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Byte Code?

• The Java language is compiled into an 
intermediary form called byte code

• It ensures portability

• The byte code is a succession of instructions 
that manipulate a stack

• Each method invocation is having a stack

• Is compiled natively upon use
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Java Class Files

• Constant Pool 

(around 60% because is Strings)

• Access rights

• Fields

• Methods

(around 12%)

• Class Attributes
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Figure from BCEL Documentation
http://jakarta.apache.org/bcel/images/classfile.gif



Header

• Magic Number

• minor version number of class file format

• major version number of class file format 
(49 at the moment!)
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Constant Pool

• constant pool count

• table of constants
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Content

• table of constants of the form: 

tag_byte info[]
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CONSTANT_Class  7
CONSTANT_Fieldref 9
CONSTANT_Methodref 10
CONSTANT_InterfaceMethodref  11
CONSTANT_String  8
CONSTANT_Integer 3
CONSTANT_Float  4
CONSTANT_Long  5
CONSTANT_Double 6
CONSTANT_NameAndType  12
CONSTANT_Utf8 1



Access Rights

• ACC_PUBLIC 	0x0001 	

Declared public; may be accessed from outside its package.

• ACC_FINAL 	 0x0010 	 Declared final; no subclasses 
allowed.

• ACC_SUPER 	 0x0020 	 Treat superclass methods specially 
when invoked by the invokespecial instruction.

• ACC_INTERFACE 	0x0200 	 Is an interface, not a class.

• ACC_ABSTRACT 	0x0400 	 Declared abstract; may not be 
instantiated.
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this_class, super_class

• index in the constant pool to a class

• index in the constant pool to super class
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Implemented 
Interfaces

• interfaces_count

• interfaces[] points to values in the constant 
pool
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Fields

• fields_count

• fields[] points to field_infos

    field_info {
    u2 access_flags;
    u2 name_index;
    u2 descriptor_index;
    u2 attributes_count;
    attribute_info attributes[attributes_count];
    }
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Constant Pool

 synthetic, deprecated, Constant value



Methods

• methods_count

• methods[] stores methods infos

    method_info {
    u2 access_flags;
    u2 name_index;
    u2 descriptor_index;
    u2 attributes_count;
    attribute_info attributes[attributes_count];
    }
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Constant Pool

 code, exceptions, synthetic, deprecated



Code attribute
    Code_attribute {
     u2 attribute_name_index;
     u4 attribute_length;
     u2 max_stack;
     u2 max_locals;
     u4 code_length;
     u1 code[code_length];
     u2 exception_table_length;
     {    u2 start_pc;
            u2 end_pc;
            u2  handler_pc;
            u2  catch_type;
     } exception_table[exception_table_length];
     u2 attributes_count;
     attribute_info attributes[attributes_count];
    }

13

LineNumberTable, LocalVariablesTable

Points to code



Class Attributes

• attributes_count

• attributes[] may contain only source file or 
deprecated attributes
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Constants in the 
constant pool

• They are used for almost everything, from 
fields to external classes to call etc...

• They have a compact encoding
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Internal Representation:
Field Descriptor

• B byte signed byte
• C char Unicode character
• D double double-precision floating-point value
• F float single-precision floating-point value
• I  int  integer
• J  long long integer
• L<classname>;  reference  an instance of class 

<classname> (full path with /)
• S short  signed short
• Z boolean  true or false
• [  reference  one array dimension 
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Internal Representation:
Method Descriptor

A method descriptor represents the parameters that the method takes and the 
value that it returns:

    MethodDescriptor:
         ( ParameterDescriptor* ) ReturnDescriptor

A parameter descriptor represents a parameter passed to a method:

    ParameterDescriptor:
         FieldType

A return descriptor represents the type of the value returned from a method. It is a 
series of characters generated by the grammar:

    ReturnDescriptor:
         FieldType
        V
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Examples

•   int[][] -> [[I

• Thread [] -> [java/lang/Thread;

• Object mymethod(int i, double d, Thread t)

-> (IDLjava/lang/Thread;)Ljava/lang/Object;
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Constant pool entries

• There are constants:
CONSTANT_Class  7
CONSTANT_Fieldref  9
CONSTANT_Methodref 10
CONSTANT_InterfaceMethodref  11
CONSTANT_String  8
CONSTANT_Integer 3
CONSTANT_Float  4
CONSTANT_Long  5
CONSTANT_Double  6
CONSTANT_NameAndType  12
CONSTANT_Utf8  1
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    cp_info {
    u1 tag;
    u1 info[];
    }



Constant Pool info (1/2)
    CONSTANT_Class_info {
    u1 tag;
    u2 name_index;
    }
    CONSTANT_Fieldref_info {
    u1 tag;
    u2 class_index;
    u2 name_and_type_index;
    }
    CONSTANT_Methodref_info {
    u1 tag;
    u2 class_index;
    u2 name_and_type_index;
    }
    CONSTANT_InterfaceMethodref_info {
    u1 tag;
    u2 class_index;
    u2 name_and_type_index;
    }
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...Field Descriptor

...Method Descriptor

...Method Descriptor



Constant Pool info (2/2)
   CONSTANT_Integer_info {
     u1 tag;
     u4 bytes;
    }
    CONSTANT_Float_info {
     u1 tag;
     u4 bytes;
    } 
    CONSTANT_Long_info {
     u1 tag;
     u4 high_bytes;
     u4 low_bytes;
    }
    CONSTANT_Double_info {
     u1 tag;
     u4 high_bytes;
     u4 low_bytes;
    }
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   CONSTANT_String_info {
     u1 tag;
     u2 string_index;
    }
    CONSTANT_NameAndType_info {
     u1 tag;
     u2 name_index;
     u2 descriptor_index;
    }
    CONSTANT_Utf8_info {
     u1 tag;
     u2 length;
     u1 bytes[length];
    }

Points to Utf8_info



VM Instruction set

• mnemonic operand1 operand2 ...

• Important: each method call has its own 
stack
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Byte Code Instruction 
Set: 212 instuctions

• Stack Operations

• Primitive types operations

• Arrays operations

• Object-related instructions

• Control Flow

• Invocations

• Load and Store operations

• Special instructions
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Stack Operations

• The usual: pop, pop2, dup, dup2, swap

• a bit specific: 

dup_x1, dup_x2, dup2_x1, dup2_x2
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Primitive Types 
Operations

• each primitive type has a letter: 
b (boolean & byte), c, d, f, i, l, s

• Pushing values: 
sipush, bipush, dconst_0, dconst_1, fconst_0,... fconst_2, 
iconst_0,..., iconst_5, lconst_0, lconst_1, sipush

• Conversions: 
d2f, d2i, d2l, f2d, f2i, f2l, i2b, i2c, i2d, i2f, i2l, i2s

• Operations: dadd, ddiv, drem, dmul, dneg (same with 
f, i, l: fadd, fdiv...), dcmpg, dcmpl (f,l) (makes 
comparisons), iand, ior, ishl, ishr, iashr, ixor (also with l)
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Arrays Operations

3 main types of operations:

• Load: baload, caload, daload, faload, iaload, laload, 
saload

• Store: bastore, castore, dastore, fastore, iastore, 
lastore, sastore

• Utilities: newarray, anewarray, multinewarray, 
arraylength
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Objects-Related 
Operations

• Fields Manipulation:

getfield, putfield, getstatic, putstatic

• Critical Sections:

monitorenter, monitorexit

• Stack Manipulations: 

new, aconst_null
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Invocations

• invokestatic: for static methods

• invokeinterface: for interface methods

• invokespecial: instance initialization or 
private methods

• invokevirtual: regular method invocation

• return: returns void

• dreturn, freturn, ireturn, lreturn, areturn
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Method Frame

• A frame is created for each method 
invocation and its local variables are stored 
in an array (size determined at compile-
time)

• A frame is destroyed when the method 
returns
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Load and Store

• incrementing an int local variable: iinc

• Loading from a local variable:

aload, aload_0, ..., aload_3, (same with d, i, f, l)

• Storing in a local variable:

astore, astore_0, ..., aload_3, (same with d, i, f, l)

• Loading from Constant Pool:

ldc, ldc_w, ldc2_w
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Control Flow
• goto, goto_w: go to an instruction

• jsr, jsr_w: jump to subroutine and pushes return 
address on the stack

• ret: returns from a subroutine using address in a local 
variable

• ifeq, ifne, iflt, ifle, ifgt, ifge, if_acmpeq, if_acmpne, ifnull, 
ifnonnull, if_icmpeq, if_icmpne, if_icmplt, if_icmple, 
if_icmpgt, if_icmpge (same with d, f, l): if branches 

• tableswitch, lookupswitch: switch and hashsets
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Special Instructions

• No operation: nop

• throw exception: athrow

• verifying instances: instanceof

• checking a cast operation: checkcast
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javap -c: a de-assembler

• javap is a class disassembler, by default it 
prints only the public interface

• -c prints the code of the methods

• -l prints the code with local variables

• -private show all variables and classes

• -s displays internal type signature
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Example 1(/3)
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public static int test1(){
 return 2;
}

public static int test1();
  Signature: ()I
  Code:
   0:   iconst_2
   1:   ireturn



Example 2 (/3)
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public int test3(int b){
   int j=0;
   for  (int i=0;i<10;i++){
    j=j+i;  
   }
   return j;
}

public int test3(int);
  Signature: (I)I
  Code:
   0:   iconst_0
   1:   istore_2
   2:   iconst_0
   3:   istore_3
   4:   iload_3
   5:   bipush  10
   7:   if_icmpge       20
   10:  iload_2
   11:  iload_3
   12:  iadd
   13:  istore_2
   14:  iinc    3, 1
   17:  goto    4
   20:  iload_2
   21:  ireturn



Example 3 (/3)
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public static void main(String []args){
   Example e=new Example();
   int b;
   test1();
   b=e.test2(2);
   e.test3(b);
}

public static void main(java.lang.String[]);
  Signature: ([Ljava/lang/String;)V
  Code:
   0:   new     #2; //class Example
   3:   dup
   4:   invokespecial   #3; //Method "<init>":()V
   7:   astore_1
   8:   invokestatic    #4; //Method test1:()I
   11:  pop
   12:  aload_1
   13:  iconst_2
   14:  invokevirtual   #5; //Method test2:(I)I
   17:  istore_2
   18:  aload_1
   19:  iload_2
   20:  invokevirtual   #6; //Method test3:(I)I
   23:  pop
   24:  return



Try it yourself...
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public int test2(int a){
   a=a+1;
   return a;
}

public int test2(int);
  Signature: (I)I
  Code:
   0:   iload_1
   1:   iconst_1
   2:   iadd
   3:   istore_1
   4:   iload_1
   5:   ireturn



Optimize it!!!
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public int test2(int);
  Signature: (I)I
  Code:
   0:   iload_1
   1:   iconst_1
   2:   iadd
   3:   istore_1
   4:   iload_1
   5:   ireturn

public int test2(int);
  Signature: (I)I
  Code:
   1:   iinc 1,1
   2:   iload_1
   3:   ireturn



Decompilers?

• What do we loose, what don’t we?
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Byte Code Engineering 
Library (BCEL)

• Reification of everything

• Written in Java

• Visitors and Pattern matching on the code

• Custom class loaders ready to use!
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What is Just-in-Time 
Compiling

• It is compilation from bytecode to assembly!

• Already existing in other languages 

(eg Smalltalk VisualWorks)

• optimizations are welcome as long as sound
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JIT techniques

• inlining/recursion treatments

• loop optimizations
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When Triggered?

• Several strategies exist... but the usual way is 
that it compiles a method the first time it is 
called (hence the overhead for the first 
invocation)

• Possible to pre-compile natively everything 
as well. That’s how one can get better 
performances with Java than with C++
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