

“Apache Spark is an innovative, 
widely-used, open-source,
unified data processing system 
encompassing relational, streaming,
and machine-learning workloads.”
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45 Millions
Monthly downloads
(maven and PyPI)
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Growth of PySpark

204
Number of Countries and Regions

(PyPI downloads in the last 12 months) 



Top paying technologiesSalary increase based on frameworks known
Over global average salary ($54,491 USD)

2020
Developer
Survey

2022
Developer
Survey

+48.7%

+34.6%

+29.6%

+29.4%

+19.3%

+10.7%

+8.7%

+7.4%

+6.3%

+3.7%

+2.2%

+1.2%

+1.0%

+0.1%

Backbone.js

Cocoa

Ruby on Rails

Spark

Struts

.NETCore

React

ASP

Vue.js

Angular JS

JSF

Spring

Django

ExpressJS

$87,948

$83,182

$76,000

$74,651

$70,920

$70,920

$70,385

$67,409

$66,600

$66,480

Apache Spark

Apache Kafka

Hadoop

Tidyverse

.NET

Hugging Face
Transformers

Uno Platforms

Pandas

NumPy

Torch/PyTorch
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SQL and Python
● SQL and Python are the 3rd and 4th 

most popular language in Stack 
Overflow Developer Survey 2022

● SQL and Python are the top 2 
languages in Databricks’ interactive 
workloads

Language Distribution in Databricks’ 
Interactive Workloads

Programming, language and scripting 
in Stack Overflow Developer Survey 2022

https://insights.stackoverflow.com/survey/2021#section-most-popular-technologies-programming-scripting-and-markup-languages
https://insights.stackoverflow.com/survey/2021#section-most-popular-technologies-programming-scripting-and-markup-languages


©2021 Databricks Inc. — All rights reserved

PerformanceFeatures

Python

Extensions More

Usability

Whole-stage 
codegen

Trigger
AvailableNow

DSV2 
Pushdown Log4J 2

ANSI 
Enhancements

QO/AQE
Enhancements

Built-in 
Functions

Hidden File 
Metadata

Hive Bucket 
Writing

Runtime 
Filtering

Parquet 
Vectorized Reader DSV2 APIs Apple 

Silicon
New Doc for 

SparkR

Python String 
Formatter

timedelta
Support

Error Message
Improvements

SQL Configs in 
Spark UI

pandas API
Coverage

mapInArrowPython/Pandas 
UDF Profiler

Java 17

Inline Type 
Hints

Customized 
K8S 

Scheduler

1,600+ JIRAs in Apache Spark 3.3
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ExtensionsANSI SQL Compliance

Python

Performance More

Streaming

DSV2 MetricsLateral Join

Adaptive 
Optimization 

GA

Push-based 
Shuffle

ANSI Mode
GA

Parquet 1.12
(Column Index)

Implicit Type 
Cast Interval Type

AQE + DPP

DSV2 API 
Enhancements

Compiler Latency 
Reduction

Whole-stage 
codegen

Java 17
Beta

Scala 2.13 
Beta

State Store 
APIs

Visualization 
and Plotting

RocksDB 
State Store

Session 
Window

Pythonic Error 
Handling

Richer 
Input/Outputpandas APIs

Explicit Error 
Classes

Kafka 2.8

Complex Type 
Support in ORC

1,700+ JIRAs in Apache Spark 3.2
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Project Zen: 
Python Usability

12

Visualization 
and Plotting

Pythonic Error 
Handling

Richer 
Input/Outputpandas APIs

Python String 
Formatter

timedelta
Support

mapInArrowPython/Pandas 
UDF Profiler

Inline Type 
Hints
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2020: Project Zen

Spark + AI Summit 2020
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2021: pandas APIs on Spark
Apache Spark 3.2
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2020-2022: PySpark Adoption

5X
Monthly PyPI 
Downloads

Monthly PyPI Downloads of PySpark
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pandas APIs on Spark
Performance improvements

- Optimized single-machine performance

- Scalability beyond a single machine

Apache Spark 3.2
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pandas APIs on Spark
Performance improvements

Whole-stage 
Codegen 

Improvement
QO/AQE

Enhancements
Runtime 
Filtering

Parquet 
Vectorized Reader

Delta 
Lake 2.0

New Performance 
Enhancements of Query  
Engine in Spark 3.2 & 3.3

…

Apache Spark 3.2 & 
3.3
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pandas APIs on Spark
Performance improvements Query with default Index

~2 X Faster 

Distributed sequence index by default 
(SPARK-37649)

- Scale out better in distributed systems

>>> import pyspark.pandas as ps

>>> ps.options.compute.default_index_type

'distributed-sequence'

Apache Spark 3.3

https://issues.apache.org/jira/browse/SPARK-37649
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Better coverage in 
Spark 3.3 after the 
initial support in 
Spark 3.2

Compatibility with 
pandas 1.3

Full list of supported 
API [DOC]

Apache Spark 3.3

https://spark.apache.org/docs/latest/api/python/user_guide/pandas_on_spark/supported_pandas_api.html
https://spark.apache.org/docs/latest/api/python/user_guide/pandas_on_spark/supported_pandas_api.html
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pandas APIs on Spark
Better coverage in Spark 3.3 after the initial support in Spark 3.2

- ps.merge_asof (SPARK-36813)

- DataFrame.combine_first (SPARK-36399)

- DataFrame.cov (SPARK-36396)

- TimedeltaIndex (SPARK-37525)

- MultiIndex.dtypes (SPARK-36930)

- ps.timedelta_range (SPARK-37673)

- ps.to_timedelta (SPARK-37701)

- Timedelta Series (SPARK-37525)

Apache Spark 3.3

https://issues.apache.org/jira/browse/SPARK-36813
https://issues.apache.org/jira/browse/SPARK-36399
https://issues.apache.org/jira/browse/SPARK-36396
https://issues.apache.org/jira/browse/SPARK-37525
https://issues.apache.org/jira/browse/SPARK-36930
https://issues.apache.org/jira/browse/SPARK-37673
https://issues.apache.org/jira/browse/SPARK-37701
https://issues.apache.org/jira/browse/SPARK-37525
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pandas APIs on Spark
ASOF JOIN: ps.merge_asof (SPARK-36813)

For each row in the left DataFrame:

• A “backward” search selects the last row in the right DataFrame 
whose ‘on’ key is less than or equal to the left‘s key. [Default]

• A “forward” search selects the first row in the right DataFrame    
whose 'on' key is greater than or equal to the left's key.

• A "nearest" search selects the row in the right DataFrame whose 'on‘ 
key is closest in absolute distance to the left's key.

 Optionally match on equivalent keys with 'by' before searching with 'on'.

Apache Spark 3.3

- Join records that 
have no exact match

- An ordered left-join 
except that we match 
on nearest key rather 
than equal keys. 

https://issues.apache.org/jira/browse/SPARK-36813
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pandas APIs on Spark
ASOF JOIN: ps.merge_asof (SPARK-36813)

Join on column B

Apache Spark 3.3

A B C

A1 1 C1

A2 5 C4

A3 10 C8

A B

A1 1

A2 5

A3 10

B C

1 C1

2 C2

4 C4

6 C6

8 C8

merge_asof

from pyspark import pandas as ps

df1 = ps.DataFrame(
    {"A": ['A1', 'A2', 'A3'],
     "B": [1, 5, 10]})
df2 = ps.DataFrame(
    {"B": [1, 2, 4, 6, 8],
     "C": ['C1', 'C2', 'C4', 'C6', 'C8']})

ps.merge_asof(df1, df2, on='B')

df1 df2

https://issues.apache.org/jira/browse/SPARK-36813
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pandas APIs on Spark
ASOF JOIN: ps.merge_asof (SPARK-36813)

Join on column B by column ID

Apache Spark 3.3

A B ID C

A1 1 10 None

A2 5 15 C2

A3 10 20 C8

A B ID

A1 1 10

A2 5 15

A3 10 20

B ID C

1 8 C1

2 15 C2

4 18 C4

6 19 C6

8 20 C8

merge_asof

from pyspark import pandas as ps

df1 = ps.DataFrame(
    {"A": ['A1', 'A2', 'A3'], 
     "B": [1, 5, 10], 
     "ID": [10, 15, 20]})
df2 = ps.DataFrame(
    {"B": [1, 2, 4, 6, 8], 
     "ID": [8, 15, 18, 19, 20], 
     "C": ['C1', 'C2', 'C4', 'C6', 'C8']})

ps.merge_asof(df1, df2, on='B', by='ID')

df1 df2

https://issues.apache.org/jira/browse/SPARK-36813
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pandas APIs on Spark
ASOF JOIN: ps.merge_asof (SPARK-36813)

Implementation via a scalar subquery

Apache Spark 3.3

SELECT LEFT.*, __right__.*
FROM (
     SELECT
          LEFT.*,
          (
               SELECT min_by(struct(RIGHT.*), LEFT.t - RIGHT.t) AS __nearest_right__
               FROM RIGHT
               WHERE condition AND LEFT.t >= RIGHT.t AND RIGHT.t >= LEFT.t - tolerance
          ) AS __right__
     FROM LEFT
     )
WHERE __right__ IS NOT NULL

https://issues.apache.org/jira/browse/SPARK-36813
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Timedelta
datetime.timedelta support

• A duration expressing the difference between two date, time, or datetime 
instances to microsecond resolution. 

• Can be used in any place including Python/Pandas UDFs

• Internally mapped to DayTimeIntervalType in Spark SQL (SPARK-37275)

• Example:
ps.merge_asof(

    df1, df2, on='time', by='id', tolerance=datetime.timedelta(days=1))

Apache Spark 3.3

https://docs.python.org/3/library/datetime.html#available-types
https://issues.apache.org/jira/browse/SPARK-37275
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from pyspark import pandas as ps; from datetime import date

df1 = ps.DataFrame(
    {”date": [date(2020, 1, 1), date(2020, 1, 1), date(2020, 1, 2), date(2020, 1, 2)],
     "id": [1, 2, 1, 2],
     "quantity": [100, 50, -50, 90]})
df2 = ps.DataFrame(
    {”date": [date(2019, 12, 31), date(2020, 1, 2), date(2020, 1, 2)],
     "id": [1, 1, 2],
     "price": [100.0, 105.0, 195.0]})

ps.merge_asof(df1, df2, on=date', by='id', tolerance=datetime.timedelta(days=1))

26

Timedelta
Join on column B by column ID in tolerance 
of datetime.timedelta(days=1))

Apache Spark 3.3

date id quantity

2020-1-1 1 100

2020-1-1 2 50

2020-1-2 1 -50

2020-1-30 2 90

date Id price

2019-12-31 1 100.0

2020-1-2 1 105.0

2020-1-2 2 195.0

merge_asof

df1 df2

date id quantity price

2020-1-1 1 100 100.0

2020-1-1 2 50 NaN

2020-1-2 1 -50 105.0

2020-1-30 2 90 NaN
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pandas APIs on Spark
Better coverage in the next releases

- ps.Series.autocorr

- ps.Series.duplicated

- ps.Series.interpolate

- ps.Series.resample

- ps.DataFrame.corrwith

- ps.DataFrame.interpolate

- ps.DataFrame.resample

- ps.groupby.GroupBy.ewm

In Development
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pandas APIs on Spark

To pandas users:

• A drop-in replacement for pandas

• Scale to fault-tolerant clusters of thousands of machines.

• Support streaming applications via foreachBatch APIs

• Integrate with the scalable Spark Mllib

• Integrate with the whole Spark ecosystem (e.g., Delta Lake, MLflow)

• Query data via SQL language 

Apache Spark 3.2
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PySpark
Python standard string formatter in SQL [PEP 3101]

Apache Spark 3.3

DataFrame, Column, and Python built-in type supported (SPARK-37516)

mydf = spark.range(10)
spark.sql("SELECT {tbl.id}, {tbl[id]}, {col} FROM {tbl}",
    tbl=mydf, col=mydf.id)

column id

https://peps.python.org/pep-3101/
https://issues.apache.org/jira/browse/SPARK-37516
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PySpark
Better autocompletion

- Parameter types

Apache Spark 3.3

Spark 3.2

In Databricks notebook,
<Tab> : Autocomplete

Spark 3.3
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PySpark
Better documentation

- Parameter types

- Return types

Apache Spark 3.3In Databricks notebook,
<Shift> + <Tab> : Docstring

Spark 3.2

Spark 3.3
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PySpark
Python/Pandas UDF Profiler

Apache Spark 3.3

from pyspark.sql.functions import udf; import time

_ = spark.range(10).select(

   udf(lambda x: time.sleep(1))("id")

).collect()

sc.show_profiles()

============================================================
Profile of UDF<id=12>
============================================================
         30 function calls in 10.009 seconds

   Ordered by: internal time, cumulative time

   ncalls  tottime  percall  cumtime  percall filename:lineno(function)
       10   10.009    1.001   10.009    1.001 {built-in method time.sleep}
       10    0.000    0.000   10.009    1.001 <command-1635211799533119>:2(<lambda>)
       10    0.000    0.000    0.000    0.000 {method 'disable' of '_lsprof.Profiler' objects}
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ANSI SQL 
Compliance

33

Lateral 
Subqueries

ANSI Mode
GA

Implicit Type 
Cast

Interval TypeError Class
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Lateral Subqueries
To cross-reference the preceding from_items in the same FROM clause. 

Such a construct is called a correlated or dependent join. A correlated 

join cannot be a RIGHT OUTER JOIN or a FULL OUTER JOIN.

Apache Spark 3.2

SELECT *
FROM tab1,
  LATERAL (
    SELECT *
    FROM tab2 
    WHERE tab1.id = tab2.id
  )
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Lateral Subqueries
Also, make your queries simpler and more efficient, like CTE

Apache Spark 3.2

SELECT

    a1 + a2 + b3 + b4,

    (a1 + a2) * (b3 + b4),

    udf1(a1 + a2 + b3 + b4)

FROM tab1

Before After 

SELECT

    sumAB, sumA * sumB, udf1(sumAB)

FROM tab1,

LATERAL (SELECT

    (a1 + a2) as sumA),

LATERAL (SELECT 

    (b3 + b4) as sumB),

LATERAL (SELECT 

    (sumA + sumB) as sumAB)
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Interval Type
Represents intervals of time either on a scale of seconds or months

● day-time interval

SELECT INTERVAL -'200:13:50.3' HOUR TO SECOND;

SELECT CAST('11 23:4:0' AS INTERVAL DAY TO SECOND);

● year-month interval 

SELECT INTERVAL '100-00' YEAR TO MONTH;

SELECT INTERVAL '-3600' MONTH;

● Examples

SELECT * FROM tab WHERE date1 - date2 > INTERVAL 2 DAYS

SELECT (now() - INTERVAL '3 hours 20 minutes' - INTERVAL '1 year')

Apache Spark 3.3
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spark.sql.ansi.enabled 
(default: false) 

Follows the SQL 
standard in how it 
deals with certain 
arithmetic operations 
and type conversions, 
similar to most 
databases and data 
warehouses. 
Following this standard 
promotes better data 
quality, integrity, and 
portability.

ANSI Mode
Why it matters?

● Data quality and application sanity

● Reduce lock-in/improved portability

● Ease of integration with BI and external tools 

37

Apache Spark 3.3
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What’s changing?

- Operators

Operator Description Example ANSI_MODE 
= true

ANSI_MODE = 
false

dividend / 
divisor

Returns dividend divided by 
divisor. 1/0 Runtime error NULL

- expr Returns the negated value of expr. -(-128y) Runtime error -128y (Overflow)

expr1 - expr2 Returns the subtraction of expr2 
from expr1. -128y - 1y Runtime error 127y (Overflow)

expr1 + expr2 Returns the sum of expr1 and 
expr2. 127y + 1y Runtime error -128y (Overflow)

dividend % 
divisor

Returns the remainder after 
dividend / divisor. 1 % 0 Runtime error NULL

multiplier * 
multiplicand

Returns multiplier multiplied by 
multiplicand. 100y * 100y Runtime error 16y (Overflow)

arrayExpr[index] Returns the element of an 
arrayExpr at index.

Invalid 
array index Runtime error NULL

mapExpr[key] Returns the value of mapExpr for 
key.

Invalid map 
key Runtime error NULL

divisor div 
dividend

Returns the integral part of the 
division of divisor by dividend. 1 div 0 Runtime error NULL

Apache Spark 3.3

https://docs.databricks.com/sql/language-manual/functions/slashsign.html
https://docs.databricks.com/sql/language-manual/functions/slashsign.html
https://docs.databricks.com/sql/language-manual/functions/minussignunary.html
https://docs.databricks.com/sql/language-manual/functions/minussign.html
https://docs.databricks.com/sql/language-manual/functions/plussign.html
https://docs.databricks.com/sql/language-manual/functions/percentsign.html
https://docs.databricks.com/sql/language-manual/functions/percentsign.html
https://docs.databricks.com/sql/language-manual/functions/asterisksign.html
https://docs.databricks.com/sql/language-manual/functions/asterisksign.html
https://docs.databricks.com/sql/language-manual/functions/bracketsign.html
https://docs.databricks.com/sql/language-manual/functions/bracketsign.html
https://docs.databricks.com/sql/language-manual/functions/div.html
https://docs.databricks.com/sql/language-manual/functions/div.html
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What’s changing?

- Functions

Operator Description Example ANSI_MODE 
= true

ANSI_MODE = 
false

abs(expr) Returns the absolute value of the 
numeric value in expr. abs(-128y) Runtime error -128y (Overflow)

element_at(map
Expr, key)

Returns the value of mapExpr for 
key.

Invalid map 
key Runtime error NULL

element_at(arra
yExpr, index)

Returns the element of an 
arrayExpr at index.

Invalid 
array index Runtime error NULL

elt(index, expr1 [, 
…] ) Returns the nth expression. Invalid 

index Runtime error NULL

make_date(y,m,
d)

Creates a date from year, month, 
and day fields.

Invalid 
result date Runtime error NULL

make_timestam
p(y,m,d,h,mi,s[,tz]
)

Creates a timestamp from fields.
Invalid 
result 
timestamp

Runtime error NULL

make_interval(y,
m,w,d,h,mi,s) Creates an interval from fields.

Invalid 
result 
interval

Runtime error NULL

Apache Spark 3.3

https://docs.databricks.com/sql/language-manual/functions/abs.html
https://docs.databricks.com/sql/language-manual/functions/element_at.html
https://docs.databricks.com/sql/language-manual/functions/element_at.html
https://docs.databricks.com/sql/language-manual/functions/element_at.html
https://docs.databricks.com/sql/language-manual/functions/element_at.html
https://docs.databricks.com/sql/language-manual/functions/elt.html
https://docs.databricks.com/sql/language-manual/functions/elt.html
https://docs.databricks.com/sql/language-manual/functions/make_date.html
https://docs.databricks.com/sql/language-manual/functions/make_date.html
https://docs.databricks.com/sql/language-manual/functions/make_timestamp.html
https://docs.databricks.com/sql/language-manual/functions/make_timestamp.html
https://docs.databricks.com/sql/language-manual/functions/make_timestamp.html
https://docs.databricks.com/sql/language-manual/functions/make_interval.html
https://docs.databricks.com/sql/language-manual/functions/make_interval.html
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What’s changing?

- Functions

Operator Description Example ANSI_MODE 
= true

ANSI_MODE = 
false

mod(dividend, 
divisor)

Returns the remainder after 
dividend / divisor. mod(1, 0) Runtime error NULL

pmod(dividend, 
divisor)

Returns the positive remainder 
after dividend / divisor. pmod(1, 0) Runtime error NULL

size(expr) Returns the cardinality of expr. size(NULL) Runtime error -1

to_date(expr[,f
mt])

Returns expr cast to a date using 
an optional formatting.

Invalid expr 
or format 
string

Runtime error NULL

to_timestamp(e
xpr[,fmt])

Returns expr cast to a timestamp 
using an optional formatting.

Invalid expr 
or format 
string

Runtime error NULL

to_unix_timesta
mp(expr[,fmt])

Returns the timestamp in expr as 
a UNIX timestamp.

Invalid expr 
or format 
string

Runtime error NULL

unix_timestamp
([expr[, fmt]])

Returns the UNIX timestamp of 
current or specified time.

Invalid expr 
or format 
string

Runtime error NULL

Apache Spark 3.3

https://docs.databricks.com/sql/language-manual/functions/mod.html
https://docs.databricks.com/sql/language-manual/functions/mod.html
https://docs.databricks.com/sql/language-manual/functions/pmod.html
https://docs.databricks.com/sql/language-manual/functions/pmod.html
https://docs.databricks.com/sql/language-manual/functions/size.html
https://docs.databricks.com/sql/language-manual/functions/to_date.html
https://docs.databricks.com/sql/language-manual/functions/to_date.html
https://docs.databricks.com/sql/language-manual/functions/to_timestamp.html
https://docs.databricks.com/sql/language-manual/functions/to_timestamp.html
https://docs.databricks.com/sql/language-manual/functions/to_unix_timestamp.html
https://docs.databricks.com/sql/language-manual/functions/to_unix_timestamp.html
https://docs.databricks.com/sql/language-manual/functions/unix_timestamp.html
https://docs.databricks.com/sql/language-manual/functions/unix_timestamp.html
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What’s changing?

- Compile-time 
casting rules

Source 
type

Target type Example ANSI_MODE = true ANSI_MODE = false

Boolean Timestamp cast(TRUE AS TIMESTAMP) Compile time error
1970-01-01 
00:00:00.000001 
UTC

Date Boolean cast(DATE'2001-08-09' AS 
BOOLEAN) Compile time error NULL

Timestamp Boolean
cast(TIMESTAMP'1970-01-
01 00:00:00Z' AS 
BOOLEAN)

Compile time error FALSE

Integral 
numeric Binary cast(15 AS BINARY) Compile time error binary 

representation

Apache Spark 3.3
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What’s changing?

- Runtime casting

Source 
type

Target 
type

Condition Example ANSI_MODE = 
true

ANSI_MODE = 
false

String Non-string Invalid input cast('a' AS INTEGER) Runtime error NULL

Array, 
Struct, 
Map

Array, 
Struct, Map Invalid input cast(ARRAY('1',’2','3') 

AS ARRAY<DATE>) Runtime error NULL

Numeric Numeric Overflow cast(12345 AS BYTE) Runtime error NULL

Numeric Integral 
numeric Truncation cast(5.1 AS INTEGER) Runtime error 5

*Use try_cast() for null on error behavior

Apache Spark 3.3
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What’s changing
Casting Rules - implicit type coercion

● Non ANSI mode: a set of inconsistent rules

● ANSI mode: determined by type precedence and least 
common type resolution (SQL data type casting rules) for 
• Type promotion safely expands a type to a wider type.

• Implicit downcasting narrows a type. The opposite of promotion.

• Implicit crosscasting transforms a type into a type of another 
type family.

     e.g., string to any simple type

43

Apache Spark 3.3

https://docs.databricks.com/sql/language-manual/sql-ref-datatype-rules.html
https://docs.databricks.com/sql/language-manual/sql-ref-datatype-rules.html#type-promotion
https://docs.databricks.com/sql/language-manual/sql-ref-datatype-rules.html#downcasting
https://docs.databricks.com/sql/language-manual/sql-ref-datatype-rules.html#crosscasting
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What’s changing
Casting Rules - implicit type coercion

44

Apache Spark 3.3

Type precedence graph

(from narrowest to widest)

Note: NULL can be promoted to any other 
type, while a String can be promoted to any 
simple data type.
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What’s changing
Casting Rules - implicit type coercion

SELECT 5 = '5.1';

● Non ANSI mode: true
● ANSI mode: throw SparkNumberFormatException: 

[CAST_INVALID_INPUT] The value '5.1' of the type "STRING" cannot be 
cast to "BIGINT" because it is malformed. Correct the value as per the 
syntax, or change its target type. Use `try_cast` to tolerate malformed 
input and return NULL instead. If necessary set "spark.sql.ansi.enabled" to 
"false" to bypass this error.

== SQL(line 1, position 8) ==
select 5 = '5.1'
       ^^^^^^^^^

45

Apache Spark 3.3
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ANSI Mode

Apache Spark 3.3
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Error Framework
Actionable, stable, documented

A structured protocol and API to 
pass error structures and retrieve 
formatted output. Instead of a 
Java exception dump.

• Better error context exposed 
to users in
common runtime cases 

• Error Message Docs

• Example: DIVIDE_BY_ZERO

In Development

http://databricks-docs-dev.s3-website-us-west-2.amazonaws.com/error-messages/index.html
https://docs.databricks.com/error-messages/divide-by-zero-error-class.html
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What happened?

In Development
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How can I fix it? 

49

In Development
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More examples!

In Development
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Documentation 
and Environments

51

Java 17
Beta

Scala 2.13 
Beta Log4J 2 Apple Silicon

New Doc for 
SparkR

New Website for
Spark Docker Image
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● New homepage
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● New homepage

● New API reference 

doc for SparkR
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● New homepage

● New API reference 

doc for SparkR

● New API reference 

doc for pandas APIs
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● New homepage

● New API reference 

doc for SparkR

● New API reference 

doc for pandas APIs

● New official docker 

image available in 

docker hub
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Docker
Productivity improvements

docker run -it apache/spark /opt/spark/bin/spark-shell
docker pull apache/spark

docker run -it apache/spark /opt/spark/bin/spark-sql
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Scala 2.13 
Beta

Log4J2 
Upgrade

Apple 
Silicon

Java 17 
Beta
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Performance

5858

Adaptive 
Optimization 

GA

Compiler Latency 
Reduction

Whole-stage 
codegen

Runtime 
Filtering
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Runtime Filtering
Bloom filter joins

- Inject and push down Bloom filters for filtering data early on and reducing 
the intermediate data sizes for shuffle and computation.

Apache Spark 3.3
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Runtime Filtering
Bloom filter joins

Sort Merge 
Join

Shuffle Shuffle

Scan T1 Filter

Scan T2

Apache Spark 3.3

huge shuffle = slow :(
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Runtime Filtering
Bloom filter joins

Sort Merge 
Join

Shuffle Shuffle

Scan T1 Filter

Scan T2

Sort Merge 
Join

Shuffle Shuffle

Bloom Filter Filter

Scan T2Scan T1

Filter

Scan T2

less shuffle data size! 

scalar
subquery

Apache Spark 3.3
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Runtime Filtering
Bloom filter joins

How is this different from Dynamic Partition Pruning?

- Works for non-partitioned columns as join keys
- Works for large build side (bloom filter is data sampling)
- Only benefits if we can push down bloom filter through shuffles
- Cannot reduce table scan IO

Apache Spark 3.3
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Runtime Filtering
Bloom filter joins

Apache Spark 3.3

Example: SELECT * FROM R JOIN S ON R.r_sk = S.s_sk 
(Note: R could be a table subquery)

          ...

          + SortMergeJoin         

          |     Scan R

          + Scan S
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Runtime Filtering
Bloom filter joins

Apache Spark 3.3

          ...

          + BroadcastHashJoin         

          |    + Filter: may_contain(bf, hash(r_sk))

          |     |     + Subquery subquery#3

          |     |          +Aggregate [bf_agg] (8192, hash(s_sk)) AS bf

          |     |               + SubqueryBroadcast [s_sk]

          |     |                       + BroadcastExchange [s_sk, ...] #1

          |     |                               + Filter [...]

          |     |                            + Scan S

          |     Scan R

          + ReusedExchange [s_sk, ...] #1

Example: SELECT * FROM R JOIN S ON R.r_sk = S.s_sk 
(Note: R could be a table subquery)
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Runtime Filtering
Bloom filter joins

Apache Spark 3.3

Another example: TPC-DS Q32
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Runtime Filtering
Bloom filter joins

Apache Spark 3.3

Another example: TPC-DS Q32

● In the Spark UI, we see the new 
bloom filter.

● It reduced the rows generated 
by the preceding 
ColumnarToRow operator from 
123.6M down to 46K!



©2021 Databricks Inc. — All rights reserved 67

Adaptive Query Execution
Enabled by default since Spark 3.2

Adaptive query execution recomputes plans at shuffle boundaries to:

- Switch sort merge joins to hash joins (SPARK-35282)
- Enable broadcasting for hash joins (SPARK-35264)

Apache Spark 3.2 & 
3.3

Hash Join

Scan T1 Scan T2

shuffle boundary

Broadcast 
Hash Join

Scan T1 Scan T2

shuffle boundary

New!
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Adaptive Query Execution
Enabled by default since Spark 3.2

Other adaptive query execution features:

- Dynamic partition pruning (SPARK-34168)
- Eliminate limits during adaptive query execution (SPARK-36424)
- Optimize away one-row plans (SPARK-38162)

Apache Spark 3.2 & 
3.3



©2021 Databricks Inc. — All rights reserved 69

Adaptive Query Execution
Enabled by default since Spark 3.2

- Dynamic partition pruning (SPARK-34168)

Problem: scanning huge tables can materialize a lot of shuffle data and 
slow down queries!

Apache Spark 3.2 & 
3.3

Hash Join

Filter (day_of_week = ‘mon’)
Scan T1

huge data at the shuffle 
boundary = slow :(

Scan T2
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Adaptive Query Execution
Enabled by default since Spark 3.2

- Dynamic partition pruning (SPARK-34168)

Solution: propagate
filters to target stage.

Apache Spark 3.2 & 
3.3

Hash Join

Filter (day_of_week = ‘mon’)

Scan T1

shuffle boundary

Scan T2

dynamic partition pruning

New!
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Adaptive Query Execution
Enabled by default since Spark 3.2

Apache Spark 3.2 & 
3.3

Sort Merge Join

Sort Sort

Shuffle Write Shuffle Write

Left Child Right Child

Shuffle Read
5000 files

Shuffle Read
5000 files

Problem: many small file partitions at the shuffle boundary slow down 
query runtimes due to excessive per-file processing overhead!

huge number of file 
partitions at the 
shuffle boundary = 
slow :(
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Adaptive Query Execution
Enabled by default since Spark 3.2

Solution: Dynamically merge partitions together. After the shuffle write 
step is complete, the small files combine together!

Apache Spark 3.2 & 
3.3

Sort Merge Join

Sort Sort

Shuffle Write Shuffle Write

Left Child Right Child

Shuffle Read
5000 files

Shuffle Read
5000 files

Sort Merge Join

Sort Sort

Shuffle Write Shuffle Write

Left Child Right Child

Shuffle Read
1000 files

Shuffle Read
1000 files

New!
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Adaptive Query Execution
Enabled by default since Spark 3.2

Apache Spark 3.2 & 
3.3

Sort Merge Join

Sort Sort

Shuffle Write Shuffle Write

Left Child Right Child

Shuffle Read
L1, L2, L3 

Shuffle Read
R1, R2, R3

Problem: skewed joins slow down query runtimes by introducing 
“stragglers” which prevent stages from finishing quickly!

huge number of rows 
with the same join 
key in the same 
worker = slow :(
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Adaptive Query Execution
Enabled by default since Spark 3.2

Solution: Handling skewed joins dynamically after the shuffle write step is 
complete. Spark knows which keys are skewed
and performs a
split shuffle
read to
compensate!

Apache Spark 3.2 & 
3.3

Sort Merge Join

Sort Sort

Shuffle Write Shuffle Write

Left Child Right Child

Shuffle Read
L1, L2, L3 

Shuffle Read
R1, R2, R3

Sort Merge Join

Sort Sort

Shuffle Write Shuffle Write

Left Child Right Child

Split Shuffle Read
L1,
L2-1, L2-2, L2-3,
L3-1, L3-2, L3-1, L3-2

Split Shuffle Read
R1,
R2, R2, R2,
R3-1, R3-1, R3-2, R3-2

New!
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Blog post: 
https://databricks.com/blog/2020/05/29/adaptive-query-ex
ecution-speeding-up-spark-sql-at-runtime.html

Adaptive Query Execution

https://databricks.com/blog/2020/05/29/adaptive-query-execution-speeding-up-spark-sql-at-runtime.html
https://databricks.com/blog/2020/05/29/adaptive-query-execution-speeding-up-spark-sql-at-runtime.html
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• Inspired by Thomas Neumann’s 
paper

• Fuses a string of operators 
(oftentimes the entire stage) 
into one codegen operator that 
runs the generated code.

Scan

Filter

Project

Aggregate

long count = 0;

for (item in sales) {

  if (price < 100) {

    count += 1;

  }

}

Whole-Stage Code Generation

https://dl.acm.org/citation.cfm?id=2002940
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● Creates a  general-purpose 
execution engine just like Volcano 
model but without Volcano’s 
performance downsides:

- No virtual function calls
- Data in CPU registers
- Loop unrolling & SIMD

Scan

Filter

Project

Aggregate

long count = 0;

for (item in sales) {

  if (price < 100) {

    count += 1;

  }

}

Whole-Stage Code Generation
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Whole-Stage Code Generation
More coverage

Apache Spark 3.2 & 
3.3

- Sort-based aggregates without
grouping (SPARK-37564)

- Full outer sort merge join (SPARK-35352)
- Full outer hash join (SPARK-32567)
- Existence sort merge join (SPARK-37316)

Join

Filter

Project

Aggregate

...

New!
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Whole-Stage Code Generation
More coverage

Apache Spark 3.2 & 
3.3
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Compiler Latency Reduction
Small queries now run faster

- Query plans are immutable.
- The query planning sequence runs many rules until reaching "fixed point."

Apache Spark 3.2
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Compiler Latency Reduction
Small queries now run faster

- Each rule transforms the query plan for one purpose.
- It traverses the query plan and makes a copy to "change" the plan.

Apache Spark 3.2
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Compiler Latency Reduction
Make small queries faster

- Prune subtrees during query plan traversal (SPARK-35042)
- cheaper tree traversal

Apache Spark 3.2

- Speed up copying plan nodes (SPARK-34989)
- cheaper plan copies
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Compiler Latency Reduction
Make small queries faster

- Combine type coercion rules (SPARK-35103)
- fewer tree traversals

Apache Spark 3.2
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Compiler Latency Reduction
Make small queries faster

Apache Spark 3.2

- Speed up copying plan nodes (SPARK-34989)
- cheaper plan copies New!

TPC-DS query
speedups!
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Compiler Latency Reduction
Make small queries faster

- Prune subtrees during query plan traversal (SPARK-35042)
- cheaper tree traversal

- Speed up copying plan nodes (SPARK-34989)
- cheaper plan copies

- Combine type coercion rules (SPARK-35103)
- fewer tree traversals

- Many more!

Apache Spark 3.2

Hash Join

Scan T1 Scan T2
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86

Features

Trigger
AvailableNow

Built-in 
Functions

Hidden File 
Metadata

RocksDB 
State Store

Session 
Window

SQL Configs in 
Spark UI
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Built-in functions
43 new functions are added in Spark 3.2 and 3.3

Apache Spark 3.2 & 
3.3
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Built-in functions
43 new functions are added in Spark 3.2 and 3.3

Apache Spark 3.2 & 
3.3
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Built-in functions
43 new functions are added in Spark 3.2 and 3.3

Apache Spark 3.2 & 
3.3
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Built-in functions
43 new functions are added in Spark 3.2 and 3.3

Apache Spark 3.2 & 
3.3
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Built-in functions
43 new functions are added in Spark 3.2 and 3.3

Apache Spark 3.2 & 
3.3
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Built-in functions
43 new functions are added in Spark 3.2 and 3.3

Apache Spark 3.2 & 
3.3
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Hidden file metadata column
Make it easier to access file metadata

The hidden file metadata column is a special column named _metadata 
that can only be accessed by name, but not SELECT *.

Apache Spark 3.3
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Hidden file metadata column
Make it easier to access file metadata

Apache Spark 3.3

The hidden file metadata column is a special column named _metadata 
that can only be accessed by name, but not SELECT *.

Let’s look at a brief example of how we can go about using this feature.
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Hidden file metadata column
Make it easier to access file metadata

Apache Spark 3.3

The hidden file metadata column is a special column named _metadata 
that can only be accessed by name, but not SELECT *.

New!
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Session Window
Define sessions based on activity within structured streaming

Apache Spark 3.2

New!
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Session Window
Define sessions based on activity within structured streaming

Apache Spark 3.2
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New Structured Streaming Trigger: 
AvailableNow

Background: the existing one-time 
micro-batch trigger works when:

- You want to update your dashboard 
daily, where latency can be large.

- You want to process the input data 
incrementally, without processing the 
full data set every time.

- You want to save resources by 
avoiding keeping a long running 
streaming application online.

Apache Spark 3.3

New Data

Previous Data

user
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- How it works: the existing one-time 
micro-batch trigger starts a 
streaming application from 
checkpoint, processes all the new 
data until now, then stops.

- Problem: this can OOM if the new 
data until now is large!

Apache Spark 3.3

New Structured Streaming Trigger: 
AvailableNow

New Data

Previous Data

user



©2021 Databricks Inc. — All rights reserved 100

- Solution: the new trigger 
AvailableNow fixes this problem by 
running multiple micro-batches to 
process new data instead.

Apache Spark 3.3

New Structured Streaming Trigger: 
AvailableNow

New Data

Previous Data

user
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RocksDB State Store
More powerful and efficient state store

- Now supports storing unlimited per-operator state!
- Allows retrieving state via range scan instead of full scan.

Apache Spark 3.2
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Extensions

102

DSV2 Metrics
Parquet 1.12

(Column Index)
DSV2 API 

Enhancements
Complex Type 

Support in ORC

DSV2 
Pushdown

Hive Bucket 
Writing

Parquet 
Vectorized Reader
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Data Source V2: New APIs
Make your data sources more powerful

- Aggregate pushdown APIs (SPARK-34952)
- FunctionCatalog API (SPARK-27658)
- Required sorting and clustering for writes (SPARK-23889)

Apache Spark 3.2 & 
3.3

Final Aggregation

Partial Aggregation

shuffle boundary

Scan T

Scan T With Aggregation

New!
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Data Source V2: New APIs
Make your data sources more powerful

- Read and write metrics (SPARK-34338, SPARK-36030)
- Dynamic filtering (SPARK-35779)
- Storage Partitioned Join API and framework (SPARK-37375)
- Many more…

Apache Spark 3.2 & 
3.3

Projection

Filter

Scan T

Metrics:

● 78234963358 bytes read

● 87563 files scanned

● 456 files skipped
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Data Source V2: New APIs
Make your data sources more powerful

Apache Spark 3.2 & 
3.3

- APIs for group-based row-level operations (SPARK-38625)
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Data Source V2: New APIs
Make your data sources more powerful

Apache Spark 3.2 & 
3.3

- APIs for group-based row-level operations (SPARK-38625)
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Scan T With Top-N

107

Data Source V2: Better Pushdown APIs
Make your data sources more powerful

- DataSource V2 API: Top-N + Sample + LIMIT pushdown
(SPARK-37483 + SPARK-37038 + SPARK-37020)

- Partial + complete aggregate pushdown
(SPARK-37839 + SPARK-37644)

Apache Spark 3.2 & 
3.3

Top-N
New!

Scan T



©2021 Databricks Inc. — All rights reserved 108

Data Source V2: Better Pushdown APIs

- A new framework to represent 
Catalyst expressions 
(SPARK-37960)

- General aggregate functions in 
DataSource V2 API 
(SPARK-37789)

Make your data sources more powerful

Apache Spark 3.2 & 
3.3
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Apache Spark 3.2 & 
3.3

Final Aggregation

Partial Aggregation

shuffle boundary

Scan T

Scan T With Aggregation

New!

Built-in File Source Improvements

- Column indexes in Parquet vectorized reader (SPARK-34289)
- Aggregate (MIN/MAX/COUNT) push down for Parquet (SPARK-36645)
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Built-in File Source Improvements

- Column indexes in Parquet vectorized reader (SPARK-34289)
- Aggregate (MIN/MAX/COUNT) push down for Parquet (SPARK-36645)
- Complex types for Parquet vectorized reader (SPARK-34863)

Apache Spark 3.2 & 
3.3

Sort

Projection

Scan ParquetTable

Schema:

STRUCT<

  fieldA INT,

  fieldB ARRAY<STRING>,

  ...>
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Built-in File Source Improvements

- Apache ORC forced positional evolution (SPARK-32864)
- Nested columns in ORC vectorized reader (SPARK-34862)
- Aggregate push down for ORC (SPARK-34960)
- Many more!

Apache Spark 3.2 & 
3.3

Filter

Scan OrcTable

Schema:

STRUCT<

  fieldA INT,

  fieldB ARRAY<STRING>,

  ...>

 with aggregation:

  SUM(fieldA)
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Data Lake Data 
Warehouse

Delta Lake is the foundation of the 
Lakehouse
The open source table 
storage layer that 
brings the best of 
data lakes and data 
warehouses

Lakehouse
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Delta Lake 2.0 - All of Delta is now open
In Development

ACID 
Transactions

Scalable 
Metadata

Time Travel Open Source

Unified 
Batch/Streaming

Schema Evolution 
/Enforcement

Audit History DML Operations

OPTIMIZE

Compaction

OPTIMIZE 
ZORDER

Change data 
feed

Table Restore S3 Multi-cluster 
writes

MERGE 
Enhancements

Stream 
Enhancements

Simplified 
Logstore

Data Skipping 
via Column 

Stats

Multi-part checkpoint 
writes

Generated 
Columns

Column 
Mapping

Generated 
column support 
w/ partitioning

Identity Columns

Subqueries in 
deletes and 

updates

Clones

Iceberg to Delta 
converter

Fast metadata 
only deletes

Coming Soon!



©2021 Databricks Inc. — All rights reserved

Delta Features
Generated columns [DELTA-880]

Partition Filter 
inferred from filter 
on original column

Delta Lake 1.2

CREATE TABLE messages (
  id bigint, type string, data string
, eventTime timestamp,
, eventDate date GENERATED ALWAYS AS ( CAST(eventTime AS DATE) ) 
    COMMENT "derived from eventTime"
)

USING delta
PARTITIONED BY (eventDate)

SELECT *
FROM messages
WHERE eventTime >= date'2022-06-01'

https://github.com/delta-io/delta/issues/880
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Delta Features
Optimizing data layout with compaction [DELTA-927]

FILE##
.PARQUET

DELTA 
LOG

LOG###
.JSON

DELTA 
LOG

Rearrange the data 
and/or metadata to 
speed up queries 
and/or reduce the 
metadata size. 

Delta Lake 1.2

LOG###
.JSON

FILE##
.PARQUET

https://github.com/delta-io/delta/issues/927
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FILE MIN MAX

1 60 80

2 50 60

3 10 40

4 30 100

Delta Features
Data skipping [DELTA-923]

1 60 MARY

2 80 TOM

3 60 LISA

1 30 HARRY

2 100 RON

3 70 JEN

1 10 ANDY

2 40 TONY

3 20 ROSE

1 50 JAY

2 60 MIKE

3 55 SUE
X

SELECT ROW WHERE NUM = 70

Track file-level stats 
like min & max / 
leverage them to 
avoid scanning 
irrelevant files

Delta Lake 1.2

X

https://github.com/delta-io/delta/issues/923
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Delta Features
Optimizing data layout – Z-Ordering [DELTA-1134]

Data clustering via 
multi-column 
locality-preserving 
space-filling curves 
with offline sorting

In Development

https://github.com/delta-io/delta/issues/1134
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Delta Features
Change Data Feed! Problem: Reading 

just the changed 
rows is inefficient 
without more 
information.

Joining between
two versions can 
work if there are 
unique keys, but 
highly inefficient.

In Development
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Delta Features
Change Data Feed!

Solution: Store 
row-level changes 
generated by 
update,  delete, and 
merge operations.

In Development
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Delta Features
Z-order + optimize [DELTA-1134]

Data clustering via 
multi-column 
locality-preserving 
space-filling curves 
with offline sorting

In Development

TPC-DS query on Delta 2.0 comparing 
baseline, compaction, and Z-order

(Lower is better)

https://github.com/delta-io/delta/issues/1134


ANSI Modepandas APIs

Visualization 
and Plotting

Pythonic Error 
Handling

Compiler Latency 
Reduction

Log4J 2 Push-based 
Shuffle

Java 17
Beta

RocksDB State 
Store

Session 
Window

Adaptive 
Execution

Lateral Join

Hidden File 
Metadata

Inline Type 
Hints

Python/Pandas 
UDF Profiler

Trigger
AvailableNow

Python SQL

Interval Type

Bloom
Filter

Performance Usability

Streaming Misc.

Major Spark Improvements in 3.2 & 3.3
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Next Frontier:

Spark Connect
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Spark Connect
Thin client, with full power of Apache Spark

C
lie

nt
 A

PI

Spark’s Driver

Multi-tenant Application Gateway

Analyzer

Optimizer

Scheduler

Distributed Execution Engine

Applications

IDEs / Notebooks

Programming Languages / SDKs

Modern data application
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Spark Server

Client

Analysis Optimizer Scheduler Distributed
Execution Engine

spark.read.table(“logs”)
.select(“id”, extract_profile(“blob”).write.insertInto(“profiles”)

InsertInto `profiles`
+- Project
   +- UnresolvedTable `logs`

DataFrame API

Translated into logical
parse plan

Unresolved logical plan is sent 
to the server via gRPC/protobuf 

(language agnostic)

Results streamed back to 
the client via gRPC/Arrow 

(language agnostic)
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Spark Connect
Power of Apache Spark, everywhere, with a thin client

Application Servers / Web ServicesInteractive Development (notebooks / IDEs)

Edge Devices
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Spark Connect
Overcoming multi-tenant operational issues

Observability

Debuggability

Upgradability

Dependency 
conflicts

OOM Isolation OOM takes place locally in thin client, without killing Spark driver

Dependencies are contained for each application in their client 

Servers can be upgraded independent of clients, for performance 
and security patches

Step-through debugging in the client, just like other applications

Logging/metrics in thin client, just like other applications



Thank you for your 
contributions!



Xiao Li (lixiao @ databricks)
Wenchen  Fan (wenchen @ databricks)
Daniel Tenedorio (daniel.tenedorio @ databricks)


