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Safe Harbor / Tuxas lNasanb

Everything on this and any subsequent slides may be a lie. Do not
base your decisions on this talk. If you do, ask for professional help.

Bcé uto yrogHo Ha 3ToM cralifie, Kak 1 Ha BCEX CAEAYIOLLNX, MOXET
ObITh BpaHbEM. He nmpuHumaiiTe pelueHnii Ha OCHOBaHWMW 3TOTO
noknaga. Ecnu Bcé-takn pewmTe NpuHATL, TO HalimuUTe
npodeccrnoHanos.

=Java
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ANCKJienMmepbl
JTOT [OKNAA;

1. ...paccka3biBaeT MpPO MHOIOMOTOYHOCTb, a He COOpKY Mycopa.
(B cTronutyoTbIfi paz yxe, 5 yxe cam BCE noHsi. Yxogute.)

N

...TpebyeT noHumaHus mogenn Ha yposHe «[lparmaTtukun JMM>»
(3a naTb MuHyT U Ha NanbLAax He OOBICHUTL, yXORNTE)

3. ..ucnewpén saom, deicnanmamu n xendbto. bes wyTok.
(Het, mbi He bygem JLS untats nog «kymbaiiss, yxoqute)

=

...COAEPXUT BCAKNE CTPENOYKN, NOPSAKM, pa3HapsaKi.
(Ecnn He ymeeTe B npocTyto MaTeMaTuky, TO... yXOBUTE)

=’Java
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BBepeHue



BeeneHuve: abcTpakTHble MaLLUHbI

«Mawwnhbl OENA0T TO, 4TO A rOBOPKO UM [O€1ATb>»

public int m() {

int x = 42; . prolog

int y = 34; = mov $76$, hrax
int t =x +7y; ...epilog...
return t; ret

}

Ecnun pesynbraT He oTan4aeTcs OT noBeAeHUst abCTPaKTHOW MalLWHBbI,
HUKOFO HE BOJIHYET, KaK OH JOCTUrHYT!

=Java
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BeeaneHue: JMM — npo abcTpakTHble MalmnHbi!

Ecnn pe3yNbTaT HE OT/INHAETCA OT CI'IeLI,VIdDI/ILI'I/IpOBaHHOI'O,
HNKOro He BOJIHYET, KaK OH ,L'I,OCTVIFHyT!

volatile int x; m:

public int m() { ...prolog. ..
x=1; N mov $2$, (mem)
X = 2; mov $2$, %rax
return Xx; ...epilog...

} ret

(Ha npakTuke, He BCe ONTUMU3aLAN TPUBNANLHBI, U MOTYT
noTpeboBaTh HEBO3MOXHOIO)

=’Java
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Bapbepbl



Bapbepbl: npobnema

«Ara, ceiivac s beicTpeHbko npoynTato npo JMMIy

Given a write w, a freeze f, an action a (that is not a read of a £inal field), a read
I L ryof the £ina1 field frozen by £, and a read r such that hb(w, ), hb(f, a), mc(a, r1),

and dereferences(ry, rp), then when determining which values can be seen by r;,
An execution Eis described b, we consider hb(w, r2). (This happens-before ordering does not transitively close
+ P-aprogram with other happens-before orderings.)

* A-asetof actions
. * po - program order, whi( B
Z performed by #in A

* 5o - synchronization order
-4

« Well-formed executions Ej, ..., where E; = < P, A;, po;, so;, W;, V;, sw;, hb; >.

Given these sets of actions Cy, ... and executions Ej, ..., every action in C; must
be one of the actions in E;. All actions in C; must share the same relative happens-
before order and synchronization order in both E;and E. Formally:

1. Cjis asubset of A;

A LLi L
The Java Language « There exists a set O of actions such that B consists of a hang action plus all the
H : external actions in O and for all k> | O |, there exists an execution E of P with
Speclflcatlon actions A, and there exists a set of actions O' such that: ne in both E; and E. Only the
on

— Both O and O' are subsets of A that fulfill the requirements for sets of - Formally:
observable actions.

-0cCcOCA
-0 |2k

= ]ava
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Bapbepbl: npobnema

<<E—M0é, HY B MHTEPHETAX-TO HABEPHAKA NUNLIYT YTO-TO...»

Slide 9/82. «Banskne

ﬂHﬂeKc java memory model YTo 3@ Ml

Momck H Mogens namstv Java cMoTpeTh oHnaiH | becnnarHble. ..
xitfilms.ru > kino/Monens namst Java
_— Monenk namsmt Java cMoTpeTs onaiiv | Becnartoe suaeo & HD kavecTae 6ea peknaml, 6e3
CMC 1 Gea perucTpaLm

@ Korpa y Te69 XOpPOLLWIA @BTOMHCTPYKTOP (CMOTPETL 10 KOHLa)
youtube.com > watch?v=jmm8ujxkQUY
VIHCTPYKTOP B WWoKe - [POformKuTensHOCTL: 8:45 B ! 14999 317 npocMoTpoR

Eue < PomaH Enunsapos — TeopeTUyecknii MUHUMYM...

fassen.net > video/hxIRyqHRnNJE/

Poman Enizapos, Devexperts — TeopeTHyeckuii MUHIMYM A1 NOHVMaHHA Java Memory
Model Java-kondepeHuys JPoint 2014 Mocksa, 18.04 2014

D java memory model uto 3a n® iy — 4 Thic. BUAEO (18+)
video.yandex.ru > java memory model 4To 3a nmsmmy

youtube.com youtube.com youtube.com youtube.com

=’Java
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Bapbepbi: JSR 133 Cookbook

\‘n.)iatile read [StoreStore|LoadStore]
[LoadLoad |LoadStore] volatile store
[StoreLoadl]

m BoT oHo, boraTcTBo, 1 Hukakoii Tebe 3aymu!
m Bcé noHATHO Xe, BOKpYr AOCTYynoB bapbepsbi:

1. Henb3sa nepectaButb goctyn 3a volatile store

Henb3s nepectaButh goctyn nepepg volatile read

(1), (2) ananoruyHo gnsa synchronized enter/exit

B KoHLe KoHCTpykTOpa bapbep, 3anpelyarownii nepecTasisaTb

BN

=]ava
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Bapbepbl: 3acaga ¢ KOHCEepPBATUBHOCTbLIO

3acaga Nel: JSR 133 Cookbook onuckiBaeT koHcepsaTusHytHO
peann3auunto, MPakTUYECKNA MUHUMYM

m KoHOopMHBbIT paHTaiim He
obsazan cnegosaTth Cookbook, a
0bs13aH cnegoBaTh
cneundukalmu

| OT,ELGJ'I bHblE ONTUMWN3aUNN

JSR-133 yxogaT oT Cookbook, u
Cookbook

[OKa3bIBAtOT CBOK KOPPEKTHOCTb
yepes JMM

= Java
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Bapbepbl: 3acaga ¢ KOHCEepPBATUBHOCTbLIO

3acaga Nel: JSR 133 Cookbook onuckiBaeT koHcepsaTusHytHO
peann3auunto, MPakTUYECKNA MUHUMYM

m KoHOopMHBbIT paHTaiim He
obsazan cnegosaTth Cookbook, a
0bs13aH cnegoBaTh
cneymdurkaymm

| OT,ELGJ'I bHblE ONTUMWN3aUNN

JSR-133 yxogaT oT Cookbook, u
Cookbook

[OKa3bIBAtOT CBOK KOPPEKTHOCTb
yepes JMM
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Bapbepsbi: lock coarsening

void m() {
) [LoadStore] // monitorenter
void m() { x = 1
hronized (thi o
syiczriélze (this) { [StoreStorel // monttorezit
’ [Storeload]
} Cookbook

hronized (thi
SY§CIITI}12€ (this) { [LoadStorel // monitorenter

y =1
} ¥ [StoreStore] // monitorezit
[StoreLoad]
}

MoxHo nepectaButb x = 1ny = 17

JSR 133 Cookbook: HeT, Henb3s.

=’Java
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Bapbepbi: lock coarsening, #2

void m() |
synchronized(this) { void m() {
x = 1; synchronized(this) {
} coarsening y = 1;
synchronized(this) { — x = 1;
y=1 3
} }
}

JSR 133 Cookbook: He-He-He, Tak Henb3sl
Java Memory Model: ewé kak moxHo!
HotSpot: okeii, MoxxHO — genaem!

=]ava
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Bapbepbi: lock coarsening, #3

synchronized(this) {

y=1;
x =1;
}
Cnyyaii 1: Cnyyaii 2:

{ synchronized(this) {
int t1 =y; // 1 int t1 = x; // 1
int t2 = x; // 0 int t2 =y; // 1

} }

YuTaer yepes rowky, BUANT 3axBaTuT NOK 1 yBUAMT 0be
nepecTaHoBky n be3 coarsening'a 3anucy B Nopsiike

=]ava
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Bapbepbl: 3acaga c namsaTbIO

3acapa Nel: [MoHATUe «nepecTaHOBKUY» ynoTpebnmo, Korga ecTb
NNNKO3US 0DLLEl CUHXPOHW3WPOBAHHON NamMsATy

volatile int x, y;
x=1;]y=1; |int rl = y; | int r3
int r2 x; | int r4d

|
i

Il
<

Ecnu mbl bapbepamMu npureo3gum Bce onepauun B NporpaMMHOM
nopsigke, To BCE bynet HOpMasbHO, Ja’

=Java
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Bapbepbi: IRIW

volatile int x, y;
x=1;]|y =1;

int r3
int rd

I
>

int rl = y;
int r2 = x;

ys

(r1,72,73,r4) = (0,1,0,1) — 3anpewero JMM:
pe3yNbTaT MOXXET COOTBETCTBOBATb TOJIbKO MCMOJIHEHUIO, FAe BCe
synchronization actions 0bpa3sytoT AvHeRHbI NopaAoK
COrIAaCOBAHHbIV C MPOrpaMMHbIM, U TAe YTEHUs BUAAT npesblayLine
3anucuK B 3TOM MOPSIZKe.

=’Java
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Bapbepbi: IRIW

volatile int x, y;

int r3
int r4

x = 1; X3

Y

y =1;|1int rl = y;
int r2 = x;

(r1,r2,73,r4) = (0,1,0,1) — 3anpewero JMM:
volatile — nocnefoBaTeNlbHO COMJIaCoOBaHbI

Slide 16/82. «Bnuskne kontaktol JMM-Hoii crenenn», Aleksey Shipilév, 2016
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Bapbepbl: IRIW c bapbepamn

volatile int x, y;

<fullFence>
x = 1;
<fullFence>

<fullFence>

y = 1;
<fullFence>

<loadFence>
int rl = y;
<loadFence>
int r2 = x;
<loadFence>

Slide 17/82. «Bnnskne kontaktel JMM-Hoii crenenn», Aleksey Shipilév, 2016

<loadFence>
int r3 = x;
<loadFence>
int r4d = y;
<loadFence>
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Bapbepbl: IRIW c bapbepamn

volatile int x, y;
<fullFence> | <fullFence> | <loadFence> | <loadFence>
x = 1; y =1; int rl = y; | int r3 = x;
<fullFence> | <fullFence> | <loadFence> | <loadFence>
int r2 = x; | int rd = y;
<loadFence> | <loadFence>

PowerPC: LOL, nice try, but
(r1,72,7r3,r4) = (0,1,0,1)

Screams internally) =’)ava
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Bapbepbl: peuenTt npoBana

[aHo:

1. Cookbook rosoput «Henbzs»,

a JMM roBopnt «MOXXHO»
. 2. Cookbook rosoput «moxxHo»,
o a JMM roBopuT «Henb3s»
E.
2 HaiTu:
X))
0,
%

B kakux caydasix MOXHO AOBEPSTH
Cookbook kak pogHomy JMM?

Slide 18/82. «Baunskne kontaktor JMM-noli crenenn», Aleksey Shipilév, 2016
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Bapbepsbl: epecb, bOpea n npoBokaLus

void barrier() {
synchronized(this) {}; // do barrier!
}

=]ava
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Bapbepsbl: epecb, bOpea n npoBokaLus

void barrier() {
synchronized(this) {}; // do barrier!
}

volatile int v;
void barrier() {
v =1, // do barrier!

}

Slide 19/82. «Baunskne kontakter JMM-noli crenenn», Aleksey Shipilév, 2016

=]ava



Bapbepsbl: epecb, bOpea n npoBokaLus

void barrier() {
synchronized(this) {}; // do barrier!
}

class MyClass {
volatile int v;
MyClass() {
this.v = 42;
// do barrier!
}
}

volatile int v;
void barrier() {
v =1, // do barrier!

}

=’Java
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Bapbepbl: cyxoin ntor

Bapbepbl — 370 geTanb peanusayuu!
Peannsaunm mMoryT CnokoiiHO Ha HUX K1acTb bOT.

m Bbl He ymeeTe UMM NoAb30BaTLCS — HE MONb3YIATECH
m Bbl He 3HaeTe 3aKoynKOB XapaBapa — He NOJb3yiATeCh
m XBatnt uutnposaTe Cookbook n pazmaxneaTs bapbepamu

m Cookbook Boobuue He gns Bac HanucaH

=’Java
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Jlnpuka



Jlnpuka: «HO KakK OHO Ha camom pese?>»

«Ha camom fene» cyuiecTsyet TOIbKO B BOODparkeHMH.
Bcé Bcerga onepupyet monensimu:

javac fenaeT BUA, 4TO COXPaHSET CEMaHTUKY WCXOAHOMO KoAa
JVM penaet Bua, 4To coxpaHsieT ceMaHTUKy baliTkona
KomnunsaTop genaer Buj, 4To coxpaHsieT ceMaHTuky IR

nall S

®pontenn CPU genaet Bug, 4To coxpaHseT cemaHTuky ISA

51. TpaH3ucTopbl AenatoT BUA, YTO NEPeKIoYatoTCs

52. JnekTpuYeckuii TOK AenaeT BUA, 4TO TeYeT l
=’)ava
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Jlnpuka: y koro 6pan?

|\/|op,env| ONMCbIBAKOTCA B CI'IeLl,VId)I/IKaLIII/II/IZ

JLS, JVMS, SDM, AM

vnoTte3a: bBosbwas vacts beg B (concurrency-)uHayctpum ot
KWHECTETNKOB, KOTOPbIE MbITaTbCA BbIBECTU BbICOKOYPOBHEBYHO
MOZENb U3 TEKYLLEro MOBELEHNS HVXKHUX CNIOEB, BMECTO TOrO, 4YTODbI
N3YUYUTb, KaKNe MUHUMAbHbIMY CBOWCTBAMU [ONMXKHbI 0bnafaTthb
HV>KHUE C0oN.

=Java
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Teopus



Teopusi: gecTBna N NCNOAHEHUs

Ncnonuenns (executions) cogepxaTt B cebe peiicteus (actions) v
nopsigku (orders). VicnonHeHus — 310 nosefeHns abCTpaKTHOM
MaLMHbI, a He dusnyeckne npoueccsl. lcnonHenns nokassisator,
Kakne pe3ysibTaTbl MOXET [aBaTb KOHKPETHasi MporpaMma.

HomenknaTtypa:
m w(field, V) — 3anuce 3navenns V 8 none field
m r(field) : V — utenune 3nauenus V us nons field
m lck(m) | unlck(m) — 3axBaT/ocBoboxaeHne MOHUTOPA

=Java
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Teopusa: PO — program order

PO cBAsbiBaeT AeACTBUSA B OQHOM MOTOKE

CBoiicTBa U MHBapWaHTHI:

m PO - nuHeiiHbili NOpsAZOK B KaXKAOM U3 MOTOKOB (HO: HUYEro
He TOBOPUT O MOPSiAKE UCMOJIHEHMS, TOBOPUT TOJIbKO O MOPsiAKe
B MCXOAHOM KOZe)

m PO consistency: gelicTBusi B 04HOM NOTOKE COrNacoBaHbl C
NOpsiKOM B NMporpamme

m PO HyxeH, 4TobbI NpoTawuTs B MoAens uHdgy ob
OpUrMHanNbLHONW nporpamme, noatomy Hapywuts PO Henb3s,
3TO UcxogHoe faHHoe! £ java
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Teopus: SO — synchronization order

SO cBssbiBaer cneynanbHble aeiicteus (synchronized actions)

CBoiicTBa U MHBApUAHTbI:

1. SO - nnHeiiHbIli NOPSAOK (HO: HUYEro HEe rOBOPUT O MOPSAKE
UCMOJIHEHNS, TOBOPUT TOJILKO O BUAUMOM MOPSIAKE 3GPEKTOB)

2. SO consistency: 4TeHust JOKHbI BUAETb MOCAEAHION
3anncb, N TOJIbKO €€

3. SO - PO consistency: nopagkun 8 SO u PO cornacosaHbl

=Java
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Teopus: SW — synchronizes-with order

SW - nognopsagok SO

CgoiicTBa U MHBApUAHTHI:

1. SW — yacTuyHblii NOpsAoK, YCTaHOBEH TONIbKO MEXAY
napamu onepaunii, KOTopble «BUAAT» ApYr Apyra

2. BaxkeH gns npoTackmBaHMs MeXAy NOTOKaMu

=Java
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Teopusi: HB — happens-before order

HB — tpan3sutneHoe 3ambikaHue obveanterns PO n SW

CBolicTBa 1 MHBAPUAHTbI:

1. HB - vactuunbiii nopsigok (He Bcé cssizaHo HB)
2. HB consistency: yteHus sugar

hb
nnbo nocCneaHK 3aNnNCb B —,

hb
nbo 1tobyto Apyryro 3aMnch, HE CBS3aHHYO —

=’Java
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Teopusa: ntor

When someone explains something
to you multiple times but you still
have no idea wtf is going on

-
=Java
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Teopus: pa3bepém cayyaii c synchronized

int x, y;
void threadl() { void thread2() {
synchronized(this) { int rl = y;
x = 1; int r2 = x;
+ }
synchronized(this) {
y =1
}
}
Cobupaewm...

w(x, 1) = w(y, 1) = unlck(t) r(y) : 1 = r(x):0
Slide 31/82. «Baunskne kontakter JMM-noli crenenn», Aleksey Shipilév, 2016 :E) lava



Teopus: pa3bepém cayyaii c synchronized

int x, y;
void thread1() { void thread2() {

synchronized(this) { int r1 = y;

x =1; int r2 = x;
} }
synchronized(this) {

y =1
}

+
...KOPPEKTHOE NCMNONHEHNE:

w(z, 1) -, w(y, 1) =, unlck(t) r(y) : 1 =, r(z):0

=]ava
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Teopusi: KOPPEKTHO CUHXPOHU30BaHHAasA

int x, y;
void threadl() { void thread2() {
synchronized(this) { synchronized(this) {
x =1; int rl = y;
T int r2 = x;
synchronized(this) { }
y = 1; }

b
b

sSwW

w(z, 1) = w(y, 1) = unlck(t) —

N lek(t) = r(y) 11— r(x) : 0 Ljava
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Teopusi: KOPPEKTHO CUHXPOHU30BaHHAasA

int x, y;
void threadl() { void thread2() {
synchronized(this) { synchronized(this) {
x =1; int rl = y;
T int r2 = x;
synchronized(this) { }
y = 1; }

b
b

w(z, 1) L w(y, 1) N unlck(t) =,

N lck(t) N r(y):1 LN r(z): 0 (HekoppekTHOe) L |aya

Slide 32/82. «Baunskne kontaktor JMM-noli crenenn», Aleksey Shipilév, 2036




Lazy<T>



Lazy<T>: 3HakOMbTecCb

public class Lazy<T> {
final Supplier<T> supp;

T val;
public Lazy(Supplier<T> s) {
supp = s;
¥ JleHunBbIli Takoid

public synchromized T get() { /HCTAHLMATOP. [oka3sbiBaTs,
if (val == null) { 4TO OH paboTaeT, Hago?
val = supp.get();
+

return val;
}
}

Slide 34/82. «Baunskne kontaktor JMM-noli crenenn», Aleksey Shipilév, 2016
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Lazy<T>: onTumunsupyem!

final Supplier<T> supp;
volatile T val;

public T get() {
if (val == null) {
synchronized (this) {
if (val == null) {
val = supp.get();
}
}
}
return val;

by

Slide 35/82. «Banskne kontakter JMM-noli crenenn», Aleksey Shipilév, 2016
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Lazy<T>: onTumunsupyem!

final Supplier<T> supp;
volatile T val;

public T get() {
if (val == null) { CBsATbIE MaKapOHbI, HO 3TO XKe
synchronized (this) { double-checked locking (DCL)!
if (val == null) {
val = supp.get();
}
}
}
return val;

by

=’Java
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Lazy<T>: onTumunsupyem!

final Supplier<T> supp;
volatile T val;

public T get() {
if (val == null) { CBsATbIE MaKapOHbI, HO 3TO XKe
synchronized (this) { double-checked locking (DCL)!
if (val == null) {
val = supp.get();

) ¥ OH e He paboTaeT be3

) volatile!

return val;

by

=’Java
Slide 35/82. «Banskne kontaktor JMM-noli crenenn», Aleksey Shipilév, 2016 o



Lazy<T>: He TaK-TO MpPOCTO

Supplier<T> supp;
T val;
30ech Toxe Hy»eH volatile,

public T get() { ?
HO Kyda €ro noCtaBuThb!

if (supp !'= EMPTY) {

synchronized (this) { m A. Ha supp
if (val == null) { 2 B ua val
val = supp.get();
supp = EMPTY; m C. n Ha supp, u Ha val
. ¥ m D. Ha 3BOHOK gpyry
1 m E. Ha 3epo
return val;

3

Slide 36/82. «Bsanskne kontaktor JMM-noli crenenn», Aleksey Shipilév, 2016
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Lazy<T>: ctaBum volatile Ha val

Supplier<T> supp;
volatile T val;

public T get() {
if (supp !'= EMPTY) { |r(supp):FE
synchronized (this) {
if (val == null) {
val = supp.get(); |w(val,V)

po

supp = EMPTY; |w(supp, E)

L
b
b

return val; |r(val) : null

Slide 37/82. «Baunskne koHTakTbl J}/IM—Hoﬁ crenenn», Aleksey Shipilév, 2016
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Lazy<T>: ctaBum volatile Ha val

Supplier<T> supp;
volatile T val;

public T get() {
if (supp !'= EMPTY) { |r(supp):FE
synchronized (this) {
if (val == null) {
val = supp.get(); |w(val,V)

hb

supp = EMPTY; |w(supp, E)
}

b
b

return val; |r(val) : null
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Lazy<T>: ctaBum volatile Ha val

Supplier<T> supp;
volatile T val;

public T get() {
if (supp. .= EMRFY: -ty 7(supp) : E

,-"--Sj;rnchronized (this) {

if (val == null) A{
oo val = supp.get ) ; |w(val, V)

hb
Supp = BMRF¥ - 4 w(supp, E)

}

b
b

return val; |r(val) : null
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Lazy<T>: ctaBum volatile Ha val

Supplier<T> supp;
volatile T val;

public T get() {
if (supp. .= EMRFY: -ty 7(supp) : E

,-"--Sj;rnchronized (this) {

if (val == null) A
oo val = supp.get ) ; |w(val, V)
........ = hb
Supp = BMRF¥ - 4 w(supr, E)

} SO

b
b

return val; |r(val) : null
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Lazy<T>: cbopmasibHee

[unoTesa: Lazy.get () Hukorga He BepHET null.

=Java
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Lazy<T>: cbopmasibHee

[unoTesa: Lazy.get () Hukorga He BepHET null.
[MnoTe3a He BepHa, T.K. CyLLECTBYET KOHTPNpUMep:

race

hb hb
w(val, V) — w(supp, ) r(supp) : E — r(val) : null

=Java
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Lazy<T>: cbopmasibHee

[unoTesa: Lazy.get () Hukorga He BepHET null.
[MnoTe3a He BepHa, T.K. CyLLECTBYET KOHTPNpUMep:

hb [ race | hb
w(val, V) — w(supp, ) r(supp) : E — r(val) : null
NHTepnpetayuu:

1. Hnuto He orpaHnymnsaet 3naverue B r(val), gaxe ecan val

SO
volatile: r(val) : null — w(val, V'), ync
2. MpounTaHHOe Yepes roHKy 3HadeHne Hn4ero ¢ coboii
TPaH3UTUBHO HE MPUHOCUT, Takasi BOT «ydaya»

3. NoOHkn — BCceneHckoe 3n0!

Slide 38/82. «Bnuskune kontaktol JMM-Hoii crenenn», Aleksey Shipilév, 2016
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Lazy<T>: ctaBum volatile Ha supp

volatile Supplier<T> supp;
T val;

public T get() {
if (supp !'= EMPTY) { |r(supp):FE
synchronized (this) {
if (val == null) {
val = supp.get(); |w(val,V)

po

supp = EMPTY; |w(supp, E)

L
b
b

return val; |r(val):V

Slide 39/82. «Baunskne koHTakTbl J}/IM—Hoﬁ crenenn», Aleksey Shipilév, 2016
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Lazy<T>: ctaBum volatile Ha supp

volatile Supplier<T> supp;
T val;

public T get() {
if (supp != FMPTV).L: r(supp) : E
synchronized (this) {
sw if (val == null) {
val = supp.get(); |w(val,V)

po

supp = EMPTYs— w(supp, E)
}

b
b

return val; |r(val):V
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Lazy<T>: ctaBum volatile Ha supp

volatile Supplier<T> supp;
T val;

public T get() {
if (supp != FMPTV) L |r(supp): E
synchronized (this) {
hb if (val == null) {
val = supp.get(); |w(val,V)

hb

supp = EMPTY; | w(supp, E)
}

b
b

return val; |r(val):V

Slide 39/82. «Baunskne koHTakTbl J}/IM—Hoﬁ crenenn», Aleksey Shipilév, 2016
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Lazy<T>: ewé cpopmasibHee

[wnoTe3a: Lazy.get () Hukorga He BepHET null.

Monoxum, ucnonuenne ¢ r(val) : null cyuwecrsyer.

=Java
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Lazy<T>: ewé cpopmasibHee

[wnoTe3a: Lazy.get () Hukorga He BepHET null.

Monoxunm, nucnonnenue ¢ r(val) : null cywectsyer. ITOMy HTEHUIO
AO/KHbI MPeSLIecTBOBATh!
1. r(supp) :!E — B3sTas synchronized-serka

=’Java
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Lazy<T>: ewé cpopmasibHee

[wnoTe3a: Lazy.get () Hukorga He BepHET null.

Monoxunm, nucnonnenue ¢ r(val) : null cywectsyer. ITOMy HTEHUIO
AO/KHbI MPeSLIecTBOBATh!
1. r(supp) :!E — B3sTas synchronized-serka

1.1 r(supp):'E =, lek(t) =, r(val) : null ... r(val) : null

=’Java
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Lazy<T>: ewé cpopmasibHee

[wnoTe3a: Lazy.get () Hukorga He BepHET null.

Monoxunm, nucnonnenue ¢ r(val) : null cywectsyer. ITOMy HTEHUIO
AO/KHbI MPeSLIecTBOBATh!
1. r(supp) :!E — B3sTas synchronized-serka

1.1 r(supp):'E =, lek(t) =, r(val) : null ... r(val) : null

1.2 r(supp) :\E = lck(t) =, r(val) : V ... r(val) : null

=’Java
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Lazy<T>: ewé cpopmasibHee

[wnoTe3a: Lazy.get () Hukorga He BepHET null.

Monoxunm, nucnonnenue ¢ r(val) : null cywectsyer. ITOMy HTEHUIO
AO/KHbI MPeSLIecTBOBATh!
1. r(supp) :!E — B3sTas synchronized-serka

1.1 r(supp):'E =, lek(t) =, r(val) : null ... r(val) : null
1.2 r(supp) :\E = lck(t) =, r(val) : V ... r(val) : null
2. r(supp) : E — He B3siTas synchronized-seTka

2.1 r(supp): E =, r(val) : null
=Java

Slide 40/82. «Bnuskune kontaktol JMM-Hoii crenenn», Aleksey Shipilév, 2016



Lazy<T>: 1.1: r(supp) \E —s lck(t) — r(val) : null

DTO ncnosiHeHue bepét BeTKy BHyTpu synchronized:

hb hb hb
r(supp) \E — lck(t) — r(val) : null —
hb hb hb hb
— w(val,V) — w(supp, E) — unlck(t) — r(val) : null

-~

if (val==null)

=’Java
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Lazy<T>: 1.1: r(supp) \E —s lck(t) — r(val) : null

DTO ncnosiHeHue bepét BeTKy BHyTpu synchronized:

hb hb hb
r(supp) \E — lck(t) — r(val) : null —
hb hb hb hb
— w(val,V) — w(supp, E) — unlck(t) — r(val) : null

-~

if (val==null)
Takoe ncrnonHexne Hapywaet HB consistency:

r(val) monxen ysugets w(val, V).

=Java
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Lazy<T>: 1.2: r(supp) \E —s lck(t) — r(val) : V
DTO ncnosiHeHne He DepéTt BeTKy BHyTpu synchronized:
r(supp) \E = lek(t) = r(val) : 'V = unlck(t) =

po
— r(val) : null

=Java
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Lazy<T>: 1.2: r(supp) \E —s lck(t) — r(val) : V
DTO ncnosiHeHne He DepéTt BeTKy BHyTpu synchronized:
r(supp) \E = lek(t) = r(val) : 'V = unlck(t) =

= r(val) : null

Ho unlck,_1(t) — lcky(t),

=Java
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Lazy<T>: 1.2: r(supp) \E —s lck(t) — r(val) : V
DTO ncnosiHeHne He DepéTt BeTKy BHyTpu synchronized:
r(supp) \E = lek(t) = r(val) : 'V = unlck(t) =

= r(val) : null

Ho unlcky_1(t) — lck,(t), a 3HaunT:

hb hb
w(val, V) ... — unlck(t) —
anothe;,thread
hb hb hb hb
— lck(t) — r(val) : V. — ... —> r(val) : null
this ?ﬁread

=’Java
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Lazy<T>: 1.2: r(supp) \E —s lck(t) — r(val) : V

hb hb
w(wal,V) ... — unlck(t) —
anothe?r thread
N lek(t) N r(val) : V S r(val) : null

this Eread

=’Java
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Lazy<T>: 1.2: r(supp) \E —s lck(t) — r(val) : V

hb hb
w(wal,V) ... — unlck(t) —
anothe?rthread
hb hb
LN lck —> r(val) : V — ... > r(val) : null

g

this Eread

Takoe ncnonnenune Hapywaetr HB consistency: ecan r(val) : V
BuanT w(val, V') kak nocnegruit, To n r(val) : null ponxen!

=’Java
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Lazy<T>: 2.1: r(supp) : E — r(val) : null

Mockonbky w(supp, F) SN r(supp) : E, T0:

hb hb hb
w(val,V) — w(supp, E) — r(supp) : E — r(val) : null

7

TV TV
another thread this thread

=’Java
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Lazy<T>: 2.1: r(supp) : E — r(val) : null

Mockonbky w(supp, F) SN r(supp) : E, T0:

hb hb hb
w(val,V) — w(supp, E) — r(supp) : E — r(val) : null

7

another thread this?gread
Takoe ncnonHerne Hapywaet HB consistency:

r(val) obszan ysugets w(val, V).

=’Java
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Lazy<T>: none3Hoe ceorncTtBo Nel

[wnoTesa: Lazy.get () Hukorga He BepHET null.

MonbiTka noctpouts BanugHbie ncnonHernus ¢ r(val) : null
nepebpasa BCe UCMONHEHUS-KaHANAATLI, 1 BCe KaHAMAATbI
nogeiinunn HB consistency. Taknum obpaszom, BanuaHbix
ncnonrennii ¢ r(val) : null He cywectsyer. YT/,

Mbl foKazanu MHTepecHoe BbICOKOYpPOBHEBOE CBOCTBO Lazy<T>: oH
BCerja BO3BpalLAeT 3HayeHne n3 Supplier-a.

=’Java
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Mybnukauunsa



Mybnukaunsa: nonesaHoe ceBoictso Ne2

Vrke foka3aHo, 4To Lazy<T> Bo3BpallaeT TOJNbKO 3HaveHue V.
BHumaTenbHo paccmaTprBasi Te ke UCMOMHEHUS, MOXKHO YoeanTbCs,
4To BO BCeX uYTeHusx r(val) : V BuanT Tonbko 3anuck yepes HB

hb hb
w(val,V) — ... — r(val) : V

hb sw
— 4epes 3a|_|V|Cb/‘-|TeH|/|e sSupp, npnHocslLliee —

hb SW
2. — Hepes 3a|'||/|C|:>/L-|TeHV|e no4 NOKOM, NMpUHOCcALLee —

hb
3. — HEenoCpeACTBEHHO K 3anncu val B TOM ke Tpene

Slide 47/82. «Bnnskne kontakTel JMM-Hoii crenenn», Aleksey Shipilév, 2016
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Mybnukaunsa: nonesaHoe ceBoictso Ne2

N3 tpan3utusHoct HB Ham MoxHO npucobaynTb BCE
nponcxogsaulee B Supplier:

hb hb hb hb hb
.. ~——wal, V) — > .. — r(val):V — ...
Supplier.get ~ ~ return
Lazy.get()init Lazy.get()read

=Java
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Mybnukaunsa: nonesaHoe ceBoictso Ne2

N3 tpan3utusHoct HB Ham MoxHO npucobaynTb BCE
nponcxogsaulee B Supplier:

hb hb hb hb hb
.. ~——wal, V) — > .. — r(val):V — ...
Supplier.get ~ ~ return
Lazy.get()init Lazy.get()read

[MonesHoe ceolicTBo Ne2: «All actions in Supplier.get
happen-before actions after returning the value from Lazy.get»

"
=Java
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Mybnukaunsa: nonesaHoe ceBoictso Ne2

Tenepb 3TUM CBONCTBOM MOXXHO CBODOAHO MOJIb30BATHLCS:

final Lazy<Box> lazy = new Lazy(() -> new MyObject(42));

class MyObject { public void m1() {
int x; Box b = lazy.get();
public MyObject(int x) { assert (b.x == 42); // passes
this.x = x; }
}
}

hb
Mockonbky supp.get() — lazy.get(), To
w(b.x,42) =, r(b.x) : 42.

=]ava
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Mybnukaunsa: 6e3onacHast NybMKaLNA (6esonachas)

volatile int v;

X = ...; if (v == 1) { |acquire
y - int -1x = Xx;
Q= ...; b int 1y = y;
v = 15 [release] it 19 = q;
}

H KakK 6y,£I|TO KKOMMWT B NMaMATb>», HO TOJIbKO AJ14 Nap onepaLwl|7|
B release «KKOMMUTUTY, acquire 3a6|/|paeT cnegbl KOMMUTA

® acquire Ao/keH yBuaeTb release!

=Java
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Mybnukaunsa: 6e3onacHast NybMKaLNA (6esonachas)

[QpaHTUPYIOTCS A3bIKOM:
1. volatile write —— volatile read [ecnun read BugnT write]
2. monitor exit —— monitor enter [ecnu B Takom nopsigke]
3. Thread.start g (nepBoe geiicTaue B NoTOKE)
4. (nocnegHee peiicTsre B NOTOKE) N Thread. join

hb
5. (3anncm no ymonyanuto) —> (nepBoe felicTBME B NOTOKE)

=Java
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Mybnukaunsa: 6e3onacHast NybMKaLNA (6esonachas)

[MomobHo Tomy, Kak Lazy<T> paclumpsieT rapaHTuu Ha CBOW
CBOIiCTBa, Apyrue bubANOTEKN TOXKE HE NPOMaXx:

hb
m Executor.submit() — Callable.call()
hb
m ConcurrentHashMap.put() — ConcurrentHashMap.get ()
hb
m Semaphore.release() — Semaphore.acquire()

hb
m Future.set() — Future.get()
o

=’Java
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Mybnukaunsa: 25 kaap

besonacHasa nybankaumsa:
camblii rnasHblid BeiBog n3 JMM

m OT Bac BCero-to TpebyeTcs B NpaBUIbHOM MOPSIAKE CAeNaThb
release u acquire, Korga nybnukyete mexxay notokamu!

m He Hafo HUKaKnX pasmbllwneHnii o bapbepax!

m He Haflo HUKaKNX PasMblLLNEHNT O KOFePeHTHOCTMN Kelleid!

m He Hafo HUKaKnX pasmblwneHnii 0b onTummsayusix!

=Java
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3aroHobil



[BoiiHyxa: onTumunsnpyem...

volatile Supplier<T> supp;
T val;

public T get() {
// avoid volatile read, for performance!!!
if ((val == null) && (supp '= EMPTY)) {
synchronized (this) {
if (val != null) {
val = supp.get();
supp = EMPTY;
}
}
}

return val;

Slide 55/82. «Baunskne kontakter JMM-noli crenenn», Aleksey Shipilév, 2016
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[BoiiHyxa: onTumunsnpyem...

volatile Supplier<T> supp;
T val;

public T get() {
// avoid volatile read, for performance!!!

if (val == null) { |r(val):V

val = supp.get(); |w(val,V)

po

,

return val; |r(val) :?

Slide 56/82. «Ban3kne kontaktor JMM-noli crenenn», Aleksey Shipilév, 2016
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[BoiiHyxa: onTumunsnpyem...

volatile Supplier<T> supp;
T val;

public T get() {
// avoid volatile read, for performance!!!

if (val == null) { |r(val):V

val = supp.get(); |w(val,V)

hb

,

return val; |r(val) :?

Slide 56/82. «Ban3kne kontaktor JMM-noli crenenn», Aleksey Shipilév, 2016
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[BoiiHyxa: onTumunsnpyem...

volatile Supplier<T> supp;
T val;

public T get() {
// avoid volatile read, for performance!!!

if (val == pully-4¥r(val) : V

val = supp.geterr+ w(val,V)

hb

,

return val; |r(val) :?

Slide 56/82. «Ban3kne kontaktor JMM-noli crenenn», Aleksey Shipilév, 2016
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NBoiinyxa: cbopmanbHee

Oba cnyyas BanuaHbl:

w(val, V) r(val) : V -, r(val) : null

| race

w(val, V) — r(val) : V N r(val) : V

Slide 57/82. «Bnuskne kontaktel JMM-Holi cTtenenn», Aleksey Shipilév, 2016
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NBoiinyxa: cbopmanbHee

Oba cnyyas BanuaHbl:

w(val, V) r(val) : V -, r(val) : null

| race hb
w(val, V) — r(val) : V — r(val) : V
NHTepnpeTtayuu:
1. HB consistency nposepsieTca ona KaXK[oro YTeHUsS M30/1MPOBAHO

=Java
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NBoiinyxa: cbopmanbHee

Oba cnyyas BanuaHbl:

w(val, V) r(val) : V -, r(val) : null

| race

w(val, V) — r(val) : V N r(val) : V

NHTepnpeTtayuu:

1. HB consistency nposepsieTca ona KaXK[oro YTeHUsS M30/1MPOBAHO

hb
2. — HUYero He roBOpPUT O MOPSAKE UCMOJIHEHUS: onepauuu,

hb
CBA3aHHble ——, HE 0bsA3aHbl BbINOJHATHCA B TaKOM nopAagke

=’Java
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NBoiinyxa: cbopmanbHee

Oba cnyyas BanuaHbl:

w(val, V) r(val) : V -, r(val) : null

| race

w(val, V) — r(val) : V N r(val) : V

NHTepnpeTtayuu:

1. HB consistency nposepsieTca ona KaXK[oro YTeHUsS M30/1MPOBAHO

hb
2. — HUYero He roBOpPUT O MOPSAKE UCMOJIHEHUS: onepauuu,

hb
CBSI3aHHble —, HE 0DA3aHbl BbINOIHATLCS B TaKOM MOPSIAKe
3. Tonble 4TeHUsI 1 3aNUCK HE KOrepPeHTHbI: HeT obLiero

nopsiika YTeHWl 1 3anucein B 0gHYy nepemMeHHyro

Slide 57/82. «Bnuskne kontaktol JMM-Hoii crenenn», Aleksey Shipilév, 2016

=’Java



I1BoiHyxa: KOrepeHTHOCTb

KorepeHTHOCTb €CThb!

mov (%r1l, C), %r2
mov (%r1, C), %r3

Slide 58/82. «Bnuskune kontaktel JMM-Holi cTtenenn», Aleksey Shipilév, 2016
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I1BoiHyxa: KOrepeHTHOCTb

KorepeHTHOCTb €CThb!

mov (%r1l, C), %r2
mov (%r1, C), %r3

KorepeHTHOCTN HeT:

T rl = field;
int r2 = rl1.x;
int r3 = rl1.x;

)\~ = Java
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[BoiiHyxa: Ba>xHOoe oTanyne!

Sy CayHan BaJngHbl:

w(val, V') r(val) : 'V L r(val) : null

w(val, V) =— r(val) : V =, r(val) : V

w(val, V') L r(val) : V N r(val) : V

Hapywaetr HB consistency:

w(val, V) >, r(val) : V >, r(val) : null

Slide 59/82. «Banskune kontakTbl JMM-Hoii cTrenenn», Aleksey Shipilév, 2016
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I1BolMHyxa: pa3pyLllaeM roHkKy

volatile Supplier<T> supp;
volatile T val;

public T get() {
// avoid volatile read, for performance!!!

if (val == null) { |r(val):V

val = supp.get(); |w(val,V)

po

,

return val; |r(val):V
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I1BolMHyxa: pa3pyLllaeM roHkKy

volatile Supplier<T> supp;
volatile T val;

public T get() {
// avoid volatile read, for performance!!!

if (val == null) { |r(val):V

val = supp.get(); |w(val,V)

SO

,

return val; |r(val):V
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I1BolMHyxa: pa3pyLllaeM roHkKy

volatile Supplier<T> supp;
volatile T val;

public T get() {
// avoid volatile read, for performance!!!

if (val == null)-L3 r(val) : V

... 8o

val = supp.get O w(val, V) <o
+
return val; |r(val):V

Slide 60/82. «Baunskne kontaktor JMM-noli crenenn», Aleksey Shipilév, 2016
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NBoiinyxa: cbopmanbHee

Hapywaet SO consistency:
w(val, V) — r(val) : V = r(val) : null

w(val, V) = r(val) : V = r(val) : null

NHTepnpetauun:

1. Nunelinbiii nopsgok (M KOrepeHTHOCTL) AOCTYMHbI TOJBKO
synchronized actions

2. Tonbko synchronized actions siBHO 3aBsi3aHbl Ha MPOrPaMMHbIii
nopsiaoK

=’Java
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HBoiiHyxa: 25 kagp

[OHKW — MOSIHAsA »MKECTb,
n3beraite nobol LEHON

m [la)ke ecnm B KOHKPETHOM MECTe «BCE MOJy4USIOCh>»

m He yBepen? He ybupaii synchronized / volatilel!

=’Java
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OpHyxa: ogHO 4YTeHwue

volatile Supplier<T> supp;
T val;

public T get() {
// avoid volatile read, for performance! READ ONCE!
T v = val;
if ((v == null) && (supp !'= EMPTY)) {
synchronized (this) {
if (val !'= null) {
val = v = supp.get();
supp = EMPTY;
}
}
}

. =2 -
_ return v; . =’Java
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OpaHyxa: a 4TO Takoro?

BanugHoe ucnonxexue!

race

w(val.x, X) A w(val, V) r(val) : V -, r(val.x) 1 X

NuTepnpeTtayuu:
1. llpoynTtann B OAHOM MeCTe Yepe3 FoHKY — npoliali
TpaHusuTueHbli HB
2. [lpoyuTanu BHyTpn Lazy 4epes roHky — npoLuaii CBOMCTBO

hb
Supplier.get — Lazy.get
3. [nsa besonacHoli nybnnkaumm Hy»>KHO HA BCEX MYTAX VMETb
cooTBeTcTBytoWme release/acquire
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OpHyxa: 25 kagp

[ OHKW — MOJSIHAsA XKECTb,
n3beralite noboli LEHON
| TpaH3I/ITI/IBHb|e CBOWCTBA OYEHb NErKo pPa3pywnTb

m He yBepeH? He ybupaii synchronized / volatile!

m Henb3s cHavana ybeautbes, 4To BCE paboTaeT, a NOTOM
BHOCUTb FOHKMU
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Nunymnanumnsauyns



NMHnuynanmnsayus: cneymanbHblid cnyyaii

final Supplier<T> supp; class My {
T val; final String msg;
My (String msg) {
public T get() { this.msg = msg;
T v = val; }
if (v == null) { }
synchronized (this) {
if (val !'= null) { Lazy<My> L = Lazy.with(
val = supp.get(); () -> new My("peekaboo"));
}
} String m() {
} return L.get() .msg;
return v; }

} =’Java
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Nunumanusauma: 6e3onacHas MHULUMann3aLms

CneuunansHoe npasuio gnst final:

hb hb mc dr
w(val.z, X) — F — w(val,V) — r(val) : V. — r(val.z) :?
O3HavaeT, YyTo:

w(val.x, X) -, r(val.x) :?

=’Java
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Nunumanusauma: 6e3onacHas MHULUMann3aLms

CneuunansHoe npasuio gnst final:

hb hb mc dr
w(val.z, X) — F — w(val,V) — r(val) : V. — r(val.z) :?
O3HavaeT, YyTo:

w(val.x, X) -, r(val.x) :?

NuTepnpetayuu:

1. B CKOHCTPYVWpPOBaHHOM 1 MPOYUTAHHOM 4Yepe3 roHKy obbekTe
BuaHbl final-nons, natoc BUAHO BCE 32 HUMM

=Java
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Nuunumnanmnsaumsa: obpatute BHMMaHUE

hb
w(val.x, X) — r(val.x) : X
HE Marn4eckast XpeHb, 11 BCE Te Xe jena:

w(Y.x, X) r(Y.x): X -, w(val.z, X) -, r(val.x) : X

=Java
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Nuunumnanmnsaumsa: obpatute BHMMaHUE

w(val.x, X) N r(val.z) : X
HE Maruyeckasl XpeHb, U BCE Te e fena;
w(Y.x, X) r(Y.x): X -, w(val.z, X) -, r(val.x) : X
NHTepnpetayuu:

1. final no3BonsieT yBepHYTbLCA OT FOHKW TOJIbKO Ha HOBOM
0bbeKTE, NOJIS KOTOPOro 3anucaHbl MydANKYOLWNM NOTOKOM!

2. HeBO3MOXHO «OTMbITLCSI» OT YK€ pa3BopaqmMBatoLLeiicst roHkn!

=’Java
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Nunuyunanmnsauyusa: 25 kagp

besonacHas nHuymannsauns:
BTOPOI rnaBHbIA BbiBOg 13 JMM

m OT Bac Bcero-to Tpebyetca obbsiBUTh nons final u He
NOKa3blBaTb HELOKOHCTPYNPOBAHHbIN 0ObEKT

m He Hago HUKakux pasmbilnieHnii o bapbepax!
m He Hago HUKaKUX pa3MmbilLieHnii 0 nepecTaHoBKax!
m He napo!

=Java
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Be3ronkn



Be3sroHkun: «besonacHas roHka>»

public class String {
int hash;
public int hashCode() {
if (hash == 0 && value.length > 0) {
hash = ...
}
return hash;
}
}

[Mpobnembl?

=]ava
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Be3sroHkun: «besonacHas roHka>»

public class String {
int hash;
public int hashCode() {
if (hash == 0 && value.length > 0) {
hash = ...
}
return hash;
}
}

[Mpobnembl?
[BoiiHoe yTeHue xe, Hy!

=]ava
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Be3sroHkun: «besonacHas roHka>»

public class AbstractMap<K, V> {
transient Set<K> keySet; // nom-volatile

public Set<K> keySet() {
Set<K> ks = keySet; // RULE 1: SINGLE READ
if (ks == null) {
ks = new KeySet(); // RULE 2: SAFELY INITIALIZED
keySet = ks;
}
return ks;
}
}

O,D,HO N3 NMpaBusl HE BbIMOJIHEHO, N 3TO — NMNOJIHAA NOHKaA.

=’Java
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Besronkun: 25 kagp

be3sonacHble roHKU:
Tpetuii (onacHast) ebigog 3 JMM

m OT Bac BCero-to TpebyeTca He AenaTb AUWHUX YTEHWUNA, 1

Slide 74/82.
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onepnpoeaTh 6€30NaCHO MHULLMANN3NPOBAHHbIMN
obbekTamu!

He Hapo HuKakux pa3mbiwieHnii o xapasape!

He Hafo HUKAKUX pasMbIlWIEHUA O BO3SMOXHbBIX ONTUMU3aLUsx!

He Hago pasmaxusaTb pykamul!
=Java



BbiBoabl



BbiBoabl: B O4HOW KapTUHKe

=Java
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BbiBogbl: B Tpéx naparpadpax

1. 3anomHuTe aBa Npasuna: besonacHas nybnunkauyuns u

6e3onacHas HULUMaNN3aLunsa. DTux NpaBu BaM xXBaTuUT B
99.99% cnyyaes!

2. Ewe 8 0.00999% cnyyaes Bam noHanobstcs besonacHble
FOHKW, 1 HY>KHO DyeT yMeTb [0Ka3biBaTh, YTO OHW De30macHbIe

3. Bce ocTanbHble haHTa3UmM U LEHHbIE MHEHWSI MO MNOBOAY «YTO
AeNatoT 1 He AenatoT ONTUMKU3ATOPbIY, K4TO AeNaeT U He
AenaeT xapABap», 3acyHbTe oCcTaBbTe Npu cebe

4. Xotute bonbwero? Yunte cpopmannsm!

=Java
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BoiBoabl: B 140 cumBonax

Aleksey Shipilév
. shipilev

You don't have to be smart to write correct
concurrent code; but you have to be super-
smart if you try to outsmart the rules even a
tiny bit

B3 56 dSER0DVEL L

2:46 PM - 23 Sep 2016

=’Java
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BbiBoabl: 6osible npumMmepos

Bonblie npumepos, TecToB, ANCKYCCUIA:
https://shipilev.net/blog/2016/
close-encounters-of-jmm-kind/

=’Java
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Backup



Backup: 3acapa: final npotus volatile

class Lazy<T> {
volatile Supplier<T> supp;
Lazy(Supplier<T> s) { this.supp = s;
Supplier<T> getSupp() { return supp; *
}

=]ava
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Backup: 3acapa: final npotus volatile

class Lazy<T> {
volatile Supplier<T> supp;
Lazy(Supplier<T> s) { this.supp = s;
Supplier<T> getSupp() { return supp; *
}

DopmanbHO, roHKa Ha nHcTaHce paspewaet r(supp) : null!

w(L.supp, S) A w(lazy, L)

hb
— r(lazy) : L — r(L.supp) : null
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Backup: EMPTY mo»xHO,

volatile Supplier<T> supp;
T val;

public T get() {
if (supp !'= EMPTY) {
synchronized (this) {
if (val == null) {
val = supp.get();
supp = EMPTY;
}
}
}
return val;

¥

null Henb3s!

volatile Supplier<T> supp;
T val;

public T get() {
if (supp !'= [null]) {
synchronized (this) {
if (val == null) {
val = supp.get();
supp = null;
}
}
}
return val;

3
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