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My Background
• Committer and PMC member of Apache Lucene and Solr - main focus is on 

development of Lucene Core.
• Implemented fast numerical search and maintaining the new attribute-based text 

analysis API. Well known as Generics and Sophisticated Backwards Compatibility 
👮.

• Elasticsearch lover.
• Working at MARUM, University of Bremen
• Working as consultant and software architect at SD DataSolutions GmbH in 

Bremen, Germany.
• Maintaining PANGAEA (Data Publisher for Earth & Environmental Science) where I 

implemented the portal's geo-spatial retrieval functions with Apache Lucene Core 
and Elasticsearch.



10 year Overview

Heavy Committing era

Finite State era

Hotspot era

👮 era

令和 era



Heavy committing!

Berlin Buzzwords 2010/2011: The soundtrack of the movie development



Simon Willnauer says...

“once there was a huge 
flow of commit email 

messages coming in on 
the mailing list… about 

50 or so…”



Backwards compatibility

Long history in Lucene development was strict 
backwards compatibility!

On new releases, tests from previous version were forked into 
current dev tree, compiled against old JAR file and then ran 

against new JAR file!



Deprecations? Generics?

Lucene 3.0 was first version “minimum Java 5”

• Generics added (that cool feature in Java 5)

Lucene 2.9 was identical to Lucene 3.0, just with 
Java 1.4 and without generics!
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Token Attributes

• First try to get rid of Token class
• ...but in a backwards compatible way!
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Lucene 4

• Start of development: 2010
• “Flexible indexing” (branch)
• Release: December 2012



Architecture



New 4-dimensional Enumeration-API



Fun moments

Surrogates dance
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FieldCache, 
die die die!



DocValues / Column Stride Fields



Finite State Era

“Automata invasion”



Trie Range Queries



Regex, Wildcard, Fuzzy

● Without constant prefix, exhaustive

○ Regex: (http|ftp)://foo.com

○ Wildcard: ?oo?ar

○ Fuzzy: foobar~

● Re-implemented as automata queries

○ Just parsers that produce a DFA

○ Improved performance and scalability

○ (http|ftp)://foo.com examines 2 terms.



Automaton Queries

• Only explore subtrees that can lead to an accept 
state of some finite state machine.

• AutomatonQuery traverses the term dictionary 
and the state machine in parallel







Hotspot era

How to crush Java?



Remember 2011?
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Reaction

Oracle (Rory O’Donnell) contacted Lucene PMC.

Weekly preview builds.

Other Open Source projects started to test with 
preview builds of Java 8 – and later Java 9...

Easy and fast bug reporting!





Memory 

mapping the 

index

Java makes it hard!



Why?



Interesting Detail

In Java 9,

sun.misc.Unsafe

got a new method:

void invokeCleaner(ByteBuffer b)



👮 era

Testing, testing, testing + static code analysis



RANDOMIZE YOUR TESTS AND 
IT WILL BLOW YOUR SOCKS 
OFF! *)

Dawid Weiss: More Challenges for JVM!
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https://goo.gl/YY7tjJ


Randomization everywhere
• Input data, iteration counts, arguments.

– Random, constraint-bound, shuffled

• Software components.
– If multiple implementations exist: Field, Directory abstraction, 

IndexSearcher…

• Environment.
– Locale, Timezone,…

– JVM (!), operating system

• Exceptional triggers.
– I/O problems, network problems (using mocks or runtime 

engineering)
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https://github.com/randomizedtesting/randomizedtesting


RandomizedRunner's goals

Compatibility
with JUnit (and tools). At 99%, relax contracts when useful.

Built-in randomization
including reporting/ stack augmentations.

Test isolation
by tracking spawned threads. Timeouts. Terminations.

Utilities
@Repeat, @Seed, @Nightly, @TestGroup, @TestFactories…
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https://github.com/randomizedtesting/randomizedtesting
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myString.toLowerCase()
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} catch (Exception e) {

// Eclipse autogenerat

e.printStackTrace();

}

(GregorianCalendar) Calendar.getInstance()

new InputStreamReader(is)
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Forbidden-APIs
• Keep Lucene free of „unsafe“ APIs:

– Locale sensitive calls using system default

– Use of platform‘s default charset

– Same applies to timezones and default use of non-
Gregorian calendars (e.g., Thai).

• Other no-gos:
– Printing to System.out/err

– Creating threads without name



Forbidden-APIs
• Used by other projects, too:

– Elasticsearch (with Gradle)

• Available through Maven Central

– Ant plugin, Maven Mojo, Gradle plugin

– Various signature files included: “unsafe”, JDK 
deprecated methods, System.out



https://github.com/policeman-tools/forbidden-apis

Policeman’s Forbidden Apis



POLICEMAN JENKINS

24/7 randomized testing using many JVMs (-settings)



Missing parts
• JVM randomization
• JVM settings randomization

– Garbage collector

– Bitness: 32 / 64 bits

– Server / Client VM

– Compressed OOPs (ordinary object pointer)

• Platform
– Linux, Windows, MacOS X, Solaris
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令和 era
Lucene 8



“The” Change

• New result collection engine
– Allows short circuit if total count is not needed

• Works for combinations of many query types!



How does it work?

• Add some information about maximum TF
and norm to posting list blocks (e.g., 64 
postings or larger)

• Multi-Level: same stats for block of blocks!
• Stored in already existing “Skip List”
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Faster top-k document retrieval using 

block-max indexes. SIGIR '11 

Proceedings of the 34th international ACM 

SIGIR conference on Research and 

development in Information Retrieval, 

Pages 993-1002, 

https://doi.org/10.1145/2009916.2010048

https://doi.org/10.1145/2009916.2010048
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THANK YOU!
Questions?



SD DataSolutions GmbH
Wätjenstr. 49

28213 Bremen, Germany
+49 421 40889785-0

https://www.sd-datasolutions.de

https://www.sd-datasolutions.de/

