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1. What is compilation?
intro to compilation on the JVM,

types and classfiles



What is compilation?

xkcd 303

https://xkcd.com/303/


human-readable code

executable instructions

What is compilation?



human-readable code

intermediate representation

executable instructions

What is compilation?





Why not compile 
straight to

machine code?

What is compilation?



Set[String] =>

Either[CompileError, Set[Seq[ByteCode]]]

scalac compiler
(actually any JVM language compiler)
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Set[String] =>

Either[CompileError, Set[Seq[ByteCode]]]

scalac compiler
(actually any JVM language compiler)



Seq[ByteCode] => Seq[Instructions]

The JVM is “just” this function

Compilation in the JVM at runtime



Seq[ByteCode] => Seq[Instructions]

Multiple JIT compilers

● interpreter
● client C1
● server C2
● tiered



Types and classfiles



Kinds
(see the language specs and

JVM spec for the gory details)

Types and classfiles



3ish

class

trait

object

How many kinds in Scala?

Scala language spec §5

http://www.scala-lang.org/files/archive/spec/2.11/05-classes-and-objects.html


2ish

class

interface

How many kinds in Java?

JLS §4.3

http://docs.oracle.com/javase/specs/jls/se8/html/jls-4.html#jls-ClassOrInterfaceType


2ish

class

interface

How many kinds in the JVM?

JVM spec §2.4
This is the unit of class-loading

https://docs.oracle.com/javase/specs/jvms/se8/html/jvms-2.html#jvms-2.4


Scala

class  object   trait

Java

class   interface

Scala/Java equivalences

JVM

interfaceclass

Types

co
m
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Scala

class  object   trait

Java

class   interface

Scala/Java equivalences

JVM

interfaceclass

only if really simple

Types

co
m

pi
le



Scala

def on a class or trait

def on an object

Java

method on a class

static method on a class

Scala/Java equivalences
Methods



Scala

def on a class or trait

def on an object

val on a class or trait

val on an object

Java

method on a class

static method on a class

field on a class

static final field on a class

Scala/Java equivalences
Methods



object ScalaConstants {
  val ichBinEinConstant = "some string"

  def ichBinEinUtilityFunction(param: Int) =
    param.toString
}

Scala Java

Scala/Java equivalences
Example

public class JavaConstants {
  public static final String jeSuisUnConstant
         = "some string";
  public static String jeSuisUnUtilityFunction(
         int param) {
    return String.valueOf(param);
  }
}
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2. What is bytecode?
compiling for the JVM



Bytecode is a stack language
What’s my favourite number?

1

2

iadd

“my favourite 
number is: ”

invokestatic
String.valueOf

3 “3”
“my favourite 
number is: 3”

invokevirtual
String.concat

“my favourite number is: ” + (1 + 2)



...and the bytecode?

Java ships with a disassembler

javap <class-name>

javap -p -c <class-name>



1. ScalaConstants class members

2. Bytecode of a def on an object

3. Singleton initialisation

4. More function calls

Some code examples



brackets = method, no brackets = field

1. What does bytecode look like?

object ScalaConstants {
  val ichBinEinConstant = "some string"
  def ichBinEinUtilityFunction(param: Int) = param.toString
}

public final class ScalaConstants$ {
  public static final ScalaConstants$ MODULE$;
  private final java.lang.String ichBinEinConstant;
  public static {};
  public java.lang.String ichBinEinConstant();
  public java.lang.String ichBinEinUtilityFunction(int);
  private ScalaConstants$();
}

public final class ScalaConstants {
  public static java.lang.String ichBinEinUtilityFunction(int);
  public static java.lang.String ichBinEinConstant();
}

Scala

bytecode



public final class ScalaConstants {
  public static java.lang.String ichBinEinUtilityFunction(int);
    Code:
       0: getstatic     #16  // Field ScalaConstants$.MODULE$:LScalaConstants$;
       3: iload_0
       4: invokevirtual #18  // Method ScalaConstants$.ichBinEinUtilityFunction:...
       7: areturn

  public static java.lang.String ichBinEinConstant();
    Code:
       0: getstatic     #16  // Field ScalaConstants$.MODULE$:LScalaConstants$;
       3: invokevirtual #22  // Method ScalaConstants$.ichBinEinConstant:...
       6: areturn
}

object ScalaConstants {
  val ichBinEinConstant = "some string"
  def ichBinEinUtilityFunction(param: Int) = param.toString
}

a def on an object

2. What does bytecode look like?

Scala

bytecode

ScalaConstants.ichBinEinUtilityFunction(3)



public final class ScalaConstants$ {
  public java.lang.String ichBinEinUtilityFunction(int);
    Code:
       0: iload_1
       1: invokestatic  #26 // Method scala/runtime/BoxesRunTime.boxToInteger:(I)Ljava/lang/Integer;
       4: invokevirtual #29 // Method java/lang/Object.toString:()Ljava/lang/String;
       7: areturn

}

object ScalaConstants {
  val ichBinEinConstant = "some string"
  def ichBinEinUtilityFunction(param: Int) = param.toString
}

more delegating

3. What does bytecode look like?

Scala

bytecode

ScalaConstants.ichBinEinUtilityFunction(3)



public final class ScalaConstants$ {
  public static final ScalaConstants$ MODULE$;
  
  private ScalaConstants$();
    Code:
       0: aload_0
       1: invokespecial #32 // Method java/lang/Object."<init>":()V
       4: aload_0
       5: putstatic     #34 // Field MODULE$:LScalaConstants$;
       8: aload_0
       9: ldc           #36 // String “some string”
      11: putfield      #17 // Field ichBinEinConstant:Ljava/lang/String;
      14: return
}

object ScalaConstants {
  val ichBinEinConstant = "some string"
  def ichBinEinUtilityFunction(param: Int) = param.toString
}

singleton initialisation

4. What does bytecode look like?

Scala

bytecode



Paws – questions?



Further down the 
rabbit hole:  JIT



human-readable code

intermediate representation

executable instructions

What is compilation?
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3. Benchmarking



Benchmarking is hard

because compiler optimisations

Understanding why is instructive





class BenchmarkHelloWorld {

  @Benchmark

  def wellHelloThere() {

    // code here is timed

  }

}

Java Microbenchmarking Harness
What does a benchmark look like in JMH?



Code generated that:

● times invocation of your test code
● gets averages from many runs
● handles many common pitfalls

Java Microbenchmarking Harness
What does JMH do?



Comparing implementation choices

Not for absolute timing values

Java Microbenchmarking Harness
What is it for?



● Using sbt it’s straightforward

sbt jmh:run <BenchmarkClass>

● Better as a separate project

Java Microbenchmarking Harness
How do you run it?



1. compiled vs interpreted
2. inlining
3. dead code elimination
4. parameter specialisation
5. class hierarchy analysis, polymorphism

Benchmarks



nanoseconds per invocation
 2.3

89.5

1. Is compiling worth it?
What’s the cost of turning off JIT compilation completely?

@Benchmark

def compiled: Unit = target_default

@Benchmark

def interpreted: Unit = target_interpreted

JMH allows control over 
which methods are 

compiled and which aren’t

def target_default: Unit = ()

@CompilerControl(CompilerControl.Mode.EXCLUDE)

def target_interpreted: Unit = ()

x40



nanoseconds per invocation
 2.3

 0.3

2. Inlining
What’s the cost of method invocation?

@CompilerControl(CompilerControl.Mode.DONT_INLINE)

def target_dontInline: Unit = ()

@CompilerControl(CompilerControl.Mode.INLINE)

def target_inline: Unit = ()

@Benchmark

def dontInlineBench: Unit = target_dontInline

@Benchmark

def inlineBench: Unit = target_inline

JIT can inline methods, 
including their code at 

the call site



nanoseconds per invocation
 0.3

21.8

3. Dead code elimination
What’s the cost of unnecessary code?

var x = Math.PI

@Benchmark

def measureLogWrong: Unit = { Math.log(x) }

@Benchmark

def measureLogRight: Double = Math.log(x)

JIT can delete 
unnecessary code.

How expensive is the 
Math.log function?



nanoseconds per invocation
 3.1

21.8

4. Parameter specialisation
What’s the cost of not knowing your input?

var x = Math.PI

@Benchmark

def measureLogConst: Double = Math.log(Math.PI)

@Benchmark

def measureLogParam: Double = Math.log(x)

JIT can optimise for 
provable parameter values



How do you choose 
which method to call?

5. Class Hierarchy Analysis



5. Class Hierarchy Analysis
How do you choose which method to call?

List

ArrayList
Linked
List

Immutable
List

List<String> list = ...

list.size();

JIT can optimise away 
polymorphic method calls if it 

can prove the target class



trait ThingA {

  def get: Int

}

class ThingA1(value: Int) extends ThingA {

  def get = value

}

// etc

5. Class Hierarchy Analysis
What classes have been loaded?

JIT can optimise away 
polymorphic method calls if it 

can prove the target class

… if there is only one target

ThingA

ThingA2ThingA1 ThingA3

ThingB

ThingB1



val a1: ThingA = new ThingA1(1)

val a2: ThingA = new ThingA2(2)

val a3: ThingA = new ThingA3(3)

val a4: ThingA = new ThingA4(4)

val b1: ThingB = new ThingB1(1)

val b2: ThingB = new ThingB1(1)

5. Class Hierarchy Analysis
What classes have been loaded?

JIT can optimise away 
polymorphic method calls if it 

can prove the target class

… if there is only one target

ThingA

ThingA2ThingA1 ThingA3

ThingB

ThingB1

megamorphic

monomorphic



5. Class Hierarchy Analysis
What classes have been loaded?

JIT can optimise away 
polymorphic method calls if it 

can prove the target class

… if there is only one target

ThingA

ThingA2ThingA1 ThingA3

ThingB

ThingB1

@Benchmark

def multipleClasses = a1.get + a2.get + a3.get + a4.get

@Benchmark

def singleClass     = b1.get + b2.get + b3.get + b4.get

nanos per invocation
 5.3

 3.6



1. compiled vs interpreted
2. inlining
3. dead code elimination
4. parameter specialisation
5. class hierarchy analysis, polymorphism

Summary of effects benchmarked



but why believe me?

You can see the 
generated assembler

JMH -prof perfasm



… but it can be tricky 
to make to work

JMH -prof perfasm
hsdis, perf, linux



Inlining really works

@CompilerControl(CompilerControl.Mode.DONT_INLINE)

def target_dontInline: Unit = ()

@CompilerControl(CompilerControl.Mode.INLINE)

def target_inline: Unit = ()

@Benchmark

def dontInlineBench: Unit = target_dontInline

@Benchmark

def inlineBench: Unit = target_inline

Snippet from inline_avgt_jmhStub:

result.startTime = System.nanoTime();

do {

  l_deadcodebench0_0.inlineBench();

  operations++;

} while(!control.isDone);

result.stopTime = System.nanoTime();

Note:
● start timer
● loops with method invocation, 

increment counter
● control.isDone
● stop timer



Inlining really works

Note:
● start timer
● loops with method invocation, 

increment counter
● control.isDone
● stop timer

cycles   instrs   
                  
23.92%   21.41%  ↗
          0.05%  │
                 │
          0.05%  │
                 │
21.38%   23.76%  │
                 ╰
                  
                  
                  

instr address       instruction                 source instruction
0x00007f24446351b7: nopw   0x0(%rax,%rax,1)     ;*invokevirtual inlineBench
0x00007f24446351c0: movzbl 0x94(%r11),%r10d     ;*getfield isDone
0x00007f24446351c8: add    $0x1,%r14            
                                                
0x00007f24446351cc: test   %eax,0xa627e2e(%rip) ;*ifeq
                                                ;   {poll}
0x00007f24446351d2: test   %r10d,%r10d
0x00007f24446351d5: je     0x00007f24446351c0   ;*ifeq
0x00007f24446351d7: mov    $0x7f244d7ee2b0,%r10
0x00007f24446351e1: callq  *%r10                ;*invokestatic nanoTime
0x00007f24446351e4: mov    %rax,0x30(%r13)      ;*putfield stopTime

result.startTime = System.nanoTime();

do {

  l_deadcodebench0_0.inlineBench();

  operations++;

} while(!control.isDone);

result.stopTime = System.nanoTime();



Can anyone guess my 
CPU clock speed?

0.3 nanoseconds
Coincidence?



How did all of the instructions execute?

● inlined benchmark executed one loop per clock cycle

● counter increment, isDone read



How did all of the instructions execute?

● Difficult to prove anything from here

● No instrumentation on the CPU for that detail



How did all of the instructions execute?

Could include things like

● branch prediction

● CPU pipelining

● instruction-parallelism in CPU pipeline



Perspective



1. Architectural changes

2. Algorithmic improvements

3. Microbenchmarking

When should I microbenchmark?



What have we learned?

● Mappings between Java/Scala types

● How bytecode works and how to see it

● Intro to JMH and microbenchmarking

● How to see generated machine code



What have we learned?

● Your code is a lie

● The compiler is sneaky

● Benchmarking is hard, because the compiler is sneaky

● There’s a lot going on, and it can look like magic



Blog version
joekearney.co.uk/just-in-time

http://www.joekearney.co.uk/just-in-time


xkcd 1256

https://xkcd.com/1256/


Resources

● Alexey Shipilev’s blog – Nanotrusting Nanotime

● Slides available on Slideshare

● Blog version at joekearney.co.uk/just-in-time

http://shipilev.net/blog/2014/nanotrusting-nanotime/
http://www.slideshare.net/joejkearney
http://www.joekearney.co.uk/just-in-time

