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I Interned Strings

I Compact and Compressed Strings

I String Deduplication

I Indify String Concatenation
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Speaker

I Prof. Computer Science (Ostfalia, HS Braunschweig/Wolfenbüttel)
I Book author (JSF, JPA, Seam, ...)

I Member EGs JSR 344 (JSF 2.2) und JSR 338 (JPA 2.1)
I Managing Director PMST GmbH
I JUG Ostfalen Co-Organizer
I bernd.mueller@ostfalia.de
I @berndmuller @berndmuller@fosstodon.org BerndMuller
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Benjamin Evens et al., Optimizing Java
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Let’s start with a quiz
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How many bytes are used to store a single character inside a string ?

(a) 1 byte

(b) 2 bytes

(c) 4 bytes

(d) 2 or 4 bytes

(e) 1, 2 or 4 bytes
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String Pool and String Interning
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Java Language Specification

3.10.5 String Literals
. . .
Moreover, a string literal always refers to the same instance of class String. This is
because string literals - or, more generally, strings that are the values of constant
expressions (§15.29) - are ”interned” so as to share unique instances, using the method
String.intern (§12.5).
. . .
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Java Language Sepcification

12.5 Creation of New Class Instances
. . .
Loading of a class or interface that contains a string literal (§3.10.5) or a text block
(§3.10.6) may create a new String object to denote the string represented by the string
literal or text block. (This object creation will not occur if an instance of String
denoting the same sequence of Unicode code points as the string represented by the
string literal or text block has previously been interned.)
. . .
Execution of a string concatenation operator + (§15.18.1) that is not part of a
constant expression (§15.29) always creates a new String object to represent the result.
String concatenation operators may also create temporary wrapper objects for a value
of a primitive type.
. . .
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Summing up

I All interned strings are stored in a string memory pool

I When a class gets loaded check if string already in the pool

I If so use it, if not insert it

I Result: each string literal is a singleton inside JVM

I Also summed up in JavaDoc of String.intern()
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Demo Time

Sleepy from slides, we are !
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Performance Tip from Scott Oaks [Java Performance]

“On the topic of interning strings, what about using the intern() method to make
the programm run faster, since interned strings can be compared via the == operator?
That is a popular thought, though in most cases it turns out to by a myth. The
String.equals() method is pretty fast.”
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Performance Tip from Scott Oaks [Java Performance] (cont’d)

“Comparing strings via the == operator is undeniably faster, but the cost of interning
the string must also be taken into consideration.”
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Performance Tip from Scott Oaks [Java Performance] (cont’d)

“Like most optimizations, interning strings shouldn’t be done arbitrarily, but it can be
effective if there are lots of duplicate strings occupying a significant portion of the
heap.”
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String Pool Details

I Hash table in native memory, strings itself on heap

I Fixed size (1009 buckets < 7. Then 60,013. Since Java 11 65,536 )

I < 6 in PermGen, ≥ 7 Heap. OOME PermGen space or OOME heap space
I If you want to optimize:

I jmap -heap <process-id>
I -XX:+PrintStringTableStatistics
I -XX:StringTableSize=<value>
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Off topic: Mistakes can happen . . .

/** The offset is the first index of the storage that is used. */

private final int offset;

/** The count is the number of characters in the String. */

private final int count;

I used for example in substring(begin, end)

I JDK-4637640 : Memory leak due to String.substring() implementation

I offset and count removed with Java 7

,
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https://bugs.java.com/bugdatabase/view_bug.do?bug_id=4637640
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Compact Strings (JEP 254)

,
Bernd Müller 13.7.2023 23/49



Compact Strings Was jeder Java-Entwickler über Strings wissen sollte
,

Some History

I Java started 1995 as an Internet Language

I Therefore Unicode Standard, 16 bit char type

I Class String internally:

/** The value is used for character storage. */

private final char value [];

I With Java 5 Unicode 4.0 used: sometimes requires 32 bit
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Some History (cont’d)

I So called supplementary characters represented as pair of char values for
characters greater than U+FFFF. Documented in class Character

I E.g. JavaDoc of String.length() changed from Java 5

Returns the length of this string. The length is equal to the number of
16-bit Unicode characters in the string

to Java 6

Returns the length of this string. The length is equal to the number of
Unicode code units in the string

I Recap: 1 byte suffices mostly (Latin-1), sometimes 2, sometimes 4 bytes
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JEP 254: Compact Strings
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With Java 9 it happened

private final char value [];

changed to

private final byte[] value;

/**

* The identifier of the encoding used to encode the bytes in

* {@code value }. The supported values in this implementation are

* LATIN1 , UTF16

*/

private final byte coder;
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A Masterpiece of Software Engineering

No API changes in class String from Java 8 to 9
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Usage

I Nothing to do. Default since Java 9

I VM parameter: -XX:-CompactStrings
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Demo Time

Sleepy from slides, we are !
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But things can also go wrong . . .

I JDK 6 introduced Compressed Strings

I Similar idea but different implementation (two variants)

I Decision on JVM level: -XX:+UseCompressedStrings

I But . . .

I Aleksey Shipilev: ”UseCompressedStrings was really the experimental feature, that
was ultimately limited by design, error-prone, and hard to maintain.”

I Revoked with JDK 7
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String Deduplication in G1 (JEP 192)
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JEP 192: String Deduplication in G1
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How does it work ?

['h','e','l','l','o']

['h','e','l','l','o']

String string1

String string2

byte[] value
byte coder
... other ...

byte[] value
byte coder
... other ...
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After String Deduplication

['h','e','l','l','o']

String string1

String string2

byte[] value
byte coder
... other ...

byte[] value
byte coder
... other ...
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Usage

I Only works with G1 garbage collector

I VM parameter: -XX:+UseStringDeduplication

I Available since Java 8 update 20

I -XX:+PrintStringDeduplicationStatistics removed with Java 9

I Use -Xlog:stringdedup*=debug instead
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Demo Time

Sleepy from slides, we are !
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Case Study

I Article G1: from garbage collector to waste management consultant

I Case study with Eclipse IDE

I Result: Decrease heap usage by about 10%

I Heinz Kabutz reports about 25%
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Indify String Concatenation (JEP 280)
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JEP 280: Indify String Concatenation
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What they did

I Replace StringBuilder#append() chains with
I invokedynamic
I bootstrap methods
I Class java.lang.invoke.StringConcatFactory

I Please verify yourself with javap -l -s -verbose <class>
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It will always go on . . .
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I Interned Strings

I Compact and Compressed Strings

I String Deduplication

I Indify String Concatenation
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Slides and Code

https://github.com/BerndMuller/strings-jfs-2023
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