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A Eva Andreasson i Innovator & Problem solver
b Implemented the Deterministic GC of JRockit Real Time

b Awarded patents on GC heuristics and self-learning
algorithms

b Most recent: Product Manager f
Java Platform Zing

Al like new ideas and brave thinking!
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A What is a JVM?

A What the JVM enables for Java

A Compilers and optimization

A Garbage collection and the pain of fragmentation
A What to (not) think about
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What Is a Java Virtual Machine (JVM)?
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A A JVM described in a simple sentence

A software module that provides the same execution
environment to all Java applications, and takes care of the

Atransl ationo to the underlying
Instructions and resource management.
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What Is a Java Virtual Machine (JVM)?
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A Key benefits of Java, enabled by the JVM

H CPortabllit

b Dynamic Memory Allocation

A Other error-preventing and convenient services of the
JVM
b Consistent Thread Model
Optimizes and Manages Locking
Enforces Type Safety
Dynamic Code Loading
Quick high-quality Time Access (e.g. currentTimeMillis, nanoTime)
Internal introspection
Access to huge pre-built library
Access to OS and environmental information

(W v v R v R v R o B O
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Portability

AZUuL Compile once, run everywhere

SYSTEMS

Java
Application

Same code!

P

Hardware
Architecture #1

Java
Application
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What Makes Portability Possible?
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Ajavac i takes Java source code compiles it into bytecode
b MyApp.java A MyApp.class

ABytecodec an be ftransl atedo by J
Instructions
b Anywhere the JVM runse

~S

ATwo paths of 0

b Interpretation
b The Adictionary
b Look up instruction, execute

b (JIT) Compilation
b The Aintelligen
b Profile, analyze, execute faster
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JVM Compilers
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A Common concepts:
b Hotspot detection, Re-compilation, and De-compilation

A Optimizations need resources
b Temporary AJVM memoryo
b ACompil er threadso
b Costis covered by the faster execution time

A Different compilers for different needs
b Client (AC10), quicker compil at.|
L Server (AC20), sl ower compilatio
b Tiered, both C1 and C2
b Cl0s profiling used for C20s ¢
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Exploring Code Optimizations

AzuL Example 1: Dead Code Elimination
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A Eliminates code that does not affect the program

AThe compiler finds the fAdead
Instruction set for it
b Reduces the program size
b Prevents irrelevant operations to occupy time in the CPU

A Example:

int timeToScaleMyApp (boolean endlessOfResources ) {
int reArchitect = 24;
int patchByClustering = 15;
int useZing = 2;
if (endlessOfResources )
return reArchitect + useZing ;
else
return useZing ;
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Exploring Code Optimizations

AZUL Example 2: Inlining
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int whenToEvaluateZing (int y) {
return daysLeft (y) + daysLeft (0) + daysLeft (y+1);

}
"l int daysLeft(int x) {
if (x == 0)
4 N\ return O;
Each method call else
takes time, and causes return x - 1;
extra jump instructions }

to be executed
J

R/
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Exploring Code Optimizations

AZUL Example 2: Inlining
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int whenToEvaluateZing(int y) {
int temp = 0;
if (y ==0) temp +=0; else temp +=vy - 1;
if (0 ==0) temp +=0; else temp +=0 - 1;
if (y+1 ==0) temp +=0; elsetemp +=(y + 1) - 1;
return temp;

(Eliminating multiple method
calls by inlining the method
itself, speeds up the
execution

R/ /
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Exploring Code Optimizations

AZUL Example 2: Inlining
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int whenToEvaluateZing(int y) {
if (y ==0) return y;
elseif (y ==-1) returny - 1;
elsereturny +vy -1;

4 o )
Further optimizations can

often be applied to speed up
even moree.

J
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Summary on Portability, Compilers, and

azuL (QOptimizations

ASince the JVM6s Compil er
optimization for you, Vyou
b Different HW instruction sets
b How to write your methods in a more instruction friendly way
b How calls to other methods may impact execution performance

A Unless you want to? J
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What Is a Java Virtual Machine (JVM)?
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A Key benefits of Java, enabled by the JVM

b%tabiﬂw
. <Dynamic Memory Allocation >

A Other error-preventing and convenient services of the
JVM
b Consistent Thread Model
Optimizes and Manages Locking
Enforces Type Safety
Dynamic Code Loading
Quick high-quality Time Access (e.g. currentTimeMillis, nanoTime)
Internal introspection services
Access to huge pre-built library
Access to OS and environmental information
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No Need to Be Explicit
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File Edit Options Buffers Tools Complete Injout Signals Help
DEExaRE8XE

import java.io.*;

class ZingFan { Ju S { { y p do ﬁ n ¢
private String myName; get the memory you
public ZingFan(String name){ n69d
myName = name,
} 7

public String getName() {
return myName;

}
public static.void main (String args[]){ NO need to traCk or
ystem out printin(me getName0y free used memory!
) I
itk Xghellk A1l (20,4) (Shell:run)——————————————————————————E—
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Garbage Collection
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A Dynamic Memory Management i The perceived pain that
really comes with all the goodness

A Allocation and Garbage Collection
b Parallel
b Concurrent
b Generational
b Fragmentation and Compaction
b The torture of tuning most JVMs
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Allocation & Garbage Collection
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A Java Heap (-Xmx)
A JVM Internal Memory
A Top: RES / RSS --- total memory footprint

Java Heap JVM Internal
A Where all Java Objects are allocated I\/Iemory

A Code Cache
A VM threads
A VM Structs
A GC Memory
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Allocation & Garbage Collection
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A Thread Local Allocation

Thread B

Object Foo

Java Heap
Thread Local Area B | Thread Local Area A

Thread A
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Allocation & Garbage Collection
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A Garbage Collection

Object
299 Reference NoFit

Java Heap

Object Foo

Thread A
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Garbage Collection
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A Parallel Garbage Collection
Stop the world

Object
NoFit

Reference

Java Heap

Object Foo

G iidae#d
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Garbage Collection
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A Concurrent Garbage Collection
While application is running

Thread B

Object Foo

Reference

GC Thread
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Fragmentation
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A When there is room on the heap
b But not | arge enol
b Even after GCeé

Thread B Ob] ect
27?7 NoFit

Java Heap

Object Foo
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Generational Garbage Collection
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AMost objects die ngé
Object
Thread B NoFit
27?7
Java Heap !

Object Foo

Young Generation Old Generation
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A Promotion

597 Thread B

Java Heap

Object
YGCTrig

Young Generation
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Generational Garbage Collection

Objects

A Less fragmented memory
A Del ays fdAwor st

caseo

Old Generation
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Compaction
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A Move objects together
To fit larger objects
Eliminate small un-useful memory gaps

27?7

Java Heap

Object Foo

Young Generation Old Generation
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Compaction
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AGenerational GC hel ps del ay,
fragmentation

A Compaction is inevitable
b When moving objects, you need to update references
b Most JVMs have to stop the world as part of compaction

A Many approaches to shorten compaction impact

Partitioned compaction

Time controlled compaction

ABest resulto calculations on wh

b
b
b
b Reference counting
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