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Point queries: queries that operate over a
relatively small subset of the data.

Workloads characterized by small operations
but at a higher rate.

For a reasonable performance, reads should
complete in a few milliseconds (or less).

Optimizing point reads in DataFusion:
- Storage (Parquet files)
« Execution
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Machine:

« Ubuntu 26.04 LTS x86_64

« c4d-standard-4 (4 vCPUs, 15GB RAM) (for most tests)
c4d-highcpu-8 (8 vCPUs, 15GB RAM) (for tests that use multiple cores)

- 100GB HyperDisk, 6k IOPS, 500 MB/s
Dataset: 100M rows (k bigint, v varchar) =*
Workload: filter by k (1 row), 1 client *
DataFusion 54, rustc 1.97.1

Each optimization builds on the Tlast.

Unless otherwise stated.
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« Test: Sorted by key (True) vs random (False).
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0

« Point reads on a sorted file are 6000x faster!
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« If the filtering key has two (or more)
columns, sorting the file by k1,k2 might
result in multiple row groups being accessed
if the number of rows per unique k1 is not
divisible by the number of rows in each row
group.

« Test: Table with schema k1,k2,v, sorted by
k1,k2 and k2,k1. There are 1k unique k1l
values and 100k unique k2 (~100k rows per k1

value). Row group size = 100k.

—

Order

k1l,k2
k2,k1
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Throughput (reads/s)
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Sorted by k1,k2
DataSourceExec (avg)
row_groups=2/1K

Sorted by k2,k1
DataSourceExec (avg)
row_groups=1/1k

Sorted k1,k2

k1 € [0,1]
k2 € [0,100k]

row-group-1

ki1 € [1,2]
k2 € [0,100k]

row-group-2

k1 € [2,3]
k2 € [0,100k]

row-group-3

Sorted k2,k1

k1=0 A k2=0

k1 e [0,1k] K1,k2: 1 row g
k2 € [0,1200] Kk2,k1: 1 row g

row-group-2 row-group-1

row-group-3 -

kl=1 A k2=0
kl,k2: 2 row g
k2,k1: 1 row g

1 € [0,1K] k1=1 A k2=100

€ [100,200] k1,k2: 2 row g
k2,k1: 2 row g

In this
example, the
probability of

€ [200,300] multiple groups
in the file
sorted by k2,kl
is reduced, as
there are more
unique k2
values.
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« Test: File with (default) and without
dictionary encoding.

True
0 250 500 750 1000
Throughput (reads/s)

Enabled

e Test: File with and without (default)
bloom filters.

True
0 250 500 750 1000
Throughput (reads/s)
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1
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ERRERRERE
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« Disable both for high-cardinality
columns.



group and page sizes.

Default: 20k rows/page, 1M

rows/group.
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e Test: File with different row
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« Test: Scans of different sizes ("WHERE
k BETWEEN ? AND ? + read_size"), with
files of different page sizes (row
groups fixed to 512k).

1.0

512k
256k
ﬁlﬁﬁ 0.8 * 2k or 4k sized
2 3ok pages for both
£ 16k i
o 0.6 point reads and
N large scans.
o 2K - 0.4
g 1k
o 512
256 -0.2
128
64 AL (Throughput
129 xxx== normalized by
e read size)

Read size (rows)



« Test: Different compression algorithms with
different read sizes.

Algorithm

uncompressed

1256 1140 585 88
snappy 1170 | 856
gzip(1) 938

gzip(3) 918

gzip(9) 936

brotli(0)

Algorithm

brotli(3)

brot1i(11)
1z4
1z4_raw
zstd(1)
zstd(3)
zstd(22)

10k 100k 1M 10M

Read size (rows)
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uncompressed

snappy
9zip(1)
gzip(3)
9zip(9)
brot1i(0)
brotli(3)
brot1i(11)
1z4
1z4_raw
zstd(1)
zstd(3)
zstd(22)

0 1 2 3 4
File size (GB)

LZ4 for speed, ZSTD for space.



« “target_partitions” controls the parallelism
in a query (default = number of cores).

« Test: target_partitions set to 1 and 8 with
different read sizes.

c0 11296(1201|1196|1162 302 4.6

il 1553 1495 1477 1420 1082 333 40 P4l

Partitions

1 10 100 1k 10k 100k 1M 10M
Read size (rows)

e For small reads, it is better to set it to 1.
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« “pushdown_filters” pushes filters directly to
the Parquet scan, removing a FilterExec node.

« Even disabled (default), row groups and pages
are still pruned based on the predicate, but
entire pages are returned.

« Test: pushdown_filters enabled and disabled
with different read sizes.

1523 1460 1471 1433 1083 329
« Enable for

Enabled
True False

1 10 100 1k 10k 106k 1M 106M

Read size (rows)
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1616 1528 1519 1449 1064 | 291 5.9 small reads.

Retrieving a single row

pushdown_filters disabled
FilterExec (output_rows=1)
DataSourceExec (output_rows=1k)

pushdown_filters enabled
DataSourceExec (output_rows=1)

Enable parquet filter pushdown (filter_pushdown)

by default #3463 7

a o

e alamb opened on Sep 13, 2022

[EPIC] Fix performance regressions when enabling
parquet filter pushdown (late materialization)

#20324 2
o alamb opened on Feb 12

13 #23420

Last edited by alamb ~

Last edited by alamb ~

Member = ***

Member = ***

Development

{3 Enable Parquet Row and Page Filtering by
default (WIP)
apache/datafusion

13 Enable parquet pushdown filter by default
apache/datafusion

1} TEST: enable pushdown_filters and
reorder filters by default
apache/datafusion

1} TEST: enable pushdown filters by default
apache/datafusion

i} feat(parquet): Enable Parquet
“filter_pushdown' by default, with heurstic

fallback when projecting few non-filter
columns

apache/datafusion
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Execution

Cache Metadata

« DataFusion caches Parquet metadata since feat: Cache Parquet metadata in built in parquet reader #16971
alamb merged 4 commits into apache:main from nuno-faria:cache_parquet_metadata (D) on Aug 2, 2025

version 50.0.0 (Aug 2025). This reduces
repeated work on consecutive reads.

QY Conversation 42 -0- Commits 4 El Checks 28 Files changed 18

nuno-faria commented on Jul 29, 2025 Member | *+*

« Test: Enabling and disabling the metadata

cache with different table sizes. * Keep 1t enabled. Increase

“metadata_cache_1limit" if

~ \ Plan statistics for 100M rows necessary (default:SOMB) .
~ 20001
E; . Enabled , ,
® 1500 - Tl . > SELECT path, metadata_size_bytes, hits
- | DataSourceExec: _ FROM metadata_cache();
2 1000 - N time_elapsed_opening=373.17us +
& \ path | metadata_size_bytes | hits |
© 5ggq """ Disabled “‘ Disabled +
= —— Enabled \ DataSourceExec: | t.parquet | 19752725
+

§ ; N time_elapsed_opening=12.33ms
N O
YIRTY RRFY RPP

Table size (rows)
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A large part of the time in small queries =+ Test: Queries with no prepared

is spent on creating the physical plan. statements (no), DataFusion
= prepared statements (logical),

and a custom implementation
that reuses physical plans
(physical).

“Emmw
Efpeasess

1 no @ logical B physical

il
:

5&&

T IE T TS

i

@\;W‘.,,Mm,,

filter
filter+order
o
" Logical plan: ~12% © filter+group
Physical plan: ~50% d
filter+join

DataFusion supports prepared statements,  fiiter+join+groupsorder

but only reuses the logical plans. 0 1000 2000 3000 4000
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« Test: Different memory allocators with
different read sizes (default=system).

Y1 4354| 4489 4393 3909 1985
BLEIRNIE 5014 5038 4945 4310 2011
RN FRRNIE 5192 5145 5195 4565 2081
dlmalloc 1707
SIEINEE 5532 5299 5160 4501 2096
I EYRIIE 5044 5065 5087 4409 2109
o ERRN el 4826 4733 4608 4110 2019

Memory Allocator

1 10 100 1k 10k 100k 1IM 106M
Read size (rows)

« mimalloc is the best overall choice.
snmalloc is also good for point reads.
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Execution
Runtime

Andrew Lamb talk @ Tokio Conf 2026

1466947

« DataFusion uses the Tokio runtime. Works well
for few large queries with a lot of I/0, but
can make it harder to scale multiple clients. Using Tokio for

CPU-Bound Tasks
(Works Really Well)

@ influxdata®

« Test: Execute queries with multiple clients
with "tokio::task::spawn":

usion, Parquet)

o . New single-threaded runtime for
Existing runtime each client

) ) 25000 - 100 -
tokio:: task:: spawn( tokio:: task::spawn(async move { - -+ default
async move { std:: thread::spawn(move || { & 26000 _. 8at | S<hole-threaded
R
let ctx = ... let rt = new_current_thread() §15%0_ .
.enable_all() o g
. o
.buitld () £ 10000 - Z 40
. > &
.Unwpap() L _g 5000 -=-=-- default 20
rt.block_on(async { = — single-threaded
-Let C.tX = e o o 0 T T T T T T T T 0 T T T T T T
1 2 3 4 5 6 7 8 0 100 200 300 400 500
Clients Time (s)
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Sorted file 698 1.43
Disable Dictionary Encoding 1062 0.94
Row Group / Page Configuration 1370 0.73
Target Partitions 1553 0.64
Pushdown Filters 1616 0.62
Prepared Statements 4606 0.22
Mimalloc Allocator 5192 0.19
Single-threaded Runtime 5433 0.18

Each optimization builds on the last.

« Throughput 7.78x faster than the sorted file baseline.
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