Contents

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Chapter 1: Java V irtual Machine Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 1.1 Supported Data Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 1.2 Registers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 1.3 Local Variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 1.4 The Operand Stack . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 1.5 Execution Environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 1.6 Garbage Collected Heap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 1.7 Method Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 1.8 The Java Instruction Set . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 1.9 Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

Chapter 2: Class File Format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2.1 Format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2.2 Signatures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 2.3 Constant Pool . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 2.4 Fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 2.5 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 2.6 Attributes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

Chapter 3: The V irtual Machine Instruction Set . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 3.1 Format for the Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 3.2 Pushing Constants onto the Stack . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 3.3 Loading Local Variables Onto the Stack . . . . . . . . . . . . . . . . . . . . . . . . . . 30 3.4 Storing Stack Values into Local Variables . . . . . . . . . . . . . . . . . . . . . . . . . 33 3.5 Wider index for Loading, Storing and Incrementing . . . . . . . . . . . . . . . 35 3.6 Managing Arrays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 3.7 Stack Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 3.8 Arithmetic Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 3.9 Logical Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 3.10 Conversion Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 3.11 Control Transfer Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 3.12 Function Return . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 3.13 Table Jumping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 3.14 Manipulating Object Fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 3.15 Method Invocation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 3.16 Exception Handling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 3.17 Miscellaneous Object Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 3.18 Monitors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

Appendix A: An Optimization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 A.1 Constant Pool Resolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 A.2 Pushing Constants onto the Stack (_quick variants) . . . . . . . . . . . . . . . . 74 A.3 Managing Arrays (_quick variants) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 A.4 Manipulating Object Fields (_quick variants) . . . . . . . . . . . . . . . . . . . . . 76 A.5 Method Invocation (_quick variants) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 A.6 Miscellaneous Object Operations (_quick variants) . . . . . . . . . . . . . . . . 80

Index of Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

Preface

This document describes version 1.0 of the Java V irtual Machine and its instr uction set. W e have written this document to act as a specification for both compiler writers, who wish to tar get the machine, and as a specification for others who may wish to implement a compliant Java V irtual Machine.

The Java Virtual Machine is an imaginary machine that is implemented by emulating it in softwar e on a r eal machine. Code for the Java V irtual Machine is stor ed in .class files, each of which contains the code for at most one public class.

Simple and ef ficient emulations of the Java V irtual Machine ar e possible because the machine’s format is compact and ef ficient bytecodes. Implementations whose native code speed appr oximates that of compiled C are also possible, by translating the bytecodes to machine code, although Sun has not r eleased such implementations at this time.

The rest of this document is str uctur ed as follows:

• Chapter 1 describes the ar chitectur e of the Java V irtual Machine.

• Chapter 2 describes the .class file format.

• Chapter 3 describes the bytecodes.

• Appendix A contains some instr uctions generated internally by Sun’s implementation of the Java Virtual Machine. While not strictly part of the specification we describe these her e so that this specification can serve as a r eference for our implementation. As mor e implementations of the Java Virtual Machine become available, we may r emove Appendix A fr om futur e releases.

Sun will license the Java V irtual Machine trademark and logo for use with compliant implementations of this specification. If you ar e considering constr ucting your own implementation of the Java V irtual Machine please contact us, at the email addr ess below , so that we can work together to insur e 100% compatiblity of your implementation.

Send comments on this specification or questions about implementing the Java V irtual Machine to our electronic mail addr ess: java@java.sun.com .

6 Java Virtual Machine Specification August 22, 1995

1 Java Virtual Machine Ar chitecture

1.1 Supported Data T ypes

The virtual machine data types include the basic data types of the Java language:

byte // 1-byte signed 2’s complement integer
short // 2-byte signed 2’s complement integer
int // 4-byte signed 2’s complement integer
long // 8-byte signed 2’s complement integer
float // 4-byte IEEE 754 single-precision float
double // 8-byte IEEE 754 double-precision float
char // 2-byte unsigned Unicode character

Nearly all Java type checking is done at compile time. Data of the primitive types shown above need not be tagged by the har dwar e to allow execution of Java. Instead, the bytecodes that operate on primitive values indicate the types of the operands so that, for example, the iadd, ladd, fadd, and dadd instr uctions each add two numbers, whose types ar e int, long, float, and double, respectively

The virtual machine doesn’t have separate instr uctions for boolean types. Intead, integer instr uctions, including integer r eturns, ar e used to operate on boolean values; byte arrays ar e used for arrays of

boolean.

The virtual machine specifies that floating point be done in IEEE 754 format, with support for gradual underflow . Older computer ar chitectur es that do not have support for IEEE format may r un Java numeric programs very slowly .

Other virtual machine data types include:

object // 4-byte reference to a Java object
returnAddress // 4 bytes, used with jsr/ret/jsr_w/ret_w instructions

Note: Java arrays ar e treated as objects.

This specification does not r equir e any particular internal str uctur e for objects. In our implementation an object reference is to a handle, which is a pair of pointers: one to a method table for the object, and the other to the data allocated for the object. Other implementations may use inline caching, rather than method table dispatch; such methods ar e likely to be faster on har dwar e that is emer ging between now and the year 2000.

Programs r epresented by Java V irtual Machine bytecodes ar e expected to maintain pr oper type discipline and an implementation may r efuse to execute a bytecode pr ogram that appears to violate such type discipline.

While the Java V irtual Machines would appear to be limited by the bytecode definition to r unning on a 32-bit addr ess space machine, it is possible to build a version of the Java V irtual Machine that automatically translates the bytecodes into a 64-bit form. A description of this transformation is beyond the scope of this specification.

1.2 Registers

At any point the virtual machine is executing the code of a single method, and the pc register contains the addr ess of the next bytecode to be executed.

Each method has memory space allocated for it to hold:

• a set of local variables, r eferenced by a vars register ,

• an operand stack, r eferenced by an optop register , and

• a execution envir onment str uctur e, referenced by a frame register .

All of this space can be allocated at once, since the size of the local variables and operand stack ar e known at compile time, and the size of the execution envir onment str uctur e is well-known to the interpr eter.

All of these r egisters ar e 32 bits wide.

1.3 Local Variables

Each Java method uses a fixed-sized set of local variables. They ar e addr essed as wor d offsets from the vars register . Local variables ar e all 32 bits wide.

Long integers and double pr ecision floats ar e consider ed to take up two local variables but ar e addr essed by the index of the first local variable. (For example, a local variable with index n containing a double pr ecision float actually occupies storage at indices n and n+1.) The virtual machine specification does not r equir e 64-bit values in local variables to be 64-bit aligned. Implementors ar e free to decide the appr opriate way to divide long integers and double pr ecision floats into two wor ds.

Instr uctions ar e provided to load the values of local variables onto the operand stack and stor e values fr om the operand stack into local variables.

1.4 The Operand Stack

The machine instr uctions all take operands fr om an operand stack, operate on them, and r eturn r esults to the stack. We chose a stack or ganization so that it would be easy to emulate the machine ef ficiently on machines with few or irr egular r egisters such as the Intel 486.

The operand stack is 32 bits wide. It is used to pass parameters to methods and r eceive method r esults, as well as to supply parameters for operations and save operation r esults.

For example, the iadd instr uction adds two integers together . It expects that the integers to be added ar e the top two wor ds on the operand stack, pushed ther e by pr evious instr uctions. Both integers ar e popped fr om the stack, added, and their sum pushed back onto the operand stack. Subcomputations may be nested on the operand stack, and r esult in a single operand that can be used by the nesting computation.

Each primitive data type has specialized instr uctions that know how to operate on operands of that type. Each operand r equir es a single location on the stack, except for long and double, which r equir e two locations.

Operands must be operated on by operators appr opriate to their type. It is illegal, for example, to push two

ints and then tr eat them as a long. This restriction is enfor ced, in the Sun implementation, by the bytecode

verifier . However , a small number of operations (the dup opcodes and swap) operate on r untime data ar eas as raw values of a given width without r egard to type.

In our description of the virtual machine instr uctions below , the effect of an instr uction’s execution on the operand stack is r epresented textually , with the stack gr owing fr om left to right, and each 32-bit wor d separately r epresented. Thus:

Stack: ..., value1, value2 ⇒ ..., value3

shows an operation that begins by having value2 on top of the stack with value1 just beneath it. As a r esult of the execution of the instr uction, value1 and value2 are popped fr om the stack and r eplaced by value3, which has been calculated by the instr uction. The r emainder of the stack, r epresented by an ellipsis, is unaf fected by the instr uction’s execution.

The types long and double take two 32-bit wor ds on the operand stack:

Stack: ... ⇒ ..., value-word1, value-word2

This specification does not say how the two wor ds ar e selected fr om the 64-bit long or double value; it is only necessary that a particular implementation be internally consistent.

1.5 Execution Environment

The information contained in the execution envir onment is used to do dynamic linking, normal method returns, and exception pr opagation.

1.5.1 Dynamic Linking

The execution envir onment contains r eferences to the interpr eter symbol table for the curr ent method and curr ent class, in support of dynamic linking of the method code. The class file code for a method r efers to methods to be called and variables to be accessed symbolically . Dynamic linking translates these symbolic method calls into actual method calls, loading classes as necessary to r esolve as-yet-undefined symbols, and translates variable accesses into appr opriate of fsets in storage str uctur es associated with the r untime location of these variables.

This late binding of the methods and variables makes changes in other classes that a method uses less likely to break this code.

1.5.2 Normal Method Returns

If execution of the curr ent method completes normally , then a value is r eturned to the calling method. This occurs when the calling method executes a r eturn instr uction appr opriate to the r eturn type.

The execution envir onment is used in this case to r estor e the r egisters of the caller , with the pr ogram counter of the caller appr opriately incr emented to skip the method call instr uction. Execution then continues in the calling method’s execution envir onment.

1.5.3 Exception and Error Propagation

An exceptional condition, known in Java as an Error or Exception, which ar e subclasses of Throwable, may arise in a pr ogram because of:

• a dynamic linkage failur e, such as a failur e to find a needed class file,

• a run-time err or, such as a r eference thr ough a null pointer ,

• an asynchr onous event, such as is thr own by Thread.stop, from another thr ead,

• the pr ogram using a throw statement.

When an exception occurs:

• A list of catch clauses associated with the current method is examined. Each catch clause describes the instr uction range for which it is active, describes the type of exception that it is to handle, and has the addr ess of the code to handle it.

• An exception matches a catch clause if the instr uction that caused the exception is in the appr opriate instr uction range, and the exception type is a subtype of the type of exception that the

catch clause handles. If a matching catch clause is found, the system branches to the specified

handler . If no handler is found, the pr ocess is r epeated until all the nested catch clauses of the curr ent method have been exhausted.

• The or der of the catch clauses in the list is important. The virtual machine execution continues at the first matching catch clause. Because Java code is str uctur ed, it is always possible to sort all the exception handlers for one method into a single list that, for any possible pr ogram counter value, can be sear ched in linear or der to find the pr oper (innermost containing applicable) exception handler for an exception occuring at that pr ogram counter value.

• If ther e is no matching catch clause then the curr ent method is said to have as its outcome the uncaught exception. The execution state of the method that called this method is r estor ed from the execution envir onment, and the pr opagation of the exception continues, as though the exception had just occurr ed in this caller .

1.5.4 Additional Information

The execution envir onment may be extended with additional implementation-specific information, such as debugging information.

1.6 Garbage Collected Heap

The Java heap is the r untime data ar ea from which class instances (objects) ar e allocated. The Java language is designed to be garbage collected — it does not give the pr ogrammer the ability to deallocate objects explicitly . Java does not pr esuppose any particular kind of garbage collection; various algorithms may be used depending on system r equir ements.

1.7 Method Area

The method ar ea is analogous to the stor e for compiled code in conventional languages or the text segment in a UNIX pr ocess. It stor es method code (compiled Java code) and symbol tables. In the curr ent Java implementation, method code is not part of the garbage-collected heap, although this is planned for a futur e release.

1.8 The Java Instruction Set

An instr uction in the Java instr uction set consists of a one-byte opcode specifying the operation to be performed, and zer o or mor e operands supplying parameters or data that will be used by the operation. Many instr uctions have no operands and consist only of an opcode.

The inner loop of the virtual machine execution is ef fectively:

do {
    fetch an opcode byte
    execute an action depending on the value of the opcode
} while (there is more to do);

The number and size of the additional operands is determined by the opcode. If an additional operand is mor e than one byte in size, then it is stor ed in big-endian order — high or der byte first. For example, a 16-bit parameter is stor ed as two bytes whose value is:

first_byte * 256 + second_byte

The bytecode instr uction str eam is only byte-aligned, with the exception being the tableswitch and

lookupswitch instr uctions, which for ce alignment to a 4-byte boundary within their instr uctions.

These decisions keep the virtual machine code for a compiled Java pr ogram compact and r eflect a conscious bias in favor of compactness at some possible cost in performance.

1.9 Limitations

The per -class constant pool has a maximum of 65535 entries. This acts as an internal limit on the total complexity of a single class.

The amount of code per method is limited to 65535 bytes by the sizes of the indices in the code in the exception table, the line number table, and the local variable table. This may be fixed for 1.0beta2.

Besides this limit, the only other limitation of note is that the number of wor ds of ar guments in a method call is limited to 255.

2 Class File Format

This chapter documents the Java class ( .class) file format.

Each class file contains the compiled version of either a Java class or a Java interface. Compliant Java interpr eters must be capable of dealing with all class files that conform to the following specification.

A Java class file consists of a str eam of 8-bit bytes. All 16-bit and 32-bit quantities ar e constr ucted by r eading in two or four 8-bit bytes, r espectively . The bytes ar e joined together in network (big-endian) or der, wher e the high bytes come first. This format is supported by the Java java.io.DataInput and

java.io.DataOutput interfaces, and classes such as java.io.DataInputStream and
java.io.DataOutputStream.

The class file format is described her e using a str uctur e notation. Successive fields in the str uctur e appear in the external r epresentation without padding or alignment. V ariable size arrays, often of variable sized elements ar e called tables and ar e commonplace in these str uctur es.

The types u1, u2, and u4 mean an unsigned one-, two-, or four -byte quantity , respectively , which ar e read by method such as readUnsignedByte, readUnsignedShort and readInt of the java.io. DataInput interface.

2.1 Format

The following pseudo-str uctur e gives a top-level description of the format of a class file:

    ClassFile {
       u4 magic;
       u2 minor_version;
       u2 major_version;
       u2 constant_pool_count;
       cp_info constant_pool[constant_pool_count - 1];
       u2 access_flags;
       u2 this_class;
       u2 super_class;
       u2 interfaces_count;
       u2 interfaces[interfaces_count];
       u2 fields_count;
       field_info fields[fields_count];
       u2 methods_count;
       method_info methods[methods_count];
       u2 attributes_count;
       attribute_info attributes[attribute_count];
    }

magic

This field must have the value 0xCAFEBABE.

minor_version, major_version

These fields contain the version number of the Java compiler that pr oduced this class file. An implementation of the virtual machine will normally support some range of minor version numbers 0- n of a particular major version number . If the minor version number is incremented the new code won’t r un on the old virtual machines, but it is possible to make a new virtual machine which can r un versions up to n+1. A change of the major version number indicates a major incompatible change, one that requir es a dif ferent virtual machine that may not support the old major version in any way . The curr ent major version number is 45; the curr ent minor version number is 3.

constant_pool_count

This field indicates the number of entries in the constant pool in the class file.

constant_pool

The constant pool is an table of values. These values ar e the various string constants, class names, field names, and others that ar e referred to by the class str uctur e or by the code.

constant_pool[0] is always unused by the compiler , and may be used by an

implementation for any purpose. Each of the constant_pool entries 1 thr ough constant_pool_count-1 is a variablelength entry , whose format is given by the first ‘ ‘tag’’ byte, as described in section 2.3.

access_flags

This field contains a mask of up to sixteen modifiers used with class, method, and field declarations. The same encoding is used on similar fields in field_info and

   method_info as described below . Here is the encoding:

this_class

This field is an index into the constant pool; constant_pool[this_class] must be a CONSTANT_class.

Flag Name Value Meaning Used By

ACC_PUBLIC 0x0001 Visible to everyone Class, Method, V ariable
ACC_PRIVATE 0x0002 Visible only to the defining class Method, V ariable
ACC_PROTECTED 0x0004 Visible to subclasses Method, V ariable
ACC_STATIC 0x0008 Variable or method is static Method, V ariable
ACC_FINAL 0x0010 No further subclassing, overriding,

or assignment after initialization

Class, Method, V ariable

ACC_SYNCHRONIZED 0x0020 Wrap use in monitor lock Method
ACC_VOLATILE 0x0040 Can’t cache Variable
ACC_TRANSIENT 0x0080 Not to be written or r ead by a per-

sistent object manager

Variable

ACC_NATIVE 0x0100 Implemented in a language other

than Java

Method

ACC_INTERFACE 0x0200 Is an interface Class
ACC_ABSTRACT 0x0400 No body pr ovided Class, Method
super_class

This field is an index into the constant pool. If the value of super_class is nonzer o, then

constant_pool[super_class] must be a class, and gives the index of this class’s

super class in the constant pool. If the value of super_class is zero, then the class being defined must be

   java.lang.Object, and it has no super class.
interfaces_count

This field gives the number of interfaces that this class implements.

interfaces

Each value in this table is an index into the constant pool. If an table value is nonzer o (interfaces[i] != 0, wher e 0 <= i < interfaces_count), then

constant_pool[interfaces[i]] must be an interface that this class implements.

Question : How could one of these entries ever be 0?

fields_count

This field gives the number of instance variables, both static and dynamic, defined by this class. The fields table includes only those variables that ar e defined explicitly by this class. It does not include those instance variables that ar e accessible fr om this class but ar e inherited from super classes.

fields

Each value in this table is a mor e complete description of a field in the class. See section 2.4 for more information on the field_info structur e.

methods_count

This field indicates the number of methods, both static and dynamic, defined by this class. This table only includes those methods that ar e explicitly defined by this class. It does not include inherited methods.

methods

Each value in this table is a mor e complete description of a method in the class. See section 2.5 for mor e information on the method_info structur e.

attributes_count

This field indicates the number of additional attributes about this class.

attributes

A class can have any number of optional attributes associated with it. Curr ently, the only class attribute r ecognized is the “Sour ceFile” attribute, which indicates the name of the sour ce file from which this class file was compiled. See section 2.6 for mor e information on the

attribute_info structur e.

2.2 Signatures

A signatur e is a string r epresenting a type of a method, field or array .

The field signatur e represents the value of an ar gument to a function or the value of a variable. It is a series of bytes generated by the following grammar:

<field_signature> ::= <field_type>
<field_type> ::= <base_type>|<object_type>|<array_type>
<base_type> ::= B|C|D|F|I|J|S|Z
<object_type> ::= L<fullclassname>;
<array_type> ::= [<optional_size><field_type>
<optional_size> ::= [0-9]*

The meaning of the base types is as follows:

B byte signed byte C char character D double double pr ecision IEEE float F float single pr ecision IEEE float I int integer J long long integer L<fullclassname> ; ... an object of the given class S short signed short Z boolean true or false [<field sig> ... array A return-type signatur e represents the r eturn value fr om a method. It is a series of bytes in the following grammar:

<return_signature> ::= <field_type> | V

The character V indicates that the method r eturns no value. Otherwise, the signatur e indicates the type of the return value. An ar gument signatur e represents an ar gument passed to a method:

<argument_signature> ::= <field_type>

A method signatur e represents the ar guments that the method expects, and the value that it r eturns.

<method_signature> ::= (<arguments_signature>) <return_signature>
<arguments_signature>::= <argument_signature>*

2.3 Constant Pool

Each item in the constant pool begins with a 1-byte tag:. The table below lists the valid tags and their values.

Each tag byte is then followed by one or mor e bytes giving mor e information about the specific constant.

2.3.1 CONST ANT_Class

CONSTANT_Class is used to r epresent a class or an interface.

      CONSTANT_Class_info {
         u1 tag;
         u2 name_index;
      }

  tag

The tag will have the value CONSTANT_Class

name_index

constant_pool[name_index] is a CONSTANT_Utf8 giving the string name of the class.

Because arrays ar e objects, the opcodes anewarray and multianewarray can reference array “classes” via

CONSTANT_Class items in the constant pool. In this case, the name of the class is its signatur e. For example,

the class name for

int[][]

is

[[I

The class name for

Thread[]

is

"[Ljava.lang.Thread;"

2.3.2 CONST ANT_{Fieldref,Methodref,InterfaceMethodref}

Fields, methods, and interface methods ar e represented by similar str uctur es.

Constant T ype Value

CONSTANT_Class
CONSTANT_Fieldref
CONSTANT_Methodref
CONSTANT_InterfaceMethodref
CONSTANT_String
CONSTANT_Integer
CONSTANT_Float
CONSTANT_Long
CONSTANT_Double
CONSTANT_NameAndType
CONSTANT_Utf8
CONSTANT_Unicode

                                                    7
                                                    9
                                                  10
                                                  11
                                                    8
                                                    3
                                                    4
                                                    5
                                                    6
                                                  12
                                                    1
                                                    2

    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;
    }

tag

The tag will have the value CONSTANT_Fieldref, CONSTANT_Methodref, or

    CONSTANT_InterfaceMethodref.

class_index

    constant_pool[class_index] will be an entry of type CONSTANT_Class giving the

name of the class or interface containing the field or method.

For CONSTANT_Fieldref and CONSTANT_Methodref, the CONSTANT_Class item must be an actual class. For CONSTANT_InterfaceMethodref, the item must be an interface which purports to implement the given method.

name_and_type_index

    constant_pool[name_and_type_index] will be an entry of type
    CONSTANT_NameAndType. This constant pool entry indicates the name and signatur e of the

field or method.

2.3.3 CONST ANT_String

CONSTANT_String is used to r epresent constant objects of the built-in type String.

    CONSTANT_String_info {
       u1 tag;
       u2 string_index;
    }

tag

The tag will have the value CONSTANT_String

string_index

    constant_pool[string_index] is a CONSTANT_Utf8 string giving the value to which

the String object is initialized.

2.3.4 CONST ANT_Integer and CONST ANT_Float

CONSTANT_Integer and CONSTANT_Float represent four -byte constants.

    CONSTANT_Integer_info {
       u1 tag;
       u4 bytes;
    }

    CONSTANT_Float_info {
       u1 tag;
       u4 bytes;
    }

tag

The tag will have the value CONSTANT_Integer or CONSTANT_Float

bytes

For integers, the four bytes ar e the integer value. For floats, they ar e the IEEE 754 standar d representation of the floating point value. These bytes ar e in network (high byte first) or der.

2.3.5 CONST ANT_Long and CONST ANT_Double

CONSTANT_Long and CONSTANT_Double represent eight-byte constants.

      CONSTANT_Long_info {
         u1 tag;
         u4 high_bytes;
         u4 low_bytes;
      }

      CONSTANT_Double_info {
         u1 tag;
         u4 high_bytes;
         u4 low_bytes;
      }

All eight-byte constants take up two spots in the constant pool. If this is the n^{th} item in the constant pool, then the next item will be number ed n+2.

tag

The tag will have the value CONSTANT_Long or CONSTANT_Double.

high_bytes, low_bytes

For CONSTANT_Long, the 64-bit value is ( high_bytes << 32) + low_bytes.

For CONSTANT_Double, the 64-bit value, high_bytes and low_bytes together r epresent the standar d IEEE 754 representation of the double-pr ecision floating point number .

2.3.6 CONST ANT_NameAndT ype

CONSTANT_NameAndType is used to r epresent a field or method, without indicating which class it belongs to.

      CONSTANT_NameAndType_info {
         u1 tag;
         u2 name_index;
         u2 signature_index;
      }

  tag

The tag will have the value CONSTANT_NameAndType.

name_index
    constant_pool[name_index] is a CONSTANT_Utf8 string giving the name of the field

or method.

signature_index
    constant_pool[signature_index] is a CONSTANT_Utf8 string giving the signatur e

of the field or method.

2.3.7 CONST ANT_Utf8 and CONST ANT_Unicode

CONSTANT_Utf8 and CONSTANT_Unicode are used to r epresent constant string values.
CONSTANT_Utf8 strings ar e “encoded” so that strings containing only non-null ASCII characters, can be

represented using only one byte per character , but characters of up to 16 bits can be r epresented: All characters in the range 0x0001 to 0x007F ar e represented by a single byte:

+-+-+-+-+-+-+-+-+
|0|7bits of data|
+-+-+-+-+-+-+-+-+

The null character (0x0000) and characters in the range 0x0080 to 0x07FF ar e represented by a pair of two bytes:

+-+-+-+-+-+-+-+-+ +-+-+-+-+-+-+-+-+
|1|1|0| 5 bits† | |1|0| 6 bits  |
+-+-+-+-+-+-+-+-+ +-+-+-+-+-+-+-+-+

Characters in the range 0x0800 to 0xFFFF ar e represented by thr ee bytes:

+-+-+-+-+-+-+-+-+ +-+-+-+-+-+-+-+-+ +-+-+-+-+-+-+-+-+
|1|1|1|0|4 bits | |1|0| 6 bits  | |1|0| 6 bits  |
+-+-+-+-+-+-+-+-+ +-+-+-+-+-+-+-+-+ +-+-+-+-+-+-+-+-+

There are two dif ferences between this format and the “standar d” UTF-8 format. First, the null byte (0x00) is encoded in two-byte format rather than one-byte, so that our strings never have embedded nulls. Second, only the one-byte, two-byte, and thr ee-byte formats ar e used. W e do not r ecognize the longer formats.

    CONSTANT_Utf8_info {
       u1 tag;
       u2 length;
       u1 bytes[length];
    }
    CONSTANT_Unicode_info {
       u1 tag;
       u2 length;
       u2 bytes[length];
    }

tag

The tag will have the value CONSTANT_Utf8 or CONSTANT_Unicode.

length

The number of bytes in the string. These strings ar e not null terminated.

bytes

The actual bytes of the string.

2.4 Fields

The information for each field immediately follows the field_count field in the class file. Each field is described by a variable length field_info str uctur e. The format of this str uctur e is as follows:

    field_info {
       u2 access_flags;
       u2 name_index;
       u2 signature_index;
       u2 attributes_count;
       attribute_info attributes[attribute_count];
    }

access_flags

This is a set of sixteen flags used by classes, methods, and fields to describe various pr operties and how they many be accessed by methods in other classes. See the table “Access Flags” on page 12 which indicates the meaning of the bits in this field.

The possible fields that can be set for a field ar e ACC_PUBLIC, ACC_PRIVATE,

ACC_PROTECTED, ACC_STATIC, ACC_FINAL, ACC_VOLATILE, and ACC_TRANSIENT.

At most one of ACC_PUBLIC, ACC_PROTECTED, and ACC_PRIVATE can be set for any method.

name_index

    constant_pool[name_index] is a CONSTANT_Utf8 string which is the name of the

field.

signature_index

    constant_pool[signature_index] is a CONSTANT_Utf8 string which is the signatur e

of the field. See the section “Signatur es” for mor e information on signatur es.

attributes_count

This value indicates the number of additional attributes about this field.

attributes

A field can have any number of optional attributes associated with it. Curr ently, the only field attribute r ecognized is the “ConstantV alue” attribute, which indicates that this field is a static numeric constant, and indicates the constant value of that field.

Any other attributes ar e skipped.

2.5 Methods

The information for each method immediately follows the method_count field in the class file. Each method is described by a variable length method_info structur e. The str uctur e has the following format:

    method_info {
       u2 access_flags;
       u2 name_index;
       u2 signature_index;
       u2 attributes_count;
       attribute_info attributes[attribute_count];
    }

access_flags

This is a set of sixteen flags used by classes, methods, and fields to describe various pr operties and how they many be accessed by methods in other classes. See the table “Access Flags” on page 12 which gives the various bits in this field.

The possible fields that can be set for a method ar e ACC_PUBLIC, ACC_PRIVATE,

ACC_PROTECTED, ACC_STATIC, ACC_FINAL, ACC_SYNCHRONIZED, ACC_NATIVE, and
ACC_ABSTRACT.

At most one of ACC_PUBLIC, ACC_PROTECTED, and ACC_PRIVATE can be set for any method.

name_index

    constant_pool[name_index] is a CONSTANT_Utf8 string giving the name of the

method.

signature_index

    constant_pool[signature_index]is a CONSTANT_Utf8 string giving the signatur e of

the field. See the section “Signatur es” for mor e information on signatur es.

attributes_count

This value indicates the number of additional attributes about this field.

attributes

A field can have any number of optional attributes associated with it. Each attribute has a name, and other additional information. Curr ently, the only field attributes r ecognized ar e the “Code” and “Exceptions” attributes, which describe the bytecodes that ar e executed to perform this method, and the Java Exceptions which ar e declar ed to r esult fr om the execution of the method, r espectively .

Any other attributes ar e skipped.

2.6 Attributes

Attributes ar e used at several dif ferent places in the class format. All attributes have the following format:

GenericAttribute_info {
   u2 attribute_name;
   u4 attribute_length;
   u1 info[attribute_length];
}

The attribute_name is a 16-bit index into the class’s constant pool; the value of

constant_pool[attribute_name] is a CONSTANT_Utf8 string giving the name of the attribute. The

field attribute_length indicates the length of the subsequent information in bytes. This length does not include the six bytes of the attribute_name and attribute_length.

In the following text, whenever we allow attributes, we give the name of the attributes that ar e curr ently understood. In the futur e, mor e attributes will be added. Class file r eaders ar e expected to skip over and ignor e the information in any attribute they do not understand.

2.6.1 SourceFile

The “Sour ceFile” attribute has the following format:

    SourceFile_attribute {
       u2 attribute_name_index;
       u4 attribute_length;
       u2 sourcefile_index;
    }

attribute_name_index
    constant_pool[attribute_name_index] is the CONSTANT_Utf8 string
    "SourceFile".

attribute_length

The length of a Sour ceFile_attribute must be 2.

sourcefile_index
    constant_pool[sourcefile_index] is a CONSTANT_Utf8 string giving the sour ce file

from which this class file was compiled.

2.6.2 ConstantV alue

The “ConstantV alue” attribute has the following format:

    ConstantValue_attribute {
       u2 attribute_name_index;
       u4 attribute_length;
       u2 constantvalue_index;
    }

attribute_name_index
    constant_pool[attribute_name_index] is the CONSTANT_Utf8 string

"ConstantValue".

attribute_length

The length of a ConstantV alue_attribute must be 2.

constantvalue_index
    constant_pool[constantvalue_index]gives the constant value for this field.

The constant pool entry must be of a type appr opriate to the field, as shown by the following table:

2.6.3 Code

The “Code” attribute has the following format:

long CONSTANT_Long float CONSTANT_Float double CONSTANT_Double int, short, char , byte, boolean CONSTANT_Integer

    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[attribute_count];

    }

attribute_name_index

    constant_pool[attribute_name_index] is the CONSTANT_Utf8 string " Code".

attribute_length

This field indicates the total length of the “Code” attribute, excluding the initial six bytes.

max_stack

Maximum number of entries on the operand stack that will be used during execution of this method. See the other chapters in this spec for mor e information on the operand stack.

max_locals

Number of local variable slots used by this method. See the other chapters in this spec for more information on the local variables.

code_length

The number of bytes in the virtual machine code for this method.

code

These ar e the actual bytes of the virtual machine code that implement the method. When r ead into memory , if the first byte of code is aligned onto a multiple-of-four boundary the the

tableswitch and tablelookup opcode entries will be aligned; see their description for

more information on alignment r equir ements.

exception_table_length

The number of entries in the following exception table.

exception_table

Each entry in the exception table describes one exception handler in the code.

start_pc, end_pc

The two fields start_pc and end_pc indicate the ranges in the code at which the exception handler is active. The values of both fields ar e offsets from the start of the code. start_pc is inclusive. end_pc is exclusive.

handler_pc

This field indicates the starting addr ess of the exception handler . The value of the field is an offset from the start of the code.

catch_type

If catch_type is nonzer o, then constant_pool[catch_type] will be the class of exceptions that this exception handler is designated to catch. This exception handler should only be called if the thr own exception is an instance of the given class.

If catch_type is zer o, this exception handler should be called for all exceptions.

attributes_count

This field indicates the number of additional attributes about code. The “Code” attribute can itself have attributes.

attributes

A “Code” attribute can have any number of optional attributes associated with it. Each attribute has a name, and other additional information. Curr ently, the only code attributes defined ar e the “LineNumberT able” and “LocalV ariableTable,” both of which contain debugging information.

2.6.4 Exceptions T able

This table is used by compilers which indicate which Exceptions a method is declar ed to thr ow:

    Exceptions_attribute {
       u2 attribute_name_index;
       u4 attribute_length;
       u2 number_of_exceptions;
       u2 exception_index_table[number_of_exceptions];
    }

attribute_name_index

    constant_pool[attribute_name_index] will be the CONSTANT_Utf8 string

"Exceptions".

attribute_length

This field indicates the total length of the Exceptions_attribute, excluding the initial six bytes.

number_of_exceptions

This field indicates the number of entries in the following exception index table.

exception_index_table

Each value in this table is an index into the constant pool. For each table element (exception_index_table[i] != 0, wher e 0 <= i < number_of_exceptions), then

constant_pool[exception_index+table[i]] is a Exception that this class is declar ed

to thr ow.

2.6.5 LineNumberT able

This attribute is used by debuggers and the exception handler to determine which part of the virtual machine code corr esponds to a given location in the sour ce. The LineNumberT able_attribute has the following format:

    LineNumberTable_attribute {
       u2 attribute_name_index;
       u4 attribute_length;
       u2 line_number_table_length;
       { u2 start_pc;
          u2 line_number;
       } line_number_table[line_number_table_length];
    }

attribute_name_index

    constant_pool[attribute_name_index] will be the CONSTANT_Utf8 string

"LineNumberTable".

attribute_length

This field indicates the total length of the LineNumberT able_attribute, excluding the initial six bytes.

line_number_table_length

This field indicates the number of entries in the following line number table.

line_number_table

Each entry in the line number table indicates that the line number in the sour ce file changes at a given point in the code.

start_pc

This field indicates the place in the code at which the code for a new line in the sour ce begins.

    source_pc <<SHOULD THA T BEstart_pc?>> is an of fset from the beginning of the code.

line_number

The line number that begins at the given location in the file.

2.6.6 LocalVariableT able

This attribute is used by debuggers to determine the value of a given local variable during the dynamic execution of a method. The format of the LocalV ariableTable_attribute is as follows:

    LocalVariableTable_attribute {
       u2 attribute_name_index;
       u4 attribute_length;
       u2 local_variable_table_length;
       { u2 start_pc;
          u2 length;
          u2 name_index;
          u2 signature_index;
          u2 slot;
       } local_variable_table[local_variable_table_length];
    }

attribute_name_index

    constant_pool[attribute_name_index] will be the CONSTANT_Utf8 string

"LocalVariableTable".

attribute_length

This field indicates the total length of the LineNumberT able_attribute, excluding the initial six bytes.

local_variable_table_length

This field indicates the number of entries in the following local variable table.

local_variable_table

Each entry in the local variable table indicates a code range during which a local variable has a value. It also indicates wher e on the stack the value of that variable can be found.

start_pc, length

The given local variable will have a value at the code between start_pc and start_pc +

    length. The two values ar e both of fsets from the beginning of the code.

name_index, signature_index
    constant_pool[name_index]and  constant_pool[signature_index] are
   CONSTANT_Utf8 strings giving the name and signatur e of the local variable.
slot

The given variable will be the slot^{th} local variable in the method’s frame.

26 Java Virtual Machine Specification August 22, 1995

3 The Virtual Machine Instruction Set

3.1 Format for the Instructions

Java Virtual Machine instr uctions ar e represented in this document by an entry of the following form.

instruction name

Short description of the instr uction

Stack: … ., value1, value2 ⇒ ..., value3

A longer description that explains the functions of the instr uction and indicates any exceptions that might be thr own during execution.

Each line in the syntax diagram r epresents a single 8-bit byte. Operations of the Java V irtual Machine most often take their operands fr om the stack and put their r esults back on the stack. As a convention, the descriptions do not usually mention when the stack is the sour ce or destination of an operation, but will always mention when it is not. For instance, the iload instr uction has the short description “Load integer fr om local variable.” Implicitly , the integer is loaded onto the stack. The iadd instr uction is described as “Integer add”; both its sour ce and destination ar e the stack. Instr uctions that do not af fect the contr ol flow of a computation may be assumed to always advance the virtual machine pc to the opcode of the following instr uction. Only instr uctions that do af fect contr ol flow will explicitly mention the ef fect they have on pc.

3.2 Pushing Constants onto the Stack

bipush

Push one-byte signed integer

Stack: ... => ..., value

byte1 is interpr eted as a signed 8-bit value. This value is expanded to an integer and pushed onto the operand stack.

Syntax: opcode = number operand1 operand2 ...

Syntax: bipush = 16 byte1

sipush

Push two-byte signed integer

Stack: ... => ..., item

byte1 and byte2 are assembled into a signed 16-bit value. This value is expanded to an integer and pushed onto the operand stack.

ldc1

Push item fr om constant pool

Stack: ... => ..., item

indexbyte1 is used as an unsigned 8-bit index into the constant pool of the curr ent class. The item at that index is r esolved and pushed onto the stack. If a String is being pushed and ther e isn’t enough memory to allocate space for it then an OutOfMemoryError is thr own. Note: A String push r esults in a r eference to an object; what other constants do, and explain this somewher e here.

ldc2

Push item fr om constant pool

Stack: ... => ..., item

indexbyte1 and indexbyte2 are used to constr uct an unsigned 16-bit index into the constant pool of the curr ent class. The item at that index is r esolved and pushed onto the stack. If a String is being pushed and ther e isn’t enough memory to allocate space for it then an OutOfMemoryError is thrown. Note: A String push r esults in a r eference to an object; what other constants do, and explain this somewher e here.

Syntax: sipush = 17 byte1 byte2

Syntax: ldc1 = 18 indexbyte1

Syntax: ldc2 = 19 indexbyte1 indexbyte2

ldc2w

Push long or double fr om constant pool

Stack: ... => ..., constant-word1, constant-word2

indexbyte1 and indexbyte2 are used to constr uct an unsigned 16-bit index into the constant pool of the curr ent class. The two-wor d constant at that index is r esolved and pushed onto the stack.

aconst_null

Push null object r eference

Stack: ... => ..., null

Push the null object reference onto the stack.

iconst_m1

Push integer constant –1

Stack: ... => ..., –1

Push the integer –1 onto the stack.

iconst_<n>

Push integer constant

Stack: ... => ..., <n>

Forms: iconst_0 = 3, iconst_1 = 4, iconst_2 = 5, iconst_3 = 6, iconst_4 = 7, iconst_5 = 8 Push the integer <n> onto the stack.

lconst_<l>

Push long integer constant

Stack: ... => ..., <l>-word1, <l>-word2

Forms: lconst_0 = 9, lconst_1 = 10 Push the long integer <l> onto the stack.

Syntax: ldc2w = 20 indexbyte1 indexbyte2

Syntax: aconst_null = 1

Syntax: iconst_m1 = 2

Syntax: iconst_<n>

Syntax: lconst_<l>

fconst_<f>

Push single float

Stack: ... => ..., <f> Forms: fconst_0 = 11, fconst_1 = 12, fconst_2 = 13 Push the single-pr ecision floating point number <f> onto the stack.

dconst_<d>

Push double float

Stack: ... => ..., <d>-word1, <d>-word2 Forms: dconst_0 = 14, dconst_1 = 15 Push the double-pr ecision floating point number <d> onto the stack.

3.3 Loading Local V ariables Onto the Stack

iload

Load integer fr om local variable

Stack: ... => ..., value The value of the local variable at vindex in the curr ent Java frame is pushed onto the operand stack.

iload_<n>

Load integer fr om local variable

Stack: ... => ..., value Forms: iload_0 = 26, iload_1 = 27, iload_2 = 28, iload_3 = 29 The value of the local variable at <n> in the curr ent Java frame is pushed onto the operand stack. This instr uction is the same as iload with a vindex of <n>, except that the operand <n> is implicit.

Syntax: fconst_<f>

Syntax: dconst_<d>

Syntax: iload = 21 vindex

Syntax: iload_<n>

lload

Load long integer fr om local variable

Stack: ... => ..., value-word1, value-word2 The value of the local variables at vindex and vindex+1 in the curr ent Java frame is pushed onto the operand stack.

lload_<n>

Load long integer fr om local variable

Stack: ... => ..., value-word1, value-word2 Forms: lload_0 = 30, lload_1 = 31, lload_2 = 32, lload_3 = 33 The value of the local variables at <n> and <n>+1 in the curr ent Java frame is pushed onto the operand stack. This instr uction is the same as lload with a vindex of <n>, except that the operand <n> is implicit.

fload

Load single float fr om local variable

Stack: ... => ..., value The value of the local variable at vindex in the curr ent Java frame is pushed onto the operand stack.

fload_<n>

Load single float fr om local variable

Stack: ... => ..., value Forms: fload_0 = 34, fload_1 = 35, fload_2 = 36, fload_3 = 37 The value of the local variable at <n>in the curr ent Java frame is pushed onto the operand stack. This instr uction is the same as fload with a vindex of <n>, except that the operand <n> is implicit.

Syntax: lload = 22 vindex

Syntax: lload_<n>

Syntax: fload = 23 vindex

Syntax: fload_<n>

dload

Load double float fr om local variable

Stack: ... => ..., value-word1, value-word2 The value of the local variables at vindex and vindex+1 in the curr ent Java frame is pushed onto the operand stack.

dload_<n>

Load double float fr om local variable

Stack: ... => ..., value-word1, value-word2 Forms: dload_0 = 38, dload_1 = 39, dload_2 = 40, dload_3 = 41 The value of the local variables at <n> and <n>+1 in the curr ent Java frame is pushed onto the operand stack. This instr uction is the same as dload with a vindex of <n>, except that the operand <n> is implicit.

aload

Load object r eference from local variable

Stack: ... => ..., value The value of the local variable at vindex in the curr ent Java frame is pushed onto the operand stack.

aload_<n>

Load object r eference from local variable

Stack: ... => ..., value Forms: aload_0 = 42, aload_1 = 43, aload_2 = 44, aload_3 = 45 The value of the local variable at <n>in the curr ent Java frame is pushed onto the operand stack. This instr uction is the same as aload with a vindex of <n>, except that the operand <n> is implicit.

Syntax: dload = 24 vindex

Syntax: dload_<n>

Syntax: aload = 25 vindex

Syntax: aload_<n>

3.4 Storing Stack V alues into Local V ariables

istore

Store integer into local variable

Stack: ..., value => ... value must be an integer . Local variable vindex in the curr ent Java frame is set to value.

istore_<n>

Store integer into local variable

Stack: ..., value => ... Forms: istore_0 = 59, istore_1 = 60, istore_2 = 61, istore_3 = 62 value must be an integer . Local variable <n> in the curr ent Java frame is set to value. This instr uction is the same as istore with a vindex of <n>, except that the operand <n> is implicit.

lstore

Store long integer into local variable

Stack: ..., value-word1, value-word2 => ... value must be a long integer . Local variables vindex and vindex+1 in the curr ent Java frame ar e set to value.

lstore_<n>

Store long integer into local variable

Stack: ..., value-word1, value-word2 => ... Forms: lstore_0 = 63, lstore_1 = 64, lstore_2 = 65, lstore_3 = 66 value must be a long integer . Local variables <n> and <n>+1 in the curr ent Java frame ar e set to value. This instr uction is the same as lstore with a vindex of <n>, except that the operand <n> is implicit.

Syntax: istore = 54 vindex

Syntax: istore_<n>

Syntax: lstore = 55 vindex

Syntax: lstore_<n>

fstore

Store single float into local variable

Stack: ..., value => ...

value must be a single-pr ecision floating point number . Local variable vindex in the curr ent Java frame is set to value.

fstore_<n>

Store single float into local variable

Stack: ..., value => ...

Forms: fstore_0 = 67, fstore_1 = 68, fstore_2 = 69, fstore_3 = 70 value must be a single-pr ecision floating point number . Local variable <n> in the curr ent Java frame is set to value. This instr uction is the same as fstore with a vindex of <n>, except that the operand <n> is implicit.

dstore

Store double float into local variable

Stack: ..., value-word1, value-word2 => ...

value must be a double-pr ecision floating point number . Local variables vindex and vindex+1 in the curr ent Java frame ar e set to value.

dstore_<n>

Store double float into local variable

Stack: ..., value-word1, value-word2 => ...

Forms: dstore_0 = 71, dstore_1 = 72, dstore_2 = 73, dstore_3 = 74 value must be a double-pr ecision floating point number . Local variables <n> and <n>+1 in the curr ent Java frame ar e set to value. This instr uction is the same as dstore with a vindex of <n>, except that the operand <n> is implicit.

Syntax: fstore = 56 vindex

Syntax: fstore_<n>

Syntax: dstore = 57 vindex

Syntax: dstore_<n>

astore

Store object r eference into local variable

Stack: ..., value => ...

value must be a r eturn addr ess or a r eference to an object. Local variable vindex in the curr ent Java frame is set to value.

astore_<n>

Store object r eference into local variable

Stack: ..., value => ...

Forms: astore_0 = 75, astore_1 = 76, astore_2 = 77, astore_3 = 78 value must be a r eturn addr ess or a r eference to an object. Local variable <n> in the curr ent Java frame is set to value. This instr uction is the same as astore with a vindex of <n>, except that the operand <n> is implicit.

iinc

Increment local variable by constant

Stack: no change

Local variable vindex in the curr ent Java frame must contain an integer . Its value is incr emented by the value const, wher e const is treated as a signed 8-bit quantity .

3.5 Wider index for Loading, Storing and Incrementing

wide

Wider index for accessing local variables in load, stor e and incr ement.

Stack: no change

This bytecode must pr ecede one of the following bytecodes: iload, lload, fload, dload,

aload, istore, lstore, fstore, dstore, astore, iinc. The vindex of the following

bytecode and vindex2 from this bytecode ar e assembled into an unsigned 16-bit index to a local variable in the curr ent Java frame. The following bytecode operates as normal except for the use of this wider index.

Syntax: astore = 58 vindex

Syntax: astore_<n>

Syntax: iinc = 132 vindex const

Syntax: wide = 196 vindex2

3.6 Managing Arrays

newarray

Allocate new array

Stack: ..., size=> result size must be an integer . It represents the number of elements in the new array . atype is an internal code that indicates the type of array to allocate. Possible values for atype are as follows:

A new array of atype, capable of holding sizeelements, is allocated, and result is a reference to this new object. Allocation of an array lar ge enough to contain size items of atype is attempted. All elements of the array ar e initialized to zer o. If sizeis less than zer o, a NegativeArraySizeException is thr own. If ther e is not enough memory to allocate the array , an OutOfMemoryError is thr own.

Syntax: newarray = 188 atype

T_BOOLEAN 4 T_CHAR 5 T_FLOAT 6 T_DOUBLE 7 T_BYTE 8 T_SHOR T 9 T_INT 10 T_LONG 11

anewarray

Allocate new array of r eferences to objects

Stack: ..., size=> result size must be an integer . It represents the number of elements in the new array . indexbyte1 and indexbyte2are used to constr uct an index into the constant pool of the curr ent class. The item at that index is r esolved. The r esulting entry must be a class. A new array of the indicated class type and capable of holding sizeelements is allocated, and result is a reference to this new object. Allocation of an array lar ge enough to contain size items of the given class type is attempted. All elements of the array ar e initialized to null. If sizeis less than zer o, a NegativeArraySizeException is thr own. If ther e is not enough memory to allocate the array , an OutOfMemoryError is thr own.

anewarray is used to cr eate a single dimension of an array of object r eferences. For example, to cr eate
    new Thread[7]

the following code is used:

    bipush 7
    anewarray <Class "java.lang.Thread">
anewarray can also be used to cr eate the first dimension of a multi-dimensional array . For example,

the following array declaration:

new int[6][]

is created with the following code:

bipush 6
anewarray <Class "[I">

See CONSTANT_Class in the “Class File Format” chapter for information on array class names.

multianewarray

Allocate new multi-dimensional array

Stack: ..., size1 size2...sizen=> result Each size must be an integer . Each represents the number of elements in a dimension of the array . indexbyte1 and indexbyte2are used to constr uct an index into the constant pool of the curr ent class. The item at that index is r esolved. The r esulting entry must be an array class of one or mor e dimensions. dimensions has the following aspects:

• It must be an integer ≥ 1. • It represents the number of dimensions being cr eated. It must be ≤ the number of dimensions of the array class.

Syntax: anewarray = 189 indexbyte1 indexbyte2

Syntax: multianewarray = 197 indexbyte1 indexbyte2 dimensions

• It represents the number of elements that ar e popped of f the stack. All must be integers gr eater than or equal to zer o. These ar e used as the sizes of the dimension. For example, to cr eate

new int[6][3][]

the following code is used:

bipush 6
bipush 3
multianewarray <Class "[[[I"> 2

If any of the size arguments on the stack is less than zer o, a NegativeArraySizeException is thrown. If ther e is not enough memory to allocate the array , an OutOfMemoryError is thr own. The result is a reference to the new array object. Note : More explanation needed about how this is an array of arrays. Note : It is mor e efficient to use newarray or anewarray when cr eating a single dimension. See CONSTANT_Class in the “Class File Format” chapter for information on array class names.

arraylength

Get length of array

Stack: ..., objectref=> ..., length objectrefmust be a r eference to an array object. The length of the array is determined and r eplaces objectrefon the top of the stack. If the objectrefis null, a NullPointerException is thr own.

iaload

Load integer fr om array

Stack: ..., arrayref, index => ..., value arrayref must be a r eference to an array of integers. index must be an integer . The integer value at position number index in the array is r etrieved and pushed onto the top of the stack. If arrayref is null a NullPointerException is thr own. If index is not within the bounds of the array an ArrayIndexOutOfBoundsException is thr own.

laload

Load long integer fr om array

Stack: ..., arrayref, index => ..., value-word1, value-word2 arrayref must be a r eference to an array of long integers. index must be an integer . The long integer value at position number index in the array is r etrieved and pushed onto the top of the stack. If arrayref is null a NullPointerException is thr own. If index is not within the bounds of the array an ArrayIndexOutOfBoundsException is thr own.

Syntax: arraylength = 190

Syntax: iaload = 46

Syntax: laload = 47

faload

Load single float fr om array

Stack: ..., arrayref, index => ..., value

arrayref must be a r eference to an array of single-pr ecision floating point numbers. index must be an integer . The single-pr ecision floating point number value at position number index in the array is retrieved and pushed onto the top of the stack. If arrayref is null a NullPointerException is thr own. If index is not within the bounds of the array an ArrayIndexOutOfBoundsException is thr own.

daload

Load double float fr om array

Stack: ..., arrayref, index => ..., value-word1, value-word2

arrayref must be a r eference to an array of double-pr ecision floating point numbers. index must be an integer . The double-pr ecision floating point number value at position number index in the array is retrieved and pushed onto the top of the stack. If arrayref is null a NullPointerException is thr own. If index is not within the bounds of the array an ArrayIndexOutOfBoundsException is thr own.

aaload

Load object r eference from array

Stack: ..., arrayref, index => ..., value

arrayref must be a r eference to an array of r eferences to objects. index must be an integer . The object reference at position number index in the array is r etrieved and pushed onto the top of the stack. If arrayref is null a NullPointerException is thr own. If index is not within the bounds of the array an ArrayIndexOutOfBoundsException is thr own.

baload

Load signed byte fr om array .

Stack: ..., arrayref, index => ..., value

arrayref must be a r eference to an array of signed bytes. index must be an integer . The signed byte value at position number index in the array is r etrieved, expanded to an integer , and pushed onto the top of the stack. If arrayref is null a NullPointerException is thr own. If index is not within the bounds of the array an ArrayIndexOutOfBoundsException is thr own.

Syntax: faload = 48

Syntax: daload = 49

Syntax: aaload = 50

Syntax: baload = 51

caload

Load character fr om array

Stack: ..., arrayref, index => ..., value

arrayref must be a r eference to an array of characters. index must be an integer . The character value at position number index in the array is r etrieved, zer o-extended to an integer , and pushed onto the top of the stack. If arrayref is null a NullPointerException is thr own. If index is not within the bounds of the array an ArrayIndexOutOfBoundsException is thr own.

saload

Load short fr om array

Stack: ..., arrayref, index => ..., value

arrayref must be a r eference to an array of short integers. index must be an integer . The ;signed short integer value at position number index in the array is r etrieved, expanded to an integer , and pushed onto the top of the stack. If arrayref is null, a NullPointerException is thr own. If index is not within the bounds of the array an ArrayIndexOutOfBoundsException is thr own.

iastore

Store into integer array

Stack: ..., arrayref, index, value => ...

arrayref must be a r eference to an array of integers, index must be an integer , and value an integer . The integer value is stor ed at position index in the array . If arrayref is null, a NullPointerException is thr own. If index is not within the bounds of the array an ArrayIndexOutOfBoundsException is thr own.

lastore

Store into long integer array

Stack: ..., arrayref, index, value-word1, value-word2 => ...

arrayref must be a r eference to an array of long integers, index must be an integer , and value a long integer . The long integer value is stor ed at position index in the array . If arrayref is null, a NullPointerException is thr own. If index is not within the bounds of the array , an ArrayIndexOutOfBoundsException is thr own.

Syntax: caload = 52

Syntax: saload = 53

Syntax: iastore = 79

Syntax: lastore = 80

fastore

Store into single float array

Stack: ..., arrayref, index, value => ...

arrayref must be an array of single-pr ecision floating point numbers, index must be an integer , and value a single-pr ecision floating point number . The single float value is stor ed at position index in the array.

If arrayref is null, a NullPointerException is thr own. If index is not within the bounds of the array an ArrayIndexOutOfBoundsException is thr own.

dastore

Store into double float array

Stack: ..., arrayref, index, value-word1, value-word2 => ...

arrayref must be a r eference to an array of double-pr ecision floating point numbers, index must be an integer , and value a double-pr ecision floating point number . The double float value is stor ed at position index in the array .

If arrayrefis null, a NullPointerException is thr own. If index is not within the bounds of the array an ArrayIndexOutOfBoundsException is thr own.

aastore

Store into object r eference array

Stack: ..., arrayref, index, value => ...

arrayref must be a r eference to an array of r eferences to objects, index must be an integer , and value a reference to an object. The object r eference value is stor ed at position index in the array .

If arrayrefis null, a NullPointerException is thr own. If index is not within the bounds of the array , an ArrayIndexOutOfBoundsException is thr own.

The actual type of value must be conformable with the actual type of the elements of the array . For example, it is legal to stor e an instance of class Thread in an array of class Object, but not vice versa. (See the Java Language Specification for information on how to determine whether a object reference is an instance of a class.) An ArrayStoreException is thr own if an attempt is made to store an incompatible object r eference.

Note : Mustn’t refer to the Java Language Specification; give semantics her e.

Syntax: fastore = 81

Syntax: dastore = 82

Syntax: aastore = 83

bastore

Store into signed byte array

Stack: ..., arrayref, index, value => ...

arrayref must be a r eference to an array of signed bytes, index must be an integer , and value an integer . The integer value is stor ed at position index in the array . If value is too lar ge to be a signed byte, it is truncated. If arrayref is null, a NullPointerException is thr own. If index is not within the bounds of the array an ArrayIndexOutOfBoundsException is thr own.

castore

Store into character array

Stack: ..., arrayref, index, value => ...

arrayref must be an array of characters, index must be an integer , and value an integer . The integer value is stor ed at position index in the array . If value is too lar ge to be a character , it is tr uncated. If arrayref is null, a NullPointerException is thr own. If index is not within the bounds of [the array an ArrayIndexOutOfBoundsException is thr own.

sastore

Store into short array

Stack: ..., array, index, value => ...

arrayref must be an array of shorts, index must be an integer , and value an integer . The integer value is stored at position index in the array . If value is too lar ge to be an short, it is tr uncated. If arrayref is null, a NullPointerException is thr own. If index is not within the bounds of the array an ArrayIndexOutOfBoundsException is thr own.

3.7 Stack Instructions nop Do nothing

Stack: no change

Do nothing.

Syntax: bastore = 84

Syntax: castore = 85

Syntax: sastore = 86

Syntax: nop = 0

pop Pop top stack wor d

Stack: ..., any => ... Pop the top wor d from the stack.

pop2

Pop top two stack wor ds

Stack: ..., any2, any1 => ... Pop the top two wor ds from the stack. dup Duplicate top stack wor d

Stack: ..., any => ..., any, any Duplicate the top wor d on the stack.

dup2

Duplicate top two stack wor ds

Stack: ..., any2, any1 => ..., any2, any1, any2, any1 Duplicate the top two wor ds on the stack.

dup_x1

Duplicate top stack wor d and put two down

Stack: ..., any2, any1 => ..., any1, any2, any1 Duplicate the top wor d on the stack and insert the copy two wor ds down in the stack.

Syntax: pop = 87

Syntax: pop2 = 88

Syntax: dup = 89

Syntax: dup2 = 92

Syntax: dup_x1 = 90

dup2_x1

Duplicate top two stack wor ds and put two down

Stack: ..., any3, any2, any1 => ..., any2, any1, any3, any2, any1

Duplicate the top two wor ds on the stack and insert the copies two wor ds down in the stack.

dup_x2

Duplicate top stack wor d and put thr ee down

Stack: ..., any3, any2, any1 => ..., any1, any3, any2, any1

Duplicate the top wor d on the stack and insert the copy thr ee wor ds down in the stack.

dup2_x2

Duplicate top two stack wor ds and put thr ee down

Stack: ..., any4, any3, any2, any1 => ..., any2, any1, any4, any3, any2, any1

Duplicate the top two wor ds on the stack and insert the copies thr ee wor ds down in the stack.

swap

Swap top two stack wor ds

Stack: ..., any2, any1 => ..., any2, any1

Swap the top two elements on the stack.

3.8 Arithmetic Instructions

iadd

Integer add

Stack: ..., value1, value2 => ..., result

value1 and value2 must be integers. The values ar e added and ar e replaced on the stack by their integer sum.

Syntax: dup2_x1 = 93

Syntax: dup_x2 = 91

Syntax: dup2_x2 = 94

Syntax: swap = 95

Syntax: iadd = 96

ladd

Long integer add

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word2 => ..., result-word1, result-word2

value1 and value2 must be long integers. The values ar e added and ar e replaced on the stack by their long integer sum.

fadd

Single floats add

Stack: ..., value1, value2 => ..., result

value1 and value2 must be single-pr ecision floating point numbers. The values ar e added and ar e replaced on the stack by their single-pr ecision floating point sum.

dadd

Double floats add

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word2 => ..., result-word1, result-word2

value1 and value2 must be double-pr ecision floating point numbers. The values ar e added and ar e replaced on the stack by their double-pr ecision floating point sum.

isub

Integer subtract

Stack: ..., value1, value2 => ..., result

value1 and value2 must be integers. value2 is subtracted fr om value1, and both values ar e replaced on the stack by their integer dif ference.

lsub

Long integer subtract

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word2 => ..., result-word1, result-word2

value1 and value2 must be long integers. value2 is subtracted fr om value1, and both values ar e replaced on the stack by their long integer dif ference.

Syntax: ladd = 97

Syntax: fadd = 98

Syntax: dadd = 99

Syntax: isub = 100

Syntax: lsub = 101

fsub

Single float subtract

Stack: ..., value1, value2 => ..., result

value1 and value2 must be single-pr ecision floating point numbers. value2 is subtracted fr om value1, and both values ar e replaced on the stack by their single-pr ecision floating point dif ference.

dsub

Double float subtract

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word2 => ..., result-word1, result-word2

value1 and value2 must be double-pr ecision floating point numbers. value2 is subtracted fr om value1, and both values ar e replaced on the stack by their double-pr ecision floating point dif ference.

imul

Integer multiply

Stack: ..., value1, value2 => ..., result

value1 and value2 must be integers. Both values ar e replaced on the stack by their integer pr oduct.

lmul

Long integer multiply

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word2 => ..., result-word1, result-word2

value1 and value2 must be long integers. Both values ar e replaced on the stack by their long integer product.

fmul

Single float multiply

Stack: ..., value1, value2 => ..., result

value1 and value2 must be single-pr ecision floating point numbers. Both values ar e replaced on the stack by their single-pr ecision floating point pr oduct.

Syntax: fsub = 102

Syntax: dsub = 103

Syntax: imul = 104

Syntax: imul = 105

Syntax: fmul = 106

dmul

Double float multiply

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word2 => ..., result-word1, result-word2

value1 and value2 must be double-pr ecision floating point numbers. Both values ar e replaced on the stack by their double-pr ecision floating point pr oduct.

idiv

Integer divide

Stack: ..., value1, value2 => ..., result

value1 and value2 must be integers. value1 is divided by value2, and both values ar e replaced on the stack by their integer quotient. The result is tr uncated to the near est integer that is between it and 0. An attempt to divide by zer o results in a “/ by zer o” ArithmeticException being thr own.

ldiv

Long integer divide

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word2 => ..., result-word1, result-word2

value1 and value2 must be long integers. value1 is divided by value2, and both values ar e replaced on the stack by their long integer quotient. The result is tr uncated to the near est integer that is between it and 0. An attempt to divide by zer o results in a “/ by zer o” ArithmeticException being thr own.

fdiv

Single float divide

Stack: ..., value1, value2 => ..., result

value1 and value2 must be single-pr ecision floating point numbers. value1 is divided by value2, and both values ar e replaced on the stack by their single-pr ecision floating point quotient. Divide by zer o results in the quotient being NaN.

Syntax: dmul = 107

Syntax: idiv = 108

Syntax: ldiv = 109

Syntax: fdiv = 110

ddiv

Double float divide

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word2 => ..., result-word1, result-word2 value1 and value2 must be double-pr ecision floating point numbers. value1 is divided by value2, and both values ar e replaced on the stack by their double-pr ecision floating point quotient. Divide by zer o results in the quotient being NaN.

irem

Integer r emainder

Stack: ..., value1, value2 => ..., result value1 and value2 must both be integers. value1 is divided by value2, and both values ar e replaced on the stack by their integer r emainder . An attempt to divide by zer o results in a “/ by zer o” ArithmeticException being thr own. Note: need a description of the integer r emainder semantics

lrem

Long integer r emainder

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word2 => ..., result-word1, result-word2 value1 and value2 must both be long integers. value1 is divided by value2, and both values ar e replaced on the stack by their long integer r emainder . An attempt to divide by zer o results in a “/ by zer o” ArithmeticException being thr own. Note: need a description of the integer r emainder semantics

frem

Single float r emainder

Stack: ..., value1, value2 => ..., result value1 and value2 must both be single-pr ecision floating point numbers. value1 is divided by value2, and the quotient is tr uncated to an integer , and then multiplied by value2. The pr oduct is subtracted from value1.The result, as a single-pr ecision floating point number , replaces both values on the stack. result = value1 - (integral_part( value1/ value2) *value2), wher e integral_part() r ounds to the near est integer , with a tie going to the even number . An attempt to divide by zer o results in NaN. Note: gls to pr ovide a better definition of the floating r emainder semantics

Syntax: ddiv = 111

Syntax: irem = 112

Syntax: lrem = 113

Syntax: frem = 114

drem

Double float r emainder

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word2 => ..., result-word1, result-word2

value1 and value2 must both be double-pr ecision floating point numbers. value1 is divided by value2, and the quotient is tr uncated to an integer , and then multiplied by value2. The pr oduct is subtracted from value1.The result, as a double-pr ecision floating point number , replaces both values on the stack. result = value1 - (integral_part( value1/ value2) *value2), wher e integral_part() r ounds to the near est integer , with a tie going to the even number . An attempt to divide by zer o results in NaN. Note: gls to pr ovide a better definition of the floating r emainder semantics

ineg

Integer negate

Stack: ..., value => ..., result

value must be an integer . It is replaced on the stack by its arithmetic negation.

lneg

Long integer negate

Stack: ..., value-word1, value-word2 => ..., result-word1, result-word2

value must be a long integer . It is replaced on the stack by its arithmetic negation.

fneg

Single float negate

Stack: ..., value => ..., result

value must be a single-pr ecision floating point number . It is replaced on the stack by its arithmetic negation.

dneg

Double float negate

Stack: ..., value-word1, value-word2 => ..., result-word1, result-word2

value must be a double-pr ecision floating point number . It is replaced on the stack by its arithmetic negation.

Syntax: drem = 115

Syntax: ineg = 116

Syntax: lneg = 117

Syntax: fneg = 118

Syntax: dneg = 119

3.9 Logical Instructions

ishl

Integer shift left

Stack: ..., value1, value2 => ..., result

value1 and value2 must be integers. value1 is shifted left by the amount indicated by the low five bits of value2. The integer r esult r eplaces both values on the stack.

ishr

Integer arithmetic shift right

Stack: ..., value1, value2 => ..., result

value1 and value2 must be integers. value1 is shifted right arithmetically (with sign extension) by the amount indicated by the low five bits of value2. The integer r esult r eplaces both values on the stack.

iushr

Integer logical shift right

Stack: ..., value1, value2 => ..., result

value1 and value2 must be integers. value1 is shifted right logically (with no sign extension) by the amount indicated by the low five bits of value2. The integer r esult r eplaces both values on the stack.

lshl

Long integer shift left

Stack: ..., value1-word1, value1-word2, value2 => ..., result-word1, result-word2

value1 must be a long integer and value2 must be an integer . value1 is shifted left by the amount indicated by the low six bits of value2. The long integer r esult r eplaces both values on the stack.

lshr

Long integer arithmetic shift right

Stack: ..., value1-word1, value1-word2, value2 => ..., result-word1, result-word2

value1 must be a long integer and value2 must be an integer . value1 is shifted right arithmetically (with sign extension) by the amount indicated by the low six bits of value2. The long integer r esult r eplaces both values on the stack.

Syntax: ishl = 120

Syntax: ishr = 122

Syntax: iushr = 124

Syntax: lshl = 121

Syntax: lshr = 123

lushr

Long integer logical shift right

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word2 => ..., result-word1, result-word2

value1 must be a long integer and value2 must be an integer . value1 is shifted right logically (with no sign extension) by the amount indicated by the low six bits of value2. The long integer r esult r eplaces both values on the stack.

iand

Integer boolean AND

Stack: ..., value1, value2 => ..., result

value1 and value2 must both be integers. They ar e replaced on the stack by their bitwise logical and (conjunction).

land

Long integer boolean AND

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word2 => ..., result-word1, result-word2

value1 and value2 must both be long integers. They ar e replaced on the stack by their bitwise logical and (conjunction). ior Integer boolean OR

Stack: ..., value1, value2 => ..., result

value1 and value2 must both be integers. They ar e replaced on the stack by their bitwise logical or (disjunction). lor Long integer boolean OR

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word2 => ..., result-word1, result-word2

value1 and value2 must both be long integers. They ar e replaced on the stack by their bitwise logical or (disjunction).

Syntax: lushr = 125

Syntax: iand = 126

Syntax: land = 127

Syntax: ior = 128

Syntax: lor = 129

ixor

Integer boolean XOR

Stack: ..., value1, value2 => ..., result

value1 and value2 must both be integers. They ar e replaced on the stack by their bitwise exclusive or (exclusive disjunction).

lxor

Long integer boolean XOR

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word2 => ..., result-word1, result-word2

value1 and value2 must both be long integers. They ar e replaced on the stack by their bitwise exclusive or (exclusive disjunction).

3.10 Conversion Operations i2l Integer to long integer conversion

Stack: ..., value => ..., result-word1, result-word2

value must be an integer . It is converted to a long integer . The result r eplaces value on the stack. i2f Integer to single float

Stack: ..., value => ..., result

value must be an integer . It is converted to a single-pr ecision floating point number . The result r eplaces value on the stack. i2d Integer to double float

Stack: ..., value => ..., result-word1, result-word2

value must be an integer . It is converted to a double-pr ecision floating point number . The result replaces value on the stack.

Syntax: ixor = 130

Syntax: lxor = 131

Syntax: i2l = 133

Syntax: i2f = 134

Syntax: i2d = 135

l2i Long integer to integer

Stack: ..., value-word1, value-word2 => ..., result

value must be a long integer . It is converted to an integer by taking the low-or der 32 bits. The r esult replaces value on the stack. l2f Long integer to single float

Stack: ..., value-word1, value-word2 => ..., result

value must be a long integer . It is converted to a single-pr ecision floating point number . The result replaces value on the stack. l2d Long integer to double float

Stack: ..., value-word1, value-word2 => ..., result-word1, result-word2

value must be a long integer . It is converted to a double-pr ecision floating point number . The result replaces value on the stack. f2i Single float to integer

Stack: ..., value => ..., result

value must be a single-pr ecision floating point number . It is converted to an integer . The result r eplaces value on the stack. See The Java Language Specification for details on converting floating point numbers to integers. Note : Mustn’t refer to the Java Language Specification; give semantics her e.

Syntax: l2i = 136

Syntax: l2f = 137

Syntax: l2d = 138

Syntax: f2i = 139

f2l Single float to long integer

Stack: ..., value => ..., result-word1, result-word2

value must be a single-pr ecision floating point number . It is converted to a long integer . The result replaces value on the stack. See The Java Language Specification for details on converting floating point numbers to integers. Note : Mustn’t refer to the Java Language Specification; give semantics her e. f2d Single float to double float

Stack: ..., value => ..., result-word1, result-word2

value must be a single-pr ecision floating point number . It is converted to a double-pr ecision floating point number . The result r eplaces value on the stack. d2i Double float to integer

Stack: ..., value-word1, value-word2 => ..., result

value must be a double-pr ecision floating point number . It is converted to an integer . The result replaces value on the stack. See The Java Language Specification for details on converting floating point numbers to integers. Note : Mustn’t refer to the Java Language Specification; give semantics her e. d2l Double float to long integer

Stack: ..., value-word1, value-word2 => ..., result-word1, result-word2

value must be a double-pr ecision floating point number . It is converted to a long integer . The result replaces value on the stack. See The Java Language Specification for details on converting floating point numbers to integers. Note : Mustn’t refer to the Java Language Specification; give semantics her e.

Syntax: f2l = 140

Syntax: f2d = 141

Syntax: d2i = 142

Syntax: d2l = 143

d2f Double float to single float

Stack: ..., value-word1, value-word2 => ..., result

value must be a double-pr ecision floating point number . It is converted to a single-pr ecision floating point number . If overflow occurs, the r esult must be infinity with the same sign as value. The result replaces value on the stack.

int2byte

Integer to signed byte

Stack: ..., value => ..., result

value must be an integer . It is tr uncated to a signed 8-bit r esult, then sign extended to an integer . The result r eplaces value on the stack.

int2char

Integer to char

Stack: ..., value => ..., result

value must be an integer . It is tr uncated to an unsigned 16-bit r esult, then zer o extended to an integer . The result r eplaces value on the stack.

int2short

Integer to short

Stack: ..., value => ..., result

value must be an integer . It is tr uncated to a signed 16-bit r esult, then sign extended to an integer . The result r eplaces value on the stack.

Syntax: d2f = 144

Syntax: int2byte = 145

Syntax: int2char = 146

Syntax: int2short = 147

3.11 Control T ransfer Instructions

ifeq

Branch if equal to 0

Stack: ..., value => ...

value must be an integer . It is popped fr om the stack. If value is zero, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that of fset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the ifeq.

ifnull

Branch if null

Stack: ..., value => ...

value must be a r eference to an object. It is popped fr om the stack. If value is null, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that of fset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the ifnull. iflt Branch if less than 0

Stack: ..., value => ...

value must be an integer . It is popped fr om the stack. If value is less than zer o, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that of fset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the iflt.

Syntax: ifeq = 153 branchbyte1 branchbyte2

Syntax: ifnull = 198 branchbyte1 branchbyte2

Syntax: iflt = 155 branchbyte1 branchbyte2

ifle Branch if less than or equal to 0

Stack: ..., value => ...

value must be an integer . It is popped fr om the stack. If value is less than or equal to zer o, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that of fset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the ifle.

ifne

Branch if not equal to 0

Stack: ..., value => ...

value must be an integer . It is popped fr om the stack. If value is not equal to zer o, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that of fset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the ifne.

ifnonnull

Branch if not null

Stack: ..., value => ...

value must be a r eference to an object. It is popped fr om the stack. If value is not null, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that of fset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the

ifnonnull.

ifgt

Branch if gr eater than 0

Stack: ..., value => ...

value must be an integer . It is popped fr om the stack. If value is greater than zer o, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that of fset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the ifgt.

Syntax: ifle = 158 branchbyte1 branchbyte2

Syntax: ifne = 154 branchbyte1 branchbyte2

Syntax: ifnonnull = 199 branchbyte1 branchbyte2

Syntax: ifgt = 157 branchbyte1 branchbyte2

ifge

Branch if gr eater than or equal to 0

Stack: ..., value => ...

value must be an integer . It is popped fr om the stack. If value is greater than or equal to zer o, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that offset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the ifge.

if_icmpeq

Branch if integers equal

Stack: ..., value1, value2 => ...

value1 and value2 must be integers. They ar e both popped fr om the stack. If value1 is equal to value2, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that offset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the if_icmpeq.

if_icmpne

Branch if integers not equal

Stack: ..., value1, value2 => ...

value1 and value2 must be integers. They ar e both popped fr om the stack. If value1 is not equal to value2, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that of fset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the if_icmpne.

if_icmplt

Branch if integer less than

Stack: ..., value1, value2 => ...

value1 and value2 must be integers. They ar e both popped fr om the stack. If value1 is less than value2, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that

Syntax: ifge = 156 branchbyte1 branchbyte2

Syntax: if_icmpeq = 159 branchbyte1 branchbyte2

Syntax: if_icmpne = 160 branchbyte1 branchbyte2

Syntax: if_icmplt = 161 branchbyte1 branchbyte2 offset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the if_icmplt.

if_icmpgt

Branch if integer gr eater than

Stack: ..., value1, value2 => ...

value1 and value2 must be integers. They ar e both popped fr om the stack. If value1 is greater than value2, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that of fset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the if_icmpgt.

if_icmple

Branch if integer less than or equal to

Stack: ..., value1, value2 => ...

value1 and value2 must be integers. They ar e both popped fr om the stack. If value1 is less than or equal to value2, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that of fset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the if_icmple.

if_icmpge

Branch if integer gr eater than or equal to

Stack: ..., value1, value2 => ...

value1 and value2 must be integers. They ar e both popped fr om the stack. If value1 is greater than or equal to value2, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution proceeds at that of fset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the if_icmpge.

Syntax: if_icmpgt = 163 branchbyte1 branchbyte2

Syntax: if_icmple = 164 branchbyte1 branchbyte2

Syntax: if_icmpge = 162 branchbyte1 branchbyte2

lcmp

Long integer compar e

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word1 => ..., result

value1 and value2 must be long integers. They ar e both popped fr om the stack and compar ed. If value1 is greater than value2, the integer value 1 is pushed onto the stack. If value1 is equal to value2, the value 0 is pushed onto the stack. If value1 is less than value2, the value –1 is pushed onto the stack.

fcmpl

Single float compar e (–1 on NaN)

Stack: ..., value1, value2 => ..., result

value1 and value2 must be single-pr ecision floating point numbers. They ar e both popped fr om the stack and compar ed. If value1 is greater than value2, the integer value 1 is pushed onto the stack. If value1 is equal to value2, the value 0 is pushed onto the stack. If value1 is less than value2, the value –1 is pushed onto the stack. If either value1 or value2 is NaN, the value –1 is pushed onto the stack.

fcmpg

Single float compar e (1 on NaN)

Stack: ..., value1, value2 => ..., result

value1 and value2 must be single-pr ecision floating point numbers. They ar e both popped fr om the stack and compar ed. If value1 is greater than value2, the integer value 1 is pushed onto the stack. If value1 is equal to value2, the value 0 is pushed onto the stack. If value1 is less than value2, the value –1 is pushed onto the stack. If either value1 or value2 is NaN, the value 1 is pushed onto the stack.

dcmpl

Double float compar e (–1 on NaN)

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word1 => ..., result

value1 and value2 must be double-pr ecision floating point numbers. They ar e both popped fr om the stack and compar ed. If value1 is greater than value2, the integer value 1 is pushed onto the stack. If value1 is equal to value2, the value 0 is pushed onto the stack. If value1 is less than value2, the value –1 is pushed onto the stack. If either value1 or value2 is NaN, the value –1 is pushed onto the stack.

Syntax: lcmp = 148

Syntax: fcmpl = 149

Syntax: fcmpg = 150

Syntax: dcmpl = 151

dcmpg

Double float compar e (1 on NaN)

Stack: ..., value1-word1, value1-word2, value2-word1, value2-word1 => ..., result

value1 and value2 must be double-pr ecision floating point numbers. They ar e both popped fr om the stack and compar ed. If value1 is greater than value2, the integer value 1 is pushed onto the stack. If value1 is equal to value2, the value 0 is pushed onto the stack. If value1 is less than value2, the value –1 is pushed onto the stack. If either value1 or value2 is NaN, the value 1 is pushed onto the stack.

if_acmpeq

Branch if object r eferences ar e equal

Stack: ..., value1, value2 => ...

value1 and value2 must be r eferences to objects. They ar e both popped fr om the stack. If the objects refrerenced ar e not the same, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that of fset from the Addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the if_acmpeq.

if_acmpne

Branch if object r eferences not equal

Stack: ..., value1, value2 => ...

value1 and value2 must be r eferences to objects. They ar e both popped fr om the stack. If the objecs referenced ar e not the same, branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that of fset from the addr ess of this instr uction. Otherwise execution pr oceeds at the instr uction following the if_acmpne.

goto

Branch always

Stack: no change

branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. Execution pr oceeds at that offset from the addr ess of this instr uction.

Syntax: dcmpg = 152

Syntax: if_acmpeq = 165 branchbyte1 branchbyte2

Syntax: if_acmpne = 166 branchbyte1 branchbyte2

Syntax: goto = 167 branchbyte1 branchbyte2

goto_w

Branch always (wide index)

Stack: no change

branchbyte1, branchbyte2, branchbyte3, and branchbyte4 are used to constr uct a signed 32-bit of fset. Execution pr oceeds at that of fset from the addr ess of this instr uction. jsr Jump subr outine

Stack: ... => ..., return-address

branchbyte1 and branchbyte2 are used to constr uct a signed 16-bit of fset. The addr ess of the instr uction immediately following the jsr is pushed onto the stack. Execution pr oceeds at the of fset from the addr ess of this instr uction. Note : The jsr instr uction is used in the implementation of Java’s finally keywor d.

jsr_w

Jump subr outine (wide index)

Stack: ... => ..., return-address

branchbyte1, branchbyte2, branchbyte3, and branchbyte4 are used to constr uct a signed 32-bit of fset. The addr ess of the instr uction immediately following the jsr_w is pushed onto the stack. Execution proceeds at the of fset from the addr ess of this instr uction.

Syntax: goto_w = 200 branchbyte1 branchbyte2 branchbyte3 branchbyte4

Syntax: jsr = 168 branchbyte1 branchbyte2

Syntax: jsr_w = 201 branchbyte1 branchbyte2 branchbyte3 branchbyte4

ret Return fr om subr outine

Stack: no change

Local variable vindex in the curr ent Java frame must contain a r eturn addr ess. The contents of the local variable ar e written into the pc. Note that jsr pushes the addr ess onto the stack, and ret gets it out of a local variable. This asymmetry is intentional. Note : The ret instr uction is used in the implementation of Java’s finally keywor d.

ret_w

Return fr om subr outine (wide index)

Stack: no change

vindexbyte1 and vindexbyte2 are assembled into an unsigned 16-bit index to a local variable in the curr ent Java frame. That local variable must contain a r eturn addr ess. The contents of the local variable are written into the pc. See the ret instr uction for mor e information.

3.12 Function Return

ireturn

Return integer fr om function

Stack: ..., value => [empty]

value must be an integer . The value value is pushed onto the stack of the pr evious execution envir onment. Any other values on the operand stack ar e discar ded. The interpr eter then r eturns contr ol to its caller .

lreturn

Return long integer fr om function

Stack: ..., value-word1, value-word2 => [empty]

value must be a long integer . The value value is pushed onto the stack of the pr evious execution envir onment. Any other values on the operand stack ar e discar ded. The interpr eter then r eturns contr ol to its caller .

Syntax: ret = 169 vindex

Syntax: ret_w = 209 vindexbyte1 vindexbyte2

Syntax: ireturn = 172

Syntax: lreturn = 173

freturn

Return single float fr om function

Stack: ..., value => [empty]

value must be a single-pr ecision floating point number . The value value is pushed onto the stack of the previous execution envir onment. Any other values on the operand stack ar e discar ded. The interpr eter then r eturns contr ol to its caller .

dreturn

Return double float fr om function

Stack: ..., value-word1, value-word2 => [empty]

value must be a double-pr ecision floating point number . The value value is pushed onto the stack of the previous execution envir onment. Any other values on the operand stack ar e discar ded. The interpr eter then r eturns contr ol to its caller .

areturn

Return object r eference from function

Stack: ..., value => [empty]

value must be a r eference to an object. The value value is pushed onto the stack of the pr evious execution envir onment. Any other values on the operand stack ar e discar ded. The interpr eter then returns contr ol to its caller .

return

Return (void) fr om pr ocedur e

Stack: ... => [empty]

All values on the operand stack ar e discar ded. The interpr eter then r eturns contr ol to its caller .

breakpoint

Stop and pass contr ol to br eakpoint handler

Stack: no change

Syntax: freturn = 174

Syntax: dreturn = 175

Syntax: areturn = 176

Syntax: return = 177

Syntax: breakpoint = 202

3.13 Table Jumping

tableswitch

Access jump table by index and jump

Stack: ..., index => ...

tableswitch is a variable length instr uction. Immediately after the tableswitch instr uction,

between zer o and thr ee 0’s are inserted as padding so that the next byte begins at an addr ess that is a multiple of four . After the padding follow a series of signed 4-byte quantities: default-offset, low, high, and then high-low+1 further signed 4-byte of fsets. The high-low+1 signed 4-byte of fsets ar e treated as a 0-based jump table. The index must be an integer . If index is less than low or index is greater than high, then default-offset is added to the addr ess of this instr uction. Otherwise, low is subtracted fr om index, and the index-low’th element of the jump table is extracted, and added to the addr ess of this instr uction.

Syntax: tableswitch = 170 ...0-3 byte pad... default-offset1 default-offset2 default-offset3 default-offset4 low1 low2 low3 low4 high1 high2 high3 high4 ...jump offsets...

lookupswitch

Access jump table by key match and jump

Stack: ..., key=> ...

lookupswitch is a variable length instr uction. Immediately after the lookupswitch instr uction,

between zer o and thr ee 0’s are inserted as padding so that the next byte begins at an addr ess that is a multiple of four . Immediately after the padding ar e a series of pairs of signed 4-byte quantities. The first pair is special. The first item of that pair is the default of fset, and the second item of that pair gives the number of pairs that follow . Each subsequent pair consists of a match and an offset. The key must be an integer . The integer key on the stack is compar ed against each of the matches. If it is equal to one of them, the offset is added to the addr ess of this instr uction. If the key does not match any of the matches, the default of fset is added to the addr ess of this instr uction.

3.14 Manipulating Object Fields

putfield

Set field in object

Stack: ..., objectref, value => ... OR Stack: ..., objectref, value-word1, value-word2 => ...

indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The constant pool item will be a field r eference to a class name and a field name. The item is r esolved to a field block pointer which has both the field width (in bytes) and the field of fset (in bytes). The field at that offset from the start of the object r eferenced by objectrefwill be set to the value on the top of the stack. This instr uction deals with both 32-bit and 64-bit wide fields. If objectrefis null, a NullPointerException is generated. If the specified field is a static field, an IncompatibleClassChangeError is thr own.

Syntax: lookupswitch = 171 ...0-3 byte pad... default-offset1 default-offset2 default-offset3 default-offset4 npairs1 npairs2 npairs3 npairs4 ..match-offset pairs..

Syntax: putfield = 181 indexbyte1 indexbyte2

getfield

Fetch field fr om object

Stack: ..., objectref=> ..., value OR Stack: ..., objectref=> ..., value-word1, value-word2 indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The constant pool item will be a field r eference to a class name and a field name. The item is r esolved to a field block pointer which has both the field width (in bytes) and the field offset (in bytes). objectrefmust be a r eference to an object. The value at offset into the object r eferenced by objectref replaces objectrefon the top of the stack. This instr uction deals with both 32-bit and 64-bit wide fields. If objectrefis null, a NullPointerException is generated. If the specified field is a static field, an IncompatibleClassChangeError is thr own.

putstatic

Set static field in class

Stack: ..., value => ... OR Stack: ..., value-word1, value-word2 => ... indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The constant pool item will be a field r eference to a static field of a class. That field will be set to have the value on the top of the stack. This instr uction works for both 32-bit and 64-bit wide fields. If the specified field is a dynamic field, an IncompatibleClassChangeError is thr own.

Syntax: getfield = 180 indexbyte1 indexbyte2

Syntax: putstatic = 179 indexbyte1 indexbyte2

getstatic

Get static field fr om class

Stack: ..., => ..., value OR Stack: ..., => ..., value-word1, value-word2

indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The constant pool item will be a field r eference to a static field of a class. This instr uction deals with both 32-bit and 64-bit wide fields. If the specified field is a dynamic field, an IncompatibleClassChangeError is generated.

3.15 Method Invocation

There are four instr uctions that implement method invocation.

invokevirtual Invoke an instance method of an object, dispatching based on the r untime (virtual) type

of the object. This is the normal method dispatch in Java.

invokenonvirtual Invoke an instance method of an object, dispatching based on the compile-time (non-

virtual) type of the object. This is used, for example, when the keywor d super or the name of a super class is used as a method qualifier .

invokestatic Invoke a class ( static) method in a named class.

invokeinterface Invoke a method which is implemented by an interface, sear ching the methods

implemented by the particular r un-time object to find the appr opriate method.

invokevirtual

Invoke instance method, dispatch based on r un-time type

Stack: ..., objectref, [arg1, [arg2 ...]], ... => ...

The operand stack must contain a r eference to an object and some number of ar guments. indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The item at that index in the constant pool contains the complete method signatur e. A pointer to the object’s method table is r etrieved fr om the object r eference. The method signatur e is looked up in the method table. The method signatur e is guaranteed to exactly match one of the method signatur es in the table. The result of the lookup is an index into the method table of the named class, which is used with the object’s dynamic type to look in the method table of that type, wher e a pointer to the method block for

Syntax: getstatic = 178

indexbyte1 indexbyte2

Syntax: invokevirtual = 182 indexbyte1 indexbyte2 the matched method is found. The method block indicates the type of method ( native,

synchronized, and so on) and the number of ar guments expected on the operand stack.

If the method is marked synchronized the monitor associated with objectref is enter ed. The objectref and ar guments ar e popped of f this method’s stack and become the initial values of the local variables of the new method. Execution continues with the first instr uction of the new method. If the object r eference on the operand stack is null, a NullPointerException is thr own. If during the method invocation a stack overflow is detected, a StackOverflowError is thr own.

invokenonvirtual

Invoke instance method, dispatching based on compile-time type

Stack: ..., objectref, [arg1, [arg2 ...]], ... => ...

The operand stack must contain a r eference to an object and some number of ar guments. indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The item at that index in the constant pool contains a complete method signatur e and class. The method signatur e is looked up in the method table of the class indicated. The method signatur e is guaranteed to exactly match one of the method signatur es in the table. The result of the lookup is a method block. The method block indicates the type of method ( native,

synchronized, and so on) and the number of ar guments (nar gs) expected on the operand stack.

If the method is marked synchronized the monitor associated with objectrefis enter ed. The objectref and ar guments ar e popped of f this method’s stack and become the initial values of the local variables of the new method. Execution continues with the first instr uction of the new method. If the object r eference on the operand stack is null, a NullPointerException is thr own. If during the method invocation a stack overflow is detected, a StackOverflowError is thr own.

invokestatic

Invoke a class (static) method

Stack: ..., [arg1, [arg2 ...]], ... => ...

The operand stack must contain some number of ar guments. indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The item at that index in the constant pool contains the complete method signatur e and class. The method signatur e is looked up in the method table of the class indicated. The method signatur e is guaranteed to exactly match one of the method signatur es in the class’s method table. The result of the lookup is a method block. The method block indicates the type of method ( native,

synchronized, and so on) and the number of ar guments (nar gs) expected on the operand stack.

If the method is marked synchronized the monitor associated with the class is enter ed. The ar guments ar e popped of f this method’s stack and become the initial values of the local variables of the new method. Execution continues with the first instr uction of the new method. If during the method invocation a stack overflow is detected, a StackOverflowError is thr own.

Syntax: invokenonvirtual = 183 indexbyte1 indexbyte2

Syntax: invokestatic = 184 indexbyte1 indexbyte2

invokeinterface

Invoke interface method

Stack: ..., objectref, [arg1, [arg2 ...]], ... => ...

The operand stack must contain a r eference to an object and nargs-1 arguments. indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The item at that index in the constant pool contains the complete method signatur e. A pointer to the object's method table is r etrieved fr om the object r eference. The method signatur e is looked up in the method table. The method signatur e is guaranteed to exactly match one of the method signatur es in the table. The result of the lookup is a method block. The method block indicates the type of method ( native,

synchronized, and so on) but unlike invokevirtual and invokenonvirtual, the number of

available ar guments (nar gs) is taken fr om the bytecode. If the method is marked synchronized the monitor associated with objectrefis enter ed. The objectrefand ar guments ar e popped of f this method’s stack and become the initial values of the local variables of the new method. Execution continues with the first instr uction of the new method. If the objectref on the operand stack is null, a NullPointerException is thr own. If during the method invocation a stack overflow is detected, a StackOverflowError is thr own.

3.16 Exception Handling

athrow

Throw exception or err or

Stack: ..., objectref=> [undefined]

objectrefmust be a r eference to an object which is a subclass of Throwable, which is thr own. The curr ent Java stack frame is sear ched for the most r ecent catch clause that catches this class or a super class of this class. If a matching catch list entry is found, the pc is r eset to the addr ess indicated by the catch-list entry , and execution continues ther e. If no appr opriate catch clause is found in the curr ent stack frame, that frame is popped and the object is rethr own. If one is found, it contains the location of the code for this exception. The pc is r eset to that location and execution continues. If no appr opriate catch is found in the curr ent stack frame, that frame is popped and the objectrefis rethr own. If objectrefis null, then a NullPointerException is thr own instead.

Syntax: invokeinterface = 185 indexbyte1 indexbyte2 nargs reserved

Syntax: athrow = 191

3.17 Miscellaneous Object Operations new Create new object

Stack: ... => ..., objectref

indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The item at that index must be a class name that can be r esolved to a class pointer , class. A new instance of that class is then cr eated and a r eference to the object is pushed on the stack.

checkcast

Make sur e object is of given type

Stack: ..., objectref=> ..., objectref

indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The string at that index of the constant pool is pr esumed to be a class name which can be r esolved to a class pointer , class. objectrefmust be a r eference to an object.

checkcast determines whether objectrefcan be cast to be a r eference to an object of class class. A
null objectrefcan be cast to any class. Otherwise the r eferenced object must be an instance of class or

one of its super classes. (See the Java Language Specification for information on how to determine whether a objectrefis an instance of a class.) If objectrefcan be cast to class execution pr oceeds at the next instr uction, and the objectrefremains on the stack. If objectrefcannot be cast to class, a ClassCastException is thr own. Note : Mustn’t refer to the Java Language Specification; give semantics her e.

instanceof

Determine if an object is of given type

Stack: ..., objectref=> ..., result

indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The string at that index of the constant pool is pr esumed to be a class name which can be r esolved to a class pointer , class. objectrefmust be a r eference to an object. instanceof determines whether objectrefcan be cast to be a r eference to an object of the class class. This instr uction will overwrite objectrefwith 1 if objectrefis an instance of class or one of its super classes. (See the Java Language Specification for information on how to determine whether a object r eference is an instance of a class.) Otherwise, objectrefis overwritten by 0. If objectrefis null, it’s overwritten by 0. Note : Mustn’t refer to the Java Language Specification; give semantics her e.

Syntax: new = 187 indexbyte1 indexbyte2

Syntax: checkcast = 192 indexbyte1 indexbyte2

Syntax: instanceof = 193 indexbyte1 indexbyte2

3.18 Monitors

monitorenter

Enter monitor ed region of code

Stack: ..., objectref=> ...

objectrefmust be a r eference to an object. The interpr eter attempts to obtain exclusive access via a lock mechanism to objectref. If another thr ead already has objectreflocked, than the curr ent thr ead waits until the object is unlocked. If the curr ent thread alr eady has the object locked, then continue execution. If the object is not locked, then obtain an exclusive lock. If objectrefis null, then a NullPointerException is thr own instead.

monitorexit

Exit monitor ed region of code

Stack: ..., objectref=> ...

objectrefmust be a r eference to an object. The lock on the object r eleased. If this is the last lock that this thr ead has on that object (one thr ead is allowed to have multiple locks on a single object), then other thr eads that ar e waiting for the object to be available ar e allowed to pr oceed. If objectrefis null, then a NullPointerException is thr own instead.

Syntax: monitorenter = 194

Syntax: monitorexit = 195

August 22, 1995 Java Virtual Machine Specificationn 73

Appendix A: An Optimization

The following set of pseudo-instr uctions suf fixed by _quick are variants of Java virtual machine instr uctions. They ar e used to impr ove the speed of interpr eting bytecodes. They ar e not part of the virtual machine specification or instr uction set, and ar e invisible outside of an Java virtual machine implementation. However , inside a virtual machine implementation they have pr oven to be an ef fective optimization.

A compiler fr om Java sour ce code to the Java virtual machine instr uction set emits only non- _quick instr uctions. If the _quick pseudo-instr uctions ar e used, each instance of a non- _quick instr uction with a

_quick variant is overwritten on execution by its _quick variant. Subsequent execution of that instr uction

instance will be of the _quick variant.

In all cases, if an instr uction has an alternative version with the suf fix _quick, the instr uction r eferences the constant pool. If the _quick optimization is used, each non- _quick instr uction with a _quick variant performs the following:

• Resolves the specified item in the constant pool

• Signals an err or if the item in the constant pool could not be r esolved for some r eason

• Turns itself into the _quick version of the instr uction. The instr uctions putstatic, getstatic,

putfield, and getfield each have two _quick versions.

• Performs its intended operation

This is identical to the action of the instr uction without the _quick optimization, except for the additional step in which the instr uction overwrites itself with its _quick variant.

The _quick variant of an instr uction assumes that the item in the constant pool has alr eady been r esolved, and that this r esolution did not generate any err ors. It simply performs the intended operation on the r esolved item.

Note: some of the invoke methods only support a single-byte of fset into the method table of the object; for objects with 256 or mor e methods some invocations cannot be “quicked” with only these bytecodes. W e also need to define or change existing getfield and putfield bytecodes to support mor e than a byte of offset.

This Appendix doesn’t give the opcode values of the pseudo-instr uctions, since they ar e invisible and subject to change.

A.1 Constant Pool Resolution

When the class is r ead in, an array constant_pool[] of size nconstants is created and assigned to a field in the class. constant_pool[0] is set to point to a dynamically allocated array which indicates which fields in the constant_pool have alr eady been r esolved. constant_pool[1] through

constant_pool[nconstants - 1] are set to point at the “type” field that corr esponds to this constant

item.

When an instr uction is executed that r eferences the constant pool, an index is generated, and

constant_pool[0] is checked to see if the index has alr eady been r esolved. If so, the value of
constant_pool[index] is returned. If not, the value of constant_pool[index] is resolved to be the

actual pointer or data, and overwrites whatever value was alr eady in constant_pool[index].

A.2 Pushing Constants onto the Stack (_quick variants)

ldc1_quick

Push item fr om constant pool onto stack

Stack: ... => ..., item

indexbyte1 is used as an unsigned 8-bit index into the constant pool of the curr ent class. The item at that index is pushed onto the stack.

ldc2_quick

Push item fr om constant pool onto stack

Stack: ... => ..., item

indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The constant at that index is r esolved and the item at that index is pushed onto the stack.

ldc2w_quick

Push long integer or double float fr om constant pool onto stack

Stack: ... => ..., constant-word1, constant-word2

indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The constant at that index is pushed onto the stack.

Syntax: ldc1_quick indexbyte1

Syntax: ldc2_quick indexbyte1 indexbyte2

Syntax: ldc2w_quick indexbyte1 indexbyte2

A.3 Managing Arrays (_quick variants)

anewarray_quick

Allocate new array of r eferences to objects

Stack: ..., size=> result

size must be an integer . It represents the number of elements in the new array . indexbyte1 and indexbyte2 are are used to constr uct an index into the constant pool of the curr ent class. The entry must be a class. A new array of the indicated class type and capable of holding sizeelements is allocated, and result is a reference to this new array . Allocation of an array lar ge enough to contain sizeitems of the given class type is attempted. All elements of the array ar e initialized to zer o. If sizeis less than zer o, a NegativeArraySizeException is thr own. If ther e is not enough memory to allocate the array , an OutOfMemoryError is thr own.

multianewarray_quick

Allocate new multi-dimensional array

Stack: ..., size1, size2,...sizen => result

Each size must be an integer . Each represents the number of elements in a dimension of the array . indexbyte1 and indexbyte2are used to constr uct an index into the constant pool of the curr ent class. The resulting entry must be a class. dimensions has the following aspects:

• It must be an integer ≥ 1. • It represents the number of dimensions being cr eated. It must be ≤ the number of dimensions of the array class.

• It represents the number of elements that ar e popped of f the stack. All must be integers gr eater than or equal to zer o. These ar e used as the sizes of the dimension.

If any of the size arguments on the stack is less than zer o, a NegativeArraySizeException is thrown. If ther e is not enough memory to allocate the array , an OutOfMemoryError is thr own. The result is a reference to the new array object. Note : More explanation needed about how this is an array of arrays.

Syntax: anewarray_quick indexbyte1 indexbyte2

Syntax: multianewarray_quick indexbyte1 indexbyte2 dimensions

A.4 Manipulating Object Fields (_quick variants)

putfield_quick

Set field in object

Stack: ..., objectref, value => ...

objectrefmust be a r eference to an object. value must be a value of a type appr opriate for the specified field. offset is the of fset for the field in that object. value is written at offset into the object. Both objectref and value are popped fr om the stack. If objectrefis null, a NullPointerException is generated.

putfield2_quick

Set long integer or double float field in object

Stack: ..., objectref, value-word1, value-word2=> ...

objectrefmust be a r eference to an object. value must be a value of a type appr opriate for the specified field. offset is the of fset for the field in that object. value is written at offset into the object . Both objectref and value are popped fr om the stack. If objectrefis null, a NullPointerException is generated.

getfield_quick

Fetch field fr om object

Stack: ..., objectref=> ..., value

objectref must be a handle to an object. The value at offset into the object r eferenced by objectref replaces objectref on the top of the stack. If objectref is null, a NullPointerException is generated.

Syntax: putfield_quick offset unused

Syntax: putfield2_quick offset unused

Syntax: getfield_quick offset unused

getfield2_quick

Fetch field fr om object

Stack: ..., objectref=> ..., value-word1, value-word2

objectref must be a handle to an object. The value at offset into the object r eferenced by objectref replaces objectref on the top of the stack. If objectref is null, a NullPointerException is generated.

putstatic_quick

Set static field in class

Stack: ..., value => ...

indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The constant pool item will be a field r eference to a static field of a class. value must be the type appr opriate to that field. That field will be set to have the value value.

putstatic2_quick

Set static field in class

Stack: ..., value-word1, value-word2 => ...

indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The constant pool item will be a field r eference to a static field of a class. That field must either be a long integer or a double pr ecision floating point number . value must be the type appr opriate to that field. That field will be set to have the value value.

getstatic_quick

Get static field fr om class

Stack: ..., => ..., value

indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The constant pool item will be a field r eference to a static field of a class. The value of that field will r eplace handle on the stack.

Syntax: getfield2_quick offset unused

Syntax: putstatic_quick indexbyte1 indexbyte2

Syntax: putstatic2_quick indexbyte1 indexbyte2

Syntax: getstatic_quick indexbyte1 indexbyte2

getstatic2_quick

Get static field fr om class

Stack: ..., => ..., value-word1, value-word2

indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The constant pool item will be a field r eference to a static field of a class. The field must be a long integer or a double pr ecision floating point number . The value of that field will r eplace handle on the stack

A.5 Method Invocation (_quick variants)

invokevirtual_quick

Invoke instance method, dispatching based on r un-time type

Stack: ..., objectref, [arg1, [arg2 ...]] => ...

The operand stack must contain objectref,a reference to an object and nargs-1 arguments. The method block at offset in the object’s method table, as determined by the object’s dynamic type, is r etrieved. The method block indicates the type of method ( native, synchronized, etc.). If the method is marked synchronized the monitor associated with the object is enter ed. The base of the local variables array for the new Java stack frame is set to point to objectrefon the stack, making objectrefand the supplied ar guments ( arg1, arg2, ...) the first nargs local variables of the new frame. The total number of local variables used by the method is determined, and the execution envir onment of the new frame is pushed after leaving suf ficient r oom for the locals. The base of the operand stack for this method invocation is set to the first wor d after the execution envir onment. Finally, execution continues with the first instr uction of the matched method. If objectrefis null, a NullPointerException is thr own. If during the method invocation a stack overflow is detected, a StackOverflowError is thr own.

invokevirtualobject_quick

Invoke instance method of class java.lang.Object, specifically for benefit of arrays

Stack: ..., objectref, [arg1, [arg2 ...]] => ...

The operand stack must contain objectref,a reference to an object or to an array and nargs-1 arguments. The method block at offset in java.lang.Object’s method table is r etrieved. The method block indicates the type of method ( native, synchronized, etc.). If the method is marked synchronized the monitor associated with handle is enter ed. The base of the local variables array for the new Java stack frame is set to point to objectrefon the stack, making objectrefand the supplied ar guments ( arg1, arg2, ...) the first nargs local variables of the new

Syntax: getstatic2_quick indexbyte1 indexbyte2

Syntax: invokevirtual_quick

offset nargs

Syntax: invokevirtualobject_quick offset nargs frame. The total number of local variables used by the method is determined, and the execution envir onment of the new frame is pushed after leaving suf ficient r oom for the locals. The base of the operand stack for this method invocation is set to the first wor d after the execution envir onment. Finally, execution continues with the first instr uction of the matched method.

If objectrefis null, a NullPointerException is thr own. If during the method invocation a stack overflow is detected, a StackOverflowError is thr own.

invokenonvirtual_quick

Invoke instance method, dispatching based on compile-time type

Stack: ..., objectref, [arg1, [arg2 ...]] => ...

The operand stack must contain objectref,a reference to an object and some number of ar guments. indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The item at that index in the constant pool contains a method slot index and a pointer to a class. The method block at the method slot index in the indicated class is r etrieved. The method block indicates the type of method ( native, synchronized, etc.) and the number of ar guments ( nargs) expected on the operand stack.

If the method is marked synchronized the monitor associated with the object is enter ed.

The base of the local variables array for the new Java stack frame is set to point to objectrefon the stack, making objectrefand the supplied ar guments ( arg1, arg2, ...) the first nargs local variables of the new frame. The total number of local variables used by the method is determined, and the execution envir onment of the new frame is pushed after leaving suf ficient r oom for the locals. The base of the operand stack for this method invocation is set to the first wor d after the execution envir onment. Finally, execution continues with the first instr uction of the matched method.

If objectrefis null, a NullPointerException is thr own. If during the method invocation a stack overflow is detected, a StackOverflowError is thr own.

invokestatic_quick

Invoke a class (static) method

Stack: ..., [arg1, [arg2 ...]] => ...

The operand stack must contain some number of ar guments. indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The item at that index in the constant pool contains a method slot index and a pointer to a class. The method block at the method slot index in the indicated class is r etrieved. The method block indicates the type of method ( native,

synchronized, etc.) and the number of ar guments ( nargs) expected on the operand stack.

If the method is marked synchronized the monitor associated with the method’s class is enter ed.

The base of the local variables array for the new Java stack frame is set to point to the first ar gument on the stack, making the supplied ar guments ( arg1, arg2, ...) the first nargs local variables of the new frame. The total number of local variables used by the method is determined, and the execution envir onment of the new frame is pushed after leaving suf ficient r oom for the locals. The base of the

Syntax: invokenonvirtual_quick indexbyte1 indexbyte2

Syntax: invokestatic_quick

indexbyte1 indexbyte2 operand stack for this method invocation is set to the first wor d after the execution envir onment. Finally, execution continues with the first instr uction of the matched method. If the object handle on the operand stack is null, a NullPointerException is thr own. If during the method invocation a stack overflow is detected, a StackOverflowError is thr own.

invokeinterface_quick

Invoke interface method

Stack: ..., objectref, [arg1, [arg2 ...]] => ...

The operand stack must contain objectref,a reference to an object, and nargs-1 arguments. idbyte1 and idbyte2are used to constr uct an index into the constant pool of the curr ent class. The item at that index in the constant pool contains the complete method signatur e. A pointer to the object’s method table is retrieved fr om the object handle. The method signatur e is sear ched for in the object’s method table. As a short-cut, the method signatur e at slot guess is sear ched first. If that fails, a complete sear ch of the method table is performed. The method signatur e is guaranteed to exactly match one of the method signatur es in the table. The result of the lookup is a method block. The method block indicates the type of method ( native,

synchronized, etc.) but the number of available ar guments ( nargs) is taken fr om the bytecode.

If the method is marked synchronized the monitor associated with handle is enter ed. The base of the local variables array for the new Java stack frame is set to point to handle on the stack, making handle and the supplied ar guments ( arg1, arg2, ...) the first nargs local variables of the new frame. The total number of local variables used by the method is determined, and the execution envir onment of the new frame is pushed after leaving suf ficient r oom for the locals. The base of the operand stack for this method invocation is set to the first wor d after the execution envir onment. Finally, execution continues with the first instr uction of the matched method. If objectrefis null, a NullPointerException is thr own. If during the method invocation a stack overflow is detected, a StackOverflowError is thr own. guess is the last guess. Each time thr ough, guess is set to the method of fset that was used.

A.6 Miscellaneous Object Operations (_quick variants)

new_quick

Create new object

Stack: ... => ..., objectref

indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The item at that index must be a class. A new instance of that class is then cr eated and objectref, a reference to that object is pushed on the stack.

Syntax: invokeinterface_quick idbyte1 idbyte2 nargs guess

Syntax: new_quick indexbyte1 indexbyte2

checkcast_quick

Make sur e object is of given type

Stack: ..., objectref=> ..., objectref

objectrefmust be a r eference to an object. indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The object at that index of the constant pool must have alr eady been r esolved.

checkcast then determines whether objectrefcan be cast to a r eference to an object of class class. A
null reference can be cast to any class, and otherwise the super classes of objectref’s type are sear ched

for class. If class is determined to be a super class of objectref’s type, or if objectrefis null, it can be cast to objectrefcannot be cast to class, a ClassCastException is thr own. Note: here (and pr obably in other places) we assume casts don’t change the r eference; this is implementation dependent.

instanceof_quick

Determine if object is of given type

Stack: ..., objectref=> ..., result

objectrefmust be a r eference to an object. indexbyte1 and indexbyte2 are used to constr uct an index into the constant pool of the curr ent class. The item of class class at that index of the constant pool must have alr eady been r esolved.

instanceof determines whether objectrefcan be cast to an object of the class class. A null objectref

can be cast to any class, and otherwise the super classes of objectref’s type are sear ched for class. If class is determined to be a super class of objectref’s type, result is 1 (true). Otherwise, result is 0 (false). If handle is null, result is 0 (false).

Syntax: checkcast_quick indexbyte1 indexbyte2

Syntax: instanceof_quick indexbyte1 indexbyte2

82 Java Virtual Machine Specification August 22, 1995

aaload 39 aastore 41 aconst_null 29 aload 32 aload_<n> 32 anewarray 37 anewarray_quick 75 areturn 64 arraylength 38 astore 35 astore_<n> 35 athrow 70 baload 39 bastore 42 bipush 27 breakpoint 64 caload 40 castore 42 checkcast 71 checkcast_quick 81 d2f 55 d2i 54 d2l 54 dadd 45 daload 39 dastore 41 dcmpg 61 dcmpl 60 dconst_<d> 30 ddiv 48 dload 32 dload_<n> 32 dmul 47 dneg 49 drem 49 dreturn 64 dstore 34 dstore_<n> 34 dsub 46 dup 43 dup_x1 43 dup_x2 44 dup2 43 dup2_x1 44 dup2_x2 44 f2d 54 f2i 53 f2l 54 fadd 45 faload 39 fastore 41 fcmpg 60 fcmpl 60 fconst_<f> 30 fdiv 47 fload 31 fload_<n> 31 fmul 46 fneg 49 frem 48 freturn 64 fstore 34 fstore_<n> 34 fsub 46 getfield 67 getfield_quick 76 getfield2_quick 77 getstatic 68 getstatic_quick 77 getstatic2_quick 78 goto 61 goto_w 62 i2d 52 i2f 52 i2l 52 iadd 44 iaload 38 iand 51 iastore 40 iconst_<n> 29 iconst_m1 29 idiv 47 if_acmpeq 61 if_acmpne 61 if_icmpeq 58 if_icmpge 59 if_icmpgt 59 if_icmple 59 if_icmplt 58 if_icmpne 58 ifeq 56 ifge 58 ifgt 57 ifle 57 iflt 56 ifne 57 ifnonnull 57 ifnull 56

Index of Instructions

iinc 35 iload 30 iload_<n> 30 imul 46 ineg 49 instanceof 71 instanceof_quick 81 instruction name 27 int2byte 55 int2char 55 int2short 55 invokeinterface 70 invokeinterface_quick 80 invokenonvirtual 69 invokenonvirtual_quick 79 invokestatic 69 invokestatic_quick 79 invokevirtual 68 invokevirtual_quick 78 invokevirtualobject_quick 78 ior 51 irem 48 ireturn 63 ishl 50 ishr 50 istore 33 istore_<n> 33 isub 45 iushr 50 ixor 52 jsr 62 jsr_w 62 l2d 53 l2f 53 l2i 53 ladd 45 laload 38 land 51 lastore 40 lcmp 60 lconst_<l> 29 ldc1 28 ldc1_quick 74 ldc2 28 ldc2_quick 74 ldc2w 29 ldc2w_quick 74 ldiv 47 lload 31 lload_<n> 31 lmul 46 lneg 49 lookupswitch 66 lor 51 lrem 48 lreturn 63 lshl 50 lshr 50 lstore 33 lstore_<n> 33 lsub 45 lushr 51 lxor 52 monitorenter 72 monitorexit 72 multianewarray 37 multianewarray_quick 75 new 71 new_quick 80 newarray 36 nop 42 pop 43 pop2 43 putfield 66 putfield_quick 76 putfield2_quick 76 putstatic 67 putstatic_quick 77 putstatic2_quick 77 ret 63 ret_w 63 return 64 saload 40 sastore 42 sipush 28 swap 44 tableswitch 65 wide 35