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Who are we?

« Mike Sokolov

= Lucene Project Management Committee chair
= Principal Engineer on Amazon Product Search

« Mike Froh

= Amazon Software Development Engineer
= Previously worked on AWS Search Services and Amazon CloudWatch
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M > Source: Unknown author, Georgian palimpsest. Public domain.
Ol I I l I lu n I y O e https://en.wikipedia.org/wiki/Palimpsest#/media/File:Georgian_paliphsest_V-VI_cc.jpg
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Amazon product search
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Apache Lucene

Open-source search library

Used in Elasticsearch, Apache Solr, Amazon product search, many
other Amazon services, and all over the world

Seven committers and 20+ contributors at Amazon
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Amazon product search architecture
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Amazon product search architecture
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Source: Plate XXIV. The S.S. Teacher's Edition: The Holy Bible. New York: Henry Frowde, Publisher to the
University of Oxford, 1896.
https://commons.wikimedia.org/wiki/File:Codex_ephremi_(The_S.S._Teacher%?27s_Edition-
The_Holy_Bible_-_Plate_XXIV).jpg
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Search basics

‘ Fire TV Cube

Fire TV Stick

. Fire TV Recast

Fire 7 Tablet
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Search basics
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Search basics

TN

aws

N1 © 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.



Search basics

1 ‘
TS

aws

N1 © 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.



Search basics

cube—— 1

fire —> 1,[2]3, 4

tv — 1,2, 3
fire stick stick . @

all =~ fire stick

in Electronics recast — 3

I — 4

tablet — 4

aws

N1 © 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.



How Apache Lucene writes an index

A Writer thread
T = Writer thread | |
& WIF Segment

4

e Writer thread . S E
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Merging segments

Searchable
"Segmentinfos”

Segment

- Segment
Segment

Segment
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Concurrent search
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Too many small segments

« Commit flushes many tiny segments
« Per-segment overhead
« Constantly applying new updates

« Want to merge before searchers see lots of segments
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Community > Code

Source: Unknown author. Codex Nitriensis, palimpsest, public domain.
https://commons.wikimedia.org/w/index.php?curid=15991495
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How do Lucene merges work?

Input Segment

Output Segment
Input Segment

Acquire

Input Segment lock

Update live
Segmentinfos

Release
lock

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
]
Ly
1
1
! r
[
A
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

aws

N1 © 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.



Anatomy of a Lucene commit

Acquire
lock

Clone
Segmentinfos |,
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for commit
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Segmentinfos
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Put the merge in the commit

« What we commit is what we replicate (is what we search)
« Compute merge(s) while we still hold the flush lock
« Don't hold lock while the merge runs

« Return Segmentinfos that reflect merge(s)
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Success!

avg # segments searched
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An issue is born (in Lucene JIRA)

-— Lucene - Core / LUCENE-8962
vL

Can we merge small segments during refresh, for faster searching?

v Details
Improvement e LSED |
Major Ynresolved
None main (9.0), 8.6, 8.7
corefindex
None
New 03/Sep/19 18:41
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First GitHub PR (of 10!)

[ apache /lucene-solr  Public

¢> Code I1 Pull requests 278 (¥) Actions ['] Projects () Security |~ Insights

LUCENE-8962: Add ability to selectively merge on commit #1155

o BV CGEL I msokolov merged 9 commits into apache:master from msfroh:LUCENE-8962 |i—,_| on Mar 2, 2020

L) Conversation 38 o~ Commits 9 Fl Checks 2 [£) Files changed 12

o msfroh commented on Jan 7, 2020 Contributor

Description

If we have many index writer threads, they will flush their DWPT buffers
on commit, resulting in many small segments, which can be merged before
the commit returns.
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Things break

@ msokolov merged commit 843c5df into apache:master on Mar 2, 2020 View details
2 checks passed

[[Z asfgit pushed a commit that referenced this issue on Mar 2, 2020

o_. LUCENE-B962: Add ability to selectively merge on commit (#1155) - al791e7

e ©  dnhatn reviewed on Mar 5, 2020 View changes

dnhatn left a comment Member = =+s

| was investigating some test failures in Elasticsearch after we upgraded to the 8.5 snapshot. | suspect they are caused by this
PR. | think there are several concurrency issues in this PR.

@mikemccand @msokolov @msfroh Can you please take a look? Thank you.
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Randomized testing

« Varies event sequences like commit, refresh, add/delete document

« Unearths rare cases
« Captures seed for repeatability (usually!)

« randomizedtesting spun out as a standalone project
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Powerful test contributed

LUCENE-9268: Add some random tests to IndexWriter #1331

e [,L-. 8 dnhatn wants to merge 3 commits into apache:master from dnhatn:add-random—test |i—,_|

) Conversation 8 o Commits 3 Fl Checks 3 [#] Files changed 1

g dnhatn commented on Mar 7, 2020 Member

Add some tests that perform a set of operations randomly and concurrently on IndexWriter.

O ﬂ LUCENE-9268: Add some random tests to IndexWriter v 3825b36
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Revert (: won’t be the last either :)

IS5 revercts commit a

Michael Sokolov added a comment - 07/Mar/20 14:00

I'm leaving on master for now until we can sort out how to move forward

Simon Willnauer added a comment - 07/Mar/20 15:17

Wouldn't it be easier to sort it all out in a branch rather on master?

Nhat Nguyen added a comment - 07/Mar/20 17:54

| have translated some Elasticsearch tests (see failed-tests.patch®) to Lucene. The test
testMergeOnCommitKeepFullyDeletedSegments consistently fFails because mergeFinished
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PR 1552 - Another try

LUCENE-8962: merge small segments on commit #1552
msokolov merged 15 commits into master from jira/lucene-896: |i—,_| on Jun 18, 2020

(A Conversation 50 o- Commits 15 Fl Checks 2 [£] Files changed 13

Q msokolov commented on Jun 3, 2020 - edited - Contributor = s«-

LUCENE-8962: This PR revisits the merge-on-commit patch submitted by @msfroh a little while ago. The only change from
that earlier PR is a fix for failures uncovered by TestindexWriter.testRandomOperations, some whitespace cleanups, and a
rebase on the current master branch. The problem was that updateSegmentinfosOnMergeFinish would incorrectly decRef a
merged segments' files if that segment was modified by deletions (or updates) while it was being merged.

With this fix, | ran the failing test case several thousands of times with no failures, whereas before it would routinely fail after a
few hundred test runs.
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Simplified implementation

& msokolov reviewed on Jun 18, 2020

msokolov left a comment \Vlembe Author
Thanks for organizing this so nicely, @s1monw -- I'll wait a bit, maybe @mikemccand has some comment, and then push

® 91

s1monw commented on Jun 18, 2020 Member (2) *--

@msokolov you are more than welcome. | think it's a great example how OSS works or should work thanks for being so patient

with me :)

© %o
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But wait

Simon Willnauer added a comment - 22/Jun/20 20:20

Mike Sokolov I think | have bad news for you. | think we forgot about an important
guarantee that we have from updateDocument that is now with this Feature enabled not
holding up anymore. During a merge we carry over deletes that are made concurrently to

There’'s more!

s1imonw commented on Jun 26, 2020 Member  Author = (&) -

Wow! | didn't realize that capturing/cloning live docs at a point in time would be so complicated. | learned a lot from
this PR about how deletes are handled. Thanks, Simon!

@msfroh | didn't either :) it's been a while that | digged into merging code and | think the same is true for @mikemccand
- | am impressed how far you got in this pretty complex class. I'd love to see you digging more and coming up with more
stuff like this. Thank you for contributing this. | am always happy to help. This entire process from the first patch to the
feature being integrated is a great example of how amazing OSS is.
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Contributing to open source

« Exposed our change more widely
« Led to a better solution

« Builds bridges connecting a worldwide community

adws
2]



Thank you!
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