MUF- Plat.Form

KontmmMmnaumum
NMPOU3BOAUTECADHOCTMU

Mo canepaM 1BRC %
TPIOKU U NOAXOADI



O60 MHe

linkedin.com/in/alantsov

Mup Plat.Form

mir-platform.ru

1BRC

github.com/qunnarmorling/1brc
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https://github.com/lantalex/semantics-sandbox
https://www.linkedin.com/in/alantsov/
https://mir-platform.ru/

O ueM peub?

@ /JaHa o4YyeHb NpocTada 3apauva
c ®UKcupoBaHHbIMU YCAOBUSIMU

@ HaCKOABKO AAAEKO MOXXHO 3aUTH
B NOroHe 3a NPOU3BOAUTEAbBHOCTbIO?

® Koraa v Kak NnoAb30BaTbCH TaKUMMU
noAXoOAaMM B peaAbHOM KoAe?

@ PaccMoTpuUM npuMep Noxod>ken 3apaum
U3 peaAbHOro onbiTa
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DPOpMYAUPOBKA 3aAaUU

Hamburg;12.0 Hamburg=
Bulawayo; 8.9 - -23.0 18.0 59.2
Palembang;38.8 Bulawayo=

Hamburg;13_4 —16.2 26.0 67.3

AAS KaXkporo ropoaa us CSV-cbamaa paccumtatb min/avg/max TremMnepartypy
HaAoO cAeAaTb KaK MOXKHO 6bicTpee (MMHMMu3npyem wall-clock)
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O6opyvaoBaHue

e CPU: Intel 12900K (gp + 8E = 24 notoka ucnoarerms)

= RAM: DDRS5, 32GB

e SSD: NVMe PCle 4.0 Samsung 980 PRO 512GB
e OS: Linux, Ubuntu 22.04 (kernel 6.8.0-40)

e JDK: OpendDK 21 diberica)
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[MpocTenwasa peaAmsalua

record Measurement(String station, double value) { ... }
record ResultRow(double min, double mean, double max) { ... }
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[MpocTenwasa peaAmsalua

record Measurement(String station, double value) { ... }
record ResultRow(double min, double mean, double max) { ... }

Files.lines(Paths.get(FILE))
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[MpocTenwasa peaAmsalua

record Measurement(String station, double value) { ... }
record ResultRow(double min, double mean, double max) { ... }

Files.lines(Paths.get(FILE))
.map(l -> new Measurement(l.split(";")))
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[MpocTenwasa peaAmsalua

record Measurement(String station, double value) { ... }
record ResultRow(double min, double mean, double max) { ... }

Files.lines(Paths.get(FILE))
.map(l -> new Measurement(Ll.split(";")))
.collect(groupingBy(Measurement::station, collector)))
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[MpocTenwasa peaAmsalua

record Measurement(String station, double value) { ... }
record ResultRow(double min, double mean, double max) { ... }

Map<String, ResultRow> measurements = new TreeMap<>(

Files.lines(Paths.get(FILE))
.map(l -> new Measurement(l.split(";")))
.collect(groupingBy(Measurement::station, collector)))

System.out.println(measurements)

~100 cekyHA
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[MpocTenwasa peaAmsalua
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[TlepBUYHDbLIX QHAAUS3

sun/nio/cs..
sun/nio/fcs..
java/nio/c.. java/..
sun/nio/fcs/St.. javafla.. jawva/.. G1..
sun/nio/fcs/St.. Jee j.- java/lang/Strin.. checkcas.. j..
sun/nio/fcs/St.. jou jdk.. jdkfintern.. j.. jawva/l.. java/flang/String.s.. java/util.. j.. jav..
javafio/Input.. j.. ja.. jav. jdkfinternal/math.. j.. java/lang/String.split ja.. java..
javafio/Buffe.. j.. ja.. jav.. java/flang/Double... java/lang/String.split java/futil/HashMap.c..
java/fio/BufferedReaderimpl.. jd.. jdk.. dev/morling/fonebre.. java/flang/String.split java/util/stream/Colle..
java/fio/BufferedReaderreadLine dev/moring/onebrc/CalculateAverage_baseline.lambda$maing3 java/util/stream/Colle..
java/fio/BufferedReaderreadLine dev/morling/onebrc/Calculatedverage_baseline$$Lambda.0x00007115a000a238.ap.. java/util/stream/Reduce..
java/io/BufferedReaderfl.hasNext java/util/stream/ReferencePipeline$3£1.accept
java/util/Tterator.forEachRemaining
java/util/SpliteratorssIteratorSpliteratorforEachRemaining
java/util/stream/abstractPipeline.copyInto
java/util/stream/AbstractPipeline.wrapAndCopyInto
java/util/stream/ReduceOpsiReduceOp.evaluateSequential
java/util/stream/abstractPipeline.evaluate
java/util/stream/ReferencePipeline.collect
dev/morling/onebro/Calculatedverage_baseline.main
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[TlepBUYHDbLIX QHAAUS3

~ - - lo-onepauuu
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[TlepBUYHDbLIX QHAAUS3

sun/nio/cs..

sun/nio/fcs..

java/nio/c..
sun/nio/fcs,/St
sun/nio/fcs/St
sun/nio/fcs/St
java/io/Input
java/io/Buffe.
java/fio/BufferedReaderir
java/io/BufferedReaderr:
java/fio/BufferedReaderr:
java/io/BufferedReader$l.has
java/util/Tterator.forEachRemail
java/util/SpliteratorssIterators
java/util/stream/AbstractPipelir
java/util/stream/AbstractPipelir
java/util/stream/ReduceOps3R
java/util/stream/AbstractPipelir
java/util/stream/ReferencePipe
dev/morling/onebrc/Calculates

MUZ Plat.Form

® [MapCUHI OTAEAbHbIX CTPOK
® Pa6boTa stream collector
® COopKa Mycopa

Jur
j. jdk..

java/..
javafla.. jawva/.. G1..
j.- java/lang/Strin.. checkcas.. j..
jdkfintern..  j.. jawva/l.. java/flang/String.s.. java/util.. j.. jav..

j.. ja.. jav.. jdkfinternal/math.. j.. java/lang/String.split ja.. java..
j.. ja.. jawv.. java/flang/Double... java/lang/String.split java/futil/HashMap.c..

jd.. jdk.. dev/morling/fonebre.. java/flang/String.split java/util/stream/Colle..
Line dev/moring/onebrc/CalculateAverage_baseline.lambda$maing3 java/util/stream/Colle..
Line dev/morling/onebrc/Calculatedverage_baseline$$Lambda.0x00007115a000a238.ap.. java/util/stream/Reduce..
it java/util/stream/ReferencePipeline$3£1.accept

]
eratorforEachRemaining

opyInto
vrapAndCopylInto
ceOp.evaluateSequential
waluate

n.collect
age_baseline.main
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Baseline + napaAAe@AbHOCTD

@ [lpocTo AeAM PanA Ha 24 KyCKa OAMHAKOBOIO pa3Mepa
@ KaXkabl NOTOK 06pabaTblBaeT TOAbKO CBOW KYCOK

@  AAS KXKAOMO ropoAa B KaXKAOM KYCKe PpanAa
cymtTaeM min / max / sum / count

2 ObOBbeAUHUTb PE3YAbTATbl B KOHLIE AAS KAXXAOIMO ropoAa

Hamburg | 122 / 233 /1426 / N

city min Mmax sum count
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UteHue ns dpamaa - kakoe API Bbi6paTh?

@ FileInputStream n FileChannel

NOTOKOBbIE, HE 6e30MnacHbl U3 HECKOAbKUX NMOTOKOB

@ MappedByteBuffer (swisosFileChannel.map)
c nomouibio OC npeAcTaBAsIeM YacTb daMAa KaK MaccuB

orpaHuyeHue Ha pa3Mep MaccuBa - He 6onee 216
BO3MOXXHOCTb UCNOoAb30oBaHUAa OC-cneundumyHoro yHKLMOHAAA

6nbanoTtekmn c yaobHoiMm nHTepdemcamm - Hanpmmep, AtomicBuffer ns agrona

@ lMemorySegment (Foreign Function and Memory API)
HeT orpaHUYeHUs Ha pa3Mmep MaccuBa B 2 6
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[MTapaAAeAbHOCTDb - peaAUu3saLlma

Map<String, ResultRow> process() throws Exception {
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[MTapaAAeAbHOCTDb - peaAUu3saLlma

Map<String, ResultRow> process() throws Exception {
FileChannel channel = new RandomAccessFile(FILE, "r").getChannel()
long size = channel.size()
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[MTapaAAeAbHOCTDb - peaAUu3saLlma

Map<String, ResultRow> process() throws Exception {
FileChannel channel = new RandomAccessFile(FILE, "r").getChannel()
long size = channel.size()
MemorySegment segment = channel.map(READ_ONLY, 0, size, Arena.global())

MUZ Plat.Form Mo carepaM 1BRC: TpHOKM M MOAXOABI K ONTUMM3ALIMN MPOU3BOANTEABHOCTM | 19



lMapaAAeAbHOCTb - peaAUu3salma

Map<String, ResultRow> process() throws Exception {
FileChannel channel = new RandomAccessFile(FILE, "r").getChannel()

long size = channel.size()
MemorySegment segment = channel.map(READ_ONLY, 0, size, Arena.global())

int nThreads = 24
var workerResults = new HashMap/*<String, Row>*/[nThreads]
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lMapaAAeAbHOCTb - peaAUu3salma

Map<String, ResultRow> process() throws Exception {
FileChannel channel = new RandomAccessFile(FILE, "r").getChannel()

long size = channel.size()
MemorySegment segment = channel.map(READ_ONLY, 0, size, Arena.global())

int nThreads = 24
var workerResults = new HashMap/*<String, Row>*/[nThreads]
for (int 1 = 0; i < nThreads; i++)

workerResults[i] = processForChunk(segment, i)
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lMapaAAeAbHOCTb - peaAUu3salma

Map<String, ResultRow> process() throws Exception {
FileChannel channel = new RandomAccessFile(FILE, "r").getChannel()

long size = channel.size()
MemorySegment segment = channel.map(READ_ONLY, 0, size, Arena.global())

int nThreads = 24
var workerResults = new HashMap/*<String, Row>*/[nThreads]

for (int 1 = 0; i < nThreads; i++)
workerResults[i] = processForChunk(segment, i)

return mergeWorkerResults(workerResults)

} ~10 ceKVHA
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Bbi6op

ONTUMAAbHOM CTPYKTYPbI AQHHbIX

2 KaXXAblM MOTOK 0bpabaTbIiBaeT CBOM KYCOK danAa
N CKAAADBIBAET B CBOKO AOKAAbHYHIO X3LU-Many

®@ B Xaw-Mane: ropoa — KOPTEX (min, max, sum, count)

2 B KOHUE, AeAaeM arperagymio rno BCemM Xsuw-Marlriam
(AAS KaXXKAOIO ropoAa)

@ Kak obpabaTbiBaTb KOAAN3UN?
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MeToA Llenoyek

tabl
HashMap |[--2-=~ %
e r——__\ ____________ i - N
Node next_ _ - --- -~ Node
| hash:96320 | __-° _ | hash:96320
3/ key: “aaa” 9”77 key: “abB”
Ec'll \ / '(EIII \ y
' > )
\br ROW \\-» ROW
min/max/sum/count

min/max/sum/count

MUE Plat.Form Mo caepaM 1BRC: TprokM 1M NoAXOAblI K ONTUMM3AaLUNM MPOU3BOAUTEABHOCTU | 24



OTKpbiTaa appecauus

- X

OpenHashMap [[Z--~=7~ |aaa|abe
Vé’ZZe\

’,—”’ \

P \

// 1

s ‘ , ¥

Row Row

min/max/sum/count min/max/sum/count
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NMaeaAbHOe X3LUUpoBaHue

2 [lopBOp AAG 3apaHee N3BECTHOro Habopa KAKYen
TAaKOW X3aLW-PYHKLUMU, KOTOPAA rapaHTupyeT
OTCYTCTBUE KOAAU3UNU

(String cityName) -> Math.abs(cityName.hashCode()) % 10819

@ Hy>XHO 3HaTb 3apaHee Habop KAKYEN,
NX AOAXKHO ObITb HEMHOTO

® bbIAO 3anpeLlleHo B paMKax KOHKYpPCa
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OpenFlatHashMap

OTAEAbHAasaA 3anncb - 128 6anT

nMMa ropoaa: 100 6anT
X3LW MMEeHU: 8 banT
AAVHA UMeHU: 4 banTa
min / max: no 2 6anTa
sum: 8 6aunT

count: 4 6aunTa

Moscow OXf5 | 6 | -92143] 1342 |10
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OpenFlatHashMap

0%

@ VICMOAb3YyEeM OAMH MAaccumB BanNTOB BOABLLOIO pa3Mepa
2 Kaxxabln 128 6aUT - 3TO OTAEAbHAA 3anunchb

@ [1pn obpaLleHN K MOAAM 3arnmcem NCrnoAblyemM MHAEKC,
VYMHOXEHHbIN Ha 128 6anT + cMeLweHme

@ MWHMMAAbHOE NCMNOAb30OBAaHME KOCBEHHOWM apapecaunm

@ HapaO0 nmncaTtb pykKaMu, HO >aeM Project Valhalla

e Kak 3aMepuTb? Hanpumep: perf stat
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Work stealing

2 WM3HaAYaAbHO AGAUAMU

$dauA Ha 24 KycKa

8P + 8E = 24 noToka NCNOAHEHUS
P core: nponsBoANTEAbHbIE

E core: sHeproasdpPpeKTUBHbIE

2 He rmbpupHag apxuteKTypa?
NMPON3BOANTEABHOCTb KOAMHAKOBbLIX» AAEP PaA3HaAA

e Hapo pe3aTb Ha 60AbLLEee KOAUYECTBO 3aAaM

CANLLKOM MAaA€HbKMM pa3Mep 3apAa4m - 6oAbLLOM overhead
CAULLKOM OOADBbLLOM pa3Mep 3aAa4YM — KAaKMe-TO aAPa NPOCTamBatoT
HY>XHO MoAbuMpaTb aKCNEePMMEHTAAbHO
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Instruction-Level Parallelism

@ MoAEAb MbILLAEHUSA: NPOLIECCOP BbIMOAHAET KOMAHADI
MOCAEAOBATEABHO, OAHA 3a APYIrou

Cycle

2 PeaAbHOCTb: KOMaHADbI
Pa3bmMBaKOTCA HA Pa3AeAbHbIe
CTaAUU BbINMOAHEHUSA

2 CTaAUU BbIMOAHSAKTCH
MNapaAAeAbHO

& [lapaAAeAU3M Ha YPOBHE OTAEAbHbIX KOMaHA
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NMpuBaska K dopMaTy AaHHbIX

long parseDataPoint(LongConsumer consumer, MemorySegment seg, long offset) {

MUZ Plat.Form Mo caepaM 1BRC: TPHOKM U MOAXOABI K ONTUMU3ALMKY MPOU3BOAUTEABHOCTU | 3]



NMpuBsaska K popMaTy AaHHbIX

long parseDataPoint(LongConsumer consumer, MemorySegment seg, long offset) {
long word = seqg.get(JAVA_LONG_LT, offset)
int decimalSepPos = Long.numberO0fTrailingZeros(~word & 0x10101000)
int shift = 28 - decimalSepPos
long signed = (~word << 59) >> 63
long designMask = ~(signed & OxFF)
long digits = ((word & designMask) << shift) & OxOFO0OFOFOOL
long absValue = ((digits * 0x640a0001) >>> 32) & Ox3FF
long value = (absValue ~ signed) - signed
consumer.accept(value)
return offset + (decimalSepPos >>> 3) + 3 Yo
} Moapo6Hee: OB

questdb.io/blog/Ibre-merykittys-magic-swar
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Unsafe

& Hy>XHO o4yeHb XOpPOoLUO MOAYMATb, CTOUT AU OHO TOro

@ /AOCTYMNMHO B HEKOTOPbIX BUBAMOTEKAX KAK MOTOBbIN
KOMMOHEHT C MHTEPDENCOM

HanpuMmep, UnsafeBuffer ns agrona

e JEP-471: Deprecate the Memory-Access Methods in
sun.misc.Unsafe for Removal

3amMeHa - VarHandle n MemorySegment
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Oco6eHHocTH mmap/munmap

® TlMoAb3yeMcda mmap

BHYTPU SAPa OOHOBAAKOTCA COOTBETCTBYOLLME
CTPYKTYPbI AAHHbIX AAS XPaHeHUa MHdopMaLnm

06 AAPECHOM MPOCTPaHCTBE npouecca vm_area_struct Process virtual memory

task_struct
vm start \

Shared libraries

® [Mpu 3aBepLUEeHUM npoLecca -
TPaTUM BPEMA Ha NX OYUCTKY

vm start
® B 1BRC: KOCTbIAb C 3anyCKOM [ Poge dobalaiecton address
HOBOIO rnpouyecCa NA1M Bbl30B = vm_prot: B
C-Le a n e r\ Ha By-t e B U .F.F e p ;?izr:/r\.:;te permissions for

m vm_flags
® Pages shared with other
processes or private to this
process

® AAbTepHaTUBHbIA BapUaHT:
madvice + MADV_DONTNEED
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BoALwleb6HbIN madvice

® XUHT AN OC OTHOCUTEABHO UCMOAb3YEMOUN MNaMATW:
MADV_NORMAL , MADV_RANDOM, MADV_SEQUENTIAL,
MADV_WILLNEED, MADV_DONTNEED
+ cneumdunyHblie AAG Linux dAaarum

® McnoAb30OBaHUE B PeaAbHbIX MPOEKTaX:

Lucene
github.com/apache/lucene/pull/13196

Camunda
github.com/camunda/camunda/issues/11377 Camunda
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MUZ Plat.Form

B KQKO MOMEHT

HaAO ObINO OCTAHOBMUTDLCSHA?



[MpuMep NOXOXKeun 3apaum

N [MOATBEP>KAEHNA BCEX
TPpaH3aKuMM no KaptamM baHka A

p . Bce TpaH3akuuu, |
~ _E_ npoLlleallne yepes I
T . ‘ )
. - ~\
BaHk A KAMPUMHIOBas
CNCTEMAa e ——
WA
\, J
- Bce TpaH3akuuu,
BaHk b =| npoweallne yepes \- J
v |
\. y BaHk B
A |

s [loaTBep>aeHUMs BCeX
TpaH3aKLMK No kapTamMm baHka b

MUZ Plat.Form Mo caepaM 1BRC: TPHOKM U MOAXOABI K ONTUMU3ALMKY MPOU3BOAUTEABHOCTU | 37



[MpyMep NOXOXKeUn 3apaum

&Y current:
&ZY candidate:

HY>XHO NMpoBepuUTb, YUTO CreHepunpoBaHHbIE
PaANAbl AOTMUYECKUN SKBUBAAEHTHDbI

3aHMMaAO boAee 8 yacoB Ha DOAbLLUNX obbeMax,
NnocAe onTuMmlaymnm ~ 30 MUHYT
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O6paboTka oTaAeAbHOro damaa

® [lepBbl danA pa3dbmBaEeTCA Ha KYCKU

® Kyckun damna ob6pabaTbiBatOTCA OTAEAbHbIMU MOTOKAMU, TPAH3AKLINU
CKAQADBIBAOTCH B AOKAAbHbIE X3LW-TabAULbI

® Xaw-TabAnubl 06 beANHATCHA, YHUKAAbHbIE TPAH3aKLUUM
MO>XHO 0bpabaTbiBaTb NapaAAeAbHO (95% oT Bcex)

® YHWKaAbHble - B lock-free open hash map

® ObpabaTbiBaeM BTOPOU PanA, pa3dbmnBas Ha KYCKMU,
NpoBepaeM AOMrMYEeCKYH 3KBUBAAEHTHOCTb TPAaH3aKLUNM
N3 BTOPOUN danAa N X3LU-Manbl, MOAYYEHHOW N3 NEPBOro
danaa

® He yHUKaAbHble MpoBepAEeM NOCAeAOBAaTEABHO (HO MX MAAO)
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MW® Plat.Form

NToru

B

[TOCMOTPEAU Ha pa3Hble MOAXOADI
K ONTMMM3aLUNM NMPOU3BOAUTEABHOCTMU

CneumaAm3npoBaHHbIN KOA LEHOU MEeHbLUEen
rMOKOCTUM CTAaHOBUTCA BbICTpee

[TpoBbAEMbl C MPON3BOANTEABHOCTbLIO
AOA>KHbI PELLATbCA MO Mepe NX BAXXHOCTU

[TOAB3YyUTECb MHCTPYMEeHTaMu!
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1
MUF- Plat.Form Z ii\: f

Cnacubo %

32 BHUMaHue!




