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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

L685
XXWriteref= 0|1t Ee| ot= 22 HIHZ QLIL.
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Map<S5tring, PostingList>

Term = foo

Murmur hash3

bar

>

foo
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Stream 1

baz

Entry set
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Pos / Offset / Payload > Pos / Offset / Payload —

Posting list

Index option®f] Lt2}
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https://github.com/aappleby/smhasher/blob/master/src/MurmurHash3.cpp
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4.3 Lucene (A0 HIN T

1. Find hash : https://github.com/apache/lucene-solr/blob/releases/lucene-

solr/7.6.0/lucene/core/src/java/org/apache/lucene/util/BytesRefHash.java#l 257

2. Murmur hash3 : https://github.com/apache/lucene-so

r/blob/releases/lucene-

solr/7.6.0/lucene/core/src/java/org/apache/lucene/util/StringHelper.java#l 149
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https://github.com/Cyan4973/xxHash/blob/dev/xxhash.c#1947
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4.5 UTLC osljA| gf4~, XXHash 2018

Benchmarks Stream1 | Stream2 | Stream3 | Stream4
The benchmark uses the Open-Source SMHasher program by Au Input bytes
system uses a Core 2 Duo @3.0GHz.
Name Speed Quality = Author
xxHash 5.4 GB/s 10 Y.C.
\ 4 E v E v E v
MurmurHash 3a 2.7 GB/s Austin Appleby state[0] | state[1] | state[2] | state[3]
Bret Mulvey | : T ’ T
— O -~
BlockE= © H}l H'—-loﬂ' Stream{ 2| ALt M= a2k GiCH

= Instruction code parallelism.

Spec : https://github.com/Cyan4973/xxHash/blob/dev/doc/xxhash_spec.md
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4.7 UTLC, Linear probing

Index/Buffering.h 1HIE 63H| E S A| S

uinto4 _t

do { /////,
Entry& entry(table[pos]); . '

”Cache preloading + linear )ing

return {term_id, true};

__builtin_prefetch(&entry, 0, 1); } else if (hash == entry.hash &&
length == entry.length &&
if (entry.hash & ItsEmpty) { 91 bit flag, ItsEmpty = (1UL << 63) std: :memcmp(bytes, entry.bytes, length) == 0) {
// Entry was not found. Insert a new entry // Found one
charx alloced _bytes(term_pool.Allocate(length)); eﬂ'"EE.l P00|01|k| Due to the packed binary representation of entry,
std: :memcpy(alloced_bytes, bytes, length); // we have to manually reassign it's value to a tmp variable
const int32 t term_id(num_entries++); const int32_t term_id(entry.term_id);
return {term_id, false};
table[pos] = Entry(hash, alloced _bytes, length, term_id); } // End if
ndex- enplace backipos); pos = ((pos + 1) & table_mask); ¢’ % 2T &
. = : N%2"=N&((2"-1)
RehashIf(); } while (true);
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4.8 Lucenel| Payload M7

public void writeBytes(int stream, byte[] b, int offset, int len) {
// TODO: optimize
final int end = offset + len;

for(int i=offset;i<end;i++)

writeByte(stream, bl[il]);

Payload®t &= byte[ |0l ChoHl HIO|EZ= SHLMAA 557110 UL
X| M3t Sh= 2| TODO. $HH SHEX}

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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4.9 UTLCO| Payload 3 M7

while (left > 0) {
if (upto == end_upto) {
assert(target_buffer[upto] != 0);
// End of slice; allocate a new one
auto [new_upto, new_end] = AllocSlice(target_buffer, upto);

upto = new_upto; > DI'OI: —ljl_o L ] .
= H =50 X7
end_upto = new_end; o | T |' |'|_ Slice == |'

target_buffer = buffer;

int_offsets[stream] = new_upto + byte_offset;
int_offsets[stream + 1] = new_end + byte_offset;
// Since we are allocated a new slice, delta has to be upddted

delta = 0;
} // End if M
A
const int32_t copy_len(std::min(left, end_upto - upto)); o L b
| HOLEAOF BH=X] At 3
std: :memcpy(target_buffer + upto, data, copy_len); N .
Py g Y Py memcpy = |:|E-|_—_, %Ar
v

left —= copy_len;

upto += copy_len;

data += copy_len;

delta += copy_Llen;
} // End while
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https://github.com/apache/lucene-solr/blob/branch_7_6/lucene/core/src/java/org/apache/lucene/index/DocumentsWriterFlushControl.java#l. 228

https://github.com/apache/lucene-solr/blob/branch_7_6/lucene/core/src/java/org/apache/lucene/index/Documents\WriterPerThreadPool.java#L. 164
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https://github.com/apache/lucene-solr/blob/branch_7_6/lucene/core/src/java/org/apache/lucene/index/DocumentsWriterPerThreadPool.java
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4.11 Lucene HIE= 12|18

Flush O] H{IH= XHAFR BFX| O4=C}

synchronized voidocumentsWriterPerThread dwpt) { void recycl_e(DocumenthriterPerThread dwpt) {
try { - // don't recycle DWPT by default

Long bytes = flushingWriters. remove(dwpt); }

flushBytes —-= bytes.longValue();

perThreadPool. recycle(dwpt);
assert assertMemory();
} finally {
try {
updateStallState();
} finally {
notifyAll();
}
}
}

https://qithub.com/apache/lucene-solr/blob/branch_7_6/lucene/core/src/java/org/apache/lucene/index/DocumentsWriterFlushControl.java#L.228

https://github.com/apache/lucene-solr/blob/branch_7 6/lucene/core/src/java/org/apache/lucene/index/Documents\WriterPerThreadPool.java#L.164
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https://github.com/apache/lucene-solr/blob/branch_7_6/lucene/core/src/java/org/apache/lucene/index/DocumentsWriterPerThreadPool.java
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Flush O| % &&t $HEH HINE Free list0f] ZOf XHALE SHC}

void Recycle(std::unique_ptr<DocumentsWriterPerThread>&& dwpt) {
dwpt->MarkRecycled();

std::lock_guard<std::mutex> sync_this(this_lock);
dwpt_free_list.emplace_back(std::move(dwpt)); ® > Free listOi| =7 oL,

}

if (not target->IsInitialized() && not dwpt_free_list.empty()) {
target->dwpt = std::move(dwpt_free_list.back()); e > Free listOj| X 74 2L,
dwpt_free_list.pop_back();
} // End if
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5.7 Trie 208

Get("tea") 2 3

1. Map<Key, Value>=Z = = UL}
2. DFAR =5 = QRCI > FST

"A trie can be seen as a tree-shaped deterministic

finite automaton. Each finite language is generated by
a trie automaton, and each trie can be compressed
into a deterministic acyclic finite state automaton.”

https.//en.wikipedia.org/wiki/Trie



https://en.wikipedia.org/wiki/Trie

DEVIEW

5.8 FST, Burst trie

— . . % 2 . g | /
&= Prefix + Suffix =& M w FST

Prefix "CA" Y %
refix a A D

-
-~ -
- - -
N —-—-—-—

ME BTS2| : NT BTS7 | *—
T | BTS3 ST BTS8

VE BTS4

Figure 2: Burst trie after insertion of a record with key “western”.

BTS = BlockTermState

http://www.lindstaedt.com.br/estruturas/bursttries.pdf
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M Term2} H| W38l SuffixES GraphOf| =2}StC}

for (i = len(suffix) - 1;i;--i) | “HrermofEra=isE=m
Prefix= Z|CHaH OFX|2tol| 27} AddNode(suffix|i])
T
oY — || ast| | eria~__

e — || ast| | ronauts

& prefix suffix

http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.24.3698



http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.24.3698

5.17 FST Hot loop Z| A3}

final ByteSequenceOutputs outputs = ByteSequenceOutputs.getSingleton();

final Bulilder<BytesRef> indexBuilder =

new Builder<>(FST.INPUT TYPE.BYTE1,
9, 0, true, false, Integer.MAX_VALUE,
outputs, true, 15);

final byte[] bytes = new byte[(int) scratchgytes.getFilePointer()]:

assert bytes.length > 0;
scratchBytes.writeTo(bytes, 0);

HES v MR T

v

boolean doShareNonSingletonNodes, int shareMaxTaillLength, Outputs<T> outputs,

boolean allowArrayArcs, int bytesPageBits) {

‘minSuffixCountN" £ 02 2 Z2XNE|0] Q/CH

public Builder(FST.INPUT_TYPE inputType, int minSuffixCountl, int minSuffixCount2, boolean doShareSuffix,

DEVIEW
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0|H=0]

‘& EF0 280

https://github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/codecs/blocktree/BlockTreeTermsWriter java#l 456

https://qithub.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/util/fst/Builder,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/codecs/blocktree/BlockTreeTermsWriter.java

5.18 FST Hot loop X3}

for (int idx=lastinput.length(); idx >= downTo; idx--) {

if (node.inputCount < MinSuffixCount1) =
“minSuffixCountN ==0"0|E £ ™o}t &

else if (idx > prefixLenPlus1)

if (parent.inputCount < MiNsSuffixCount2 || (minSuffixCount2 == 1 ..)))
if (node.inputCount < minSuffixCount2 || (minSuffixCount2 == 1 && ..)))
if (doPrune) ...

else {

if (minSuffixCount2 '=0) ...
if doCompile) ...

https://github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/util/fst/Builder.java#l 221

7712| Branch=2 CHE & HOYEY| 8 =ICTH
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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

DEVIEW

5.19 Templated FST

// Byte size = 1, min suffix countl = 0, min suffix count2 = 0,
// do share suffix = true, do share non singleton nodes = false,
// share max tail length = MAX int32, allow array arcs = true
FstBuilder<BytesRef,
FstInputType: :Bytel,
@, 0, true, false, std::numeric_limits<int32 t>::max(), true>
index_builder(std: :make_unique<ByteSequenceOutputs>(), 15);

AU E EfRO 2E7F Z A= [0 d-J=ICt



5.19 Templated FST
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for (int32_t idx = last_input.Length() ; idx >= down_to ; --idx) {

<_/Nblucene4core4util10OFstBuilderINS1_3ReflcFreezeTailki>:

UnCompiledNode* parent(frontierfidx -1]); <
Branch 3ES0| A/H| £

const bool is_final(node->is_final || node->arcs.empty(

CH

N /

If (do_compile) { «

# FstBuilder.h:503
N:559

mov -0x8(%rax,%rbx,1),%rbp
_movzbl Ox44(%r14) %r13d  # FstBuilder.
18(%r14) %rdx

mov 0x10(%r14),%rax

test %r13b,%r13b

mov Ox

CompiledNode* compiled_node(
CompiIeNoderde, 1+ last_input.Length() - idx, false));

jne 89 <_/Nb6lucene4core4util10FstBuilderINS1_3ReflcFreezeTailEi>
cmp %rax,%rdx  # FstBuilder.n:559

sete %r13b

e —

FstBuilder.h CompileNode?2| 212}0| &

mov Oxa8(%r15),%rsi  # FstBuilder.h:453

FstBuilder.s




DEVIEW

5.20 FST 2E, %17|, Lucene VS UTLC 018
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5.21 FST 2 E Lucene VS UTLC

1.
2.
3
4,
5.

Intel® Core™ i7-8700 CPU @ 3.20GHz, 12cores, hyperthreaded, 48G Mem
HNa A E

g++8, 03 MY / Jdk11.0.2, 5G, ZE HIIY HE

9F 1,502 Y&

https://www.keithv.com/software/wlist



https://www.keithv.com/software/wlist
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5.22 Q1dIA M5, Lucene VS UTLC
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A A= Lucene VS UTLC

. Intel® Xeon® CPU E5-2530 @ 2.40GHz, 32 cores, hyper-threaded, 125G Mem
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| M= Lucene VS UTLC

ol A
- 10

5.24

50
45

-
4

LN
o

-
oM

L]

Tl
< 3
gl <O
)
60 O-
K4
Y
ul L
=
o <
o
=

oF 0 throttleZ 0| 2 QSIC}

(D)

c

(D)

O

D)

—

|

W

—

_I

D)

|

Q

(@)

(O

0P

D)

U —
S o
ml <.
o X7
S
N <
< Lo



DEVIEW
2019




6.1 Lucene AN

1. ™X FSTO|A| Prefixs Of &

2. SblockO| Al Suffixs Of &

3. 2AE E2[AE +5

IO
SE+
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Term
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6.2 CtA| FST

Search pathO{|A] Output ZgFotC}

A = byte3 T
Key : CAVE yte3|[] @ _____________________ T

VE
Matched : None

W - bytel|] @ @
E = byte5[]

FST + Suffix 25
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6.2 CtA| FST

Search pathO{|A] Output ZgFotC}

R
A > byte3]] T
Key : CAVE yte @ _____________________ »
VE
Matched : *C C > byteT]] @
Valve : byter o

W - bytel|] @ @
E = byte5[]

FST + Suffix &=




6.2 CtAl FST DEVIEW

fseek@ 2 O|F

Search pathOi|A] Output Z=gfetC}

- byte1[] + byte3[] = Sblocke| It ZEQIE : :
A > byte3[ h
Key : CAVE ___________ T
C=>b 1 VE
Matched : “"CA ytel[] @

W - bytel|] @ @
E = byte5][]

FST + Suffix 25




6.2 CtAl FST DEVIEW

fseekaE Ol=

XS
Search pathOj|A] Output &L} byte[] + byte3[] = Sblocke| T TOIE

R Linear Of&
A > byte3][] @ 5 T
Key : cave ] T
- C - bytel]] VEE Match! | VE ||
Matched : “cave$ Yt @

W - bytel|] @ @
E = byte5[]

FST + Suffix 25
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6.3 FST Output aggregation

// Aggregate output as we go:
assert arc.output != null;

if (arc.output != BlockTreeTermsReader.NO_OUTPUT) {
output = BlockTreeTermsReader.FST_OUTPUTS.add(output, arc.output);

https.//qgithub.com/apache/lucene-solr/blob/releases/lucene-

solr/7.6.0/lucene/core/src/java/org/apache/lucene/codecs/blocktree/SegmentTermsEnum.java#L 786



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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6.4 HIHSI malloc EHAIo| 22 Z|C}HY|

FST= 2AH PathO| A OutputE R 8ot}
- 7t 20| 5> HItHst HI§ =2 - BItHSt malloc, dealloc

AHHEECHE WM =2 O (Z[CH 1.58] XHO])
=o| ZE| 28| =0f|A.

BytesRef result = new BytesRef(prefix.length + output.length);
System.arraycopy(prefix.bytes, prefix.offset, result.bytes, 0, pry
System.arraycopy(output.bytes, output.offset, result.bytes, prefi
result. length = prefix. length + output. length;

https.//github.com/apache/lucene-solr/blob/releases/lucene-solr/7.6.0/lucene/core/src/java/org/apache/lucene/util/fst/ByteSequenceQutputs. java#L108



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

DEVIEW
2019




DEVIEW

6.5 Linear allocator

, , - dealloc 27
o|O| ettt &| HFO|E S

? ///////
//// I
L/// I
- A A ! EH X
/A R 7H = dealloc £ &

malloc H|O|X| gt

rlo
Q
il

64K | 2 2 E1|O|x|\\ ) B ]
AKX Memory 2 Q1B st & QK|

H 22| I|O| X|of| A 2.

=, malloc &% §l42 ZIr},

void* Allocate(byte_size)
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6.6 jeallocator
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=, malloc AHH|2Q] &= =¢ICt.
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1. TLS = Thread local storage

https://people.freebsd.org/~jasone/jemalloc/bsdcan2006/jemalloc.pdf


https://people.freebsd.org/~jasone/jemalloc/bsdcan2006/jemalloc.pdf
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6.7 Linear allocator, NGINX

N\ /

I XX —> —>

A AN \ \

o=z gy 02 2| SHx| HAH IPMo| R E stoto

= O L—

H|O[X|0fl M O] F 01X 1
M S= 2 T[0|X|Z0] SHA|EICt.

-1 O

Y At a2

NGINX palloc 24 AFZ. Many thanks to NGINX!
https://qgithub.com/nginx/nginx/blob/master/src/core/ngx_palloc.c



https://github.com/nginx/nginx/blob/master/src/core/ngx_palloc.c
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6.8 Address forwarding

MMapE! H|0|& = CopyotX| Gi=L. Stored field 242 Chunk, 16KB
&=l 40| === 0= 8= K1'0'ooo1o10'oo10“1
X 0101010010010101110
/ 1010101010011101100
_ 1001000111001100110

2 IéIE EE()IO'"*'l 0010701010100
| 1ui1ui1u1010110101001

Lucene prefix AHQ|

O|0] H[=22|of =Xk

V=R
Lucene Suffix = | SBlock || SBlock || SBlock memory

O|0] M| =] 0f] ZXAH!
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6.9 Address forwarding

« https://github.com/apache/lucene-solr/blob/releases/lucene-

solr/7.6.0/lucene/core/src/java/org/apache/lucene/codecs/blocktree/SegmentTermsEnumFrame.java#L. 173

« https://github.com/apache/lucene-solr/blob/releases/lucene-

solr/7.6.0/lucene/core/src/java/org/apache/lucene/codecs/compressing/CompressingStoredFieldsReader.java#L.210



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
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6.11 BooleanQuery ‘35 B2t
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