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Background — Disruptive Trends

Annual Size of the Global Datasphere 175 ZB

“* Exponential growth in compute demand,

largely driven by data supporting machine
learning (ML), training models. II

https://www.i-scoop.eu/big-data-action-value-context/data-age-2025-datasphere/

% Such data is increasingly processed over
custom, heterogeneous hardware: CPUs,
GPUs, TPUs, FPGAs, etc.

% Data lakehouses: Rise of open table formats,
decouple query engine from storage, ability to
perform mutable transactions on tables.
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https://www.cidrdb.org/cidr2021/papers/cidr2021_paper17.pdf

Motivation — SparkSQL as a Service [fe

SparkSQL has been an in this market.
The shift towards lakehouses has created opportunities for SparkSQL-as-a-Service providers.

For external customers: For internal constituents:

% Hyperscalers: Amazon EMR, Azure Synapse, | Pinterest, Meituan, Netflix, Stripe, etc.
Google Dataproc, Alibaba EMR, etc. % Operates at a scale that rivals the

% Databricks (available on all public clouds) hyperscalers.

Motivation for an (Gluten):

% The Photon solution is not available to the Spark community.
*» Due to scale/TCO for above customers, the Delta Lake approach is not feasible.
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The Gluten Open-Source Software Project

TPC-H/DS/SSB Query
lBenchmark We envision Gluten to:

: Trino/Fink... i “ support a variety of workloads &

execution frameworks

substrait

“* generalize across query engines
I sub-plan compile & arbiter I (e.g., Velox, CliCkhOUSG, Arrow)
General Purpose CPU
FPGA GPU
n nde || executor | | executor < run on heterogeneous hardware
t (e.g., CPUs, GPUs, FPGAS)
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Performance Characterization
Spark vs. Spark+Gluten+Velox

TPC-H Like Benchmarks TPC-DS Like Benchmarks
SF2T Performance SF2T Performance
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Performance Characterization
Microarchitectural Analysis

Instruction Path Length with and without Gluten+Velox

Instruction Path Length Instruction Path Length
(w/ TPC-H Like Query) (w/ TPC-DS Like Query)

lower is better lower is better

S 72%less
64% less

A.

Gluten+Velox Gluten+Velox

Reduction in Path Length leads to huge performance savings.
% fewer instructions required to produce the same output
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Performance Characterization
Shuffle Write Reduction

Shuffle Write Sizes with and without Gluten+Velox (compression: 1z4)

Total Shuffle Write Size (GB) in TPC-H Like SF2T Total Shuffle Write Size (GB) in TPC-DS Like SF2T

1412.33
2940.93

__15%sizereduced
T 2507.28

. 25%sizereduced

1065.41

Gluten+Velox Gluten+Velox

% Columnar-based shuffle can take advantage of compression codecs (e.g., 1z4, zlib, zstd).

% Users can choose codec based on columnar data type to get higher compression ratio for
better performance.
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Gluten Community Participation and Adoption

Active Community Participation:

“* 10+ companies across the globe have made contributions to the Gluten
Project.

Increasing Adoption:

% Strong interest from various hyperscalers and large Spark customers in trying
Gluten for their offerings.

ﬁgluten Public <X Edit Pins ~ ® watch 26 ~ % Fork 213 v Starred 642 v
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Future Directions

“* Develop an Application Binary Interface (ABI)
“ Extend Gluten as a JNI bridge to other query engines
% Target heterogeneous hardware

* Offload Spark shuffle to hardware accelerators (e.g., Intel-QAT) for
additional performance improvements
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https://ceur-ws.org/Vol-3462/CDMS8.pdf
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Configurations

Hardware Platform

1x Ethernet Controller 1225-LM
NIC .
1x Ethernet interface
2x 1.5T INTEL SSDPE2KE016T8
1x 447.1G INTEL SSDSC2BB48
1x 447.1G INTEL SSDSC2KB48

7x 3.5T INTEL SSDPF2KX038TZ

Table 1: Hardware Configuration.

Software ltorm

Operating System Ubuntu 22.04.1 LTS
Linux Kernel 5.16.0-051600rc5-generic
JDK version 1.8

GCC version(Gluten only) 11

351

Table 2: Software Configuration.
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Gluten working model

Worker Node

- “‘
LAl

Executor

Block 1
manager i

Driver Node

Worker Node

manager

Task Thread

Operator 1 Operator 2

Opérator 3

Fall

<>

JVM SQL

v

Engine Gluten Plugin

Operators

Expressio
n
JIT

Whole
Stage
Code Gen

Native Library

Apache Arrow
Computer
Engine

The Gluten Open-Source Software Project — Modernizing Java-based Query Engines for the Lakehouse Era

13



Gluten - architecture
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