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1. Lucene의방식은따르되,

더잘할수있다면굳이고집하지않는다.
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정확히
는 필드별

, 필드
타입별

버퍼링
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https://github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/index/DefaultIndexingChain.java
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ES, Solr는 전세계에서 널리 쓰이는 디팍토 검색엔진입니다. 

하지만 그 깊숙한 내면에는 Lucene이 자리잡고 있습니다.

Lucene이 색인하는 방식이 곧 ES, Solr가 색인하는 방식이고

검색도 그렇습니다.

하지만 안타깝게도 Lucene이 어떻게 색인, 검색을 하는지에

대해서는 베일에 감춰져 있습니다.

물론 Lucene Java doc에는 여러 논문 링크들이 첨부되어

있지만

바쁜 현대 개발자들에게는 ...

Doc id = 13

DooYongAnalyzer

- Docs

- Docs + TF

- Docs + TF + Pos

- Docs + TF + Pos + Offsets

- Docs + TF + Pos + Offsets + Payload

색인 옵션

Start offset : 127

End offset : 133



겹쳐도 된다
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Doc id = 13, TF = 4

DooYongAnalyzer
ES Solr 세계 디팍토 검색엔진

하지만 깊숙 내면 Lucene 자리

색인 방식 곧

그

ES Solr

검색 그렇다

하지만 안타깝다 Lucene 어떻게 색인 검색

대해 베일 감추어 감춰 있습니다 있다

물론 Java Doc 여러 논문 링크 첨부 있지만

바쁜 현대 개발자 ...

Pos = 10, Offset = [49, 55]

Pos = 12, Offset = [68, 74]

Pos = 22, Offset = [127, 133]

Pos = 33, Offset = [174, 180]

루씬

Lucene

Lucene
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홍익대 연남동

홍대입구역

상수동망원동

Doc id = 13,  데뷰고기집
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20대, 남성, 김데뷰

query = 상수동 맛집

Doc id = 13,  데뷰고기집

거리 : 1.5km

남성 선호도 : 70
여성 선호도 : 85

위생 : 99

가격대 : 높음

Open 시기 : 2001년

13번 문서를

Payload정보로 점수

부스팅 할 수 있다.

상수동과 데뷰고기집을

이어주는 메타 정보
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Field buf2

Field buf1

Field bufn

...

Field buf3

Posting List1T1

Posting List2T2

Posting ListjTj

...
색인 문서

인메모리 색인
(버퍼링) MSD Term sorting

Analyzing terms �����
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Posting List*1T*
1

Posting List*2T*
2

Posting List*jT*
j

...
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.tim

.tip

.doc .pos .pay

FST

SBlock SBlock SBlock ...
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Term = foo

bar

foo

baz

...

Murmur hash3 Doc id / TF Doc id / TF Doc id / TF

Pos / Offset / Payload Pos / Offset / Payload

...

...
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https://github.com/aappleby/smhasher/blob/master/src/MurmurHash3.cpp
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https://github.com/aappleby/smhasher/blob/master/src/MurmurHash3.cpp
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https://github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/util/BytesRefHash.java
https://github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/util/StringHelper.java
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https://github.com/Cyan4973/xxHash/blob/dev/xxhash.c#L947

Term = foo

bar

foo

baz

...

XXHash Doc id / TF Doc id / TF Doc id / TF

Pos / Offset / Payload Pos / Offset / Payload

...

...
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https://github.com/Cyan4973/xxHash/blob/dev/xxhash.c
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https://github.com/Cyan4973/xxHash/blob/dev/doc/xxhash_spec.md
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버킷들

.9��2 �� �39��

Bool필드 à 1bit MSB

Bit masking (3�24��/M
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1 bit flag, ItsEmpty = (1UL << 63)

메모리는 Pool에서

% 보단 &

N % 2n = N & (2n – 1)

1

2

3

4

63비트 해시값1비트

Cache preloading + Linear probing
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https://github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/index/TermsHashPerField.java#L211
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https://github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/index/TermsHashPerField.java
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.doc .pos .pay
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https://github.com/apache/lucene-solr/blob/branch_7_6/lucene/core/src/java/org/apache/lucene/index/DocumentsWriterFlushControl.java
https://github.com/apache/lucene-solr/blob/branch_7_6/lucene/core/src/java/org/apache/lucene/index/DocumentsWriterPerThreadPool.java
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https://github.com/apache/lucene-solr/blob/branch_7_6/lucene/core/src/java/org/apache/lucene/index/DocumentsWriterFlushControl.java
https://github.com/apache/lucene-solr/blob/branch_7_6/lucene/core/src/java/org/apache/lucene/index/DocumentsWriterPerThreadPool.java
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Field buf2

Field buf1

Field bufn

...

Field buf3

Posting List1T1

Posting List2T2

Posting ListjTj

...
색인 문서

인메모리 색인
(버퍼링) MSD Term sorting

Analyzing terms �����
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Posting List*1T*
1

Posting List*2T*
2

Posting List*jT*
j

...

�2���
.tim

.tip

.doc .pos .pay

FST1

SBlock2 SBlock SBlock ...

... )"(="F
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1 바이트를절약!
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: 01111111
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: 11111111 11111111 011111111

: 11111111 11111111 11111111 01111111
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https://en.wikipedia.org/wiki/Trie
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https://en.wikipedia.org/wiki/Trie
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http://www.lindstaedt.com.br/estruturas/bursttries.pdf
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http://www.lindstaedt.com.br/estruturas/bursttries.pdf
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https://github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/util/fst/Builder.java
https://github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/codecs/blocktree/BlockTreeTermsWriter.java
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컴파일타임에코드가최적화되어생성된다.
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https://github.com/apache/lucene-solr/blob/releases/lucene-

solr/7.6.0/lucene/core/src/java/org/apache/lucene/codecs/blocktree/SegmentTermsEnum.java#L786

https://github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/codecs/blocktree/SegmentTermsEnum.java
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https://github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/util/fst/ByteSequenceOutputs.java#L108

자바보다도 훨씬 느리다! (최대 1.5배 차이)

특히 멀티 스레드에서.!

https://github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/util/fst/ByteSequenceOutputs.java
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64K 메모리 페이지
현재 Memory 포인터 할당 후 위치

void* Allocate(byte_size) 
,������.�
�
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dealloc 요청

개별 dealloc 요청은 없다.

이미 할당 된 바이트

malloc 페이지 할당
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https://github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/codecs/blocktree/SegmentTermsEnumFrame.java
https://github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/codecs/compressing/CompressingStoredFieldsReader.java


�������
	���
� .��


9,737 

37,837 

53,145 

3,624 

16,308 
20,644 

Thread 4개 Thread 16개 Thread 32개

UTLC LuceneTermQuery QPS

2.7배

2.3배
2.57

배



��������	��
�
��� ��1.

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000

R

O, msm <= 1

O, msm > 1

RE

Lucene UTLCThread 16개, QPS

1.85
배

2.5배

3배

2.4배



��������	��
�
��� ��1.

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000

EO, msm <= 1

RO, msm <= 1

RO, msm > 1

REO, msm <= 1

REO, msm > 1

Lucene UTLCThread 16개, QPS

1.87
배

1.87
배

1.9배

1.9배

2배



���� �
	������


0

200

400

600

800

1,000

1,200

Lucene Ultimate Lucene 지수 (Lucene) 지수 (Ultimate Lucene)

370 QPS

800 QPS

2.5배

Thread 10개, 시간에 따른 QPS 변화

Conj, msm > 1

QPS



���� ��
����
	�
#+ClIN%;�8 � 8dcQ)"� =E��A<!g2�

c7G@L� ���>��89 cC6/"3

Cc7%M)c�LS�eA>a�c"�

��������

	�,.�.�,��.

�.+�,���h�:,G

���.�����:,G

�8�8dC51

o7'�89 A


����
+�ic0?Kn"�



�����
	��
 .����1
��

• �� ����

• ����G'��

• ���?&

• -�!,C�

• ��.N���!,2+"��.�*%2�

!,C)�#�����
��	
���



!!�
�

�	������



	��	������




� ���



��������	


