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OcTopoxHo! 3TOT AOKNaA Npo
MHOIOMNOTOYHOCTb M ANTOPUTMbI | *

* B Apyrux 3as1ax Bbl MOXeTe NocayLwaTb NpPo CBA3KY Spring u
Reactor (3an 2) uam npo akcnayatauuto Hadoop (3an 4)
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O cebe

* HXXeHep-uccneanosartenb B
nabopatopumn dxLab, Devexperts

* [lpenoaato KypC NO MHOTONOTOYHOMY
nporpammupoBaHuto 8 UTMO

* 3aKaHuyuBato marmnctpatypy MTMO
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3ayem MHe 3TO?

* KTo ncnonb3yet HashMap?

cS
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3ayem MHe 3T10?

* KTo ncnonb3yet HashMap?

- HaBepHoe, 370 camad nony/sipHaa U NONEe3Has Ha NPaKTUKe
CTPYKTYPa AaHHbIX

cS
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3ayem MHe 3TO?

* KTo ncnonb3yet HashMap?

- HaBepHoe, 3TO camas nonyAsapHan 1 nosie3Han Ha NPakTuKe
CTPYKTYpPa AaHHbIX

* Ho Npn 4éM TYT MHOTONOTOYHOCTb?

cS
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MHOronoTo4yHoOCTb: a Hago nu?

JKcnoHeHunanbHas

rd wKkana
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MHOronoTo4yHoOCTb: a Hago nu?

UacToTa agpa

3

cS
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MHOronoTo4yHoOCTb: a Hago nu?

[MponssogmMTenbLHOCTL A4pa

X

cS
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MHOronoTo4yHoOCTb: a Hago nu?

Uncno agep

./2005 [ - Hayarno apbl

MHOIonoToO4YHOCTH

T

"
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NuyTto?

e Xew-tabnunuya — oaHa M3 caMbiX MONYAAPHbIX CTPYKTYP
NAHHbIX B MPUNOKEHUAX

e [1na yBenn4eHmna Nnpom3BoaANTENbHOCTU HYXKHO NUCATb
MHOIONOTOYHbIN KOA,

cs
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NuyTto?

e Xew-tabnnuya — oaHa U3 camMbiX NONYAAPHbIX CTPYKTYP
NAHHbIX B MPUNOKEHUAX

e [1na yBenn4eHmna Nnpom3BoaANTENbHOCTU HYXKHO NUCATb
MHOIONOTOYHbIN KOA,

Hy»XHa bbicTpas MHOronoTo4YyHaAa xew-tabamual

cs
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Mopaenb: Kewiunpyem Account-bi

* Yacto Heobxoamumo conoctaasaThb id (long) ¢ KaKUM-TO
obbeKToM (Object)

- Mpwn aTOM 6ONBLLIMHCTBO Onepaunim — YTeEHUE

- Bpemsa oT BpemeHun — nobasneHune

cS
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Mopaenb: Kewwnpyem Account-bli

class Account(val id: Int) {
val il: Int = ©
val i2: Int = ©
val ol: Any? = null
val 02: Any? = null
val o03: Any? = null
val o4: Any? = null

cS

Slide 14. Copyright © 2017. Devexperts LLC. All rights reserved. DEVEXPERTS



Mopaenb: Kewiunpyem Account-bi

class Account(val id: Int) {
val il: Int = ©
val i2: Int = ©
val ol: Any? = null
val 02: Any? = null
val o03: Any? = null
val o4: Any? = null

interface AccountsCache {
fun addAccount(id: Int, account: Account)
fun getById(id: Int): Account?

cS
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KaKk namepartb?

Ucnonbsyem JMH:

 CTOMMOCTb OTAE/IbHOM onepaunum HUYEro HEe 3HAUYUT, T.K.
NpW NepexewmnpoBaHMM BCE 3ameaNAeTcs

cs
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KaKk namepartb?

Ucnonbsyem JMH:

 CTOMMOCTb OTAE/IbHOM onepaumnum HUYEro He 3HAUYUT, T.K.
Npu nepexewmnpoBaHMM BCE 3ameaNAeTcs

* = MMEET CMbICN CYUTATb CTOMMOCTb NaYKM onepaLmif
@Measurement(batchSize = 1000 000)

cS
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Yro ectb B Java: ConcurrentHashMap

 PaboTtaeTt3a0(1) B cpegHem aa_.m
* ilcnonb3yeT BHYTPU BNOKMPOBKU BM

- = He TaK xopowo macwTtabupyerca -

* XPaHUT CMUCKU NPU KONANU3NN -

cS
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Y10 ectb B Java: ConcurrentHashMap

* PaboTtaeT3a0(1) BcCpeaHem amn
* Mcnonb3ayeT BHYTPM BJOKMPOBKM BM

- = He TaK xopowo macwTtabupyerca -

* XPaHUT CMUCKU NPU KONAN3NN -

- = nuwHune cache miss-bl 8

- 3aTO MOXKeT XpaHUTb AepeBo an
NPU NOCTOAHHbIX KONAN3UAX™

cS
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Yto ewe ectb B Java: ConcurrentSkipListMap

* PabotaeTr3a0(log N) B cpeaHem

* «[lepeBo» CNNCKOB

cS
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Yto ewe ectb B Java: ConcurrentSkipListMap

* PabotaeTr3a0(log N) B cpeaHem

* «[lepeBo» CNNCKOB

Nwem Knod «8»

cS
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Yto ewe ectb B Java: ConcurrentSkipListMap

* PabotaeTr3a0(log N) B cpeaHem

* «[lepeBo» CNNCKOB

Nwem Knod «8»

cS

Slide 22. Copyright © 2017. Devexperts LLC. All rights reserved. DEVEXPERTS



Yto ewe ectb B Java: ConcurrentSkipListMap

* PabotaeTr3a0(log N) B cpeaHem

* «[lepeBo» CNNCKOB

Nwem Knod «8»

cS
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Yto ewe ectb B Java: ConcurrentSkipListMap

* PabotaeTr3a0(log N) B cpeaHem

* «[lepeBo» CNNCKOB

Nwem Knod «8»

cS
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Yto ewe ectb B Java: ConcurrentSkipListMap

* PabotaeTr3a0(log N) B cpeaHem

* «[lepeBO» CNUCKOB

Awem Kntoy «8»

cS
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Yto ewe ectb B Java: ConcurrentSkipListMap

* PaboTtaetr3a0(log N) B cpegHem

* «[lepeBO» CNUCKOB

- MHOro NNLWHUX 0O BbEKTOB

- = NOCTOAHHbIe cache miss-bl
n HarpyKaet GC

cS
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Yto ewe ectb B Java: ConcurrentSkipListMap

* PaboTtaetr3a0(log N) B cpegHem

* «[lepeBO» CNUCKOB

- MIHOro IMWHUX o6 bEeKToB

- = NOCTOAHHbIE cache miss-bl
n Harpyxaet GC

* /4, BoOOLE, 3TO He xew-Tabanual

cS
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ConcurrentHashMap vs ConcurrentSkipListMap
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ConcurrentHashMap vs ConcurrentSkipListMap
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[aéwb 6bonblue nponsBoanuTeENbHOCTH !
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MoTeHuManbHblie npobaembl

e ConcurrentHashMap

- Ucnonb3yeTt BHYTPM baokmpoBKkn = He lock-free

cS
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MoTeHuManbHblie npobaembl

* ConcurrentHashMap

- Mlcnonb3yet BHYTpU Broknposkn = He lock-free

Ba)KHO A1 BbICOKOHArpy*XeHHbIX
cuctem!

cS
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MoTeHuManbHblie npobaembl

e ConcurrentHashMap
- icnonb3yeTt BHYTpU 610KMpoBKKN = He lock-free

- icnonb3yeT cnnckn = cache miss-bl

cS
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MoTeHuManbHblie npobaembl

* ConcurrentHashMap
- icnonb3yeTt BHYTpU 610KMpoBKKN = He lock-free
- icnonb3yeTt cnnckn = cache miss-bl

e ConcurrentSkipListMap

- MIHOIo «1ULWHUX» 06 BbEeKToB

- MMocToAHHbIE cache miss-bl

cS
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AnbTepHaTUBbLbI

* https://github.com/edwardw/high-scale-java-lib

- NonBlockingHashMap
* https://github.com/romix/java-concurrent-hash-trie-map

* https://github.com/eclipse/eclipse-collections

- ConcurrentHashMap n ConcurrentHashMapUnsafe
* https://github.com/google/guava

* https://github.com/javolution/javolution

cs
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AnbTepHaTUBbI: beHYMapPKH
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AnbTepHaTUBbI: beHYMapPKH
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AnbTepHaTUBbI: beHYMapPKH
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AnbTepHaTUBbI: beHYMapPKH
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AnbTepHaTUBbI: beHYMapPKH

30
—e
o
= 20 Y --CHM
qEJ \ —o ~*Trie
€ 15 —s —*Eclipse
I—
Ho noy EN\y’P ——Eclipse + UNSAFE
10 ->-NonBlocking

NonBlocking uyTb-4yTb BCcex pBeT

cS

Slide 39. Copyright © 2017. Devexperts LLC. All rights reserved. DEVEXPERTS



NonBlockingHashMap

Lock-free Dynamic Hash Tables
with Open Addressing

Gao, H.1, Groote, J.F.2, Hesselink, W.H.!

! Department of Mathematics and Computing Science, University of Groningen,
P.O. Box 800, 9700 AV Groningen, The Netherlands (Email: {hui,wim}Qcs.rug.nl)
2 Department of Mathematics and Computing Science, Eindhoven University of
Technology, P.O. Box 513, 5600 MB Eindhoven, The Netherlands and CWI,
P.O. Box 94079, 1090 GB Amsterdam, The Netherlands (Email: jfg@win.tue.nl)

Abstract

‘We present an efficient lock-free algorithm for parallel accessible hash
tables with open addressing, which promises more robust performance
and reliability than conventional lock-based implementations. “Lock-free”
means that it is guaranteed that always at least one process completes
its operation within a bounded number of steps. For a single processor
architecture our solution is as efficient as sequential hash tables. On a
multiprocessor architecture this is also the case when all processors have
comparable speeds. The algorithm allows processors that have widely
different speeds or come to a halt. It can easily be implemented using
C-like languages and requires on average only constant time for insertion,
deletion or accessing of elements. The algorithm allows the hash tables to
grow and shrink when needed.

Lock-free algorithms are hard to design correctly, even when appar-
ently straightforward. Ensuring the correctness of the design at the ear-
liest possible stage is a major challenge in any responsible system de-
velopment. In view of the complexity of the algorithm, we turned to
the interactive theorem prover PVS for mechanical support. We employ
standard deductive verification techniques to prove around 200 invariance
properties of our algorithm, and describe how this is achieved with the
theorem prover PVS.

CR Subject Classification (1991): D.1 Programming techniques

AMS Subject Classification (1991): 68Q22 Distributed algorithms, 68P20 Infor-
mation storage and retrieval

Keywords & Phrases: Hash tables, Distributed algorithms, Lock-free, Wait-free

Lock-free Dynamic Hash Tables
with Open Addressing by Gao et al.
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A Lock-Free Wait-Free Hash Table by C. Click
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NonBlockingHashMap

* /icnonb3yeT OTKPbITYIO aapecauuto

cS
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OTKpbITAaA U 3aKpbITaa agpecauun

Koanunsuum

—

cS
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OTKpbITAaA U 3aKpbITaa agpecauun

Konnn3smum

Bo—

—
fon 8
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OTKpbITaa agpecauma: NOUCK

Niwem «22»

&

cS
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OTKpbITaa agpecauma: NOUCK

Nwem «22»:

<E 1. Mpuwnn B A4emnKy ¢ «34»

cS
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OTKpbITaa agpecauma: NOUCK

Nwem «22»:

&

1. TMpuwaun B A4enKy c «34»
2. Wpém panblue NoKa HEe HaNOEM «22»

cS

Slide 46. Copyright © 2017. Devexperts LLC. All rights reserved. DEVEXPERTS



OTKpbITaa agpecauma: NOUCK

Nwem «22»:

&

1. TMpuwaun B A4enKy c «34»
2. Wpém panblue NoKa HEe HaNOEM «22»

. Ypa, Hawnu!

cS
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OTKpbITaa agpecauusa: NOUCK

Nwem «22»:

&

1. [Mpuwnun B A4enKy C «34»
2. Wpém panblue NoKa HEe HaNOEM «22»

- Ypa, Hawnun!

A ecnu 6bl «4» bblNa
yaaneHa?

Slide 48. Copyright © 2017. Devexperts LLC. All rights reserved.

cS

DEVEXPERTS



OTKpbITaA agpecauma: yaaneHume

Yoanaem «4»

&

cS
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OTKpbITaA agpecauma: yaaneHume

Yoansaem «4»:

<E 1. Haxoaum ayenky

cS
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OTKpbITaA agpecauma: yaaneHume

Yoansaem «4»:

1. Haxoamm auenky

2. MeHaem Ha cneumanbHoOe 3HAYEHUE
«paHblUe TYT OblN 3/1eMEHT»

cS
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OTKpbITaA agpecauma: yaaneHume

Yoansaem «4»:

1. Haxognum ayemnky

2. MeHsem Ha cneunanbHoe 3Ha4YeHue
«paHblUe TYT OblN 3/1eMEHT»

Tenepb Mmbl CMOXeM
HaUTU «22»!

cS
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Mapa petanen: pasmep Tabaunubl

e KaK BblbpaTb NPaBUNAbHbIN pa3mep Tabaunubl?

* TeopuAa roBOpuUT «AaBanTe BO3bMEM NPOCTOE YNC/IO»

cS
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Mapa petanen: pasmep Tabaunubl

e KaK BblbpaTb NpaBUAbHbIN pa3mep Tabaunupbl?

* Teopuna roBOPUT «AaBamMTe BO3bMEM NMPOCTOE YNCAOY»

- Torpa HyXHo Bceraa aenatb hash(key) % N

cS
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Mapa petanen: pasmep Tabaunubl

e KaK BblbpaTb NPaBUAbHbIN pa3mep Tabaunubl?

* TeopunAa roBOPUT «AaBanNTe BO3bMEM NPOCTOE YMUC/ION»
- Torpa Hy»KHO Bceraa genatb hash(key) % N
- Onepauus B3aTUA NO MOAYIIO CINLLKOM A0pOoras

- Ha npakTuKe cteneHb ABOMKU nyylle (3TO NPOCTO CABWUT)

cS
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Mapa petanen: NOUCK 31eMeHTa

* MOXHO CMOTPETb He Ha cneayloWwmnin anemeHT

- N B Teopuun 310 nyvuwe!

cS
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Mapa petanen: NOUCK 31eMeHTa

i

* MOXHO CMOTpPEeTb He Ha cneayoLWwmnini SNEeMeHT

- N B Teopuun 3to nyyuwe!

* Ha npakTMKe NOCMOTPETb Ha CAeayIoLLNI
31IeMeHT AelleBie, T.K. OH CKOpee BCEero yKe

3aKelmnpoBaH

cS
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OTKpbiTaa agpecauuma: get(key)

public T getInternal(long key) {
int i = index(key);
long k;
int probes = 0;
while ((k = keys.get(i)) != key) {
if (k == NULL_KEY)
return null;
if (++probes >= MAX_PROBES)
return null;
if (1 == 0)
i = length;
1--5
}

return values.get(i);

¥
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OTKpbiTaa agpecauuma: get(key)

public T getInternal(long key) {
int i = index(key);
long k;
int probes = 0;
while ((k = keys.get(i)) != key) {
if (k == NULL_KEY)
return null;
if (++probes >= MAX_PROBES)
return null;
if (i == 0)
i = length;
1--;
}

return values.get(i);

¥
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OTKpbiTaa agpecauuma: get(key)

public T getInternal(long key) {
int i = index(key);
long k;
int probes = 0;
while ((k = keys.get(i)) != key) {
if (k == NULL_KEY)
return null;
if (++probes >= MAX PROBES)
return null;
if (i == 0)
i = length;
1--;
}

return values.get(i);

¥
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OTKpbiTaa agpecauuma: get(key)

public T getInternal(long key) {
int i = index(key);
long k;
int probes = 0;
while ((k = keys.get(i)) != key) {
if (k == NULL_KEY)
return null;
if (++probes >= MAX_PROBES)
return null;
if (i == 0)
i = length;
1--;
}

return values.get(i);

¥
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NonBlockingHashMap

* Ylcnonb3yeT OTKPbLITYIO agpecauyuto

e Lock-free

- [apaHTUpPYET, YTO CUCTEMA HE CTOUT Ha MeCTe AarKke nNpu
HeyaayHom scheduling-e

- Mo’KHO BCTaBAATb/YNTATb BO BPEeMs NepexeLmpoBaHusa

cS
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NonBlockingHashMap

* ilcnonb3yeT OTKPbITYIO agpecaumto

e Lock-free

- [apaHTMpPYET, YTO CUCTEMA HE CTOUT Ha MecCTe AaXKe npu
HeyaadyHom scheduling-e

- Mo’KHO BCTaBAATb/YNTATb BO BPEeMs NepexeLmpoBaHusa

Kak atoro nobutbca?

cS
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MRSW xew-tabnauua

 Multiple Readers, Single Writer

- YacTo TO/IbKO 0AMH NOTOK MeHseT AaHHble!

cS
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MRSW xew-tabnuua

* KaK ynTaTb B npouecce yBesinyeHmna’?

cS
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MRSW xew-tabnuua

e KaK 4ynTaTb B Npouecce yBeJNYeHnaA?

* YBenn4yeHume B cZlydae O4HOro nncatend TpuBmnasibHO.

1. Co3naém HOBYIO Tabanuy

cS
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MRSW xew-tabnuua

e KaK 4ynTaTb B Npouecce yBeJNYeHnaA?

* YBe/inyeHue B cZlydae O4HOro nncatend TpuBmnasibHO.
1. Co3paém HOBYO Tabanuy

2. Konupyem sanemeHTsbl

cS
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MRSW xew-tabnuua

e KaK 4ynTaTb B Npouecce yBeJNYeHnaA?

* YBenn4yeHue B cZlydae O4HOro nncatend TpuBmnasibHO.
1. Co3paém HOBYO Tabanuy
2. Konnpyem sanemeHTsl

3. MeHsaeM cCbIIKYy Ha Tabanuy

cS
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MRSW xew-tabnunua

* KaK yMTaTb B npoLecce yBe/siM4eHns?

* YBenn4yeHue B cZlydae O4HOro nncatend TpuBmnasibHO.
1. Co3gaém HOBYIO Tabanuy
2. Konupyem sanemeHTsbl

3. MeHAem ccbinKy Ha Tabanuy

cs
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MRSW xew-tabnunua: get(key)

public class MRSWLongObjectHashMap<T> {
private volatile Core core = new Core(..);

public T get(long key) {
return core.getInternal(key);
}

private class Core {
final AtomicLongArray keys;
final AtomicReferenceArray<T> values;

public T getInternal(long key) { .. }
}
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MRSW xew-tabnunua: get(key)

public class MRSWLongObjectHashMap<T> {
private volatile Core core = new Core(..);

public T get(long key) {
return core.getInternal(key);
}

private class Core {
final AtomicLongArray keys;
final AtomicReferenceArray<T> values;

public T getInternal(long key) { .. }
}
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MRSW xew-tabnunua: get(key)

public class MRSWLongObjectHashMap<T> {
private volatile Core core = new Core(..);

public T get(long key) {.\\\\\\\\\\\
return core.getInternal(key);

}
MeHsaeTca nocne
private class Core {

final AtomicLongArray keys; NEPEXELLINPOBaHm
final AtomicReferenceArray<T> values;

public T getInternal(long key) { .. }

/ s2
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MRSW xew-tabnunua: get(key)

public class MRSWLongObjectHashMap<T> {
private volatile Core core = new Core(..);

public T get(long key) {
return core.getInternal(key);
}

private class Core {
final AtomiclLongArray keys;
final AtomicReferenceArray<T> values;

public T getInternal(long key) { .. }
}
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MRSW xew-tabnunua: get(key)

public class MRSWLongObjectHashMap<T> {
private volatile Core core = new Core(..);

public T get(long key) {
return core.getInternal(key);
}

private class Core {
final AtomiclLongArray keys;
final AtomicReferenceArray<T> values;

public T getInternal(long key) { .. }
}
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HuU3Hb AYEeUuKn

Partially inserted
Initial state or deleted

e il insert(k,V)
nu

empty key
some key

x ®
non

delete(k) insert(k,V)

V = some value

null = tombstone / empty
Standard

key-value pair

update(k,V) 53
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MRMW xew-tabnmua

 Multiple Readers, Multiple Writers

- To, yero mbl XoTMM B 0bLLEM CAy4Yae

* KaK opraHM3oBaTb MU3MeHeHUe U3 pa3HbIX MOTOKOB?

* KakK NnapazajaesibHO AeJiaTb NepeHoC 3/1eMEHTOB?

cs
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Kun3sHb auenkun: 6es nepeHoca

Partially inserted
Initial state or deleted

e null inser‘t(k,V)m
CAS

delete(k) |CAS| insert(k,V)

empty key
some key

x ®
non

V = some value

null = tombstone / empty
Standard

key-value pair

update(k,V) 53
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XKun3Hb auenkn: pobasnsaem nepeHoc

Partially inserted
or deleted

inser‘t(k,V)

Initial state

delete(k) insert(k,V)

Standard
key-value pair

update(k,V)

cS

Slide 78. Copyright © 2017. Devexperts LLC. All rights reserved. DEVEXPERTS



XKun3Hb auenkn: pobasnsaem nepeHoc

Partially inserted mark as moved

or deleted
insert(k,V) Moved
empty cell
A
Initial state
delete(k) insert(k,V)
A 4
Standard
key-value pair
update(k,V)

c3
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XKun3Hb auenkn: pobasnsaem nepeHoc

Partially inserted mark as moved

or deleted !
insert(k,V) mark as moved Moved
empty cell
Initial state
delete(k) insert(k,V)
Moved
| standard cell
Standard
key-value pair
update(k,V)

c3
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XKun3Hb auenkn: pobasnsaem nepeHoc

Partially inserted

mark as moved

or deleted
insert(k,V) mark as moved
e, o A
Initial state
delete(k) insert(k,V)
Standard fix value

key-value pair

update(k,V)
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Moved
empty cell

Moved
standard cell

mark as
moved

Fixed cell
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XKun3Hb auenkn: pobasnsaem nepeHoc

Partially inserted mark as moved

or deleted
insert(k,V) mark as moved Moved
empty cell
Initial state
delete(k) insert(k,V)

Moved

standard cell

Standard | fix value mark as
key-value pair moved

Fixed cell

c3
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[lepeHOC: C Apyroro pakypca

Old table New table
A

A

cS
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[lepeHOC: C Apyroro pakypca

Old table New table
|

A
I | 1

e VYR

cS
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[lepeHOC: C Apyroro pakypca

Fix value
> e null

1CIaim new slot

c3
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Old table New table
|

A
[ 1 1




[lepeHOC: C Apyroro pakypca

Old table New table
|

A
[ 1 1

Fix value

vClaim new slot

cS
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[lepeHOC: C Apyroro pakypca

Old table New table

| A

Fix value

k V~ :

Copy value

v

Claim new slot

1 Mark as moved
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[lepeHOC: C Apyroro pakypca

Old table New table
A

A

Fix value

k V @ null > k V’ @ null

1CIaim new slot

k V, k V ) Copy value k V, k Lyl

1 Mark as moved

k S k V

cS
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Koonepauua npu nepeHoce

* KaK HecKo/ibKO MOTOKOB MOTYT MNepPeHOCUTb 3/IEMEHTbI U He

MewaTb Apyr Apyry?
- bnokamu no K anemenHTtoB (tak genaet Cliff Click)

- [lepeHOCOM 3aHMMAETCA BblAeNEHHbIW NOTOK

cS
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HY U 3AYEM MHE 3TO BCE 3HATb???



BcnomHum moaens!

interface AccountsCache {
fun addAccount(id: Int, account: Account)
fun getById(id: Int): Account?

cS
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BcnomHum moaens!

interface AccountsCache {
fun addAccount(id: Int, account: Account)
fun getById(id: Int): Account?

* Account-bl HUKOrga He MeHAKTCA
* YaaneHum Het

cs
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Ynpoliaem XU3Hb AYEenKHn

Partially inserted mark as moved

or deleted
insert(k,V) mark as moved Moved
empty cell
Initial state
delete(k) insert(k,V)

Moved

standard cell

Standard | fix value mark as
key-value pair moved

Fixed cell

c3
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update(k,V)




Ynpoliaem XU3Hb AYEenKHn

Partially inserted mark as moved

or deleted
insert(k,V) mark as moved Moved
empty cell
Initial state
|
de}é(k): insert(k,V)
I Moved
i standard cell

Standard fix value

key-value pair

mark as
moved

\ /

upd§<k,v)
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Fixed cell
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Ynpoliaem XU3Hb AYEenKHn

Partially inserted mark as moved

or deleted
insert(k,V) k null mark as moved

Initial state

insert(k,V)

fl}élue mark as

I moved

Standard
key-value pair

_—_—>

Slide 95. Copyright © 2017. Devexperts LLC. All rights reserved.

Moved
empty cell

Moved
standard cell

Fixed cell
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Ynpoliaem XU3Hb AYEenKHn

Partially inserted mark as moved
or deleted

' t(k,V Moved
insert( ) k null mark as moved
empty cell
Initial state
insert(k,V)
Moved
standard cell

Standard

key-value pair k V

mark as
moved

cS
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Ynpoliaem XU3Hb AYEenKHn

Partially inserted mark as moved
or deleted

k null mark as moved

insert(k,V)

Initial state

insert(k,V)

Standard
key-value pair
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Moved
empty cell

Moved
standard cell
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Ynpoliaem XU3Hb AYEenKHn

Partially inserted mark as moved

or deleted

insert(k,V) k null mark as moved

Initial state

insert(k,V)

Standard

key-value pair k V
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Moved
standard cell
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[lponsBoANTENbHOCTDb
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--Trie

-*—Eclipse

-8—Eclipse + UNSAFE
-—NonBlocking
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cS

DEVEXPERTS



[TponssBoanTENbHOCTDb
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-—CHM

--Trie

-*—Eclipse

-8—Eclipse + UNSAFE
-—NonBlocking
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[MocmoTpum Ha moaensb eLle pas!

class Account(val id: Int) {

private
private
private
private
private
private

val
val
val
val
val
val

il:
i2:
ol:
02:
03:
04:

Int
Int
Any?
Any?
Any?
Any?

0
0

null
null
null
null
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MocmoTpum Ha moaenb eLle pas!

class Account(val id: Int) {

private
private
private
private
private
private

val
val
val
val
val
val

il:
i2:
ol:
02:
03:
o4

Int
Int
Any?
Any?
Any?
Any?

T~

null
null

YKe xpaHum id

null
null
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MocmoTpum Ha moaenb eLle pas!

class Account(val id: Int) {

private
private
private
private
private
private

val
val
val
val
val
val

il:
i2:
ol:
02:
03:
o4 :

Int =
Int =
Any?
Any?
Any?
Any?

T~

null
null

YKe xpaHum id

null
null

MoeT He XpaHUTb
KNHOY OTAENbHO?
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Ynpoliaem A4YEUKyY

Partially inserted mark as moved

or deleted

insert(k,V) k null mark as moved

Initial state

insert(k,V)

Standard

key-value pair k V
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Moved
empty cell

Moved
standard cell
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Ynpoliaem A4YEUKyY

Partially inserted mark as moved

or deleted
insert(k,V) mark as moved
Initial state
insert(k,V)
Standard
key-value pair / V
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Moved
empty cell

Moved
standard cell

cS

DEVEXPERTS



Ynpoliaem A4YEUKyY

insert(Viq) \/ S; Moved
id empty cell

I

mark as moved

cS
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[Mpon3sBoauUTENbHOCTDb
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[TponssBoanTENbHOCTDb
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MOXHO U eLé yayylmnTb?

* IntObjCache n AccCache «nnoxo» aenatot rehash

cS
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MOXHO U eLé yayylmnTb?

* IntObjCache n AccCache «nnoxo» aenatot rehash

 VarHandle no3sosaeT nsbexatb ANWHUX YTEHUN U
CMHXPOHU3aLUNM

- compareAndExchange nomoraeTt He AenaTtb ANLWHUX YTEHUM
nocne HeygadHoro CAS-a

cS
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MOXHO U eLé yayylmnTb?

* IntObjCache n AccCache «nnoxo» aenatot rehash

 VarHandle no3sosaeT nsbexatb ANWHUX YTEHUN U
CMHXPOHU3aLUNM

- compareAndExchange nomoraet He AenaTtb INWHUX YTEHUI
nocne HeyaavyHoro CAS-a

- Yto-TO Bpoae release-acquire semantics, HO He
cneundunumposaHo B JIMM (ectb «cneka» oT Doug Lea)

* BbICOKMM NOPOr BXOXKAEHUS

cS
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Ntoru

* KaK npaBnao AOCTAaTOYHO CTaHAAPTHbIX peanun3aumnm Cfl

- Echm HeAOCTAaTOYHO CTaHAAPTHLIX — MOULLIMTE a/IbTEPHATUBDI

cs
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NTtoru

* KaK NpaBui0 AOCTaTOYHO CTaHAapPTHbIX peanusaumnm CA

- Ecnm HepocTaTOYHO CTAaHAAPTHBLIX — MOULLUTE aNIbTEPHATUBDI

* [1pn pa3paboTKe CBOMX aNITOPUTMOB BaXKHO
- [ToHMMmaTb cywecTeytoWMe NoAXoAbl
- UmeTb NPOCTYIO U NOHATHYIO MOAENb

- lcnonb3oBaTb BBOAMMbIE MOAE/1bIO orpaHNM4eHunA

cS
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Cnacubo 3a BHUMaHue!

Hukuta KoBanb

ndkoval at ya dot ru
twitter.com/nkoval_
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