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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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BBepexue



BBe,D.eH nme: oxXxnaaHms

ITOT JoK/IaZ B OCHOBHOM Mpo onbIT pa3paboTku AByx cioxHbix JDK/JVM duy:
® Compact Strings: okumaem B 0gHODARTOBbLIE CUMBOJIbI
* Indify String Concat: nepetacknBaem KOHKaTEHALUMIO B paHTaiM

Mpo kaxkayto uyy pacckasbiBaeM B TPEX MNOAHACTAX:
1. lHcaniT: ocHOBHasl niest 1 pagoCTHble NMOBU3rMBaHUS
2. AHrCT: CKOJIbKO CefjblX aHTesioB TaHuyeT Ha kKoHue JDK-peBenonmeHT-urbl

KaTtapcuc: 4to e ouniaeT BCE 3TO CTpajaHue

Ann, «noyvemy 3T mgnoTtbl He MOryT BbINyCTUTb P4y 32 MECsIL, a HE 33 rog»
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Compact Strings



Compact Strings: kak ycTpoeH String

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

= [lBa obbekTa: String u char[]

* Hurpe Hu4ero nuwiHero Het?
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Compact Strings: 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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Compact Strings: Obln10 KpyTO, €cnu...

...String Bbin yCTpoeH BOT Tak:

A

String byte[]

String byte[]

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

= Cam String 3HaET, KaKoli «KOAEp>» NUCMONb30BaTh ANs byte []
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Compact Strings: o kpuTepusax ycrnexa

" QyTnpuHT bosbLUER YacTn String-oB JOMKEH YAYYLWNTHCS

— Mpn 3TOoM MOXHO HahaHTa3MPOBaATL KAKME YTOAHO CXEMBI
— Ho Hago, uTobbl ynyylnnoce B peasibHbIxX CUTYaLusx
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Compact Strings: o kpuTepusax ycrnexa

" QyTnpuHT bosbLUER YacTn String-oB JOMKEH YAYYLWNTHCS
— Mpn 3TOoM MOXHO HahaHTa3MPOBaATL KAKME YTOAHO CXEMBI
— Ho Hago, uTobbl ynyylnnoce B peasibHbIxX CUTYaLusx

® Henb3s perpagmpoBaTb NpoON3BOANTENBHOCTb String
— MoxHo NpoOBaJINTb HA MAaNE€HbKYO aAONTUBHYHO KOHCTAHTY

(ecnu 3To NPsSIMO KPOBb U3 HOCY HeOBXOAMMO)
— Henb3s yxyawaTts acCMMATOTUHECKYIO COXHOCTb
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Compact Strings: o kpuTepusax ycrnexa

" QyTnpuHT bosbLUER YacTn String-oB JOMKEH YAYYLWNTHCS

— Mpn 3TOoM MOXHO HahaHTa3MPOBaATL KAKME YTOAHO CXEMBI
— Ho Hago, uTobbl ynyylnnoce B peasibHbIxX CUTYaLusx

® Henb3s perpagmpoBaTb NpoON3BOANTENBHOCTb String

— MOXHO MPOBaNUTbL Ha MANEHLKYIO AAANTUBHYIO KOHCTaHTY
(ecnu 3To NPsSIMO KPOBb U3 HOCY HeOBXOAMMO)
— Henb3s yxyawaTts acCMMATOTUHECKYIO COXHOCTb

Mpumep: charAt (int) momkeH octaTtbes O(1), paxke npu ciydaiiHom fJocTyne.
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Compact Strings: o kpuTepusax ycrnexa

" QyTnpuHT bosbLUER YacTn String-oB JOMKEH YAYYLWNTHCS

— Mpn 3TOoM MOXHO HahaHTa3MPOBaATL KAKME YTOAHO CXEMBI
— Ho Hago, uTobbl ynyylnnoce B peasibHbIxX CUTYaLusx

® Henb3s perpagmpoBaTb NpoON3BOANTENBHOCTb String

— MOXHO MPOBaNUTbL Ha MANEHLKYIO AAANTUBHYIO KOHCTaHTY
(ecnu 3To NPsSIMO KPOBb U3 HOCY HeOBXOAMMO)
— Henb3s yxyawaTts acCMMATOTUHECKYIO COXHOCTb

Mpumep: charAt (int) momkeH octaTtbes O(1), paxke npu ciydaiiHom fJocTyne.

370 AnckeBanuduumpyeT toboe KOANPOBAHNE C NEPEMEHHONR AJINHOIA.
[a, skntovast UTF-8, yBbi.
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Compact Strings: npepekBu3nNThbI

B 0bbluHbIX NpuaoXKeHUsx Kyda cTpodek, npuyém 60nbwas 4acTb U3 HUX
noMelyaercs B ogHobanitosble Latinl:

char[] footprint

VM Layout Simulation (X64 model (compressed oops), 8-byte aligned)
# 1500+
8 1000
g
S 500+
0- - Y | . I | [ S
1 1

0 20 40
% of live data

mode [ total char[] [l 1-byte char[] [ 2-byte char|]
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Compact Strings: B kpynHyto kneTky

" CTpoka CKUMAETCs Npu KOHCTPYNPOBAHMNN
— OcHoBHas bega: koHcTpykTop String(char[] value)
— Cpasy xMmém B 1-6aiiToBoe KogmposaHue
— He nonyuyunock B 1-6aiit? Konupyem kak 2-baiiTosoe
— WHorga MOXHO COKOHOMUTBL, €.g. substring OT COKaTOWl CTPOHKM yXKe OKaT

= Onepau,vm YMEOT pa6OTaTb KaK Ha OKaTbIX, TaK U Pa3XXaTblX CTPOKaXx

— OCHOBHbIA BBINMPLILL: HE AeNlaeM JULLHEN BO3HU
— HekoTopble onepauun BbiHyXAeHbI pa3xumaTs, e.g. char[] getChars()

=’Java
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Compact Strings: kak pa3spabortaTtb cpuuy B JDK

$ <checkout>

$ <configure>

$ sed -i -e "s/char[]/bytell/g" \
java/lang/String.java

$ make images

1. 3anyckaem TecTbl

2. Wcnpasnsiem b6aru (napy if-oB 3pecs n Tam...)
3. ..

4. PROFIT!

= Javar

Slide 12/77. Copyright @© 2015, Oracle and/or its affiliates. All rights reserved.



Kto koanpyet kogep’
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CS, KTo kogupyeT kogep: ccbinka Ha nHtepdenc?

class String {
byte[] val;
Ccbinka Ha peanusauuio Kofepa: Coder coder;

" [loytn nanomatudnsiin QO[T
char charAt(int idx) {

" MopgHO, CTUAbHO, MONOAEXHO :
A A return coder.charAt(val, idx);

" MOXXHO HaKOAUTb 3TUX KOAEPOB, }
KakK cobak Hepe3saHblx }
Mpobnembi? interface Coder {

char charAt(byte[] val, int idx);
}
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CS, KTto koagupyet kogep: Object?

class String {
Object val;
char charAt(int idx) {
// FIXME: Range checks!
if (val instanceof bytel[]) {
byte[] v = (bytel[])val;

3amacknpyem byte[] nam char[]:
" «ManeHbkoe» OTCTynneHne ot

NANOMATUMKN
A , ) return toChar (v[idx]);
= Typecheck'n-To peweéseble, } else {
?
Heboch // Totally safe!
, char[] v = (char([])val;
Mpobnemsbi’ return v[idx];

b
b
}
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CS, KTo koaupyeT kogep: 3amecmm B nepBblii banT?

class String {
byte[] val;
char charAt(int idx) {
// FIXME: Range checks!

Cnpsiuem B nepsbiii baiAT: byte coder = vall[0];

" DJNTHO, XaKepPHO, Kiaccuyecku! if (coder == LATIN1) {
" MoxHO cpaBHMBaTbL Cpasy return toChar(vallidx + 11);
MacCuBbi! } else {
return toChar (
Mpobnembi? (val[idx*2] << 8)
+ val [idx*2+1]) ;
}
}
}

=’Java
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CS, Kto koaunpyeTt kogep: nokpacum maccus?

class String {
byte[] val;
char charAt(int idx) {
// FIXME: Range checks!
byte coder = VM_MAGIC(val);
if (coder == LATIN1) A
return vall[idx];
} else {
return getChar(val, idx);

}

Conpém butuk n3 agpeca, Hanpumep

= VM-WwuKN oprasmmpytoT oT TaKunx
TPIOKOB

Mpobnembl?

b
+
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CS, KTo kogupyeT kogep: He BbliNeHAPUBAaEMCS

sokokkk 32-DIt VIM:  skokokokoksk skokskok s ok okok sk sk ok sk k 3 ok ok 3k ok ok ok 3k ok ok 3k K o ok ok 3k 3 ok ok 3k k3 ok ok k3 ok

java.lang.String object internals:

OFFSET SIZE TYPE DESCRIPTION VALUE
0 8 (object header) N/A
8 4 char[] String.value N/A
12 4 int String.hash N/A

Instance size: 16 bytes

*kkkk 64-bit VM, compressed references enabled: sxxkskskkkkkkkskskskskskkk
java.lang.String object internals:

OFFSET SIZE TYPE DESCRIPTION VALUE
0 12 (object header) N/A
12 4 char[] String.value N/A
16 4 int String.hash N/A
20 4 (loss due to the next object alignment)

Instance size: 24 bytes
=’]ava
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CS, KTo kogupyeT kogep: noJsie, NnpocTo noJsie

BuHapHbIli kogep: class String {

= 0 - Latinl, «Bce cTaplme 6aiiTbl byte[] val;

— Hynn> byte coder;
= 1-UTF16, «xoTst bbl B OAHOM char charAt(int idx) {
CUMBOJIE CTapLUNA BalT — He // FIXME: Range checks!
HYNb> if (coder == LATIN1) {
JaéT BO3MOXXHOCTb TPIOKAYUTL: return vall[idx];

} else {

= CpaBHUBaTb CTPoOKK be3 val
return getChar(val, idx);

BoODLLE
}

b
b

= Kopep KOHKATEHMPOBAHHOI
ctpoukmu: «OR» komepos
aprymeHTOB
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CS, KTo koaupyeT kopep: nogpobHee

Cynep-xéctknit Magnum Opus npo Bbi30Bbl METOAOB:
http://shipilev.net/blog/2015/black-magic-method-dispatch/

MoapobHee npo nonbiTkn BbIbpaTh MECTO AJist KOAepa:
http://cr.openjdk.java.net/ shade/density/double-selection.txt

=’Java
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http://shipilev.net/blog/2015/black-magic-method-dispatch/
http://cr.openjdk.java.net/~shade/density/double-selection.txt

CTabunbHbIA HYNIb 1 MpoYVe U3BPALLEHUS
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CS, Hynb: what kind of sourcery is this?

Bbl koraa-Hnbyab 3agymMbiBanncb, nodemy BOT 310 paboraer?

static final String S;

static { testLength():
S = "Foo"; # ... some mumbo-jumbo ...
} # THE ANSWER IS "3"!

@Benchmark
int testLength() {
return S.length();

by

Slide 22/77. Copyright © 2015, Oracle and/or its affiliates. All rights reserved.

mov $0x3$, Yeax

# ... some mumbo-jumbo ...

ret
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CS, Hynb: Bepto — He Bepto

static final MyClass finallie = new MyClass();
static MyClass nonFinallie = new MyClass();

class MyClass {
final int trustMe = 42;
}

int read_finallie() {
return finallie.trustMe; // folded to "42", or mot?
}

int read_nonFinallie() {
return nonFinallie.trustMe; // folded to "42", or not?

}

Slide 23/77. Copyright © 2015, Oracle and/or its affiliates. All rights reserved.
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CS, Hynb: Bepto — He Bepto

static final MyClass finallie = new MyClass();

class MyClass {

@Stable

final int trustMe = 42;
}

int read_finallie() {
return finallie.trustMe; // folded to "42", or not?

}

= Javar
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CS, Hynb: Bepto — He Bepto

class String {

@Stable final byte coder;

@Stable final bytel[] value;

int length() { return value.length >> coder);
}

int len_Latinl() {
return "Foo".length(); // folded or not?
}

int len_UTF16() {
return "®yy".length(); // folded or not?
}

= Javar
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CS, Hynb: Mbl nongém apyrum nytTém

= Javar
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CS, Hynb: Mbl nongém apyrum nytTém

{

XakHeM KOMNuAsTop, 4Tobbl Bce nosst B String cYMTanncb KOHCTaHTamm!
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CTon-KpaH ana puyn:
-XX:-CompactStrings
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CS, Cron-kpaH: NpUKNHEMCsl BETOLUbIO

class String {
static final boolean COMPACT_STRINGS = ...;

String(char[] value) {
if (COMPACT_STRINGS) {
byte[] v = tryCompress(value);
if (v != null) {
this.value = v; this.coder = LATIN1; return;

}
this.value = copy(value); this.coder = UTF16;

b
b

Slide 28/77. Copyright © 2015, Oracle and/or its affiliates. All rights reserved.
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CS, Cron-kpaH: paboTaem...

class String {
static final boolean COMPACT_STRINGS = ...;

char charAt(int idx) {
if (coder == LATIN1) { // branch, nevertheless
return val[idx];
else
return getChar(val, idx);

Bcé HopmasnbHO, K Ham ByayT npuxogutb Tonbko ¢ (coder == UTF16)7

=’Java
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CS, Cron-kpaH: paboTaem...

class String {
static final boolean COMPACT_STRINGS = ...;

char charAt(int idx) {
if ((coder == LATIN1) && COMPACT_STRINGS) {
return val[idx];
else
return getChar(val, idx);

Bcé HopmanbHO, cBepHETCS xe’?

=’Java
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CS, Cron-kpaH: npuexanu

class String {
static final boolean COMPACT_STRINGS = ...;

char charAt(int idx) {
if (COMPACT_STRINGS && (coder == LATIN1)) {
return vall[idx];
else
return getChar(val, idx);

®ur TaM, TOJIbKO BOT TaK MO>XHO )J,eﬂaTb.l

https://bugs.openjdk.java.net/browse/JDK-8087309

Slide 31/77. Copyright © 2015, Oracle and/or its affiliates. All rights reserved.
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https://bugs.openjdk.java.net/browse/JDK-8087309

CS, Cron-kpaH: npuexanu, Ne2

class String {
static final boolean COMPACT_STRINGS = ...;
boolean isLatinl() { return COMPACT_STRINGS && (coder == LATIN1); 7}

char charAt(int idx) {
if (isLatin1()) {
return val[idx];
else
return getChar(val, idx);

Nnn tak?

=’Java
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CS, Cron-kpaH: paboTtaet?

class String {
s. f. b. COMPACT_STRINGS = Boolean.getBoolean("compactStrings") ;
b

=’Java
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CS, Cron-kpaH: paboTtaet?

class String {
s. f. b. COMPACT_STRINGS = Boolean.getBoolean("compactStrings") ;
b

LinpkynsipHble 3aBucumocTu:

Error occurred during initialization of VM
java.nio.charset.IllegalCharsetNameException: UTF-8
at java.nio.charset.Charset.checkName (Charset. java:316)

at java.lang.StringCoding.decode(StringCoding. java:334)

at java.lang.String.<init>(String.java:592)

at java.lang.String.<init>(String. java:614)

at java.lang.System.initProperties(Native Method)

at java.lang.System.initializeSystemClass (System. java |
=’]ava
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CS, Cron-kpaH: paboTtaet?

class String {
s. f. b. COMPACT_STRINGS = VMGate.isCompactStrings();
}

=Java
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CS, Cron-kpaH: paboTtaet?

class String {
s. f. b. COMPACT_STRINGS = VMGate.isCompactStrings();
}

VYnc, a BCE noxo:

Java VM: OpenJDK 64-Bit Server VM
Problematic frame:
C 0x0000000000000000

# A fatal error has been detected by the JRE:

#

# SIGSEGV (0xb) at pc=0x0000000000000000, pid=..., tid=...
#

# JRE version: (9.0) (build ...)

#

#

#

=’Java

Slide 34/77. Copyright © 2015, Oracle and/or its affiliates. All rights reserved.



CS, Cron-kpaH: paboTaerT!

class String {
s. f. b. COMPACT_STRINGS = isCompactStrings();
private static native boolean isCompactStrings();

}

JNIEXPORT jboolean JNICALL
Java_java_lang_String_isCompactStrings(JNIEnv *env, jclass cls) {
return JVM_IsCompactStrings();

}

JNIEXPORT jboolean JNICALL JVM_IsCompactStrings(void) {
JVMWrapper ("JVM_IsCompactStrings") ;
return CompactStrings;

}

Slide 35/77. Copyright © 2015, Oracle and/or its affiliates. All rights reserved.
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CS, Cron-kpaH: paboTtaet?

class String {
s. £. b. COMPACT_STRINGS = true;

}

void VM::super_secret_VM_method() {
find_String_field_and_set_it_to(CompactStrings) ;

}

=’Java
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CS, Cron-kpaH: paboTtaet?

class String {
s. f. b. COMPACT_STRINGS = new Boolean(true) .booleanValue();

}

void VM::super_secret_VM_method() {
find_String_field_and_set_it_to(CompactStrings) ;

}

=’Java
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[loporu, kBapTanbl, Java-oBble MaccyBbl
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CS, maccuBbl: char[]

char[] tryWithChar(int size) {
return new charl[size];

by

Ha kakom size nodpeiinut?

=Java
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CS, maccuBbl: char[]

char[] tryWithChar(int size) {
return new charl[size];

by

Ha kakom size nodpeiinut?

tryWithChar (Integer.MAX_VALUE) :

Exception in thread "main" java.lang.OutOfMemoryError:
Requested array size exceeds VM limit

at org.openjdk.BoundsTest.testWith(BoundsTest. java:30)
at org.openjdk.BoundsTest.main(BoundsTest. java:25)

=’Java
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CS, maccuBbl: char[]

char[] tryWithChar(int size) {
return new char[sizel;

3

Ha kakom size nodpeinnut?

tryWithChar (Integer . MAX_VALUE - 2); // pabomaem

=’Java
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CS, maccuBbl: String

String tryWithString(int size) {
return new String(new char[sizel);

by

tryWithString(Integer .MAX_VALUE - 2):

=Java
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CS, maccuBbl: String

String tryWithString(int size) {
return new String(new char[sizel);

by

tryWithString(Integer .MAX_VALUE - 2):

java.lang.OutOfMemoryError:

UTF16 String size is 2147483645, should be less than 1073741807
at java.lang.StringUTF16.rangeCheck(StringUTF16.java:56)

at java.lang.StringUTF16.compress(StringUTF16.

=’Java
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getChar,
nnn kak npeactasuts byte[] B Buge char[]

=’Java
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CS, getChar: uto y>x npouie

char getChar_UTF16(bytel[] val, int idx) {

idx *= 2;

return toChar(val[idx]) + toChar(vall[idx + 1]) << 8;
+

=Java
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CS, getChar: uto y>x npouie

char getChar_UTF16(bytel[] val, int idx) {

idx *= 2;

return toChar(val[idx]) + toChar(vall[idx + 1]) << 8;
+

Mpo 3HAMAHHOCTL He 3abbin, Yyguna?

=’Java
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CS, getChar: uto y>x npouie

char getChar_UTF16(bytel[] val, int idx) {

idx *= 2;

return toChar(val[idx]) + toChar(vall[idx + 1]) << 8;
+

Mpo 3HAMAHHOCTL He 3abbin, Yyguna?

char getChar_UTF16(bytel[] val, int idx) {

idx *x= 2;

return toChar(vall[idx + 1]) + toChar(val[idx]) << 8;
}

=’Java
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CS, getChar: noberaem c HoXXHULLAMN

// Hayaxet, Oyzr cmapol WKOAbl KUBEM MOALKO 8:
static final Unsafe U = Unsafe.getUnsafe();
static final int base U.ARRAY_CHAR_BASE_OFFSET;
static final int scale = U.ARRAY_CHAR_INDEX_SCALE;

char getChar_UTF16(byte[] val, int idx) {
return U.getChar(val, base + scale*xidx);

}

= Javar
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CS, getChar: noberaem c HoXXHULLAMN

// Hayaxet, Oyzr cmapol WKOAbl KUBEM MOALKO 8:
static final Unsafe U = Unsafe.getUnsafe();
static final int base U.ARRAY_CHAR_BASE_OFFSET;
static final int scale = U.ARRAY_CHAR_INDEX_SCALE;

char getChar_UTF16(byte[] val, int idx) {
return U.getChar(val, base + scale*xidx);

}

XUHT:

li tCh l,idx) =
olm ge Char(val,idz) = kpakoCiafBpL

= Javar
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CS, getChar: noberaem c g/IMHHBIMN HOXHULLAMU

// Iayakel, Oyr cmapol wWKOAbl KUBEM MOALKO 6:
static final Unsafe U = Unsafe.getUnsafe();
static final long base = U.ARRAY_CHAR_BASE_OFFSET;
static final long scale = U.ARRAY_CHAR_INDEX_SCALE;

char getChar_UTF16(byte[] val, int idx) {
return U.getChar(val, base + scale*xidx);

¥

’https://bugs.openjdk.java.net/browse/JDK-8074124
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CS, getChar: noberaem c g/IMHHBIMN HOXHULLAMU

// Iayakel, Oyr cmapol wWKOAbl KUBEM MOALKO 6:
static final Unsafe U = Unsafe.getUnsafe();
static final long base = U.ARRAY_CHAR_BASE_OFFSET;
static final long scale = U.ARRAY_CHAR_INDEX_SCALE;

char getChar_UTF16(byte[] val, int idx) {
return U.getChar(val, base + scale*xidx);

¥

Tonbko 32-6uTHbIM NnaTchopMam TpbiHaeL?:

UnsafeConvBench.plain 3835.953 + 48.240 ns/op
UnsafeConvBench.unsafe_field_scale 7611.268 £+ 72.331 ns/op

’https://bugs.openjdk.java.net/browse/JDK-8074124
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CS, getChar: B cyxom ocTaTke
Mpobnembl (get|put)Char pewwaroTcs ogHOW U3 TPEX ONUNIA:

1. ABTOMaTn4ecKUM AOKa3aTeNbCTBOM oTcyTcTBUs overflow B BbiparkeHnsix

2. bypeHuem pbipok B Unsafe

<T> T Unsafe.get_T_Indexed(Object,int)

3. 3anunueaHvnem uHTpun3aukos B C1 n C2:

char StringUTF16.getChar(byte[] val, int idx)
void StringUTF16.putChar (bytel[] val, int idx, char c)

=’Java
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A ewé Hapo: ...caenaTb NpopBy paboTbl

" [loBTOpPWTb BCE ANs Apyrux mMetTofos String

® [loBTOpPUTL BCE AJis Apyrux naatdopm

® [lonpasutb Ky4y mect B VM

" HanucaTb eLlé NHTpUH3NKoB ans bora VIHTpn3snkos

" JHkogepam/aekofnepaM nomoyb HoBble (hOpMbl String MCMoOL30BaThH
® [lepenucatb AbstractStringBuilder's

= nOﬂpaBI/ITb onTUMN3aunNto KOHKaTEHAUMUN CTPOK

=’Java
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A ewé Hapo: ...caenaTb NpopBy paboTbl

" [loBTOpPWTb BCE ANs Apyrux mMetTofos String

® [loBTOpPUTL BCE AJis Apyrux naatdopm

® [lonpasutb Ky4y mect B VM

" HanucaTb eLlé NHTpUH3NKoB ans bora VIHTpn3snkos

" JHkogepam/aekofnepaM nomoyb HoBble (hOpMbl String MCMoOL30BaThH
® [lepenucatb AbstractStringBuilder s

= HOHpaBI/ITb onNTUMN3aUnN0 KOHKaTEHaAUMN CTPOK

=’Java
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CS, KaTapcuc: LogLineBench

public class LogLineBench {
Q@Param
int size;

String method = generateString(size);

O@Benchmark
public String work() throws Exception {
return "[" + System.nanoTime() + "] " +

Thread.currentThread() .getName() + ":" +
"Calling an application method \"" + method +
"\" without fear and prejudice.";

}

b

Slide 48/77. Copyright © 2015, Oracle and/or its affiliates. All rights reserved.
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CS, KaTapcuc: npon3soantenbHOCTb

throughput, ns/op
1 | 10 | 100

allocated, b/op
1 | 10 | 100

Baseline
— Compact Strings
+ Compact Strings

709 £3 721 4| 1338 £6
714 £5 | 726 £ 4 | 1350 £ 6
4032|4103 | 721 £ 4

888 | 904 | 1680
888 | 904 | 1680
504 | 512 | 904

" B 1.76x-1.86x nyywe nponyckHasi CNOCOOHOCTb, BO CTOJIBKO XKe pPa3 MeHbLue
mycopa (He yameuTensHo ans GC-bound beHumapka)

= Cron-kpaH paboTaeT, Ha cay4aii, ecan YTO-TO NOMAET He Tak
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Indify String Concat



Indify String Concat: koHkaTeHayuto BuaubL?

String m(String a, int b) { return a + "(" + b + ")"; }

=’Java
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Indify String Concat: koHkaTeHayuto BuaubL?

1

13:
16:
17:
20:
22:
25:
28:

= 00 N b W O

String m(String a, int b) {

new
dup
invokespecial
aload_1
invokevirtual
1ldc
invokevirtual
iload_2
invokevirtual
1ldc
invokevirtual
invokevirtual
areturn

#2

#3

#4

#5
#4

//

//

//
//
//

//
//
//
//

return a + "(" + b +

class java/lang/StringBuilder

Method

Method
String
Method

Method
String
Method
Method

java/lang/StringBuilder.

java/lang/StringBuilder.

(
java/lang/StringBuilder.

java/lang/StringBuilder.
)

java/lang/StringBuilder.
java/lang/StringBuilder.

Slide 51/77. Copyright © 2015, Oracle and/or its affiliates. All rights reserved.

||)u; }

" OV

append: (Ljava/lan;
append: (Ljava/lan;
append: (I)Ljava/l:

append: (Ljava/lan;
toStrine: NT.iava/:

=Java



Indify String Concat: OptimizeStringConcat

Komnunatop He Tynoii, y Hero ecTb -XX:+-OptimizeStringConcat?
1. MocmoTpeTb Ha IR-rpad, KOTOpLIT MOMYHMICS N3 NepemMasibiBaHns
ncxoaHoro baiiTkoaa
2. ObHapyXunTb TaM HTO-TO MOXOXKEE HA HYXKHYIO LIEMOYKY
StringBuilder: :append
3. PapocTHO B3BM3rHYTb U NepeaenaTb No-CBOEMY:

— MocunTtaTh AANHBI APryMEHTOB 1 PUHANBHYIO AJIMHY
— l'me moxHo, nogcrauTs in-place Integer.getChars(...) n T.n.
— JdpbeKTNBHO CKOMNPOBATL MACCUBbI

4. Mpocpurt!

3http://hg.openjdk.java.net/jdk9/jdk9/hotspot/file/tip/src/share/vm,’

stringopts.cpp
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http://hg.openjdk.java.net/jdk9/jdk9/hotspot/file/tip/src/share/vm/opto/stringopts.cpp
http://hg.openjdk.java.net/jdk9/jdk9/hotspot/file/tip/src/share/vm/opto/stringopts.cpp

Indify String Concat: 3acaga Nel: «npo3spayHocTb»?

int x;

// Optimizeable:
new StringBuilder().append("Foo: ") .append(x).toString();

// NOPE. NOPE. NOPE.
new StringBuilder().append("Foo: ") .append(x++).toString();

// Optimizeable again:
X++;
new StringBuilder().append("Foo: ") .append(x).toString();

“https://bugs.openjdk. java.net/browse/JDK-8043677 = Java
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Indify String Concat: 3acaga Ne2: «yHuBepcasibHOCTb»

int i;
long 1;
double d;

// Optimizeable:
new StringBuilder().append("Foo: ") .append(i).toString();

// NOPE, LOL
new StringBuilder().append("Foo: ") .append(l).toString();

// YOUR WISH, BROTHA, ROFL
new StringBuilder() .append("Foo: ") .append(d).toString();

= Java
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Indify String Concat: 3acaga Ne3: «HapéxHoCTb»

String s1, s2;

// JDK 9 Baseline, optimizeable:
new StringBuilder(sl.length() + s2.length())
.append(s1) .append(s2) .toString() ;

// JDK 9 Compact Strings... NOPE, FU, LOL
class String {

int length() { return value.length >> coder; }
}

new StringBuilder(sl.length() + s2.length())
.append(sl1) .append(s2) .toString() ;

*https://bugs.openjdk.java.net/browse/JDK-8136469 = Java
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Indify String Concat: mopansb

\N Xoyellb ObICTPOro KOHKaTa — Hago
f : KOHTpoAMpoBaTh baliTkog. A kak ero
KOHTPOANPOBaTL !

YepT ero 3HaeT:

B 33cTaBnsaTb nonb3osaTeneil
PEKOMMUANPOBATL C HOBLIM javac-om?

" Jlerko owmbunTbCst B maTTepHE TakK, 4TO
KOMMUJIITOP HE CMOXET XOPOLLO
CONTMMM3NPOBATh

" MeHslewb naTTePH — BCE OCTaslbHbIE
MaTTEPHbI TOXXE HENb3s1 PerpeccmpoBa’

=’Java
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Indify String Concat: no3gHee cBaA3biBaHue

BbIpoBHATL MMNegaHc Mexay si3bIkom 1 baiTkogom

NoMorio bbl OTNIOXKEHHOE CBA3bIBAHNE, Oa NYCTb XOTb TaKOE€:

package java.lang;

class StringConcat {
String concat(String first, String... moar) {
// TODO: Actually tmplement this.
}
}

Slide 57/77. Copyright © 2015, Oracle and/or its affiliates. All rights reserved.
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Indify String Concat: no3gHee cBaA3biBaHue

BbIpoBHATL MMNegaHc Mexay si3bIkom 1 baiTkogom
MOMOTJ10 Dbl OT/IOKEHHOE CBSI3bIBAHME, Aa NYCTb XOTb TAKOE:

package java.lang;

class StringConcat {
String concat(String first, String... moar) {
// TODO: Actually tmplement this.
}
}

A 4EpT, 0bbEKTBLI... A YEPT, NPUMUTHUBSI. ..

=’Java
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Indify String Concat: no3gHee cBaA3biBaHue

BbIpoBHATL MMNegaHc Mexay si3bIkom 1 baiTkogom

NoMorio bbl OTNIOXKEHHOE CBA3bIBAHNE, Oa NYCTb XOTb TaKOE€:

package java.lang;

class StringConcat {
String concat(Object first, Object... moar) {
// TODO: Actually tmplement this.
}
}

Slide 58/77. Copyright © 2015, Oracle and/or its affiliates. All rights reserved.
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Indify String Concat: no3gHee cBaA3biBaHue

BbIpoBHATL MMNegaHc Mexay si3bIkom 1 baiTkogom

NoMorio bbl OTNIOXKEHHOE CBA3bIBAHNE, Oa NYCTb XOTb TaKOE€:

package java.lang;

class StringConcat {
String concat(Object first, Object... moar) {
// TODO: Actually tmplement this.
}
}

A 4épT, bokcuHr. A 4épT, ansoKauus MaccuBa Mog vararg...
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Indify String Concat: marusa invokedynamic

String m(String a, int b) { return a + "(" + b + ")"; }

=’Java
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Indify String Concat: marusa invokedynamic

String m(String a, int b) { return a + "(" + b + ")"; }

0: aload_1

1: 1dc #2 // String (

3: iload_2

4: ldc #3 // String )

6: invokedynamic #4, O // InvokeDynamic #0:stringConcat:

//  (String,String,int,String)String;
11: areturn

BootstrapMethods:
0: #19 invokestatic java/lang/invoke/StringConcatFactory.stringConcat. .

=’Java
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Indify String Concat: marusa invokedynamic, #2

String m(String a, int b) { return a + "(" + b + ")"; }

=’Java
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Indify String Concat: marusa invokedynamic, #2

String m(String a, int b) { return a + "(" + b + ")"; }

0: aload_1
1: iload_2
2: invokedynamic #2, O // InvokeDynamic #0:stringConcat:

// (String,int)String;
7: areturn

BootstrapMethods:
0: #15 invokestatic java/lang/invoke/StringConcatFactory.stringConcat. .
(Lookup,String,MethodType,String,0bject[])CallSite
Method arguments:
#16 0COC
#17 (
#18 )

Slide 60/77. Copyright @© 2015, Oracle and/or its affiliates. All rights reserved.
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Y470 Ham CTOUT AOM MOCTPOUTB:
KOMMUANPYEM BeCb KOHKAT B invokedynamic...

=’Java
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ISC, NNHuT: 6abax

Error occurred during initialization of VM
java.lang.StackOverflowError

at java.lang.Throwable.toString(Throwable. java:481)

at java.lang.BootstrapMethodError.<init>(BootstrapMethodError.java:77
at java.lang.Throwable.toString(Throwable. java:481)

at sun.nio.cs.StandardCharsets.lookup(StandardCharsets.java:1100)
at sun.nio.cs.StandardCharsets.charsetForName (StandardCharsets. java:1

=’Java
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ISC, NNHuT: 6abax

Error occurred during initialization of VM
java.lang.StackOverflowError

at java.lang.Throwable.toString(Throwable. java:481)

at java.lang.BootstrapMethodError.<init>(BootstrapMethodError.java:77
at java.lang.Throwable.toString(Throwable. java:481)

at sun.nio.cs.StandardCharsets.lookup(StandardCharsets.java:1100)
at sun.nio.cs.StandardCharsets.charsetForName (StandardCharsets. java:1

KoHkaTy HyxeH java.lang.invoke, KOTOPbIA NCNOMb3YET KOHKAT, KOTOPOMY
HyXeH java.lang.invoke, KOTOPbI UCNOJb3YET KOHKAT, KOTOPOMY HY>XXEH
java.lang.invoke, KOTOpbI/i NCNONbL3YET KOHKAT, KOTOPOMY HY>XeH
java.lang.invoke, ...

=’Java
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ISC, NHuT: Heobxoaumoe 35107

o JEP 201 «Modular Source Codex®:
1. java.lang.invoke cBobogeH ncnonbsosatb Bcsikne JDK-oBble knacchl

2. Bcem JDK-oBbIM knaccam Hesb3a ucnonb3osaTh indy string concat

Shttp://openjdk.java.net/jeps/201 =’Java
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ISC, NHuT: Heobxoaumoe 35107

o JEP 201 «Modular Source Codex®:
1. java.lang.invoke cBobogeH ncnonbsosatb Bcsikne JDK-oBble knacchl

2. Bcem JDK-oBbIM knaccam Hesb3a ucnonb3osaTh indy string concat

Mocne JEP 201:
1. java.lang.invoke cBODOAEH MCMOMBb30BaThL Kaacchl U3 java.base
2. Bcem knaccam n3 java.base Henb3s ucnosb3osaTs indy string concat

3. Cnacubo, goporoii Jigsaw!

Shttp://openjdk.java.net/jeps/201 =’Java
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Ho BEAb M3HAYaAJIbHAA JINHKOBKA

invokedynamic Ham 4To-TO cTOMT?

Y7o Tam co ctapTtanom?

Slide 64/77. Copyright @© 2015, Oracle and/or its affiliates. All rights reser

ved.
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ISC, CrapTtan: mepum HelloWorld

-XstringConcat:inline: 200.1 £ 1.5 ms

JDK 9 Baseline: -XstringConcat:indy: 201.2 £ 2.0 ms

Bcé knaccHo! Hukakux paspbisos! [Jewésbii java.lang. invoke!

"https://bugs.openjdk.java.net/browse/JDK-8136854 =’Java
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ISC, CrapTtan: mepum HelloWorld

-XstringConcat:inline: 200.1 £ 1.5 ms

JDK 9 Baseline: -XstringConcat:indy: 201.2 £ 2.0 ms

Bcé knaccHo! Hukakux paspbisos! [Jewésbii java.lang. invoke!
MoroguTe, HO paHbLie xe bbino 30 Mc Ha cTapTtan?

"https://bugs.openjdk.java.net/browse/JDK-8136854 =’Java
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ISC, CrapTtan: mepum HelloWorld

-XstringConcat:inline: 200.1 £ 1.5 ms

JDK 9 Baseline: -XstringConcat:indy: 201.2 £ 2.0 ms

Bcé knaccHo! Hukakux paspbisos! [Jewésbii java.lang. invoke!

MoroguTe, HO paHbLie xe bbino 30 Mc Ha cTapTtan?
Oh shi... bar B G1.7

"https://bugs.openjdk.java.net/browse/JDK-8136854 =’Java
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ISC, CrapTtan: mepum HelloWorld

-XstringConcat:inline: 200.1 £ 1.5 ms

JDK 9 Baseline: -XstringConcat:indy: 201.2 £ 2.0 ms

Bcé knaccHo! Hukakux paspbisos! [Jewésbii java.lang. invoke!

MoroguTe, HO paHbLie xe bbino 30 Mc Ha cTapTtan?
Oh shi... bar B G1.7

_XX:+UseParallelGC: —Xstr}ngConcat :}nllne: 31.1 £ 1.5 ms
-XstringConcat:indy: 58.5 £ 2.0 ms
"https://bugs.openjdk.java.net/browse/JDK-8136854 =’Java
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ISC, CrapTan: Heobxoaumoe 3007

Mepsbiii nonb3oBaTens invokedynamic nnatut 3a ecex:®

Indify String Concat

Dabpukn nambg

Nashorn

® MopynbHble knaccnoagepbl us Jigsaw

KTo nepBblii CTapTyeT, TOT B «PErpeccumy 1 BUHOBaT!

8https://bugs.openjdk.java.net/browse/JDK-8086045
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ISC, KaTtapcuc: LoglLineBench

public class LogLineBench {
Q@Param
int size;

String method = generateString(size);

O@Benchmark
public String work() throws Exception {
return "[" + System.nanoTime() + "] " +

Thread.currentThread() .getName() + ":" +
"Calling an application method \"" + method +
"\" without fear and prejudice.";

}

b
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ISC, KaTapcuc: nponsBoauTenibHOCTb

throughput, ns/op allocated, b/op

1 10 100 1 10 100
Baseline | 709 + 3 | 721 +4 | 1338 + 6 | 888 | 904 | 1680

BC_SB | 709 + 4 | 716 =9 | 1338 £ 9 | 888 | 904 | 1680

BC_SB_SIZED | 447 £ 3 | 478 £ 9 | 763 =5 | 560 | 600 | 960
MH_SB_SIZED | 446 + 3 | 472 +3 | 763 +£5 | 560 | 592 | 960
BC_SB_SIZED_EXACT | 268 =2 | 281 £ 1 | 427 +£2 | 336 | 352 | 536
MH_INLINE_SIZED_EXACT | 229 +£2 | 241 £ 2 | 384 +£3 | 288 | 304 | 488

" B 3.1x-3.5x siyuiue nponyckHasi CnoCOOHOCTb, BO CTO/IbKO XKe pa3 MeHbLUe
Mycopa

® BC_SB (41CTO nepeHecéHHbIN 13 javac) BOODLLE HE perpeccmpoBal

=’Java
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Panpesy



Panpey: Compact Strings + Indy String Concat

throughput, ns/op allocated, b/op

1 10 100 1 10 100
Baseline | 709 + 3 | 721 +4 | 1338 + 6 | 888 | 904 | 1680

BC_SB | 404 +4 | 410 =3 | 721 =4 | 504 | 512 | 904

BC_SB_SIZED | 248 £2 | 263 £3 | 406 £2 | 312 | 328 | 512
BC_SB_SIZED_EXACT | 275 £2 | 288 £3 | 428 £ 2 | 344 | 360 | 536
MH_SB_SIZED | 249 £2 | 261 £1 | 409 +£3 | 312 | 328 | 512
MH_INLINE_SIZED_EXACT | 188 +4 | 189 +2 | 210 +2 | 168 | 176 | 264

" B 3.8x-6.4x iy4yiue nponyckHas CnocobHOCTb N MEHbLLE MycOpa
= [laxxe Tynoii BC_SB kyma ny4qwe n3-3a Compact Strings

= Cyl'lep—OﬂTVIMI/I3VIpOBaHHbIe CTpaTernn peyT BOO6LLI,€ BCEX U BCE

=’Java
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Panpey: Compact Strings + Indy String Concat

throughput, ns/op allocated, b/op

1 10 100 1 10 100
Baseline | 709 + 3 | 721 +4 | 1338 + 6 | 888 | 904 | 1680

BC_SB | 404 +4 | 410 =3 | 721 =4 | 504 | 512 | 904

BC_SB_SIZED | 248 £2 | 263 £3 | 406 £2 | 312 | 328 | 512
BC_SB_SIZED_EXACT | 275 £2 | 288 £3 | 428 £ 2 | 344 | 360 | 536
MH_SB_SIZED | 249 £2 | 261 £1 | 409 +£3 | 312 | 328 | 512
MH_INLINE_SIZED_EXACT | 188 +4 | 189 +2 | 210 +2 | 168 | 176 | 264

" B 3.8x-6.4x iy4yiue nponyckHas CnocobHOCTb N MEHbLLE MycOpa
= Jlaxxe Tynoii BC_SB kyma ny4we n3-3a Compact Strings

= Cyl'lep—OﬂTVIMI/I3VIpOBaHHbIe CTpaTernn peyT BOO6LLI,€ BCEX U BCE

=Java
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Panpey: Compact Strings + Indy String Concat

throughput, ns/op allocated, b/op

1 10 100 1 10 100
Baseline | 709 + 3 | 721 +4 | 1338 + 6 | 888 | 904 | 1680

BC_SB | 404 +4 | 410 =3 | 721 =4 | 504 | 512 | 904

BC_SB_SIZED | 248 £2 | 263 £3 | 406 £2 | 312 | 328 | 512
BC_SB_SIZED_EXACT | 275 £2 | 288 £3 | 428 £ 2 | 344 | 360 | 536
MH_SB_SIZED | 249 £2 | 261 £1 | 409 +£3 | 312 | 328 | 512
MH_INLINE_SIZED_EXACT | 188 +4 | 189 +2 | 210 +2 | 168 | 176 | 264

" B 3.8x-6.4x iy4yiue nponyckHas CnocobHOCTb N MEHbLLE MycOpa
= [laxxe Tynoii BC_SB kyma ny4qwe n3-3a Compact Strings

= Cyl'lep—OﬂTVIMI/I3VIpOBaHHbIe CTpaTernm peyT BOO6LLI,€ BCEX U BCE

=’Java
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PaHnpeBy: anucras

Bosbmém BC_SB_SIZED_EXACT:

throughput, ns/op allocated, b/op
1 | 10 [ 100 1 | 10 | 100

CS | 403 £2|410+£3 | 721 =4 | 504 | 512 | 904
ISC | 268 =2 | 281 £ 1 | 427 =2 | 336 | 352 | 536
ISC + CS | 2752 | 288 £ 3 | 428 £ 2 | 344 | 360 | 536

Slide 71/77. Copyright © 2015, Oracle and/or its affiliates. All rights reserved.
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PaHnpeBy: anucras

Bosbmém BC_SB_SIZED_EXACT:

throughput, ns/op allocated, b/op

1 | 10 [ 100 1 | 10 | 100

CS | 403 +£2 | 4103|721 £4 | 504 | 512 | 904

ISC | 268 +2 | 281 +1 | 427 £ 2 | 336 | 352 | 536

ISC + CS | 275 -2 | 288 &3 | 428 -2 | 344 | 360 | 536

" |13-3a Compact Strings B KOHKaTeHaLMK NOSIBUJIMCb BETBIEHUS HA KOLEpe

=Java
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PaHnpeBy: anucras

Bosbmém BC_SB_SIZED_EXACT:

throughput, ns/op allocated, b/op

1 | 10 [ 100 1 | 10 | 100

CS | 403 +£2 | 4103|721 £4 | 504 | 512 | 904

ISC | 268 +2 | 281 +1 | 427 £ 2 | 336 | 352 | 536

ISC + CS | 275 -2 | 288 &3 | 428 -2 | 344 | 360 | 536

" |13-3a Compact Strings B KOHKaTeHaLMK NOSIBUJIMCb BETBIEHUS HA KOLEpe

= _..Ho Bbinaswwuii n3 C2 kop npodunmposatb NosgHo!

=Java
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Panpesy: String Fusion

3 BjEN  BoEDEOEDE
String charf]

H H <€ >
String byte[]

" MPODUT!

String

= QOcTanock ToNbKO BbIOpOCUTL cam byte[] u BknenTb ero B cam String

= String Fusion ynobHee genaTe nocne Project Panama

«
= Javar

Slide 72/77. Copyright © 2015, Oracle and/or its affiliates. All rights reserved.



PanpeBy: byayuiee

Mode | Throughput, | Allocation,
ns/op b/op
Current JDK | 1338 | 1680

=Java
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PanpeBy: byayuiee

Mode | Throughput, | Allocation,
ns/op b/op
Current JDK 1338 1680
CS 763 904
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PanpeBy: byayuiee

Mode | Throughput, | Allocation,
ns/op b/op
Current JDK 1338 1680
CS 763 904
ISC (best) 384 488
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PanpeBy: byayuiee

Mode | Throughput, | Allocation,
ns/op b/op
Current JDK 1338 1680
CS 763 904
ISC (best) 384 488
CS + ISC (best) 210 264

=’Java
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PanpeBy: byayuiee

Mode | Throughput, | Allocation,
ns/op b/op
Current JDK 1338 1680
CS 763 904
ISC (best) 384 488
CS + ISC (best) 210 264
«Garbage Free» boundary 264
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PanpeBy: byayuiee

Mode | Throughput, | Allocation,
ns/op b/op
Current JDK 1338 1680
CS 763 904
ISC (best) 384 488
CS + ISC (best) 210 264
«Garbage Free» boundary 264
CS + ISC (best) + SF 777 777
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PanpeBy: byayuiee

Mode | Throughput, | Allocation,
ns/op b/op
Current JDK 1338 1680
CS 763 904
ISC (best) 384 488
CS + ISC (best) 210 264
«Garbage Free» boundary 264
CS + ISC (best) + SF 777 777
Absolute minimum 77 235

=Java
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3akiro4yeHune



3aknro4deHue: NMPpoOEeKThbI

Compact Strings:
http://openjdk. java.net/jeps/254

Indify String Concat:
http://openjdk.java.net/jeps/8085796
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http://openjdk.java.net/jeps/254
http://openjdk.java.net/jeps/8085796

Q/A

/
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OBLLECTBO R

PAC npoBeput, noyemy gsvHa SMS Ha
KUpunnuue Kopode, YeM Ha naTtuHuue

12:06 05.08.2011 (0GHoBAeHo: 12:07 05.08.2011) © 21975 g 5 . 13

Ha faHHbIA MOMEHT fAIMHA 0fHOr0 SMS-C006LLEHNS orpaHiyeHa 70 cMMBONaMK Ha
KNpWANVILE, B TO BPEMS Kak COOBLLgHMNE Ha NaTWHVILE MOXeT bbiTb Goslee Yem B figa pasa
AnvHHee - 160 crMBOMI0B. Taknm o6pa3oM, MoTpebuTenmn BolHyXAeHb! Nepenavmsarh 3a
SMS, HabpaHHoEe KUPUNNTMYECKUMY CUMBOIaMK, cHuTaeT PAC.

http://ria.ru/society/20110805/412291550.html

=’Java
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