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1 public final class String ...
2 private char[] value;

3 private int offset;

4 private int count;

5 private int hashCode;

6 .

7

}

String object char| ] object

[0 1 2

only has private fields

// char array to hold the value
// start offset in the char array
// length of the string value

// hash code of this object, or 0

[3] [4] [5] [6] [7] (8] [9] [10] [11] [12] [13] [14] [15]

(header)
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String s = "ABab\uFF21\uFF22\uFF41\uFF42\u3042\u3044"; // 10 chars

s: "MBabaB a b&HLYT

1 class StrOpsTest {

2 public static void main(String[] args) {

3

4 String 1 = s.toLowerCase();

5 byte[] b = 1.getBytes();

6 :

7 /* Dump the contents of s, 1, b (code omitted) */
8 .

9 }

10

Results: (for LANG=ja_JP)

1 "ababa b a b &Ly

s: "\u0041\u0042\u0061\u0062\uFF21\uFF22\uFF41\uFF42\u3042\u3044"

1: "\u0061\u0062\u0061\u0062\uFF41\uFF42\uFF41\uFF42\u3042\u3044"

b: { 0x61, 0x62, 0x61, 0x62, 0xA3,0xE1l, O0xA3,0xE2, 0xA3,0xEl, 0xA3,0xE2,
0xA4,0xA2, 0xA4,0xA4 } (16 bytes)
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private char[] value; // char array to hold the value
// start offset in the char array
// length of the string value

return new String(0, count, chars); // chars is directly used

bytes[i] = (byte)value[offset+i]; // just use low 8 bits

1 public final class String ... {

2

3 private int offset;

4 private int count;

5 :

6 String toLowerCaseForASCII() {

7 char[] chars = new char[count];

8 boolean modified = false;

9 for (int i = 0; i < count; i++) {
10 char ¢ = value[offset + i];
11 if (CA’ <= c && c <= ’2’) {
12 c += (Pa’ - ’A’); modified = true;
13 }

14 chars[i] = c;

15 }

16 if (!modified) return this;

17

18 }

19 :

20 bytel[] getBytesForASCII() {

21 byte[] bytes = new byte[count];
22 for (int i = 0; i < count; i++)
23

24 return bytes;

25 }

26

27 }
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public final class String ... {
private char[] value; // char array to hold the value
private int offset; // start offset in the char array
private int count; // length of the string value
private int hashCode; // hash code of this object, or 0
private int flags; // separately added for easy explanation
public int hashCode() {
if (hashCode == 0) {
int hash = 0;
char check = 0;
for (int i = 0; i < count; i++) {
char ¢ = value[offset+i];
hash = hash * 31 + c;
check |= c; // check the condition
}
hashCode = hash;
if (check < 128) flags |= IS_ASCII; // set the flag
}
return hashCode;
}
public static String valueOf(float f) {
String newStr = Float.toString(f);
newStr.flags |= IS_ASCII; // set the flag
return newStr;
}
}
05 00O0ooobooboooobooooobooboooboo
public final class String ... {
public String substring(int begin, int end) {
String newStr = ...; // substring processing
newStr.flags = flags & “IS_INTERNED; // propagate flags
return newStr;
}
}
public final class StringBuilder ... {
public StringBuilder append(String str) {
/* append processing */
this.flags &= str.flags; // merge flags
return this;
}
}

06 ODOoOooOoooooOoOoono
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// if the flag is set...

lang.equals("tr") && !'lang.equals("az") &% !lang.equals("1t")) {
toLowerCaseForASCII(); // switch to the fast path

// and propagate the flag

// Original (generic but slow) toLowerCase processing

1 public final class String ... {

2 :

3 public String toLowerCase() {

4 String lang = Locale.getDefault.getLanguage() ;
| 5 if ((flags & IS_ASCII) != 0 &&
| 6
|7 String lowerStr =
| 8 lowerStr.flags |= IS_ASCII;
| 9 return lowerStr;
| 10 }

11

12 return tolLowerCaseOriginal();
13}

14

15 }

07 O0O00O0OOOOO0OO0OOOO0O0O0OOOO0OO0O0OOOOOO0O0O0O0O0000O0

1 String s1 = "ABC"; // flag is set
2 String s2 = String.value0f(1.2f); // flag is set
3 String s3 = sl + s2; // flag is propagated
// Compiled as: new StringBuilder().append(sl).append(s2).toString();
4 String s4 = s3.substring(l, 4); // flag is propagated
5 String s5 = s4.toLowerCase() // flag is used, and propagated
Class data 3a new StringBuilder (created by javac) 3S’mng
s
tant i
(copnosoﬁn B String r 4] | r ——)| ABC1 .2
ABC
L > T>L_[ABC] & 3d toString 4 substring
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ooooooooOoOooooooooOoOooObo0Ooon
ocoboooobooooooooooooog ssoon

oooO0ooooobooebbdbObO s4a000O0O0OO
U000OU0OString.tolowerCase U OO OODOO
gooovvoboooboboooon ssgoboog
ocoooooooooo
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1 class StrOpsBench {

2 public static void main(String[] args) {

3 String s1 = "ABCDEabcde"; // 10 chars
4 String s2 = "\uFF21\uFF22\uFF23\uFF24\uFF25

\uFF41\uFF42\uFF43\uFF44\uFF45"; // 10 chars

5 // Try multiple times for JIT optimization

6 doTest ("ASCII", s1); doTest("non-ASCII", s2);

7 doTest ("ASCII", s1); doTest("non-ASCII", s2);

8 .

9 }

10  doTest(String name, String s) {

11 long ¢ = 0; System.gc();

12 long t0 = System.currentTimeMillis();

13 for (int i = 0; i < 1000000; i++) {

14 String 1 = s.toLowerCase(); // Testl: toLowerCase

15 c += 1l.length(); // to avoid code elimination by JIT

16 }

17 long t1 = System.currentTimeMillis();

18 for (int i = 0; i < 1000000; i++) {

19 byte[] b = s.getBytes(); // Test2: getBytes
20 c += b.length; // to avoid code elimination by JIT
21 1
22 long t2 = System.currentTimeMillis();
23 System.out.printf("Ys: toLowerCase=Jdms, getBytes=ldms, c=Jd\n",
24 name, t1-t0, t2-t1, c);
25}
26 }

09 0000000000000000O0ASCIIOOOOO ASCIIOOOOOOOOOOOO0OOOO0O0O0BOO0OO0

4 00000

0000000 StringFlags 0000000000
oooob02.200000000000 IBM J9 Java
VM (JVM) 6.0 for Linux 000000000000
000000000000 D0000 ASCIIonono
ooooooooooboo0odoo0n 30 Is_AsCII
0000000000 Ooffset0000O0DBDOOO
oooooooOoooobooOooooo

ooooooooos3.300000000000a0
00000 string000000000O00O0O0O0O
0ooo0o0o0ooooooooooooooooo
ASClIOO0OO0OO0O0O0O0OO0O0O0O0OO00O0O0000
0000 toLowerCasell toUpperCasell getBytes [
oooooooooooooOooooooooooo
O000oo0o0o0o0oOo0oOo0ooOoO0oOOooboooo
U0000Stringl StringBuffer] StringBuilder
O00o0o00O000000000000000000O0

000000000000 0String. toLowerCase,
toUpperCase, getBytes 1 OO0 O OODOOOONO
ooooo1oooool300bboboOoOoOn

oooooooOooooooooooooooon
O00000000000000003.40 GHzO Pen-
tium4 000000 3GBOOOOOOO0OOORed
Hat Enterprise Linux 5.3 000000000000
00000 pCOOO0OOOOOOOO

4.1 ODO00OO0OO0OOOOO

oo0o0o0oooooo0oOooOoooboO0ooooo
oooooooooooooooboooooooan
ooooossbooooooonoooooooooan
OO0 ASCIIOOOO00 ASCIIODOOOO0OODOO to-
LowerCase [ getBytes 1O OO OOOOOOOOO
oo0o0oooooooooooooooOoon JvM
O StringFlags 000000 JvMOOOOOOOO
Oo0ooo0os12MBO0OO0OOenUsO jaJpO
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toLowerCase
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m StringFlags JVM|

\xs.o \x3.0

i . m |

ASCII non-ASCII ASCII non-ASCII
LANG=en_US LANG=ja_JP

(a) toLowerCase 1000 OOO

@ Original JVM getBytes

m StringFlags JVM‘

e ‘|3x4.4
N . | mm |

ASCIl non-ASCll ASCII non-ASCll
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(b) getBytes DO OO OO0
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ASCIIO0O00000 1.74.400000000

QDDDDDDDDDDDT4DDDDDDDDDDD
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goboooobooooooboooobooooon
0000 10000000000 (a)d toLower-
CaseJ0 0000 (b)) getBytesU O OO ODOOO
go000000 400 enusOJ0OD0O 400 jaJrO
00000000004 0000000000 ASCII
0000000000 ASCIIOOOooooooooo
ocoooooooooooJvMbOOOOOOoOoOO
OO0 StringFlags OO OOOOOCOOOO200000
0o000000oo0ooooJvMO ASCIIOOOO
gooooboooool1boooooooooboooo
gobooobooooooooooo
ooboooooboooooooooooboooon
e J0IDOODOODASCIIDODOOODOO toLow-
erCase 000 3.00000000000
e DOODOASCIIOOOOIODOD getBytes 0O
01744000000000000
e J00O0O0O0O0O0OOOOJavalOOOOOO
oooooooooooooocooooooon
oooo

t4 fr FROOOOOOOOO0OOOOOOenUsOOO
go0o0oooooooobooboooo

o« JITODOOOODOOOODOOODODODOOO
oooO0O0o0o0ooooooOOoooooooooo
ocooooooooooooo

e IS ASCIIODOOOODOOOOOOOOOOODO
00000000 ASCIIODOooOO0Oooooo
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e getBytesUUDUIDUOOOOjaJPOOODOOT
OenuUsO0OO03000000C0O00OO0OO
Oo0OO0OO0OO0OOASClIoOoOoOoOOODODOOD
ooooboooooooooooo
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0000000000 ASCIIODOOoOOoog 1.7-4.4
cooboooooooooooooooooooo
JVMOODOASCIIOODODOOOOOOOO ASCII
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000000000000000000000ASCII
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0000ooooooooboooon string0 000
O ASCIIOOOO0OOO0O0Ooooooooooooo
oo000 IsAsciIOOOooooooooooon
goooboooodoobooboooobooboooobOooon
00000 ASCII string 00000 OO 87%00
gooodoooooo
OO00O0C0O0O0O0OODbloat O jython OO OO ODO
ASCIIOODOOO0O0OO0O0O0ODODOO 1sASCIIOOO
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04 0D0D0D0DDOD0OODOOODOOASCIIOOOOOD 87%0 IsASCIIOOIOODODOODOOO

ooooo ASCIIononO IS_ASCII
oooooo String 00O ooooo oooo
(x1,000) (x1,000) 0000
DaCapo (-n 1)
antlr 546 545 (100.0%) 87.7%
bloat 4,897 4,897 (100.0%) 56.2%
chart 10,446 10,446 (100.0%) 100.0%
eclipse 1,549 1,549 (100.0%) 95.4%
fop 315 313 (1 99.5%) 94.2%
hsgldb 178 178 (100.0%) 99.3%
jython 2,503 2,487 ( 99.3%) 78.4%
luindex 2,421 2,421 (100.0%) 99.6%
lusearch 1,790 1,790 (100.0%) 99.9%
pmd 152 152 (100.0%) 97.7%
xalan 425 425 (100.0%) 99.7%
(geometric mean) 1,049 1,048 ( 99.9%) 90.5%
WAS start+warmup
LANG=en_US 6,880 6,880 (100.0%) 89.8%
LANG=fr_FR 6,505 6,499 ( 99.9%) 89.4%
LANG=ja_JP 6,874 6,866 ( 99.9%) 88.2%
WAS processing
LANG=en_US 4,340 4,340 (100.0%) 72.7%
LANG=fr_FR 4,327 4,327 (100.0%) 72.4%
LANG=ja_JP 4,338 4,338 (100.0%) 72.8%
SPECjvm2008 Installer
LANG=en_US 223 223 (1 99.7%) 98.3%
LANG=fr_FR 224 219 ( 97.7%) 98.5%
LANG=ja_JP 229 223 ( 97.5%) 98.6%

O 0 O O toLowerCasell toUpperCasell getBytes
ooooooooooooooooooboooooo
0000000000 s0000300000000
oooooooooooooooboOooooooo
00O string 0 ISASCIIOOOOOODBDOOOO
oooO0o0ooooooooooooono 9s%ooa
0 I1sASCIIOOO0OO0O00COOO0O0O0O0O0BDO 40
00o0o000oo0oooon 8r%0oo0o0oo0ooo
O00000000000000000000000O0
oooooooOoooooooboooon
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ooooooooooboodoo 2000000000
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oooo8ls%iiooooooooooooooon
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oooooooOooOooooooOooboOoOoobooooo
0000000000000 djython O toLowerCase

0000 89.7%0 0 toUpperCasel] 000 89.6%0 0

O0000000O000oooOoOooog ASCcIIOd
000000000 0000SPECjvm2008 Installer
Uob0O00b0o00000O0n toLowerCase DO OU
000008-87%00000 ASCIOOOOOODAO
goboooobobcoobooooo1obooooooo
oooO0O000oooobOOo0oOoooooOooooo
ocoooboooooooooooJvMOoOoOoooo
oooooooooooo

0000000000 StringFlags D00 O0O0O
00000000ASCII String O 87%0 IS_ASCII
U0o0D0DbO0D0DOO0toLowerCasel] toUpperCasel]
getBytes 0O D000 9% O0OOO0OOOOO
ooooo
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05 00000000 30000000000D000D0O0O0O0ODO0O0OOO 98%UIOD0O0O0UOD

toLowerCase toUpperCase getBytes
gooooog oooo ooooo opoood ooooo oooo ooooo
DaCapo (-n 1)
antlr 132 100.0% 100 100.0% 406 100.0%
bloat 390,697 100.0% 100 100.0% 1 100.0%
chart 2,660 90.1% 119 100.0% 49 100.0%
eclipse 60,263 100.0% 78 100.0% 293 99.7%
fop 182 100.0% 101 100.0% 5 80.0%
hsqldb 311 100.0% 56,672 100.0% 41 100.0%
jython 48,687 89.7% 48,100 89.6% 78 100.0%
luindex 1,382,313 100.0% 101 100.0% 1,517 81.5%
lusearch 131,302 100.0% 103 100.0% | 296,913 100.0%
pmd 130 100.0% 101 100.0% 401 100.0%
xalan 3,563 100.0% 305 100.0% 1 100.0%
(geometric mean) 6,980 98.1% 345 99.0% 105 96.2%
WAS start+warmup
LANG=en_US 37,799 97.7% 1,690 96.3% 453 100.0%
LANG=fr_FR 37,509 92.2% 1,688 96.3% 452 100.0%
LANG=ja_JP 37,776 97.4% 1,695 95.8% 453 100.0%
WAS processing
LANG=en_US 20,025 100.0% 0 — 0 —
LANG=fr_FR 20,000 100.0% 0 — 0 —
LANG=ja_JP 20,077 100.0% 0 — 0 —
SPECjvm2008 Installer
LANG=en_US 6,590 95.1% 118 100.0% 5,447 99.3%
LANG=fr_FR 5,578 85.0% 118 100.0% 5,448 96.4%
LANG=ja_JP 6,100 87.0% 119 100.0% 5,444 95.3%
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gboooboboobOobobooboobonoJavabO0nooOQ
gboboooobooooboooobooooa
gbooooooboooooboooobooooo
OOJawvaOOO0O0O0O0O0OOCOOOOOOOOOOO
0000000000000 0000DO0O0Oshape bitO
oooooooboooboOooooooon BaconOO

OThin 00O BOOO0O0000O0Java0O00000

goooooooooooboooooooooooo



14 O00000oUo0oOoD 2r000 (201000)00000O

gboobooooobooboboooobooobo
[17][21)0 0000000 0DO0O0O0O0O0O StringFlags
gooboooobboobobbooobobbooo
gbooboboboobobobobooboOon Javad
gboogboobooboooboboooboooobo
gboobooboooboooboooboobooobo
gbobobooobooooooooo

JavaODOOOOOOOO string0 000000
gbobobooobobobooOoOoUstringdQd
gooboboooooboboooobobbooongo
gooooobDoD string000ooooono
goopooooboooo0ooobobooooobooboo
String.equals O O0O0OOO00OOOOOOJaval
gboooboobooooooooooboobooobo
o00ob0oo0o0oboobDOoboobooooo

O0O0OHauwblOOOOOOOOOOOOOOString
obooo 20000000000 10DD0D0D0O0OO
gooboooobboobobbooobboooo
o000 @woooooooooooooooooo
obooboobooboooboobooobooobo
O00ooooooo Uoooooooooon
gpooog

OO0 StringFlags 00000 String 00000
goobooooobboobboooobboooo
goooooboboobooobobos.2obbobbObOOO
OO000D0OD00D000O0sString0 00000 ASCII
00000000000 0000D00O0OO0O000String
Ubobobbod chaxr00O00ooOooobOOO
0000000000000 00000000ASCII
boboooobodbeytedOOOoOoobDOOO
obobobo

Mitchell OO0 OString 00O O0OOO0OOODOO
o0 JavaO0OOOOOOOOOOOODOOOOO
gbobobobobobobobobpbooo
StringFlags 0003 000000000000O00O00O
gbooboobooboobooboobooobooobobo
obobooooooobooboob sbooboobo
gbooobbooobooboobooboboooobo
gboobooboooobooboobooboboobo
gbobooooboooog

6 O0OOo

oboo0obDO0OJawvaOOD0OOOOOODOODOODOO
goooobooooooooooooooboooooa
00000 StringFlagsDO 0000 0OString 0000
goboboooooooooboooboooboooooo
gooooooooooboooooooobobooo
gooobobooboooooooooooobooooa
gooooooooooobooooooooooboooon
goooboooooooooooobooooooboooa
oboooooboooboboooooooboooboon
JavaOOOOOOOOOOOOOOOOOJavaOO
gboobOoooobooboooooooboooboooo
ooo0ooJavaObOO0OO0DOOOOOOOOODOOOO
ASCIIOO0OODO0O0O00DDOO String O 87%0 0
gooooboooooooooobooooooooo
0oobb 4400000000

Java VM OODOOODOOODOODOOODOOD
gbobOooboobooboobooocoocboooboooo
gooooooooobooboooboooobooo
gbooobooooobooooooboboooboon
goooooobooobooboooobooobooo
gooooboooooobooooobooooooooo
goooooooooooooboooboboooooo
gooooobooooooboooooooboobooooo
gbooobDooboboboO0JavaO00O0OD0OOOOO
gooooboooooooooobooooooooo
gooobooooooobooobooooooobooo
ooooooooOO0Java0O0OO0OO0OOCOOOODODO
gobooooooobooobooooboooooo

oooao

[1] The Apache Software Foundation.
Geronimo v2.0 Documentation, DayTrader.
http://cwiki.apache.org/GM0xD0C20/daytrader.html

[2] The Apache Software Foundation. Apache Har-
mony.
http://harmony.apache.org/

[3] David F. Bacon, Ravi Konuru, Chet Murthy,
and Mauricio J. Serrano. Thin Locks: Featherweight
Synchronization for Java. In Proceedings of the SIG-
PLAN 98 Conference on Programming Language

Apache



O00000oUo0oOoD 2r000 (201000)00000O 15

Design and Implementation (PLDI ’98), pp. 258—
268, 1998,

[4] Chris Bailey. Java Technology, IBM Style: In-
troduction to the IBM Developer Kit: An overview
of the new functions and features in the IBM imple-
mentation of Java 5.0, 2006.
http://www.ibm.com/developerworks/java/library/
j-ibmjaval.html

[5] Stephen M. Blackburn, et al. The DaCapo
Benchmarks: Java Benchmarking Development
and Analysis. In Proceedings of the 21st ACM
Conference on Object-Oriented Programming, Sys-
tems, Languages, and Applications (OOPSLA °06),
pp- 169-190, 2006.

[6] Caucho Technology, Inc. Welcome to the home
of Quercus.
http://quercus.caucho.com/

[7] Patrick Chan, Rosanna Lee, and Douglas
Kramer. The Java Class Libraries, Second Edition,
Addison Wesley, 1998.

[8] The Eclipse Foundation. Eclipse.org home.
http://www.eclipse.org/

[9] Maydene Fisher, Jon Ellis, and Jonathan Bruce.
JDBC API Tutorial and Reference, Third Edition,
Addison Wesley, 2003.

[10] James Gosling, Bill Joy, Guy Steele, and Gi-
lad Bracha. The Java Language Specification, Third
Edition, Addison Wesley, 2005.

[11] Nikola Greevski, Allan Kielstra, Kevin Stoodley,
Mark Stoodley, and Vijay Sundaresan. Java Just-In-
Time Compiler and Virtual Machine Improvements
for Server and Middleware Applications. In Proceed-
ings of the 3rd USENIX Virtual Machine Research
and Technology Symposium (VM ’04), pp. 151-162,
2004.

[12] Groovy: An Agile Dynamic Language for the
Java Platform.
http://groovy.codehaus.org/

[13] Christian H&ubl, Christian Wimmer, and
Hanspeter Mossenbock. Optimized Strings for the
Java HotSpot Virtual Machine. In Proceedings of
the ACM International Conference on Principles
and Practice of Programming in Java (PPPJ '08),
pp. 105-114, 2008.

[14] IBM Corporation. WebSphere Application Server.
http://www.ibm.com/software/webservers/appserv/
was/

[15] JRuby.org. JRuby: 100% Pure-Java Implemen-
tation of the Ruby Programming Language.
http://www. jruby.org/

[16] The Jython Project. Jython:
Java Platform.
http://www.jython.org/

[17] Kiyokuni Kawachiya, Akira Koseki, and Tamiya
Onodera. Lock Reservation: Java Locks Can Mostly
Do Without Atomic Operations. In Proceedings of
the 17th ACM Conference on Object-Oriented Pro-

Python for the

gramming, Systems, Languages, and Applications
(OOPSLA °02), pp. 130-141, 2002.

(18] Kiyokuni Kazunori Ogata, and
Tamiya Onodera. Analysis and Reduction of Mem-
ory Inefficiencies in Java Strings. In Proceedings of
the 23rd ACM Conference on Object-Oriented Pro-
gramming, Systems, Languages, and Applications
(OOPSLA ’08), pp. 385-401, 2008.

[19] Tim Lindholm and Frank Yellin. The Java Vir-
tual Machine Specification, Second Edition, Addi-
son Wesley, 1999.

[20] Nick Mitchell, Gary Sevitsky, and Harini Srini-
vasan. The Diary of a Datum: An Approach to An-
alyzing Runtime Complexity in Framework-Based
Applications. In Proceedings of the 1st Interna-
tional Workshop on Library-Centric Software De-
sign (LCSD ’05), pp. 85-90, 2005.

[21] Tamiya Onodera, Kiyokuni Kawachiya, and
Akira Koseki. Lock Reservation for Java Reconsid-
ered. In Lecture Notes in Computer Science, LNCS
3086 (ECOOP ’04), Springer-Verlag, pp. 559-583,
2004.

[22] Project Zero. Looking for PHP on Java? It’s
here!
http://www.projectzero.org/php/

[23] Standard Performance Evaluation Corporation.
SPECjvm2008.
http://www.spec.org/jvm2008/

[24] Toshio Suganuma, Toshiaki Yasue, Motohiro
Kawahito, Hideaki Komatsu, and Toshio Nakatani.
A Dynamic Optimization Framework for a Java
Just-In-Time Compiler. In Proceedings of the
16th ACM Conference on Object-Oriented Pro-
gramming, Systems, Languages, and Applications
(OOPSLA °01), pp. 180-194, 2001.

[25] Sun Developer Network. Java EE at a Glance.
http://java.sun.com/javaee/

[26] Sun Microsystems. Java Platform, Standard
Edition 6, API Specification: java.lang.String.

Kawachiya,

http://java.sun.com/javase/6/docs/api/java/lang/

String.html
[27] TIOBE Software. TIOBE Programming Com-
munity Index for August 2010.

http://www.tiobe.com/index.php/content/paperinfo/

tpci/

[28] The Unicode Consortium. The Unicode Stan-
dard, Version 5.0, Addison Wesley, 2006.

[29] Wikipedia. ASCIL
http://en.wikipedia.org/wiki/ASCII

[30] Wikipedia. Locale.
http://en.wikipedia.org/wiki/Locale

[31] Wikipedia. StringBuffer and StringBuilder.
http://en.wikipedia.org/wiki/StringBuffer_and_
StringBuilder

[32] Joe Winchester. Turkish Java Needs Special
Brewing.
http://java.sys-con.com/node/46241



