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New features in Lucene Java 2.9

 Lucene now includes high-performance handling of numeric fields. Such fields
are indexed with a trie structure, enabling simple to use and much faster
numeric range searching without having to externally pre-process numeric
values into textual values

« Smarter, more scalable multi-term queries (wildcard, range, etc)

 Per segment searching and caching (can lead to much faster reopen among
other things)

« A freshly optimized Collector/Scorer API

« Scoring is now optional when sorting by field, or using a custom Collector,
gaining sizable performance when scores are not required

 Near real-time search capabilities added to IndexWriter
A new Attribute based TokenStream API

A new QueryParser framework in contrib with a core QueryParser replacement
impl included

* New Query types

* Improved Unicode support and the addition of Collation contrib

« New analyzers (PersianAnalyzer, ArabicAnalyzer, SmartChineseAnalyzer)
* New fast-vector-highlighter

Source: Release notes of Lucene Java 2.9
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Numeric Fields
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Problems with 2.4’s
RangeQueries/-Filters

« Classical RangeQuery hits TooManyClausesException
on large ranges and is very slow.

« ConstantScoreRangeQuery is faster, cacheable, but
still has to visit a large number of terms.

* Both need to enumerate a large number of terms from
TermEnum and then retrieve TermDocs for each term.

* The number of terms to visit grows with number of
documents and unique values in index (especially for
float/double values)
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TrieRange: How It works
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Supported Data Types

« Native data type: 1ong, int (standard Java

signed). All “tricks” like padding are not needed!

These types are internally made unsigned, each trie precision is
generated by stripping off least significant bits (using
precisionStep parameter). Each value is then converted to a

sequence of 7bit ASCII chars, result is prefixed with the number of
bits stripped, and indexed as term. Only 7 bits/char are used
because of most efficient bit layout in index (8 or more bits would
split into two or more bytes when UTF-8 encoded).

e« double, float: Converter to/from IEEE-754 bit
layout that sorts like a sighed long/int

 Date/Calendar: Convert to UNIX time stamp
with e.g. Date.getTime ()
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Speed

* Upper limit on number of terms, independent of

iIndex size. This value depends only on
precisionStep

 Term numbers: 8bit approx. 400 terms, 4 bit
approx. 100 terms, 2 bit approx. 40 terms

* Query time: in most cases <100 ms with
1,000,000 docs index, 13 numeric fields,
precisionStep 8 bit
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How to use (indexing)

* New convenience class NumericField that
optionally also stores the numeric value as
string. Provides various setters for different data

types.

* The work is done by NumericTokenStream,
which “tokenizes” the number into the binary
encoded trie terms.

Directory directory = new RAMDirectory():;
Analyzer analyzer = new WhitespaceAnalyzer();
IndexWriter writer = new IndexWriter (directory, analyzer,
IndexWriter.MaxFieldLength.UNLIMITED) ;
for (int 1 = 0; 1 < 20000; i++) {
Document doc = new Document () ;
doc.add (new Field("id", String.valueOf (i),
Field.Store.YES, Field.Index.NOT ANALYZED NO NORMS)) ;
doc.add (new NumericField ("newNumeric", 4,
Field.Store.YES, true) .setIntValue(i))
writer.addDocument (doc) ;

riter.close () ;
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How to use (searching)

* New classes: NumericRangeQuery,
NumericRangeFilter with “static” ctors per data type.

* OIld RangeQuery & co. is deprecated and replaced by
TermRangeQuery

« 4 different modes for MultiTermQueries: Conventional with scoring
(not recommended), constant score with Filter or BooleanQuery,
automatic constant score dependent on term count. WildcardQuery,
PrefixQuery and FuzzyQuery are MTQs since 2.9, too.

IndexSearcher searcher = new IndexSearcher (directory, true);
Query query = NumericRangeQuery.newIntRange (
"newNumeric", 4, 10, 10000, true, false);
TopDocs docs = searcher.search (query, null, 10);
assertNotNull ("Docs is null", docs);
assertEquals (9990, docs.totalHits);
for (int 1 = 0; i < docs.scoreDocs.length; i++) {
ScoreDocs d= docs.scoreDocs[i];
assertTrue (sd.doc >= 10 && sd.doc < 10000) ;
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NumericField and FieldCache

e NumericFields can be loaded into FieldCache
and will be used for sorting.

* FieldCache.AUTO / SortField.AUTO
deprecated.

* New range filter implementation based
completely on using the FieldCache:
FieldCacheRangeFilter. Similar API like
NumericRangekFilter, but also supports
string(index) fields.
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Per-Segment Search
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Segments in Lucene

 Each index consists of
various segments placed ggggg

in the index directory. All ¢ ST SN«
documents are added to i ﬁ %
new in-RAM segment files, ——

merged to On_dlsk fl|eS after “ ............................................. E
ﬂushlng (eaCh document i L

Is Iinitially one segment!).

* Lucene writes segments incrementally and then can
merge them.

* Optimized index consists of one segment.

* IndexReader.reopen() adds new/changed segments
after commit to segments of an already existing
IndexReader (lower |/O cost in contrast to re-opening the

« Whole IndexReader).
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Problems

* FieldCache used for sorting is keyed
against the IndexReader instance.

» After reopen the whole FieldCache is
Invalid and needs to be reloaded.

* Long "warming” time for sorted oo
queries (and also function queries in "
Solr) after reopen. ' o

(3...7.2.3
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What has changed?

Femote Mame Size | Twpe Modified
° Indexsea rCher NOW WO rkS = _deb.cfs Sa04,717... CFS-Datei  20.09.2009 01:51:29
I _dzb_Zp.del 77,643 DEL-Datei  25.09,2009 23:08:08
dlreCtIy on Segments (Cf _ddf.cfs 24,079,605 CFS-Datei  23.09,2009 15:45:38
Mu|t|Sea rCher), reSUItS are _d4f_c.del Z6G DEL-Datei  25.09,2009 16:08:26
_d4l.cfs 37,710,376 CFS-Datei  23.09,2009 15:49:42
merged by CO"eCtOFS % _ddl_f.del 702 DEL-Datei  24.09,2009 11:28:30
dew.cfs 66,912,228 CFS-Datei  23.09,2009 16:10:36
(TOPDOCSCOIIQCtor, e ) Non_ il dew_e.del 1,259 DEL-Datei  24.09.2009 0%:48:22
expert AP| stays unchanged. B R el
H _dSi.cfs 63,936,632 CFS-Datei  23.09,2009 20:09:12
¢ FleldcaChe therefo re aISO Works _dsi_z.del 17 DEL-Datei  24.09,2009 11:28:30
N Seg ments |:> SO rtlng wa rmup _dSu.cfs 40,342,241 CFS-Datei  24.09,2009 09:45:24
O : ) _dsu_5.del 705 DEL-Datei  25.09,2009 03:26:22
after reo per"ng IndeXReaderS IS _dést.cfs 21,258,368 CFS-Datei  24.09,2009 12:45:19
. _de4_2.del 246 DEL-Datei  25.09,2009 03:26:22
much faster, as only FieldCaches o e
= _dez_1.del 10 DEL-Datei  25.09,2009 14:48:07
for neW/Changed Segments have _d70.cfs 61,466 CFS-Datei  25.09,2009 14:45:05
I _d70_1.del 9 DEL-Datei  25.09.2009 15:08:08
to be rebu”t _d71.cfs 83,939 CFS-Datei  25.09,2009 15:08:06
. _d7z.cfs 62,401 CFS-Datei  25.09,2009 15:28:05
¢ SCO rlng decoupled from _d73.cfs 413,484 CFS-Datei  25.09,2009 15:48:09
_d75_1.del 13 DEL-Datei  25.09,2009 16:08: 26
C o I I e Cto r. _d74.cfs 4,737,351 CFS-Datei  25.09,2009 16:08: 24
_d75.cfs 11,427,300 CFS-Datei  25.09.2000 16:08:28
_d76.cfs 775,541 CFS-Datei  25.09,2009 23:06:07
il segments,gen 20 GEM-Datei 25.09,2009 23:08:03
il segments_dw? 3,652 Datei 25.09,2009 23:08:03
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New Collector class

* Replacement for HitCollector.

« Gets notification about IndexReader change (together
with new document ID base). This method can be used to
change FieldCache arrays used during collecting to new
IR.

« collect() method gets document ID from current reader. It
may map it by adding the current base to get a global ID.

 collect() method no longer gets a score. It gets a
notification about change of the underlying Scorer
instance and can call Scorer.score() if needed. This can
be used to skip scoring for queries that don’t care about
score.

« Old HitCollectors can be wrapped by a special
HitCollectorWrapper (they get called with rebased doc
IDs and wrapper calls Scorer.score() for each hit).
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Near-Real-Time Search
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NRT additions

* Directly get an IndexReader from
IndexWriter containing also uncommitted
(in-memory) changes:
IndexWriter.getReader()

* Supports reopen() as usual.

 Callback for warming merged segments:
IndexWriter.setMergedSegmentWarmer ()
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New Attribute-based
TokenStream API
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Tokenizers, TokenFilters,

e TokenStream is base class for
Tokenizer and TokenFilter

» Decorator pattern (TokenFilter
adds functionality to a Tokenizer)

* Implementation part of each
Tokenizer / TokenFilter should
be final

 Lucene 2.4: Token class holds
all attributes of a token: term,
position increment, start/end
offset, type and flags (e.g. part of
speech information passed
between TokenFilters), payload

Leading the Wave
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Lucene 2.9:
Attributes instead of Tokens

 Introduces stronger typing and arbitrary
attributes into the analysis process

« Easier to code custom TokenStreams by
focusing only on needed attributes

* Helps set Lucene up for more flexible indexing
options in the near future (LUCENE-1458)

* Downside: Some extra work transitioning your
existing TokenStreams for 3.0:
next(Token) = incrementToken()
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Rewrite old = new TokenFilter

public final class LengthFilter extends TokenFilter ({

private final int min;
private final int max;

public LengthFilter (TokenStream in, int min, int max) {

super (in) ;
this.min = min;
this.max = max;

}

public Token next(final Token reusableToken) throws IOException ({

for (Token nextToken = input.next (reusableToken) ;
nextToken != null; nextToken = input.next (reusableToken)) ({

int len = nextToken.termLength () ;

if (len >= min && len <= max) {

return nextToken;

}

}

return null;

o
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Rewrite old = new TokenFilter

public final class LengthFilter extends TokenFilter ({

private final int min;
ivate final int , , : ,
private tihat in ]publlc final class LengthFilter extends TokenFilter {
public LengthFilte
super (in) ;
this.min
this.max

}

private final int min;
private final int max;

I~

min;
max;

private final TermAttribute termAtt;

public LengthFilter (TokenStream in, int min, int max) {

public Token next(: ,
super (1n) ;

for (Token nextT

nextToken != nul. th}s.mln min;
int len = next' this.max = max;
if (len >= min termAtt = (TermAttribute) addAttribute (TermAttribute.class);
return nex: ;
) J public boolean incrementToken() throws IOException {
. while (input.incrementToken()) {
| return null; int len = termAtt.termLength () ;
if (len >= min && len <= max) {

return true;

}
}

return false;
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Rewrite old = new TokenFilter

public final class LengthFilter extends TokenFilter ({

private final int min;
ivate final int , , : ,
private tihat in ]publlc final class LengthFilter extends TokenFilter {
public LengthFilte
super (in) ;
this.min
this.max

}

private final int min;
private final int max;

I~

min;
max;

private final TermAttribute termAtt;

public LengthFilter (TokenStream in, int min, int max) {

public Token next(: ,
super (1n) ;

for (Token nextT

Lucene 3.0: Generics

nextToken != nul. th}s.mln min;
int len - next this.max = max; ‘;EZ://"
if (len >= min termAtt = addAttribute (TermAttribute.class) ;
return nex: ;
) J public boolean incrementToken() throws IOException {
. while (input.incrementToken()) {
| return null; int len = termAtt.termLength () ;
if (len >= min && len <= max) {

return true;

}
}

return false;
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Websites

* NumericRangeQuery example:
www.pangaea.de

(PANGAEA® - Publishing Network for
Geoscientific & Environmental Data)

« PANGAEA Framework for
Metadata Portals:
www.panFMP.org

* Lucene Java 2.9.0:
- S wecmne
lucene.apache.org/java/docs/ o S =
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Happy coding with Lucene 2.9.0!

Thank You!

5 SN

Leading the W;ve
of Open Source




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


