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Foreword 

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) 
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC 
participate in the development of International Standards through technical committees established by the 
respective organization to deal with particular fields of technical activity. ISO and IEC technical committees 
collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, in 
liaison with ISO and IEC, also take part in the work. In the field of information technology, ISO and IEC have 
established a joint technical committee, ISO/IEC JTC 1. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3. 

The main task of the joint technical committee is to prepare International Standards. Draft International Standards 
adopted by the joint technical committee are circulated to national bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the national bodies casting a vote. 

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject of 
patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights. 

ISO/IEC 20970 was prepared by J Consortium and was adopted, under the PAS procedure, by Joint Technical 
Committee ISO/IEC JTC 1, Information technology, in parallel with its approval by national bodies of ISO and IEC. 

J Consortium, Inc. (“J Consortium”) has granted permission to ISO and IEC to use the trademark JEFF for products 
that comply with ISO/IEC 20970. Thus, implementers of ISO/IEC 20970 may use the J Consortium's JEFF 
trademark in connection with products that fully meet the requirements of ISO/IEC 20970. 
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0 Introduction 

0.1 What is JEFF 
This International Standard describes the JEFF File Format. This format is designed to download and 
store on a platform object oriented programs written in portable code. The distribution of applications is 
not the target of this specification. 
 
The goal of this International Standard is to provide a ready-for-execution format allowing programs to be 
executed directly from static memory, thus avoiding the necessity to recopy classes into dynamic runtime 
memory for execution.  
 
The constraints put on the design of JEFF are the following:  

• Any set of class files must be translatable into a single JEFF file. 
• JEFF must be a ready-for-execution format. A virtual machine can use it efficiently, directly from 

static memory (ROM, flash memory…). No copy in dynamic runtime memory or extra data 
modification shall be needed. 

• All the standard behaviors and features of a virtual machine such as Java™ virtual machine must 
be reproducible using JEFF. 

• In particular, JEFF must facilitate “symbolic linking” of classes. The replacement of a class 
definition by another class definition having a compatible signature (same class name, same 
fields and same method signatures) must not require any modifications in the other class 
definitions.    

  
The main consequences of these choices are:  

• A JEFF file can contain several classes from several packages. The content can be a complete 
application, parts of it, or only one class. 

• To allow “symbolic linking” of classes, the references between classes must be kept at the 
symbolic level, even within a single JEFF file. 

• The binary content of a JEFF file is adapted to be efficiently read by a wide range of processors 
(with different byte orders, alignments, etc.). 

• JEFF is also a highly efficient format for the dynamic downloading of class definitions to dynamic 
memory (RAM).  

0.1.1 Benefits 
JEFF is a file format standard, which allows storing on-platform non pre-linked classes in a form that does 
not require any modification for efficient execution. JEFF exhibits a large range of benefits:  

• The first of these benefits is that classes represented with JEFF can be executed directly from 
storage memory, without requiring any loading into runtime memory in order to be translated in a 
format adequate for execution. This results in a dramatic economy of runtime memory: programs 
with a size of several hundreds of kilobytes may then be executed with only a few kilobytes of 
dynamic runtime memory thanks to JEFF. 

• The second benefit of JEFF is the saving of the processing time usually needed at the start of an 
execution to load into dynamic memory the stored classes. 

• The third benefit is that JEFF does not require the classes to be pre-linked, hence fully preserving 
the flexibility of portable code technologies. With JEFF, programs can be updated on-platform by 
the mere replacement of some individual classes without requiring to  replace the complete 
program. This provides a decisive advantage over previously proposed "ready-for-execution" 
formats providing only pre-linked programs. 

• A last benefit of JEFF is that it allows a compact storage of programs, twice smaller than usual 
class file format, and this without any compression. 
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Information technology — Programming languages, their 
environments and system software interfaces — JEFF file 
format 

1 Scope and normative references 
1.1 Scope 

This International Standard can be used with benefits on all kinds of platform.  
 
This International Standard’s most immediate interest is for deploying portable applications 
on small footprint devices. This International Standard provides dramatic savings of 
dynamic memory and execution time without sacrificing any of the flexibility usually attached 
to the use of non-pre-linked portable code. 
 
This International Standard is especially important to provide a complete solution to execute 
portable programs of which code size is bigger than the available dynamic memory.   
 
This International Standard is also very important when fast reactivity of programs is 
important. By avoiding the extra-processing related to loading into dynamic memory and 
formatting classes at runtime, this International Standard provides a complete answer to the 
problem of class-loading slow-down.  
 
These benefits are particularly interesting for small devices supporting financial applications. 
Such applications are often complex and relying on code of significant size, while the 
pressure of the market often imposes to these devices to be of a low price and, 
consequently, to be very small footprint platforms. In addition, to not impose unacceptable 
delays to customers, it is important these applications do not waste time in loading classes 
into dynamic memory when they are launched but, on the contrary, to be immediately 
actively processing the transaction with no delay. When using smart cards, there are also 
some loose real-time constraints that are better handled if it can be granted that no 
temporary freezing of processing can occur due to class loading.  
 
This International Standard can also be of great benefit for devices dealing with real-time 
applications. In this case, avoiding the delays due to class loading can play an important 
role to satisfy real-time constraints. 

1.2 Normative references 
The following normative documents contain provisions which, through reference in this text, 
constitute provisions of this International Standard. For dated references, subsequent 
amendments to, or revisions of, any of these publications do not apply. However, parties to 
agreements based on this International Standard are encouraged to investigate the 
possibility of applying the most recent editions of the normative documents indicated below. 
For undated references, the latest edition of the normative document referred to applies. 
Members of ISO and IEC maintain registers of currently valid International Standards. 
 
[1]  IEC 60559:1989, Binary floating-point arithmetic for microprocessor systems 
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[2] ISO/IEC 10646-1:2000, Information technology — Universal Multiple-Octet Coded 
Character Set (UCS) — Part 1: Architecture and Basic Multilingual Plane 

 
[3] ISO/IEC 10646-2:2001, Information technology — Universal Multiple-Octet Coded 

Character Set (UCS) — Part 2: Supplementary Planes 
 
[4] ISO/IEC 10646-1:2000/FDAM 1, Mathematical symbols and other characters 
 
NOTE     This International Standard is a self-contained specification of the JEFF format standard. 
However, to ease the understanding of this specification, the reading of the following document is 
recommended as informative reference: 

The Java™ Virtual Machine Specification, Second Edition, by Tim Lindholm and Frank Yellin, 
496 pages, Addison Wesley, April 1999, ISBN 0201432943. 
 

1.3 Definitions 
For the purposes of this International Standard, the following terms and definitions apply. 
 
Class Logical entity that provides a set of related fields and methods. The 

class is a basic element for object-oriented languages. 
Package Set of classes 
bytecode A bytecode is the binary value of the encoding of a JEFF instruction. 

By extension, bytecode is used to designate the instruction itself. 
cell 4-octet word used by bytecode interpreters. 
byte an octet: representation of an unsigned 8-bit value 
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2 Data Types 
This chapter describes the data types used by the JEFF format specification. All the values 
in a JEFF file are stored on one, two, four or eight contiguous bytes. In this document, the 
expression “null value” is a synonym for a value of zero of the appropriate type. 

2.1 Basic Types 
The types TU1, TU2, and TU4 represent an unsigned one-, two- and four-byte integer, 
respectively. The types TS1, TS2, and TS4 represent a signed one-, two- and four-byte 
integer, respectively. 

2.2 Language Types 
 The language types are represented internally as follows: 
 

Format 
Types 

Language 
Types  

Format 

JBYTE byte 8-bit signed integer 
JSHORT short 16-bit signed integer 
JINT int 32-bit signed integer 
JLONG long 64-bit signed integer 
JFLOAT float IEC 60559 [1] single 

format 
JDOUBLE double IEC 60559 [1] 

double format 

2.3 Strings 

2.3.1 Definition 
In this International Standard, a character is defined in [2], [3], [4]. A string is an array of 
characters. Strings are encoded in the JEFF files as a VMString type (see below). 

2.3.2 Comparison 
In this document, comparisons of strings are based on the lexicographic order of the 
numerical values of their characters.  

2.3.3 Representation 
In the JEFF file, strings are stored according to the following structure: 

 
VMString { 
    TU2 nStringLength; 
    TU1 nStringValue[nStringLength]; 
} 

 
The items of the VMString structure are as follows:  
 
nStringLength 
The length of the encoded string, in bytes. This value may be different from the number of 
characters in the string. 
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nStringValue 
This array of byte is an encoding of the value of the string following the UTF-8 encoding 
algorithm defined in [2], [3], [4].  

2.4 Specific Types 
These types are used to store values with a specific meaning. 

               
Types Description Format 
VMACCESS Access Flag (see 2.4.1) 16-bit vector 
VMTYPE Type descriptor (see 2.4.2) 8-bit vector 
VMNCELL Index in an array of U4 values 16-bit unsigned integer 
VMOFFSET Memory offset (see 2.4.3) 16-bit unsigned integer 
VMDOFFSET Memory offset (see 2.4.3) 32-bit unsigned integer 
VMCINDEX Class Index (see 3.1) 16-bit unsigned integer 
VMPINDEX Package Index (see 3.1) 16-bit unsigned integer 
VMMINDEX Method Index (see 3.1) 32-bit unsigned integer 
VMFINDEX Field Index (see 3.1) 32-bit unsigned integer 

2.4.1 Access Flags 
The VMACCESS type describes the access privileges for classes, methods and fields. The 
VMACCESS type is a bit vector with the following values: 

Flag Name Value Meaning 
Class 

ACC_PUBLIC 0x0001 Is public; may be accessed from outside of its 
package. 

ACC_FINAL 0x0010 Is final; no subclasses allowed. 
ACC_SUPER 0x0020 Modify the behavior of the jeff_invokespecial 

bytecodes included in the bytecode area list of this 
class. 

ACC_INTERFACE 0x0200 Is an interface. 
ACC_ABSTRACT 0x0400 Is abstract; may not be instantiated. 

Field 
ACC_PUBLIC 0x0001 Is public; may be accessed from outside of its 

package. 
ACC_PRIVATE 0x0002 Is private; usable only within the defined class. 
ACC_PROTECTED 0x0004 Is protected; may be accessed within subclasses. 
ACC_STATIC 0x0008 Is static. 
ACC_FINAL 0x0010 Is final; no further overriding or assignment after 

initialization. 
ACC_VOLATILE 0x0040 Is volatile; cannot be cached. 
ACC_TRANSIENT 0x0080 Is transient; not written or read by a persistent 

object manager. 
Method 

ACC_PUBLIC 0x0001 Is public; may be accessed from outside of its 
package. 

ACC_PRIVATE 0x0002 Is private; usable only within the defined class. 
ACC_PROTECTED 0x0004 Is protected; may be accessed within subclasses. 
ACC_STATIC 0x0008 Is static. 
ACC_FINAL 0x0010 Is final; no overriding is allowed. 
ACC_SYNCHRONIZED 0x0020 Is synchronized; wrap use in monitor lock. 
ACC_NATIVE 0x0100 Is native; implemented in a language other than the 

source language. 
ACC_ABSTRACT 0x0400 Is abstract; no implementation is provided. 
ACC_STRICT 0x0800 The VM is required to perform strict floating-point 

operations. 
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2.4.2 Type Descriptor 
A type descriptor is composed of a type value (a VMTYPE), an optional array dimension 
value (a TU1) and an optional class index (a VMCINDEX). 
 
The presence or the absence of the optional elements of a type descriptor is explicitly 
specified everywhere a type descriptor is used in the specification. 

Type Value 
The VMTYPE type is a byte whose low nibble contains one of the following values: 
 

VM_TYPE_VOID 0x00 Used for the return type of a method 
VM_TYPE_SHORT 0x01  
VM_TYPE_INT 0x02  
VM_TYPE_LONG 0x03  
VM_TYPE_BYTE 0x04  
VM_TYPE_CHAR 0x05 
VM_TYPE_FLOAT 0x06  
VM_TYPE_DOUBLE 0x07  
VM_TYPE_BOOLEAN 0x08  
VM_TYPE_OBJECT 0x0A 

 
These values are interpreted as a bit field as follows: 
 
7—---4 3--2 1--0  
 0000 | XX | YY |  
 
Where: 

• YY is an encoded representation of the type size in bytes. The actual type size is: 
1<<YY. 

• XX serves to differentiate types having the same size. 
 
The following flags may be set: 
 

VM_TYPE_TWO_CELL 0x10 for a type using two virtual machine cells (this flag 
is not set for an array) 

VM_TYPE_REF 0x20 for an object or an array 
VM_TYPE_MONO 0x40 for a mono-dimensional array 
VM_TYPE_MULTI 0x80 for an n-dimensional array, where n >= 2 

Dimension Value 
The dimension value gives the number of dimensions (0-255) of an array type. This value is 
optional for non-array and mono-dimensional array types. This value is not present for a 
void return type. For a multi-dimensional array, the VM_TYPE_MULTI flag is set in the type 
value and the dimension value must be present. 
 
The dimension values are as follows: 

0 for a non-array type,  
1 for a simple array (e.g. int a[2]),  
2 for a 2 dimensional array (e.g. long array[2][8]),  
...  
255 for a 255 dimensional array. 

Class Index 
The optional class index gives the exact type of descriptor of a class or of an array of a 
class. For a scalar type or an array of scalar types, the class index must not be present. 
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Summary 
Here is a list of the possible code: 
 
Type Type value Dimension Class Index  
void 0x00 0 or absent absent 
short 0x01 0 or absent absent  
int  0x02 0 or absent absent 
long 0x13 0 or absent absent 
byte 0x04 0 or absent absent 
char 0x05 0 or absent absent 
float 0x06 0 or absent absent 
double 0x17 0 or absent absent 
boolean 0x08 0 or absent absent 
reference 0x0A 0 or absent index of the class 
short[] 0x61 1 or absent absent 
int[] 0x62 1 or absent absent 
long[] 0x63 1 or absent absent 
byte[] 0x64 1 or absent absent 
char[] 0x65 1 or absent absent 
float[] 0x66 1 or absent absent 
double[] 0x67 1 or absent absent 
boolean[] 0x68 1 or absent absent 
reference[] 0x6A 1 or absent index of the class 
short[][][]… 0x81 dimension absent 
int[][][]… 0x82 dimension absent 
long[][][]… 0x83 dimension absent 
byte[][][]… 0x84 dimension absent 
char[][][]… 0x85 dimension absent 
float[][][]… 0x86 dimension absent 
double[][][]… 0x87 dimension absent 
boolean[][][]… 0x88 dimension absent 
reference[][][]… 0x8A dimension index of the class 

Examples 
The examples are not normative. They are just an illustration of the above explanations. 
 
A simple instance of the class mypackage.MyClass: type  = 0x2A, optional dimension = 
0x00, class index = index of mypackage.MyClass  
 
A primitive type descriptor of a short: type = 0x01, optional dimension = 0x00, no class 
index 
  
A simple array of integers (e.g. int[5]): type = 0x62, optional dimension = 0x01, no class 
index 
 
A simple array of class mypackage.MyClass (e.g. MyClass[5]) : type = 0x6A, optional 
dimension = 0x01, class index = index of mypackage.MyClass 
 
A primitive type descriptor of a long: type = 0x13, optional dimension = 0x00, no class 
index 
 
A 3-dimensional array of long (e.g. long[5][4][]): type = 0xA3, dimension = 0x03, no 
class index 
 
A 4-dimensional array of class mypackage.MyClass (e.g. MyClass[5][4][][]): type = 
0xAA, dimension = 0x04, class index = index of mypackage.MyClass   
 
A void return type (for a method): type = 0x00, no dimension, no class index 
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2.4.3 Offsets 
There are two types of offset values used in the specification: VMOFFSET and 
VMDOFFSET. 
 
A VMOFFSET is an unsigned 16-bit value located in a class area section (See 3.3.2). This 
value is an offset in bytes from the beginning of the class header of the class area section. 
 
A VMDOFFSET is an unsigned 32-bit value. This value is an offset in bytes from the 
beginning of the file header. 
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3 File Structure 
This chapter gives the complete structure of the JEFF file format. 

3.1 Definitions 
This part describes the definitions and rules used in the specification. 

3.1.1 Fully Qualified Names 
Fully qualified names are string with the following definition: 
 

• The fully qualified name of a named package that is not a sub-package of a named 
package is its simple name.  

• The fully qualified name of a named package that is a sub-package of another 
named package consists of the fully qualified name of the containing package 
followed by the character “U+ 002E, FULL STOP” followed by the simple (member) 
name of the sub-package.  

• The fully qualified name of a class or interface that is declared in an unnamed 
package is the simple name of the class or interface.  

• The fully qualified name of a class or interface that is declared in a named package 
consists of the fully qualified name of the package followed by the character “U+ 
002E, FULL STOP” followed by the simple name of the class or interface.  

3.1.2 Internal Classes and External Classes 
A JEFF file contains the definition of one or several classes. For a given file, the classes 
stored in the file are called internal classes. The classes referenced by the internal classes 
but not included in the same file are called external classes. 
 
The packages of the internal and external classes are ordered following the crescent 
lexicographic order of their fully qualified names. This order defines an index value (of type 
VMPINDEX) for each package. The package index range is 0 to number of packages – 1. 
If an internal or an external class has no package, this class is defined in the default 
package, a package with no name. In this case the default package must be counted in the 
number of packages and its index is always 0. 
 
The internal classes and the external classes are ordered and identified by an index value 
(of type VMCINDEX). The class index range is: 
 0 to InternalClassCount – 1 for the internal classes 
 InternalClassCount  to TotalClassCount – 1 for the external classes 
 
The class index values follow the crescent lexicographic order of the classes fully qualified 
names (separately for the internal classes and for the external classes) 
 
The package index and the class index assignments are local to the file. 

3.1.3 Fields and Methods 
Field Symbolic Name 
A field symbolic name is the concatenation of the field name, a character “U+ 0020, SPACE” 
and the field descriptor string. 
 
Method Symbolic Name 
A method symbolic name is the concatenation of the method name, a character “U+ 0020, 
SPACE” and the method descriptor string. 
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Algorithm 
The field indexes are computed as follows: 
Let n be the number of different symbolic names associated to the internal class fields 
1 - The symbolic names of the internal class fields are indexed according to their crescent 
lexicographic order, with index increment of 1, indexes ranging from zero up to n-1. 
2 – The symbolic names of the external class fields that are not also symbolic names of 
internal class fields are indexed according to their crescent lexicographic order, with index 
increment of 1, starting at n.  
 
Each entry in the table is identified by a zero-based index (a VMFINDEX value).  
 
By definition of the field symbolic name and the construction of the table, the following 
properties are deducted: 

• Two different field indexes identify two different symbolic names. 
• Two different fields, internal or external, share the same index if and only if they 

have the same name and the same descriptor. 
 
The same construction is used to define the method indexes (VMMINDEX). 
 
By definition of the method symbolic name and the construction of the table, the following 
properties are deducted: 

• Two different method indexes identify two different symbolic names. 
• Two different methods, internal or external, share the same index if and only if they 

have the same name and the same descriptor. 

The field index and the method index assignments are local to the file. 

3.1.4 Field Position 
JEFF includes some information about the position of the field in memory. These pre-
computed values are useful to speed up the download of classes and to allow a quick 
access to the fields at runtime. 

The computation must take into account the following constraints: 
• Class fields and instance fields are stored in separate memory spaces. 
• The field data must be aligned in memory according to their sizes. 
• Most of the virtual machines store the field values contiguously for each class. 
• When a class A inherits from a class B, the way the instance fields of an instance of 

A are stored depends on the virtual machine. Some virtual machines store the fields 
of A first and then the fields of B, others use the opposite order and other stores 
them in non-contiguous memory areas. 

• The binary compatibility requirement (see Overview) implies that the values 
computed for a class are independent of the values computed for its super classes, 
whether or not they are included in the same file.  

The consequences of these constraints are the following: 
• The pre-computed values are redundant with the field information. They are only 

included to speedup the virtual machine. 
• Some virtual machines may not use these values. 
• The values are computed independently for each class. 

 
The same construction process is applied separately for the class fields and the instance 
fields. The fields of the super-class and the field of the sub-classes are not taken into 
account. 

o The fields are ordered in a list. The order used follows the size of each field. The 
longer fields are stored first (type long or double), the smaller fields are stored at 
the end of the list (type byte). The order used between fields of the same size is 
undefined. This ordering allows keeping the alignment between the data. 

o The position of a given field is the position of the preceding field in the list plus the 
size of the preceding field. The first field position is zero. 

o The total size of the field area is the sum of the size of each field in the list. 
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