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06 oxxnpaHunax

[oknaa nomoraeT NoHATL:

1. Kakoii ag n BakxaHanus TBoputcs B kuwkax VM, JDK, xapgBeapa

2. Kak HU3KOYpOBHEBOE 3HAHNE POXKAAET BbICOKOYPOBHEBOE MOHUMAaHMNE
3. YT1o bnarumm HaMepeHUsIMI BbIMOLLEHA AOpora B nepdopMaHc aj
4

Kak KNEBO M CMOKOIHO XNTb B KPOBABOM 3HTOpMpaiize

Hoknap byger:
1. BbicTpbIM, cnoxHbIM, becnowaaHbim
2. He npowatowm HEBHUMAHMNSA 1 OTBIEHEHW
3. 3acTaBasitowyM aymaTb MO XO4y MOBECTBOBaHMS
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The following is intended to outline our general product direction. It is intended
for information purposes only, and may not be incorporated into any contract. It
is not a commitment to deliver any material, code, or functionality, and should
not be relied upon in making purchasing decisions. The development, release, and
timing of any features or functionality described for Oracle’s products remains at
the sole discretion of Oracle.
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Yknapka nonei: npepekBU3nTbI

public class C {
boolean b;
char o
long 1;

b

Kak ynoxuts B namsatu?
MonoXxum BCe NOAst ApYr 3a APY>XKKONA,
n Bcé byget OK!
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Yknapka noneii: no4yemy He paboTtaeTt

BreipagHuBaHne He 3abbin, Muaok?

// [head] is aligned at 8
public class C {
boolean b; // [head + 0]
char c; // [head + 1]
long 1; // [head + 3]
}
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Vknaaka noneii: 64biabilb

private int doCasWith(long addr) {
int v;
do {
v = U.getIntVolatile(null, addr);
} while(!U.compareAndSwapInt(null, addr, v, v + 1));
return v;

3

# A fatal error has been detected by the JRE

# SIGBUS (0x7) at pc=0xb3f00630, pid=32042, tid=2443179104
# Problematic frame:

# v “StubRoutines::atomic_cmpxchg

=’Java
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Yknagka noneii: ga Hy nagHo

Ho ato Ha ARM’e, n ecnu atomapHble UHCTPYKLUN. ..
® [la Ha NpOCTbIX Y4TEHMSIX 1 3anncsx BCE paBHo!

= Ha x86-To BCE TO4YHO Okelil

[a Boobuue, 4ToO 37O 33 Nyapéx mo3ros!

= XapgBap npuge, nopsifok Haeege!
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Vknapka noneii: x86, read

@CompilerControl (CompilerControl.Mode .DONT_INLINE)
private int doReadWith(long addr) {
return U.getInt(addr);

}
x86 64, i7-4790K (Haswell, 2014) © 4.0 GHz, 8u40, Linux x86 _64:

Benchmark ‘ crossCL! ‘ size ‘ Score, us/op
aligned | false 16M | 39468.7 +79.1
aligned | true 16M | 39427.0 +219.6

Lcrosses cache line =’Java
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Vknapka noneii: x86, read

@CompilerControl (CompilerControl.Mode .DONT_INLINE)
private int doReadWith(long addr) {
return U.getInt(addr);

}

x86 64, i7-4790K (Haswell, 2014) © 4.0 GHz, 8u40, Linux x86 _64:

Benchmark | crossCL! | size | Score, us/op
aligned | false 16M | 39468.7 +79.1
aligned | true 16M | 39427.0 +219.6

misaligned | false 16M | 39374.4 +ts3.7
misaligned | true 16M | 60347.1 +s9.3

Lcrosses cache line =’Java
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Vknapka noneii: x86, read

Bosbmém B pykn -prof perfnorm:

Benchmark crossCL | size Score, #/op
misaligned false 16M 39563 4324
misaligned:-CPI false 16M 0.448 4o0.012
misaligned:-L1-dcache-load-misses | false 16M 15558141  + 413808
misaligned:-cycles false 16M 162977257  + 5936931
misaligned:-instructions false 16M | 363813283  + 5040277
misaligned true 16M 59599 4 268
misaligned:-CPI true 16M 0.675 +o0.019
misaligned:-Ll-dcache-load-misses | true 16M 30934993  + 308608
misaligned:-cycles true 16M | 245238217 & 10922256
misaligned:-instructions true 16M | 363323233 + 6487361
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Vknapka noneii: x86, read

Bosbmém B pykn -prof perfnorm:

Benchmark crossCL | size Score, #/op
misaligned false 16M 39563 4324
misaligned:-CPI false 16M 0.448 4o0.012
misaligned:-L1-dcache-load-misses | false 16M 15558141  + 413808
misaligned:-cycles false 16M 162977257  + 5936931
misaligned:-instructions false 16M | 363813283  + 5040277
misaligned true 16M 59599 4 268
misaligned:-CPI true 16M 0.675 +o0.019
misaligned:-Ll-dcache-load-misses | true 16M 30934993 &+ 308608
misaligned:-cycles true 16M | 245238217 & 10922256
misaligned:-instructions true 16M | 363323233 + 6487361

HeBbipoBHeHHOE YTeHMe XBaTaeT ABa KelwsialiHa cpasy, ync.
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Yknapka noneii: x86, compare-and-set

@CompilerControl (CompilerControl.Mode .DONT_INLINE)
private int doCasWith(long addr) {

return U.getAndAddInt (null, addr, 1);
}

x86 64, i7-4790K (Haswell, 2014) © 4.0 GHz, 8u40, Linux x86 _64:

Benchmark ‘ crossCL ‘ size ‘ Score, us/op
aligned | false 4096 27.9 +oa1
aligned | true 4096 27.8 +o.1

=’Java
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Yknapka noneii: x86, compare-and-set

@CompilerControl (CompilerControl.Mode .DONT_INLINE)
private int doCasWith(long addr) {
return U.getAndAddInt (null, addr, 1);

¥

x86 64, i7-4790K (Haswell, 2014) @ 4.0 GHz, 8u40, Linux x86_64:

Benchmark ‘ crossCL ‘ size ‘ Score, us/op
aligned | false 4096 27.9 +oa1
aligned | true 4096 27.8 +o.1

misaligned | false 4096

=’Java
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Yknapka noneii: x86, compare-and-set

@CompilerControl (CompilerControl.Mode .DONT_INLINE)
private int doCasWith(long addr) {
return U.getAndAddInt (null, addr, 1);

¥

x86 64, i7-4790K (Haswell, 2014) @ 4.0 GHz, 8u40, Linux x86_64:

Benchmark | crossCL | size | Score, us/op
aligned | false 4096 27.9 +oa1
aligned | true 4096 27.8 +o.1

misaligned | false 4096 28.0 z+o.2

misaligned | true 4096
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Yknapka noneii: x86, compare-and-set

@CompilerControl (CompilerControl.Mode .DONT_INLINE)
private int doCasWith(long addr) {
return U.getAndAddInt (null, addr, 1);

¥

x86 64, i7-4790K (Haswell, 2014) @ 4.0 GHz, 8u40, Linux x86_64:

Benchmark | crossCL | size | Score, us/op
aligned | false 4096 27.9 +oa1
aligned | true 4096 27.8 +o.1

misaligned | false 4096 28.0 z+o.2
misaligned | true 4096 | 3004.2 +o21.4
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Vknapka noneii: x86, CAS

Bosbmém B pykn -prof perfnorm:

Benchmark crossCL | size Score, us/op
misaligned false 4096 27.9 +o.2
misaligned:-CPI false 4096 1.1 =+oa
misaligned:-bus-cycles false 4096 2859.3 +46.6
misaligned:-cycles false 4096 114577.6 £ 2508.3
misaligned:-instructions | false 4096 103208.6 =+ 4s0.0
misaligned true 4096 2949.3 +22.8
misaligned:-CPI true 4096 95.1 +e67.3
misaligned:-bus-cycles true 4096 303256.0  + 14919.7
misaligned:-cycles true 4096 | 12119340.7 =+ 359775.6
misaligned:-instructions | true 4096 131116.5  + 96913.2

ATomapHasi onepauus 4depes kewnaiii — 310 BOJIb
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yKﬂaAKa noJsiem: CKMMam MeHs1 NMOJIHOCTbIO

org.openjdk.AligmentSample.C object internals:

OFFSET SIZE TYPE DESCRIPTION VALUE
0 12 (object header) N/A
12 2 char C.c N/A
14 1 boolean C.b N/A
15 1 (alignment/padding gap) N/A
16 8 long C.1 N/A

Instance size: 24 bytes

BbipaBHuBaem 0bbekT Ha 8. YknagbiBaem nons no rpynnamu no pasmepy,
noATblkaeM Abipku. BCE pa3noXunm no BbIpaBHUBAHUSM, Aa €WE 1 MeCTO Moj
OAVH boolean/byte octanocs!

=’Java

Slide 14/71. Copyright © 2016, Oracle and/or its affiliates. All rights reserved.






CxxaTble ccbinkun: 3a ragka

@Param({"1024", "1048576"})
int size;

Integer[] o = ...; // setup int[size] and populate

©@Benchmark
public void test() {
int s = 0;
for (Integer i : o)
s += 1i;
return s;

3

3aBNCHT N NPOU3BOANTENILHOCTL OT KoanyecTsa namstn 8 JVM?
=’Java
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C>xaTble CCbIJZIKN: OUTOB HA TUNM

Tun Mozenpb
32 6ur 64 6ut
Mum. | daxT. | Mun. | PaxkT.
boolean | 1 ? 1 ?
byte | 8 ? 8 ?
short | 16 ? 16 e
char | 16 v 16 ?
int | 32 ? 32 ?
float | 32 ? 32 ?
long | 64 ? 64 ?
double | 64 ? 64 ?
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C>xaTble CCbIJZIKN: OUTOB HA TUNM

Tun Mozmenb
32 bur 64 6ur
Mur. | dakT. | Mun. | $akT.

boolean (ymo6mo) | 1 8 1 8

byte (ymobmo) | 8 8 8 8
short (ymobmo) | 16 16 16 16
char (ymobmo) | 16 16 16 16
int (ymobmo) | 32 32 32 32
float (ymobmo) | 32 32 32 32
long (ymobmo) | 64 64 64 64
double (ymobmo) | 64 64 64 64
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C>xaTble CCbIJZIKN: OUTOB HA TUNM

Tun Mozennb
32 but 64 6ut
Mur. | ®axT. | Mur. | ®axT.

boolean (ymobmo) | 1 8 1 8

byte (ymobmo) | 8 8 8 8
short (ymobmo) | 16 16 16 16
char (ymobzo) | 16 16 16 16
int (ymobmo) | 32 32 32 32
float (ymobmo) | 32 32 32 32
long (ymobmo) | 64 64 64 64
double (ymobmo) | 64 64 64 64

reference | 7 ? ? ?
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C>xaTble CCbIJZIKN: OUTOB HA TUNM

Tun Mozmenb
32 but 64 6ut
Mur. | dakT. | Mur. | dakT.

boolean (ymo6mo) | 1 8 1 8

byte (ymobmo) | 8 8 8 8
short (ymobmo) | 16 16 16 16
char (ymobmo) | 16 16 16 16
int (ymobmo) | 32 32 32 32
float (ymobmo) | 32 32 32 32
long (ymobmo) | 64 64 64 64
double (ymobmo) | 64 64 64 64
reference (ymobzo) 32 64
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CxxaTble ccbliku: npobnema

«J1e3yT BCe B 3TN K3WM, OYATO OHW PE3UHOBLIES

O 4ém Hago becnokouTbCs:

" Kewu: COKOHOMMLIb HA pa3mMepax MoJeid, COKOHOMULb HA 3aHUMAEMOV
namsaTy, JyHLWe JsHKelb B Kewwu, Jydie byaet Bcem

= [ocTyn: ecnu TpebyeTcss HeTpuBMabHbIli Habop KoMaHa, 4Tobbl gobpaTbcst
[0 MNOJIsi, TO 3TO XYXKE, YEM «MJIOXO» JIeXaTb B Kelle

# Ideally:
mov ($object), Yregl
mov (Jregl, $field), %reg2

=Java
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CykaTtble ccbinku: Tptok Nel

Ho ecnu Bce 0bbekThl nomewatoTest B Kydy pasmepom < 4 6.

=’Java

@ics affiliates. All rights reserved.



CykaTtble ccbinku: Tptok Nel

Ho ecnu Bce 0bbekThl nomewatoTest B Kydy pasmepom < 4 6.
MoxHo B3sTb mnaawue 32 buta agpeca!

# extend 32 -> 64
mov ($object), Yregl
mov (Jregl, $field), ’reg2

=’Java
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CxxaTtble ccbinku: Tptok Ne2

ObbekTbl BbIpaBHeHbI Ha 8 baiiT!
Ckonbko Mnagwmx BuToB B agpece BCerga paBHbl HYAHO?

=’Java
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CxxaTtble ccbinku: Tptok Ne2

ObbekTbl BbIpaBHeHbI Ha 8 baiiT!
Ckonbko Mnagwmx BuToB B agpece BCerga paBHbl HYAHO?

=’)ava
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CxxaTtble ccbinku: Tptok Ne2

ObbekTbl BbIpaBHeHbI Ha 8 baiiT!
Ckonbko Mnagwmnx 6UToB B afpece BCerga paBHbl Hyo?
MoxHO 1cnonb3oBaTh 32-6uTHble cChbikn 1 B Kyde <32 [0, ecnu casuHyThb!

# extend 32 -> 64

mov ($object), Yregl

shl Yregl, 3

mov (Jregl, $field), %reg2

He xBatut «3», TO MOXHO
NOMpPOCUTL BbipaBHUBaHNE ODOBLEKTOB NMOboOJIbLIE.

=’Java
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CxaTble ccbinku: Tprok Ne3

Ho ecnn kyua pa3mepom 4 [0, HO BUpTyasibHbIE afpeca HE HAYMHAIOTCS C HYAS...

=’Java
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CxaTble ccbinku: Tprok Ne3

Ho ecnu ky4a pasmepom 4 [0, HO BUpTYyasibHble afipeca HE HAYMHAIOTCS C HYJSI...
MoxkHO npubaBuTb BONLEDHBIV agpec Havana Ky4n!

# extend 32 -> 64

mov ($object), Yregl

shl Yregl, 3

add %regl, $base

mov (Jregl, $field), ’reg2

=’Java
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C>kaTble CCbIJIKU: NMPOCTEHLKUI beHYMapk

@Param({"1024", "1048576"})
int size;

Integer([] o = ...; // setup int[size] and populate

O@Benchmark
public void test() {
int s = 0;
for (Integer i : o) {
s += i;
+
return s;

}
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CxxaTble cCbiNnku: MNMOCMOTPUM Ha pe3yJjibTaTbl

Koraa goMuHumpytoT cache miss'bl, ©KaTble CCbUIKM AAtOT AWKNE NPUPOCTbI:

Mode Size | Score, us/op

-Xmxlg | 1M 1069.6 +4.9

-Xmx8g | 1M 1074.0 +7.9

-Xmx40g | 1M 1725.6 +5.8

-Xmx40g -XX:0bjAlign=16 | 1M 1089.4 +35.7

" Ha kyyax 00 32 6 BKAHOYMANCE CKATBIE CChIIKN

" Ha ky4e 6onbwe 32 [6 cxaTble CCbUIKNA BbIKIOYNNCH

= [lobaBneHne -XX:0bjectAlignmentInBytes=16 BKIOUMAO CKaATbIE

CCblNIKIN O6paTHO
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CxxaTble cCbiNnku: MNMOCMOTPUM Ha pe3yJjibTaTbl

Kor,qa BCE B KeLWaXx, PeEXnMbl KOAUPOBAHUA NMEKOT 3HAYEHNE!

Mode ‘ Size ‘ Score, us/op
-Xmx1g | 1024 | 0.333 +o0.001
-Xmx8g | 1024 | 0.370 =+ 0.006
-Xmx40g | 1024 | 0.362 =+ 0.003

" Ha kyue < 476 Bkatounnuce 32-butHble cCbinkm, 63 BCAKUX CABUIOB
" Ha ky4e > 32[6 xoTb ccbiikn n 64-buTHble, BCE B Kelax 1 Tak

=’Java
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CxxaTble cCbiNnku: MNMOCMOTPUM Ha pe3yJjibTaTbl

Kor,qa BCE B KeLWaXx, PeEXnMbl KOAUPOBAHUA NMEKOT 3HAYEHNE!

Mode ‘ Size ‘ Score, us/op
-Xmx1g | 1024 | 0.333 +o0.001
-Xmx8g | 1024 | 0.370 =+ 0.006
-Xmx40g | 1024 | 0.362 =+ 0.003

" Ha kyue < 476 Bkatounnuce 32-butHble cCbinkm, 63 BCAKUX CABUIOB
" Ha ky4e > 32[6 xoTb ccbiikn n 64-buTHble, BCE B Kelax 1 Tak

T.e. 3axxumManne xuna MoXeT AaThb
BOJIbLLUE MEP®OPMAHCA
A4 BOIrOB NMEP®OPMAHCA

2016, Oracle and/or its affiliates. All rights reserved.
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Remembered Sets: 3aragka

Object src = new Object(); long longSrc = 42;

Object sinkl, sink2;
long longSinkl, longSink2;

©@Benchmark @Group("ref") void ri1() { sinkl = src; }
OBenchmark Q@Group("ref") void r2() { sink2 = src; }
©OBenchmark @Group("long") void 11() { longSinkl = longSrc; }
©@Benchmark @Group("long") void 12() { longSink2 = longSrc; }

Krto bbicTpee: ref nnn long — u novemy?

=’Java
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Remembered Sets: 3aragka

Benchmark Score, ns/op
long 2.479 +o.461
long:-CPI 1.347 +o.514
long:-Ll-dcache-load-misses | 0.067 +o0.068
long:-L1-dcache-loads 3.096 +o0.138
ref 19.462 +10.797
ref:-CPI 4.445 +19.590
ref:-L1-dcache-load-misses 0.5b53 +3.068
ref:-L1-dcache-loads 3.022 +o0.246

=Java
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Remembered Sets: 3aragka

Benchmark Score, ns/op
long 2.479 +o.461
long:-CPI 1.347 +o.514
long:-L1-dcache-load-misses | 0.067 +o0.068
long:-L1-dcache-loads 3.096 +o0.138
ref 19.462 +10.797
ref:-CPI 4.445 +19.590
ref:-L1-dcache-load-misses 0.553 +3.068
ref:-L1-dcache-loads 3.022 +o0.246

2% n 20% (!) L1-kaw-muccos

=Java
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Remembered Sets: True Sharing

Cache Line Cache Line

L1 L1

~_
(]

=’Java
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Remembered Sets: False Sharing

A

L1

A

~_
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Remembered Sets: pobaBum Ha nons @Contended

Benchmark Score, ns/op
long 0.454 +o.114
long:-CPI 0.241 +o.o72
long:-L1-dcache-load-misses | ~ 107°
long:-Ll-dcache-loads 3.074 +o.115
ref 3.799 +1.528
ref:-CPI 1.262 +2.652
ref:.-L1-dcache-load-misses 0.074 +o.259
ref:-L1-dcache-loads 3.085 +o.197

long cunbHO noner4ano;

ref TOXe CUNBHO NoNieryano, HO BCE PaBHO MPOUTpbIBAeT 8X.

OTkyaa ewwgé Kaw-muccol?

Slide 30/71. Copyright © 2016, Oracle and/or its affiliates. All rights reserved.
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Remembered Sets: konaem

CamonopTeepxaatoleecss  npopoye-
cteo, GC style:

ol cen p\ = Monogas cbopka nocuyutaer A
MYCOPOM 1 NEPencrnosb3yeT ero

MECTO

Young Gen

® [locne cbopku noiigém no cchiake

B — A... n Tam pencTtBuTENbHO
° Mycop

= Mission Accomplished!

=’Java
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Remembered Sets: Card Tables

Hy)KHO OTCNEXUNBATL CCbINIKN MeXay
NOKONEHNAMMN:

Card Table 1 byte
_ - ® [lpn 3anucy ccbiiknm Ha A B none

obbekTa B HyHO 3anucatb, 4To
old Gen npyu MoJsIofoi cbopke Hamo
nocetutob n B

| \

® 3anucbiBaTb KOHKPETHBIE CCbIIKM
— 3amy4aewibcst!
= IMeeT CMbICN MOMETUTb YaCTb
MOKOJIEHUS! KaK WHTEPECHYIO ANS
cbopku, 1 npocMaTprBaTb TOJILKO
eé

Young Gen

=’Java
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Remembered Sets: Write Barriers

# put field at offset obj+0x2c

- mov %rod, 0x2c (hrcx)

Old Gen # calculate the card address
{ S mov Y%rex,hrl0

shr $0x9,%r10
Young Gen
# put 0 to cardTable[obj >> 9]
mov %r12b, (%r8,%r10,1)

=Java
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Remembered Sets: >xupHble Takue Kapa-mapku

Card Table

e

Old Gen

28

|

\

Young Gen

)

|

@

MUNpHEHbKNE TaKue KapA-Mapku, Mo
512 baiiT xuna Ha 1 BaiiT Ha KapTy:

# put field at offset obj+0z2c
mov %rod,0x2c (hrcx)

# calculate the card address
mov Y%rex,%hrlo

shr $0x9,%r10

# put 0 to cardTable[obj >> 9]
mov hri2b, (%r8,%r10,1)

=’Java
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Remembered Sets: Hy n noHecnocs...

True
Sharing

Card Table 1 byte -

l \

@

MunpHeHbKMne Takne Kapa-mapku, no 512
baiiT xuna Ha 1 6aiiT Ha KapTy:

# put field at offset obj+0z2c
mov %rod,0x2c (%hrcx)

# calculate the card address
mov Y%rex,hrlo

shr $0x9,%r10

# put 0 to cardTable[obg >> 9]
mov %r12b, (%r8,%r10,1)

=’Java
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Remembered Sets: noHecnoceo...

MUNpHEHbKNE TakKue Kapa-Mapku, Mo

False True 512 Gaiit xuna Ha 1 BaiiT Ha KapTy:
Sharing Sharing
cord Tale # put field at offset obj+0z2c
mov %rod,0x2c (hrcx)
Old Gen @\ D
# calculate the card address
- | 1 3 mov %rex,%ri10
Young Gen ﬁ ) ) shr $0x9,%r10

# put 0 to cardTable[obj >> 9]
mov %ri2b, (%r8,%r10,1)

=’Java
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Remembered Sets: -XX:+UseCondCardMark

# put field at offset obj+0z2c
mov %r10d,0x2c (%r9)

False True
Sharing Sharing

# calculate the card address

mov %r9,%r10

old Gen D shr $0x9,%r10
mov $0x7£71e9c9d000, %ril
\ \

add %r10,%r11
Young Gen
# read-test card
movsbl (%ril),%r10d
2 e > test  %r10d,%r10d

jne GO_DIRTY

Card Table

\//

=Java
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Remembered Sets: -XX:+UseCondCardMark

Benchmark Score, ns/op
long 0.466 +0.109
long:-CPI 0.248 +o.168
long:-L1-dcache-load-misses | ~ 10~°
long:-L1-dcache-loads 3.085 +o0.068
ref 1.027 +o0.260
ref:-CPI 0.259 +o.123
ref:-L1-dcache-load-misses ~ 1076
ref:-L1-dcache-loads 4.085 +o.117

" U nukakmx kaw-muccos! (nx nopsigka 1078 Ha onepaumio)

" CPIl 61130k K npeanbHOMY: HETbIPE UHCTPYKLUN 33 LUK
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Remembered Sets: -XX:+UseG1GC

Benchmark Score, ns/op
long 0.392 +o.044
long:-CPI 0.220 +o.024
long:-L1-dcache-load-misses | ~ 107°
long:-L1-dcache-loads 3.085 +0.043
ref 1.108 +o0.344
ref:-CPI 0.245 +o.211
ref:-Ll-dcache-load-misses | ~ 107°
ref:-L1-dcache-loads 4.105 +o0.203

" (G1 bapbepbl CIOXKHEE, HO 3aTO 1 HE NOABEPXKEHLI TakKUM Mpobaemam

" CPIl 61130k K ngeanbHOMY: YETbIPE UHCTPYKLUN 33 LIUKJI
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Remembered Sets: coxumanm meHs, ecnm cmoxxellb

PaHTalimbl byayT BMewnBaThcs B paboTy,
4TODbI 0becneyYnTb KOPPEKTHOCTL MPOrpaMmbl

= Jlaxke ecnu Bbl HE MYCOPUTE U BCE «NPEAYCMOTPENN >

" Bbibop GC — 310 He TONLKO BbIOOP NOANTMKIM COOPKM, HO U MOANTUKA
annokaumm, n paHtTanmM-oesepxeaa

® YacTo 3T oBepxeAbl HETpUBMANbHBI, NoToMy 4To VM nbiTaeTcs BCsiyecku
COKOHOMUTb

=’Java
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CkpbITbIVi KoA: ¢poKyc

class MyObject {
int x;

3

int doMe (MyObject o) {
return 0.Xx;

3

=’Java
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CkpbITbIVi KoA: ¢poKyc

mov heax,-0x14000 (%rsp)
push  Jrbp
class MyObject { sub $0x30, %rsp
int x;
} # Field access
mov 0xc (%rdx) ,%heax
int doMe (MyObject o) {
return o.x; add $0x30, %rsp
} pop %rbp
test  heax,0x18c86a66 (%rip)
retq
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CkpbITbIVi KoA: ¢poKyc

class MyObject {
int x;

3

int doMe (MyObject o) {
return 0.Xx;

3

mov heax,-0x14000 (%rsp)
push  Jrbp
sub $0x30, Jrsp

# Freld access
mov 0xc (%rdx) ,%heax

add $0x30, %rsp

pop  %rbp

test  heax,0x18c86a66 (%rip)
retq

He-ne-He-He! Kyaa oI ckykoxun null check?
BbicTpo packykoxb ero obpaTHo!

=’Java

Slide 42/71. Copyright © 2016, Oracle and/or its affiliates. All rights reserved.



CkpbITbIVi KoA: ¢poKyc

mov heax,-0x14000 (%rsp)
push  Jrbp
sub $0x30, %rsp

class MyObject {
int x;

3

# Field access

int doMe (MyObject o) { v 0xc (%rdx) , %eax

if (o == null) {

" Py .
throwNPE ("BPMH!") ; 2dd $0x30, %rsp

} . . pop %hrbp
X return o.x; test  Jeax,0x18c86a66 (%rip)
retq

B poT mHe Horu! [loonTummnsnpoanncs HaoTANYBHEHBKO!

=’Java
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CkpbITbIii KOA: MOKYC

# getfield z
# amplicit exception: dispatches to HANDLER

mov 0xc (%rdx) ,%heax

HANDLER:
# *getfield =
# A{runtime_calll}
callg 0x00007fbcc9105740

® [lpn HyneBom %rdx xapgBap kugaetr Segmentation Fault (SEGV)
" VM-Hblii obpaboTunk xgaTaetr SEGV u nepefaér ynpaeneHue B HyXKHoe

MECTO HALEro Koaa
=Java
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CkpbiTblii koA HeyaoOHbI Bonpoc Nel

Y470 ecain y MeHst eCTb HaTWBHbINA KOA,
KoTopbii nepeonpeaennt SEGV handler?

= SEGV poxpgaetcs, Ho nponetaer mumo VM-Horo obpaboTumnka, npuneraer
B OC = kpoBb, kuwkm, ag n poguHa bapyxa (Java process crash)

® Kpaw-gamn byaet nokasbiBaTb Ha MECTO B CreHEpUPOBaAHHOM KOAE, T.€.
BbIFSIAETb, KaK ownbka B komnuastope!

= JDK Docs: «Signal Chainingy: https://docs.oracle.com/javase/8/
docs/technotes/guides/vm/signal-chaining.html

=’Java
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https://docs.oracle.com/javase/8/docs/technotes/guides/vm/signal-chaining.html
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CkpbiTbiii koA HeyaoOHbIi Bonpoc Ne2

CroumocTb ntoboii «BbiCTpenuBsLeiy nposepku Ha null pasHa
CTOMMOCTUN KUAAHUS CUTHANa u ero obpabotku?

" J7T0 cymacwepnwasi LeHa: ThiCSYN LNKIIOB

= MHoro trap-oB = «trap storm»

=Java
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CkpbiTbiii koA HeyaoOHbIi Bonpoc Ne2

CroumocTb ntoboii «BbiCTpenuBsLeiy nposepku Ha null pasHa
CTOMMOCTUN KUAAHUS CUTHANa u ero obpabotku?

" J7T0 cymacwepnwasi LeHa: ThiCSYN LNKIIOB
= MHoro trap-oB = «trap storm»

" AfanTuBHble paHTaliMbl MOTYT MO3BOJINTL Cebe JEONTUMU3MPOBATL 1
CKOMMUINPOBATb KOZ B HOBbIX YC/0BUSIX, ECIN ODHAPY>XXMBAOT 4acCTble
trap-bl B KOHKPETHOM MecCTe

=’Java
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CkpbITbIii KO nobeHYMapkaem b

Object[] objs;

Bce 0bbekTbl B 0bjs He HyneBble:

@Benchmark
public long test() {
long s = 0; LOOP:
for (MyObj o : objs) { mov 0x10(%r10,%r11,4) ,%ecx
if (o == null) movslq Oxc(%r12,%rcx,8),%r9
throw NPE; add %9, hrdx
s 4= 0.x%: inc hrild
} ’ cmp  %r8d,%rild
return s; jl Loop
}

=Java
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CkpbITbIii KO nobeHYMapkaem b

«OTpaBum>, BbI3BaB test () HECKONbKO
Object[] objs; pa3 c MaccuBoM null-oB, a NOTOM CHOBa
beHuMapkaem c HeHyneBbIMM Objs

OBenchmark
public long test() {
long s = 0; LOOP:
for (MyObj o : objs) { mov 0x10(%r11,%r10,4),%rod
if (o == null) test  %r9d,%r9d
throw NPE; je THROWING
s += 0.x; movslq Oxc(%r12,%r9,8),%r8
} add %r8,%hrdx
return s; inc %r10d
} cmp hebp, %hr10d
jl LOOP

=’Java
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CkpbITbii kof: perfnorm ¢ HamMu cornaceH

Benchmark count | poison Score
test 10000 | false 1.096 +o0.170 ns/op
test:-branch-misses | 10000 | false |~ 10~* #/0p
test:-branches 10000 | false 1.081 +o0.211 #/op
test:.cycles 10000 | false 1.988 +1.711 #/op
test:-instructions 10000 | false 6.488 +1.55a #/0p
test 10000 | true 1.251 +o0.205 mns/op
test:-branch-misses | 10000 | true ~107* #/o0p
test:-branches 10000 | true 2.204 +o.e2r #/0p
test:-cycles 10000 | true 2.272 +e6.069 #/0p
test:-instructions | 10000 | true 8.821 +2.676 #/0p
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CKprTbII7I KoA: CoKunman MeHsA, eC/in CMOoXellb

PaHTaliMbl OyayT NbiITaTbC COKOHOMUTb
Ha CreHepuMpoOBaHOM Kofe, rae CMOryT

" YacTo OyayT «xansiBUTb» U HE KOMMNUAMPOBATH NPSIMO BCE

® Kog u pesynstathl B (nnoxux) benumapkax byger BoIrisiieTs COBCEM He
TaK, KaK B peasbHOM npoje

® Ecan He nosiy4yaeTcsi BOCMPOM3BECTN YCNOBUSI MPOAa, BaXKHO AenaThb
KOMDWHATOPHbIE 3KCNEPUMEHTHI!

=’Java
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ABTOOOKCUHTI



ABTOOOKCUHT: cneyndpnkaums

If the value p being boxed is true, false, a byte, Or a char in the range \u0000
to \u007f, or an int or short number between -128 and 127 (inclusive), then let
r; and r;, be the results of any two boxing conversions of p. It is always the case
that r; == r..

Ideally, boxing a given primitive value p, would always yield an identical reference. In
practice, this may not be feasible using existing implementation techniques. The rules above
are a pragmatic compromise. The final clause above requires that certain common values
always be boxed into indistinguishable objects. The implementation may cache these, lazily
or eagerly. For other values, this formulation disallows any assumptions about the identity
of the boxed values on the programmer's part. This would allow (but not require) sharing
of some or all of these references.

=’)ava
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ABTOOOKCUHT: cneyndpnkaums

If the value p being boxed is true, false, a byte, Or a char in the range \u0000
to \u007f, or an int or short number between -128 and 127 (inclusive), then let
r; and r;, be the results of any two boxing conversions of p. It is always the case

that r; == »

G ven primitive value p, would always yield an identical reference. In
.be feasible using existing implementation techniques. The rules above
ipromise. The final clause above requires that certain common values
1nd19t1ngu1¢.hable objects. The implementation may cache these, lazily
is formulation disallows any assumptions about the identity
mmer's part. This would allow (but not require) sharing

Slide 52/71. Copyrigh

=’Java



ABTODOOKCUHT: peaan3auunsi

Kaxablii bokcuHr int — Integer ugér yepes:

public class Integer {
public static Integer valueOf(int i) {
if (i >= IntegerCache.low &% i <= IntegerCache.high)
return IntegerCache.cache[i + (-IntegerCache.low)];
return new Integer(i);
}
}

=’Java
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ABTOOOKCUHI: NnobeH4YMapkaem b

@Param({"42", "146"}) int value;

@Setup void setup() {

¢ = new HashSet<Integer>(); nc = new HashSet<Integer>();
H.add(value);

OBenchmark boolean contains_valueOf ()
{ return c.contains(Integer.valueOf (value)); }

OBenchmark boolean contains_new()
{ return c.contains(new Integer(value)); }

// repeat the same for '"nc"
= Java
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ABToOO0OKCUHI: notContains

Benchmark value new valueOf Units

notContains | 42 16.2 +o0.a 6.5 +o0.3 | ns/op
gc.alloc.rate.norm | 42 16.0 o.1| ~ 102 B/op

notContains | 146 16.9 +2.1 16.8 +o0.2 | ns/op
gc.alloc.rate.norm | 146 16.0 +o.1 16.0 +o.1 | B/op

" Bcé knaccHo: kaw aBTobokcuHra pabotaer gnsi menkumx int
* Bo Bcex ocTanbHbIxX ciydasx aanounpyem 16 6aiit (java.lang. Integer)

= Bpoge fa)ke n npoBepka Kella MOYTU HUYEro He CTOUT

=’Java
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ABTOOOKCUHI: contains

Benchmark value new valueOf Units

contains | 42 9.6 +o.4 8.8 +o0.1| ns/op
gc.alloc.rate.norm | 42 ~107° ~107° B/op

contains | 146 9.8 +o.4 17.8 +o0.4 | ns/op
gc.alloc.rate.norm | 146 ~ 1074 16.0 +o.1 | B/op

=Java
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ABTOOOKCUHI: contains

Benchmark value new valueOf Units

contains | 42 9.6 +o.4 8.8 +o0.1| ns/op
gc.alloc.rate.norm | 42 ~107° ~107° B/op

contains | 146 9.8 +o.4 17.8 +o0.4 | ns/op
gc.alloc.rate.norm | 146 ~ 1074 16.0 +o.1 | B/op

® Ho uy! Bpepngér scalar replacement.

=Java
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ABTOOOKCUHI: contains

Benchmark value new valueOf Units

contains | 42 9.6 +o.4 8.8 +o0.1| ns/op
gc.alloc.rate.norm | 42 ~107° ~107° B/op

contains | 146 9.8 +o.4 17.8 +o0.4 | ns/op
gc.alloc.rate.norm | 146 ~ 1074 16.0 +o.1| B/op

® Ho uy! Bpepngér scalar replacement.

® C HaCWNbHBLIM KELEeM ONsATh XXe BCE C/IOManocs!

=Java
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ABTOOOKCUHI: contains

Benchmark value new valueOf Units

contains | 42 9.6 +o.4 8.8 +o0.1| ns/op
gc.alloc.rate.norm | 42 ~107° ~107° B/op

contains | 146 9.8 +o.4 17.8 +o0.4 | ns/op
gc.alloc.rate.norm | 146 ~ 10~ 16.0 +o.1 | B/op

® Ho uy! Bpepngér scalar replacement.

® C HaCWNbHBLIM KELEeM ONsATh XXe BCE C/IOManocs!

" [ 6bino Bbl pagoOCTHO BLIKMHYTbL K3 BOODLLE M OTAATH

peannsauusim, Ho...
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ABT0o0OO0OKCUHr: FAIL

If the value p being boxed is true, false, a byte, Or a char in the range \u0000
to \u007f, or an int or short number between -128 and 127 (inclusive), then let
r; and r; be the results of any two boxing conversions of p. It is always the case
that r; == r

“ven primitive value p, would always yield an identical reference. In
\be feasible using existing implementation techniques. The rules above
~promise. The final clause above requires that certain common values
yindistinguishable objects. The implementation may cache these, lazily
is formulation disallows any assumptions about the identity
mmer's part. This would allow (but not require) sharing

=’Java
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ABTODOOKCUHI: CXuMaii MeHA, eCJin CMOoXellb

[unzaiiHep HOBOro A3blka, MOMHU:
noka Thl MOéWwb Audnpambbl MoHagam,
roe-To B TBOEA HEAOAENaHHO Creke npsyeTcs rpabns,
KoTopast yepe3 10 neT byaet 6uTh Tebs B TeMeUKO KaxAablli AeHb!

=’Java
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Q/A: Pecypcbl

" BbeH4YMapKu:
https://github.com/shipilev/article-compress-me

= Bnor:
http://shipilev.net/

= TeutTep:
http://twitter.com/shipilev

=’Java
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C>kaTble CTpuUHru: Kak yctpoeH String

String charf]
3 B]EN - B RO
String charl]

= [lBa obbekTa: String u char[]

* Hurpe Hu4ero nuwiHero Het?

=’Java
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C>kaTble CTpuUHru: Kak yctpoeH String

3pecb Mmorsa 6bITh Balla pekfiaMa

® Bosbwas yacTtb baiitoB B char[] — Hyan

" [ToTomMy 4TO BosbLIAst 4aCTb CTPUHIOB yKnagbiBaetcs B Latinl

=’Java
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CxaTble CTPpUHIn: Oblno KpPpyTO, €CJINn...

...String bbIn1 ycTpoeH BOT Tak:

String byte[]
|
String byte[]

= XpaHum He char[], a nnoTHbIA byte[]

= Cam String 3HaerT, Kakoli «kogep» mcnonb3osatb Anst byte[]

=’Java
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CxaTble CTPUHIN: NpepekBnN3nNTbI

B 0bbluHbIX MPUNOXEHNAX KyHa CTPOYHEK!

char[] footprint

VM Layout Simulation (X64 model (compressed oops), 8-byte aligned)
# 1500
S 1000
£
© 500+
0- EE———y | | . I -, m
1

0 20 40
% of live data

mode [l total char{][ll 1-byte char[] i 2-byte char[]

= Javar
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CxaTble CTPUHIN: NpepekBnN3nNTbI

B 0bbI4HbIX NpunioxeHnsix bonblime NprupocTbi:
(n 3710 TONBKO live data set!)

Footprint savings

VM Layout Simulation (X64 model (compressed oops), 8-byte aligned)

4 150+

—

| 10 15
% footprint improvement
mode [l savings(oop) [l savings(bool)

‘/
=Java

Slide 66/71. Copyright © 2016, Oracle and/or its affiliates. All rights reserved.



CxaTble CTPpUHIN: Uenn

lnasHas uenb — footprint — yxxaTb 6onbwe aaHHbIx B ogHoli VM.
BTopnyHas uenb — He cnomMaTb NPOU3BOANTENBHOCTD.

1. Pasmep Latinl String-oB fosXKeH CHU3UTLCS
2. Pasmep UTF16 String-oB MoXeT 4yTb perpeccuposaTb
3. Onepauun Hag Latinl String-amn He JOMKHbI perpeccupoBaTh

4. Onepauun Hag UTF16 String-amu MOryT 4yTb perpeccmpoBaThb

=’Java
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CxaTble CTPpUHIn: n06qumapKaeM'b

...; // 1-byte char String
...; // 2-byte char String

String cmpl. ..
String cmp2. ..

@Benchmark
boolean cmpX_cmpY() {

return cmpX_1.equals(cmpY_2);
}

=’Java
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CxaTble CTPpUHIn: no6qumapKaeM'b

Benchmark | Size JDK 9 JDK 9 Density
cmpl_cmpl 1 4.8 z£o.1 5.7 £oa1
cmpl_cmp?2 1 4.8 +o.1 3.3 +o.1
cmp2_cmpl 1 4.9 +o.1 3.3 +o.1
cmp2_cmp?2 1 4.7 +o.1 5.3 +o.1
cmpl_cmpl | 4096 | 185.9 +1.3| 106.8 +3.4
cmpl_cmp2 | 4096 | 186.2 +4.6 3.3 £o.1
cmp2_cmpl | 4096 | 188.3 +3.4 3.3 +o.1
cmp2_cmp2 | 4096 | 183.1 +3.8| 186.4 +9.1

(Hc/on, meHbLe — ny4Le)

=’Java
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C>kaTble cTpuHru: nobeH4umapkaem eLyé
int x = 42; String msg = "Msg";

OBenchmark String cyrillic()
{ return "[" + x + "] 0#f, BCé mpomano, med: " + msg;

OBenchmark String latin()
{ return "[" + x + "] Everything’s FUBARed: " + msg; 1}

=’Java
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C>kaTble cTpuHru: nobeH4umapkaem eLyé
int x = 42; String msg = "Msg";

OBenchmark String cyrillic()
{ return "[" + x + "] 0#f, BCé mpomano, med: " + msg;

OBenchmark String latin()
{ return "[" + x + "] Everything’s FUBARed: " + msg; 1}

Benchmark JDK 9 JDK 9 Density | Units

cyrillic | 83.7 +o.8| 82.5 +1.8 ns/op
cyrillic:-gc.churn.norm | 103.1 +1.2| 102.2 +1.1 B/op

latin | 83.2 +o0.7| 51.5 +1.7 ns/op
latin:-gc.churn.norm | 103.1 +1.4| 71.5 +o.8 B/op

=’Java
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CxaTble CTPUHIN: 3acabl

LLITykn, KoTOpble HE [AtOT HaM JIErKO XXUTb:
= [lna N eepcuii String-os Hy>xHO N2 UHTPUH3NKOB
" Bbibop kogepa — BeTBEHUE — MOTeHUMaNbHbIA mispredict
" [lepeynakoBka Ha String: :new, String: :substring n npou.

" /IHTpuH3MKN Ha He-x86 nnaTdopmMax — be3 BEKTOPHLIX Onepawunii Nioxo

Otpensbhble fast-path-vi gns UTF-8 kogepos

=’Java

Slide 71/71. Copyright © 2016, Oracle and/or its affiliates. All rights reserved.


https://openjdk.java.net/jeps/254

CxaTble CTPUHIN: 3acabl

LLITykn, KoTOpble HE [AtOT HaM JIErKO XXUTb:
= [lna N eepcuii String-os Hy>xHO N2 UHTPUH3NKOB
" Bbibop kogepa — BeTBEHUE — MOTeHUMaNbHbIA mispredict
" [lepeynakoBka Ha String: :new, String: :substring n npou.

" /IHTpuH3MKN Ha He-x86 nnaTdopmMax — be3 BEKTOPHLIX Onepawunii Nioxo

Otpensbhble fast-path-vi gns UTF-8 kogepos

Ho Bcé 310 pewaemo!
https://openjdk. java.net/jeps/254

=’Java
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