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The present invention relates generally to object-oriented computer systems
having classes that are dynamically loaded at runtime, and particularly to a '
system,and method for preloadiﬁg a subset of the classes in a read-only
memory. '

BACKGROUND OF THE INVENTION

A current trend in object-oriented programming languages is to extend the
functionality of the language to accommodate the distribution of dynamic

10  content in a distributed computing environment. In one such language, this is
accomplished by dynamically loading classes at runtime. Aclassis a
collection of variables and methods that model the behavior of an object. By
dynamically loading classes at runtime, existing applications can add
functionality by linking in new classes that reside on any computer system

15  within the distfibuted computing environment. '

In such languages, symbolic references are used to refer to the class
members (i.e., the class' methods and variables). When a class is invoked,
the dynamic loader determines the storage schema for the class and resolves
20 the symbolic referengé. Such a loading scheme is beneficial when accessing
classes that are updated often., However, a limitation of such a loading
scheme is its dependency on a read/write memory devnce such as a random
access memory (RAM). In a computing envnronment that has little or no '_
secondary storage (e.g., non-volatile magnetic disk storage), dynamic Ioading
25 - of the classes in this manner can quickly use up the storage capacity of the
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It would be beneficial to provide a method and system which overcomes the
deficiencies of the prior art.

SUMMARY OF THE INVENTION

10
In summary, this disclosure pertains to an offline class loader that is used to
produce an executable module whose classes are preloaded into memory
without requiring runtime dynamic loading. The executable module,
nevertheless, contains a class structure that is tailored for runtime dynamic

16  loading. Thus, the offline class loader modifies the existing class structures

| to accommodate static loading. However, the class structure allows for
varying data and methods that contain unresolved references. The offline
class loader tags these methods and data specifying that they are to be
stored in a random access memory. All other data is stored in a read-only

- 20 memory. Atthe completion of the static loading process, a preloadable

executable module is generated that contains two addresses spaces. A first
address space that contains methods having unresolved references and data
that varies during the execution of the module is loaded in a random access
memory. The second address space contains methods having static loaded

25 classes and constant data which is loaded into a read-only memory.

A preloadable executable module of this fashion is advantageous in

a distributed computer system having client computers with little or no

secondary storage. Such client computers require appllcatxons to run entlrely
30 in random access memory which quickly tums into a limited resource. By

utilizing the offline class loader to partition an application into two address

spaces, the amount of RAM utilized by the preloadable module is minimized.



defi ci encies of the prior art . SUMVARY OF THE I NVENTION 10 ‘In summary, this
di-scl osure"p’éﬂ‘zﬁn‘s’%ﬁ] I ne class |oader that is used to produce an
execut abl e nodul e whose cl asses are preloaded into nenory w thout requiring
runtime dynam c | oadi ng. The executabl e nodul e, neverthel ess, contains a.
class structure that is tailored for runtinme dynamc 15 |oading. Thus, the

offline class | oader nodifies the existing3class structures to acconmodate
static | oading. However, the class structure allows for varying data and

net hods t hat qarﬁreembudrneéml i Mlentetsmnpites havihgeminimal secon sldaeg@r tags
t hese net hods and data speC|fy| ng that they are to be stored in random

access nenor y.uliliges gnpfflingglass loagebt%arelaataarlz;'awsehmhsc:henh&ﬁeﬁqronm t he

conpl eti on of dul e
i's generated trhgﬁoﬁ) tl' %yrgﬁ%pgf?@@&i&@@ﬁ%ﬁ ?ﬁé%@lseggb'%g ce that
cont ai ns net thifacbéVlAlQ;yﬂtﬁmﬁ'ﬂﬁaIiZétlbﬂfa?rpﬁwmpaﬂib eeridont baéeseemeﬂmrylurl ng
the execution of the nodule is |oaded in a random access nenory. The second

addr ess space Rstonof therbrowsers is laadeg feemreadiaphiymemuory intg the §€@d%md
constant data yu.el hémbRAUSY ek iy 4 Ritge Portlor B fe'browser from read-only

memory, the browser has additional RAM storage to store information-content

and executable modules that it can obtain from other server computers that

the client is in communication with. |
10

BRIEF DESCRIPTION OF THE DRAWINGS
Additional objects and features of the invention will be more readily apparent
15 from the followihg detailed description and appended claims when taken in
conjunction with the drawings, in which:

Fig. 1 is a block diagram of a distributed computer system.

20 Fig. 2 is a block diagram of a client computer in the distributed computer
system of Fig. 1.

Fig. 3 is a flow diagram illustrating the processing components used to
produce the preloadable executable module.
25
Fig. 4 illustrates the file layout for a class file.
Fig. § illustrates the file layout for a constant pool.

30  Fig. 6 illustrates the class block data structures.

Fig. 7 illustrates an instruction bytecode stream.



A prel oadabl e executabl e nodul e of this fashion is advant ageous Ina
distributed conputer system having client conputers'wth

secondary storage. Such client conputers require appl i catlons to run
entirely 30 in random access menory which quickly turns into a limted
resource. By utilizing the offline class |oader to partition an application
into two address spaces, the amount of RAMgtilized by the prel oadabl e
nodul e is mnimzed. -3- In an enbodinent, a client conputer having
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Fig. 10 is a flow chart of the method for eliminating duplicate constants.

Fig. 11 is a flow chart of the method for converting a non-quick instruction
format into a quick instruction format.

10
Fig. 12 is a block diagram showing the mapping of a preloaded application
into read-only memory and random-access memory and indicatihg the
loading of the portion of the methods and data mapped into random-access
memory by a static class initializer.

15

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method and system described herein utilizes a distributed computing
20  environment having a communication link that connects at least one server
computer'and a number of client computers. Some of the client computers
have little or no secondary storage (e.g., non-volatile magnetic disk storage)
thereby requiring applications to be run entirely from random access memory.
An application developed in the Java programming language is executed on
25 such a client computer. Preferably, the application is a browser that is used
to import Java content, such as Java applets, from one or more server
computers. Typically, the browser is an interpreted program module that
retrieves Web documents utilizing a HyperText Transfer Protocol (HTTP) to
access one or more Web pages formatted as HyperText Markup Language
30  (HTML) documents from a server acting as a Web site. The HTML
documents are interpreted and presented to the user associated with the
client computer. Often, the HTML documents embed applets. An applet is a
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The browser, the HMTL documents, and the applets all reside in the
5 computer's RAM. On occasion, the amount of data that is loaded into RAM
may exceed its capacity. As the client computer may have no secondary
storage, it is advantage'oué to place portions of the browser and other basic
suppdrt classes in a read-only memory. In this manner, RAM storage is
preserved particularly for the imported applets. Preferably, the browser and
10 - other basic support classes (e.g., I/O and utility classes) are preloaded in a
read-only memory. |

The offline class loader partitions a Java application, such as the browser
and the basic support classes, into at ledst two separate address spaces. A

16  first address spéce resides in a read-only memory device and contains
methods that do not require dynamic loading and data that remains constant.
The second address space resides in a readlwrite'memory device, such as
random access memory, and contains methods that require dynamic loading
and data that is varied during execution.

20 .
A browser partitioned in this manner can be initially stored in the read-only
memory of the client computer. When the system powers on, the second
address space is preloaded into the RAM. This will leave a large amount of
RAM storage for use by the browser to import HTML documents, applets,

25 other information-context, and executable modules that are accessible
through the communications link.

it should be noted that this disclosure is described with reference to the Java
programming language. For this reason, this description will utilize the

30 nomenclature of Java. The following Java nomenclature is used frequently-
throughout the description and will be described herein briefly. Aclassis a
grouping of instance variables and methods that is used to describe the
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structures. 5 Fig. 10 is a flow chart of the nethod for elimnating
duplicate constants. Fig. 11 is a flow chart of the nmethod for converting a
non-qui ck instruction format into a quick instruction format. 10 Fig. 12 is
a bl ock di agram showi ng the mapping of a pegloaded application into
read-only menory and random access nenory and indicating the | oading of the
portion of the a il ainde ] a
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non-static instance variable varies for each instance of the class. Constant

5 datarefers to data that is not altered during program execution.

A method is a program segment that performs a well-defined series of
operations. In Java, a method is implemented by instructions represented as
a stream of bytecodes. A bytecode is an 8-bit code that can be a portion of

10  aninstruction such as an 8-bit operand or opcode. An interface is an
abstract class where the bytecodes that implement the method are defined at
runtime. A Java application is an executable module consisting of bytecodes
that can be executed using the Java interpreter or the Java just-in-time
compiler. A more detailed description of the features of the Java

15  programming language is described in Tim Ritchey, Programming with Java
Beta 2.0, New Riders Publishing (1995).

Referring to Fig. 1, there is shown a distributed computer system 100 having
multiple client computers 102 and multiple server computers 104. In an

20 embodiment, each client computer 102 is connected to the servers 104 via
the Internet 106, although other types of communication connections could
be used. Preferably, the server and client computers can be desktop
computers, such as Sun workstations, IBM compatible computers and
Macintosh computers, however, virtually any type of computer can be a

25  server or client computer. Furthermore, the system is not limited to a
distributed computer system. It may be practiced without the specific details
and may be implemented in various computer systems and in various
configurations, or makes or models of tightly-coupled processors or in various
configurations of loosely-coupled microprocessor systems.

30
In an embodiment, one or more server computers act as Web sites containing
a repository of HTML documents containing Java content or applets. The
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executed on 25 such a client conputer. Preferably, the applicationis a
browser that is used to inport Java contenf,- such as-Java applets, from one
or nore server conputers. Typically, the browser is an interpreted program
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§ and memory 110. Memory 110 stores:
* an operating system 118;
° an Internet communications manager program or other type of network

access procedures 120;

] a compiler 122 for translating source code written in the Java
10 programming language into a stream of bytecodes;
® a source code repository 124 including one or more source code files

126 containing Java source code;

® a class file repository 128 including one or more class files 130, and

one or more class libraries 131 containing class files, each class file
15 containing the data representing a particular class;

° an offline class loader 132 which is used to preload a certain set of
classes; the offline class loader can also be referred to as a static
class loader;

o an assembler 134 which produces an object file representing the class

20 members, class data structures, and memory storage indicators in a
format that is recognizable for the linker;

@ a linker 136 for determining the memory layout for a set of preloaded
classes and for resolving all symbolic references;

° a browser 138 for use in accessing HTML documents; and

25 o | one or more data files 146 for use by the server.

The browser can include:
° a runtime time class loader module 140, which loads classes into a
user’'s address space and utilizes the bytecode program verifier to
30 verify the integrity of the methods associated with each loaded class;
| ° a bytecode program verifier module 142 for verifying whether or not a
specified program satisfies certain predefined integrity criteria; and



The browser, _the HMIL documents, and the applets all reside in‘the 5
conput érs m anount of data that is | oaded i nto RAM may
exceed its capacity. As the client conputer may have no secondary storage,
it is advantageous to place portions of the browser and ot her basic support
classes in a read-only nenory. In this manner, RAM storage is preserved
particularly for the inported applets. Prefgerably, the browser and 10

ot her basic support classes (e.g., I/Oand utility classes) are prel oaded
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application, such as the browser and the basic support classes, into at

| east two sepapowellasptbesmodidess. A 15 first address space resides in a
read-only menory device and contains nmethods that do not require dynam c
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t he second
stores a portion of the browser 212 and support procedures (including an

operating system 213 and network access procedures 214) that contain
methods having no unresolved references and data that remains constant. -
10 The random access memory 210 stores:

° a second portion of the browser 215 and support procedures 216, 217
that contains methods having unresolved references and data that is
altered during the application’s execution; |

® a HTML document repository 220 containing one or more HTML

15 documents 222 obtained by the browser at the request of the user
through the user interface 204,

® a class file repository 224 containing one or more class files or applets
226; and .

' one or more data files 228 that the client may utilize during its

20 processing.

Fig. 3 is an overview illustrating the sequence of steps used to produce a
preloadable executable module. It should be noted that the method and
system described herein pertains to preloading the browser and other

25  support procedures. However, the méthod and system described herein is
not limited to these particular Java applications. Any Java application, or any
other set of methods that are normally linked at run time could be preloaded
using the method and system described herein.

30 The source code 126 for each class that comprises the Java application is
compiled by compiler 122 into a class file 130. The class file contains class
data structures representing the classes, each method's bytecodes, constant
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data tha ISS n%ppficat%rtﬁo beu;rmlelgaé)e ;eatgr?smltted to the offline class loader 132.

The goal of the offline class loader 132 is to determine which methods and
variables associated with each class can be stored in a read-only memory
and which must be stored in a random access memory device. Methods that

10  invoke Java interfaces or utilize non-static instance variables need to reside
in random access memory. This is because the bytecodes that implement
interfaces are determined at runtime and non-static instance variables are
altered for each instantiation of the associated class. The offline class loader
132 finds these methods and variables and flags them by inserting a special

15  indicator that specifies that they are to be loaded in a random access memory -
device. The offline class loader also performs a number of optimizations in
order to pfoduce a more compact representation of the executable code. For
example, the constant pool that is associated with each class is combined for
all the classes residing in the application. In addition, the offiine class loader

20  performs additional processing to tailor the class files that were originally
structured for dynamic loading for a preloaded class environment.

The output of the offline class loader 302 can consist of two files: a constant
pool file containing the constant data for the entire application; and an

25  updated class file containing the class data structures and class members.
The data in both of these files is formatted as data definitions, where each
definition specifies a bytecode and an offset indicating a memory location.
The updated class file will include the memory storage indicators which will
indicate in which type of memory storage device a particular set of byteéodes

30 istoreside. However, the method and system described herein is not limited
to producing these two files. Other file configuration can be used including,
but not limited to, a single file containing all the related class data.
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a streamof bytecodes. A bytecode is an 8-bit code that can be a portion of
10 an instruction such as an 8-bit operand or opcode. An interface is an
abstract class where the bytecodes that inplenment the method are defined at
runtine. A Java application is an executabls nodul e consi sting of bytecodes
that can be executed using the Java interpreter or the Java just-in-tine
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systemis not IhédbRFlayBufis determiried, the linker 136 resolves all symbolic references
and replaces them with direct addresses. The memory layout is partitioned

into the two addresses spaces. The methods and daté that were flagged for
10  read-only memory are included in the first address space and the methods

and data that were flagged as requiring storage in a random access memory
are included in a secbnd address space. The output from the linker 136 is a
preloadable executable module 306 containing the methods and data for
these two address spaces.

16
The main function of the offline class loader as noted above is to determine
the methods and data that are to be stored in a read-only memory and those
that are to be stored in a random access memory. In addition, the constant
pool for all the preloaded classes are preferably combined by the offline class

20  loader, thereby minimizing the amount of read-only storage utilized. In order
to combine the constant pools, certain optimizations are performed to reduce
the amount of storage that is used. Specifically, duplicate expressions are
eliminated and strings that are part of longer strings are replaced with
pointers to the appropriate substring positions in the Iongér string.

25 .
The universal constant pool, containing all the classes, is partitioned into two
segments, the first segment spanning 256 bytés and the second segment
spanning 64k minus 256 bytes. The first segment can contain at most 256
constants and the second segment contains the remaining constants. The

30 constant pool is ordered such that the most frequently referenced constants
are stored in the first segment of the pool and the least frequéntly referenced
constants are stored in the second segment. Once the constant pool is
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repository of HTM. docunents containi ng Jggi_cpntent or applets. The -7
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system 118; [ efPpstantsip thasecaad segment aearaferancedhywo Pbitpperands (seeer
type of networ g 7 where operand 702 is an 8-bit operand and operands 704 and 706
5  together form a 16-bit operand). The expansion from an 8-bit operand to a
16-bit operand requires adjusting those bytecodes that reference constants in
the second segment of the universal constant pool, as well as adjustment of
bytecode offset values (e.g., in branch instructions) in the methods to account
for the changed relative positions of the bytecodes in those methods. In
10  addition, the alteration of the bytecodes requires updating the offsets stored
in the exception table tb reflect the changed bytecode start and end positions
within the methods to which various exception handlers are assigned.

Further, the offline class loader performs two other transformations in ordér to
16  tailor the class structure to one suited for preloading classes. A static class
initializer is created, which performs class initialization for the classes that
are preloaded. Also bytecodes using a non—quick instruction format that
symbolically reference methods are recoded in a quick instruction format that
references the methods directly.
20 "
- Fig. 8 illustrates in further detail the steps used by the offliné class loader
132. Initially the offline class loader receives a class file for each class that is _
part of the application whose classes are to be preloaded. Fig. 4 illustrates a
format for the class file. The class file contains one or more header records
25 402, a constant pool 404, one or more methods 406, and an exception table
408. The header records 402 can indicate the size of the constant-pool, the
number of methods, and the size of the exception table. The constant pool
404 includes data that remains unaltered during the execution of the
application. Examples of such data can include string constants, static final
30 integers, references to methods, references to claSses, and references to
interfaces. The method data 406 consists of a stream of bytecodes that
implement each method. Each entry in the exception table gives a start and
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byt ecodes; [err] . a source code repository 124 including one or nore

source code files 426 contai ning Java source code; [err] a class file

repository 128 incl'uding one or nore class files 130, and one or nore class
~libraries 131 containing class files, each glass file 15 cont ai ni ng

the data representing a particular class ﬂérr] an offline class |oader

132 which is use reload a certain set | asses: .t he offI| cJ. ass
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25 [err] g one or nore data files 146 for use by the server.
Each class file is read by the offline class loader (step 802) and the
appropriate class data structures for each class are built (step 804), that is
stored in the memory of the computer being used to preprocess the
application. Fig. 6 illustrates the class data structures 600. For each class

10  thereis aclass bldck 602, one or more method blocks 604, bytecodes for

each-method 608, one or more field blocks 614, separate data areas for the
fields 618, a constant pool 624, a map table 626 and an exceptibn table 628.

The class block is a fixed-size data structure that can include the following

16  data:
° the class name 630;
L 3 a pointer 632 to the class block of the current class’ immediate
superclass;

e an array of one or more pointers 634, each pointer referencing a
20 method block;
® an array of one or more pointers 636, each pointer referencing a field
block;
® a pointer 638 to the class’ constant pool; and
° a pointer 640 to the class’ exception table.
25
A method block 604 is a fixed-sized data structure that contains a -
predetermined number of methods. One or more method blocks are
allocated to contain all the methods of a class. A method block 604 contains

the method’s name 612 and a pointer 610 to the corresponding bytecodes
30 608.



The browser. can include: [err] a runtime tinme ctass—toader. mdul e 140,
whi ch ['oads cl asses into a user's address space and_utilizes the bytecode
programverifier to 30 ~verify the integrity of the nethods
associated wth each | oaded class; [err] a bytecode programverifier
nmodul e 142 for verifying whether or not a specified program satisfies
certain predefined integrity criteria; andq3- -8- [err] a HTM | oader
144 for |oading HTM. docunents; as well as other nodules. Fig. 2
il1lustrates thyfdiy %ﬁck@fmktffxédlﬁze'd&b%%énﬁé?hé’tr coMains MSAGRES O S S
202, a conmunications interface 206, a user interface 204, a read-only -
menory 208 andvariables anfields: sthereris aydiffatent field bbahfmmat fmeemh/om twicor es

a portion of t browser 212 nd S roc ating
oyt em 913 andREa RPas oL CtiicsrvATtics Biokdadintaih: e itst forbtie 81,
no unresol ved [gb8¥SHiARyerOF ﬂﬁaﬁﬁg ot |ﬁ§§ﬁ¢é‘§aﬁéﬁl§§.ams format 616 contains

5 the name of the instance variable, the type (e.g. integer or floating point), and

its value. The sécond format 620 is used for double or long type instance
variables. This format 620 contains the name of the instance variable, the
type (e.g., double or long) and a pointer to location of the value of the
instance variable 618. | '
10 '
Fig. 9 illustrates the steps used to build the class data structures. The
information in the header record is used to allocate space for each of the
class data structures (step 1002). Once the class data structures are
allocated, pointers to the location of each of these structures is included in
16  the class block (step 1004).

Next, the offline class loader reads in the constant pool. Prior to discussing
these steps, the content of the constant pool will be described first. Fig. 5
illustrates the structure of the constant pool that is stored in each class file. A

20 first entry contains the name of the class and the name of the superclass 502.
These names are stored as string constants and the ﬁrst entry contains
pointers to the locations of these strings in the constant pool. The next entry
pertains to the fields or instance variables. A header 504 is used to denote
the number of fields in the constant pdol. The various fields 506 follow the

- 25  header.

Likewise, the string constants are preceded by a header 508 that indicates
the number of string constants in the constant pool. The various string
constants 510 follow. String constants are used to denote method names,

30 class names, and interface names. Next, the method references are stored in
the constant pool preceded by a header indicating the number of methods
512. The constant pool contains for each method a method pointer 511 that



10~ - The random access—enpry 210 stores: [err] a second portion of the

browser 215 and support procedures 216, 217 that contains nethods having
unresol ved references and data that is altered during the application's

execution; [err] - a HTM. docunent repository 220 containing one or nore
HTM. 15 docunents 222 obtained by the browser at the request of the
user through the user interface 204; [err}k414-a class file repository 224
containing one or nore class files or applets 226; and [err] one or nore

data files 228 cohtding Bpdimter ts theametiod's Aem@ 814 1gnd tive Alkthod's clasBmamessi ng.
Fig. 3 is an overview illustrating the sequence of steﬁs used to produce a

pr el oadabl e ex&36: hesenames are stosed as $tiirg genstantsiaithe genstant paoknthe

system describ ' A | d €4:

Support pr oced b0 HuBE51 7 i Bsdd i inaaRL ket Uifioundl, THIPR vee,
limted to theggthenbhyuicK fomeabobam irvokeimethodAnstrdetion. appl i cation, or any
ot her set of nmethods that are normally linked at run tinme could be.

prel oaded $&ing the nmethod and system described herein. _
A method can contain an instruction to invoke a method. The instruction in

the non-quick format can be as follows:

invoke method “class”."method” (1)
10
where “class”refers to the string constant containing the class name and
“method” refers to the string constant containing the method name. The
~ invoke method instruction contains a pointer to the method’s pointer 511.
The offline class loader attempts to resolve thié symbolic reference by adding
16 to the method's name a pointer to the method’s block. Once the linker has
determined the memory layout for the classes, the linker replaces the -
non-quick format of the invoke method instruction by the quick format which
directly references the method (i.e., by storing the method's address). By
resolving the symbolic reference, the method can be preloaded.
20
Referring back to Fig. 9, storage is allocated for a map table 626 that will
track the movement of the constants from their original location in the class
file's constant pool to various temporary locations until the constants are
stored in the universal constant pool. A map table 626 is created for each
25 class and maps the original address of each constant in the constant pool to
its current location (step 1006). All data contained in the constant pool
except for the fields are read from the class file and stored in the constant
pool (step 1008). As constants are transferred from the class file to the
constant pool, the map table 626 is updated to reflect the original address
30  and the current location in the constant pool (step 1008). However,'the fields
that are read from the constant pool are loaded into one or more field blocks
and no entries are made for them in the map table (step 1008).



30 The source code 126 for each class that conprises—the Java apptication
is conpiled by conpiler 122 into a class file 130. Theclass file contains.

cl ass data structures representing the classes, each method' s bytecodes,
const ant -9 - data, as well as other information. A nore detailed-
description of the class file is provided below Alternatively, the class
files corresponding to the application cangl ready reside in one or nore
class libraries 131. Once the class files are available, the entire set of

class files 12thd methoddatd istesd ﬂ%nﬂhe S188¢ filkrand®stored e oné or asstednéthed
transmtted to the offline class |oader 132. The goal of the offline class

| oader 132 i s hlecksetAdditianalstoragenisaliocsted far the bytecedes assegiatedawiltit h each

Fandom access SrRITURss T Felioda BRI diabed 3 HuBlog ot SiFkh 3,
utilize non- stpdihter to e idRativa of Bt Bytebsdsk {tep 40MOR Likewisis] e agssstion
menory. This i s because the bytecodes that 1 nplenent i nterfaces are

det er ni ned at table isleadedifragnthetclassfileriptaitseorvespansiing exeeption table data
structure (step 1012).

Referring back to Fig. 8, after the class data structures have been built, a
hash table 180 (see Fig. 3) is allocated in accordance with the total size of all

10  the constant pools and is used later in the elimination of duplicate constants
(step 805).

Next, the offline class loader proceeds to eliminate duplicate constants. This
is performed in order to combine the constant pools of all the classes in a

15  space efficient manner. For each class file (step 806), each entry in the
class’ constant pool is scanned for duplicate constants (step 812). Referring
to Fig. 10, duplicate constants are detected by using a hash table. The hash
value of the constant is determined by an appropriate hashing function (step
1102). A check is made to determine whether the hash value is contained in

20 the hash table (step 1104). If the hash value exists in the hash table, then
the constant is a duplicate and the entry is deleted from the constant pool by
altering the constant’s entry in the map table to reflect the memory location of
the existing constant (step 1106). Otherwise, the constant's hash value and |
memory location are stored in the hash table (step 1108).

25 _
Referring back to Fig. 8, the offline class loader proceeds to determine
common substrings. A common substring is one that is contained as part of a
longer string already stored in the constant pool. For each class file (step
814) each string constant is scanned to determine whether it is part of a

30 larger string contained in the constant pool (step 816). This can be
accomplished using one of several well-known string matching algorithms.



altered for each i nstanti-ation-of the associated class. The offline class
l-oader 132 finds these nethods and variables and fl ags them by inserting a
speci al 15 i ndi cator that specifies that they are to be loaded in a
random access nenory device. The offline class |oader also performs a
nunber of optim zations in order to produce a nobre conpact representation
of the executable code. For exanple, the edfstant pool that is associated
with each class is conbined for all the classes residing in the o
appl i cation. | Whenisuchra smthsirmg is foundc itds replacedwith@ poiptarftorthe pasition gfnal

rocessing to iIlo he .Cl I | es that re originally structured for
gynam' c | oadi ndﬁ?éf‘[’é fﬁ'ﬂénéﬁaiﬂger string(sta %Mnt The output of the

offline class |oader 302 can consist of two files: a constant pool file
containing the constant data for the entire application; and an 25
updat ed cl ass fhiéxt theofflineictasstibader prosedds to stan thesytecodsts Giﬁﬁthdmnbers-

' I d dat a def t
each der il i ofheDop eBRined i sedhel hIRFIass R848ERS A AR RETENGI)

VRV Sh o Tl Ll arddngcied oS HaEh AR} 0L
of bytecodes 301202)s A methuxi hiavingiandmeoke intarfas instiuctioh isysarkedios RAMed
Qg:ﬁe : gulr Zt Ingtn @'égfabgd%é% X odu&!ﬂ%etlp‘s slﬁvc;kvé% t];)} surj'i an |rt]set|[uctﬂo|n will not be
implemented until runtime (step 1204). Otherwise the bytecode is inspected
10  for an invoke method instruction (step 1206). In this situation, a pointer 518
(see Fig. 5) to the method block containing the method to be invoked is
added to the method’s name that is stored in the constant pool (step 1208).
Later when the linker has determined the memory layout of all the classes,
the linker replaces the symbolic reference to the method with the direct
15  address to the method. This is determined by tracing the method's name

pointer to the method_ block that contains a pointer to the method.

As each bytecode is scanned, a reference count is made to each constant
that is accessed by the bytecode (step 828). The reference count is an extra
20 field that is contained in the map table. This will be used later to determine
the most frequently used constants in order to reorder the constant pool. In
addition, each bytecode is scanned for fields that are altered by the
bytecode. This can be determined by checking if the field is ever used on the |
left hand side of an assignment statement. In this case, the field accepts a
25 newvalue. If the altered field is one that has its value stored in the field
block, than the entire field block is marked for RAM storage (step 830).

Once space is allocated for the universal constant pool, each entry from the
various class constant bools is merged into the universal constant pool (step
30  902). As mentioned previously, the constant pbol is partitioned into two
segments. The first segfnent contains up to 256 of the most frequently
referenced constants. The second segment contains the remaining



but not linited to, a single file containing all thm.
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obj ect nodul e having the required format for the linker to map the data
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Once the universal constant pool is formed, bytecodes that reference

constants stored in the second segment of the universal constant pool
require a double length offset value, which occupies two bytes instead of one,
to reference the constant. This requires scanning through each bytecode for

10  each class’ method (steps 906 - 908) and, for each bytecode referencing a
constant in the second segment of the universal constant pool, replacing a
one byte offset with a two byte offset to address the constant (step 910). This
can be accomplished by allocating another data area for storing the
bytecodes. As the bytecodes are scanned, they are read into the new data

. 16 area and any one byte offsets requiring replacement with two byte offsets are

replaced during this copying process. The method block is then updated to
reflect thé new storage location for the bytecodes. The offset operands for
bytecodes representing branching instructions are adjusted in accordance
with the number of bytes (if any) added between the location of the branch

20  Dbytecode and the branch target bytecode.

Likewise, the exception table for each class file will require adjustment if any
of the methods in the class file reference constants in the second segment of
the constant pool. The adjusted instructions referencing constants in the

25  second segment of the constant pool will occupy more space than previously,
thereby affecting the offsets in the exception table. Revised start and end
offsets as well as handler offsets that are affected by the insertion of double
length constant pool offsets are calculated and stored in the exception table
(steps 916-918).

30
Next, a new method is created to handle static class initialization. Normally,
when a class is dynamically loaded, a class initializer is run at the same time



these two address spaces. 15 The main function of the offline class |oader
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initializer. The sequence is important since one class may utilize data that is
initialized in another class. If the correct sequence is not maintained, the
static class initializer will produce incorrect results. Once the sequence is

10 determined, a new method is created that will initialize each class in the
sequence for those classes that are to be preloaded (step 926).

The linkage indicators are then inserted into the class block structures in
order to flag which methods and field blocks are to be stored in a random

16  access memory. The linker uses this information in order to create a

| separate address space for the methods and field blocks that are to be stored

in the random access memory. The linker can presume that the absence of
an indicator indicates that the methods and fields are to be stored in
read-only memory. Alternatively, an additional indicator can be used to

20  explicitly indicate those methods, class data structures, and fields that are to
be stored in the read-only memory (step 928)

Lastly, the offline class loader outputs the universal constant pool, an
updated class file containing the class data structures and the indicators

25  specifying the memory storage requirements, as well a special boot time
inifiator (step 930).

Referring to Fig. 12, the preloadable executable module and boot time
initiator 1220 are permanently stored in the read-only memory of a client

30 computer. Each time the client computer is powered on or rebooted, the boot
time initiator 1220 is automatically executed. Among other tasks, the boot
time initiator copieé all methods and data that must be resident in random



constants are stored in the second segnent. Once the constant pool is

-11- conbined, bytecodes that reference the constants may need to be

adj usted. Constants in the first segnent are referenced by an 8-bit operand
whereas constants in the second segnent are referenced by two 8-bit
operands (see Fig. 7 where operand 702 is an 8-bit operand and operands 704
and 706 5 together forma 16-bit operamnd@.- The expansion froman 8-bit
operand to a 16-bit operand requires adjusting those bytecodes that

reference congorass membiydurirROabciiontd thefaridtim docass mamoty fsdatidhspool |
as well as adjustnment of bytecode offset values (e.g., in branch

‘i nstructions) assigned tedhawdky the linkebunt for the changed rel ative positions
of the bytecodes in those nethods. In 10 addition, the alteration of the
byt ecodes requires updating the offsets stored in the exception table to

reflect the chaitrghbifiesfoiementivhedisystemcanbmethcdhagbebhtidsbabsd Withds t o
whi ch various exception handlers are assigned. Further, the offline class

| oader perd or FESPeE tatexeculing: A siaya REewsersand sepprit precedures for use in

accessing HTML documents through the Internet, the method and system
described herein is applicable to any Java application. MoreoVer, the Java
application need not be run in a distributed environment, it can run in
stand-alone mode executing in a client or server computer without importing

10  new classes from external systems. In stand-alone mode, the application is
partitioned into the two address spaces in order to satisfy the fnemory
constraints of the paniqular computing environment.

Although the method and system described herein has been described with

16  reference to the Java programming language it is applicable to computer
systems using other object-oriented classes that utilize dynamic runtime
loading of classes.

Further, the method and system described hereinabove is amenable for
20  execution on various types of executable mediums other than a memory
device such as a random access memory. Other types of executable
mediums can be used, such as but not limited to, a computer readable
storage medium which can be any memory device, compact disc, or floppy
disk.
25
The present invention is defined by the appended claims in light of-their full
scope of equivalence.



15 tailor the class structure to one suited for prel oadi ng classes. A
static'class initializer is created, which perforns i on
for the classes that are prel oaded. Al so bytecodes using a no ui ck
i nstruction format that synbolically reference net m‘mm“ﬂn mﬂt in a.

qui ck instruction format that references the rretho |g 8
Illustrates in further detail the steps usﬂﬂ-by t he *of f1i he class "l oader
132. Initially the offline class |oader receives a class file for each
class that i s NWHATAS CbAIMEDIIScati on whose cl asses are to be prel oaded.
Fig. 4 illustrates a format for the class file. The class file contains one
or nore header records 25 402, a constant pool 404, one or nore nethods
406, and an ex@eptio r ]S,Q‘?? he
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t he excepti on wsabset af said byteebdes irchading symbohc references to methods
accessible by said computer;

flagging, for each said class, said class' data when said class’ data is
10  modifiable by one of said class’ methaods;
substituting, for each said symbolic reference to a specified method
stored in said memory, said specified method’s memory location;
flagging, for each said method of each said class, said method when
one of said method's bytecodes includes a symbolic reference to a method
156  not stored in said memory; and '
providing an executable module including each said class, wherein
each unflagged method and each unflagged data is to be stored in a
read-only storage medium when executing said executable module, and each
said flagged method and each said flagged data is to be stored in a read and
20 write-enabled storage medium when executing said executable module.

2 A method for operating a computer system, said method comprising
the steps of:
storing in a read-only memory device a browser module partitioned

25 into a first submodule and a second submodule, each submodule including a
plurality of instructions and data, said second submodule having a subset of
said instructions and a subset of said data, said subset of instructions and
subset of data including instructions and data that are modlﬁable durmg
execution of said plurality of instructions; .

30 upon initiation of the computer system, storing the second submodule
in a random access memory device; and
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-12- end offset into the bytecodes, an exception_type, and the offset of a
handl er- for the exception. The entry indicates that when an excepti on of
the indicated type occurs within the code indi ca ﬂmﬂﬂ"ﬂmumlm‘m,ng and
ending of fsets, a handler for the exception wl|l i ven
handl er offset. 5 Each class file is read by the dffFink ctass I*oader (step
802) and the appropriate class data struct2fes for each class are built
(step 804), that is stored in the nmenory of the conputer being used to

preprocess the appl exatitiog thébBowSer rhbuérertatnmﬁ:ohhﬁfdrhﬁﬁanfb%?er&tddiﬁfah es
600. For each class 10 there is a class , one or nore netho

bl ocks 604, by¢empdtes-exgeutablemedulesd sstiimpanteddatamnd saidl d bl ocks 614,

526 and an cxcannparaspUEpld othicy fordt Y Piudti Bocd s mehd s,

structure that can include the follow ng 15 dat a:

5 3. In a distributed data processing system having a plurality of computers
-connected by a communications link, one of said computers comprising:
a memory for storing a plurality of classes, each said class including a
plurality of data and at least one method, each said method including a
plurality of bytecodes, a first set of said bytecodes referencing methods
10 _sfored in said memory, a second set of said bytecodes referencing methods
accessible by said communications link;
an offline class loader that flags, for each said class, said class’ data
when said class’ data is modifiable by one of said class’ methods, and that
flags, for each said method of each said class, said method when one of said
15 method’s bytecodes includes a symbolic reference to a method not stored in
said memory, and
a linker for producmg an executable module having a first portion and
a second portion, the first portion including each of said class’' method and
said data flagged by said offline class loader, and a second portion mcludlng
20  each of said class’ methods and said data not in said first portion.

4, The computer of claim 3 wherein
said first portion of said executable module is configured to be stored
in a read and write-enabled medium when said executable module is
25  executed, and said second portion is configured to be stored in a read-only

storage medium when said executable module is executed.

\
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[err.]- the class nane 630; [err] a pointer 632 to the class block of

t-heé current class' inmedi ate superclass; [err] an array of one or nore
pointers 634, each pointer referencing a 20 met hod bl ock; [err]
an array of one or nore pointers 636, each pointer referencing a field
bl ock; [err] a pointer 638 to . the class' constant pool; and [err] a

poi nter 640 to the class' exception tabler225 A nethod bl ock 604 is a
fixed-sized data structure that_contains a predeterm ned nunber of nethods.
One or nore nmethod bl ocks ar e ABSOTRACIIOFoTHERISCGLQASURE e net hods of a
class. A nmethod bl ock 604 contains the nethod's nane 612 and a pointer 610
to the correspondi ng bytecodes 30 608.

A method and system for providing an executable module having an address
space for storing program data that is to reside in a.read-only storage
5  medium and an address space for storing program data that is to reside in a

random access memory is herein described. The executable module
represents Java classes that are structured for dynamic class loading. A’
static class loader is used to modify the class structure to accommodate static
loading. The static class loader also identifies methods that contain

10 unresolved symbolic references and data that varies during the execution of
the module. These methods and data are identified in order to place them in
the address space that resides in the random access memory. The static
loader i_s beneficial in a distributed computing environment having a client
computer that has little or no secondary storage thereby reduiring

15  applications to run entirely in random access memory. By utilizing a
read-only memory to store statically loadable classes, the random access
memory ié left available for other uses.

20

I
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-13- Afield block 614 is a fixed-size data structure that contains

i nstance variables or fields. There is a different field block format for .
each of the two different types of instance variables provided in Java. The
first format 616 is used for integer or floating point instance vari abl es.
This format 616 contains 5 the nane of the instance variable, the type
(e.g. integer or floating point), and its value. The second format 620 is
used for qqnple or |ong type i nstance variables. This format 620 contai ns

t he nane of | netenree—vaitabl-er—the—type—fe—g——eotble—or—enrgr—eand—a

pointer to Ioca M ?éé% I{u é e L an ar |l abl e 618. %\EFI

illustrates the st e g& gr(tsi 1? Hb&p QZ'QQ sy\;sé@cruct ures. ‘?8 H

information in th By S3 ac t e
8 ‘ %125

cl ass data struct
| uded
alder 1’%% in

al | ocated, pointer t he Iocatlon d

in 15 the class bl ockl (step 1004). I} |
t he constant pool .| PHeft-o—ci-scuss-dg S0 '7ﬁ-12¢
constant pool wll| be dgscri bﬁi4f iIr s4T SHlree code ~—126
@/_D Class File Repositdry 128
ALEREEEE Class File —~—130
'User Interface Class Libraries —~—131
Server Offline Class Loader ~—132
108 Assembler —~—134
1116 Linker 136
A Communications Browser 138
Interface Runtime Class Loader Mod. (~_ 140
Bytecode Verifier Module ~—142
HTML Loader Module ~—144
Data Files ~—146
102
106 )
Network Interconnectivity Client
(Switches, etc) Computer
1
104 -
i =
Server
This Sheet Has Been R

i

{l

FIG.1 HIIII



Il lustrates the structure of the constant pool that is stored in each class
file. A 20 first entry contains the name of the class and the nane of the
supercl ass 502. These nanes are stored as string constants and the first
entry contains pointers to the locations of these strings in the constant.
pool . The next entry pertains to the fields or instance variables. A header
504 is used to denote the nunber of fields in the constant pool. The
various fields 506 follow the 25 header. Likew se, the string constants
are preceded by a header 508 that indicates .the nunber of string constants
In the constant pool. The various string constants 510 follow. String
constants are used to denote nmethod nanes, 30 cl ass nanes, and interface

nanes. Next j—the—method—Teferences—are—stored—Tmtheconmstamt—poot——preceded
by a header {indicating the nu of —etheds—bi2—I he—eerstanin pool
contains fol each nethod a ne P Brewset1 t hat 14 - copparid
pointer to fhe net hod{zonzama 514 and bperg? m)gyst ciass—Tmane 213
Network Access Procedures | _—214
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_—210
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Network Access ProcedL.Jres ~_ 217
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'516. These names are stored as string constants in the constant pool. The
met hod pointer 511 is used to synbolically reference a nethod. This is used
in the non-quick format of an invoke nmethod instruction. 5 A nmethod can
contain an instruction to i nvoke a nmethod. The instruction in the non-quick
format can be as follows: invoke nethod "class","nethod" (1) 10
where "class" refers to the string constant containing the class nanme and
"nmethod” refers to the string constant conpgrCRisg he nethod name. The

i nvoke net 30 | nst r ugd + 6N~ GOAt-al-NS—3- PG+ Ri-eF + o +heqnet hod' s pointer 511.
The offline | opder attenpts to resolve this synbolic reference by
addi ng 15 to e nethod' § nane a poi nt erp<_Q 1t net hod' s bl ock. Once the
| i nker has deterninet the mgmBoulce @odéorf t he ¢l aslses, the |inker

repl aces the non-qui tk formgt of the invokd nethod ilnstruction by the quick
format which directly ref erences thel nethod (i.e., Hy storing the nethod's

address). By resolvipg the synbolic Yeference, the ngthod can be prel oaded.
20 I \

Compiler ~— {122

—

Class File | 130

128
Class File
Class Libraries |
- - . '|\ 131
) 1
L
180 I}
Hash | Offline Class
Table Loader 132
Updated Class File and |—__ 302
Constant Pool
v
Assembler .
™~ 134

Object Module ~_ 304

- v
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TN e
ROM portion | 306
RAM portion
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Referring back to Fig. 9, storage is allocated for a map table 626 that
will track the novenent of the constants fromtheir original location in
the class file's constant pool to various tenporary |ocations until the
constants are stored in the universal constant pool. A map table 626 is
created for each 25 cl ass and maps the original address of each constant
I n the constant pool bo its current |ocation (step 1006). Al data
contained in the cd@Pant pool except for the fields are read fromthe
class file and storedN he constant - pooClassdfile008). As constants are
transferred fromthe class file-ta the constant pool the nap table 626 is
updated to reflect the origingl address 30 and the current focation in
t he constant pool (step 1008). However, tgg g Shg?s that arelyp a &romthe
constant pool are | oaded intojlohe or rmrlé F‘ f ocks and hofefP2ies are
made for themin the map tabl ¢ (step 1008). -15 - The nethpd data is’
read fromthe class file and 4t pred—h—one—or—npre—ethod-bl ofks.

Addi tional storage is allocatdgdjfor th@&yé@qﬂqnéopssoci at e~ 404

Methods N~ 406
Exception Table ~l- 408
Fhis Sheet Has Been Replaced * 1
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each nethod. The method's name is pl aced in the nethod block along with a
pointer to the location of the bytecodes (step 101 ' i se, the
exception 5 table is | oaded fromthe €lass file into its _correspondi ng

exception table data structure (step 10%&)sheem§s@eeﬂkﬁa@éck1to Fig. 8, after

the class data structures have been buil | 180 (see Fig. 3) is
all ocated in accordance wth the total Siﬂ”‘“} I the constant pools
and is used later in the elimnation of ate constants (step 805).
Next, the offline class | oader proceeds to elimnate duplicate constants.
This is perforrreg?'Pn order to conbine the constant pools of_all the classes
in a 15 space e %t manner. For each class file b};ep 80&, each
entry in the class' coOmtant pool is scanned for dupli 4@ RINGHARSs (step
812). Ref Er? g™t “Fr g — 107 dupt Fcate constam s —are get ect ed- by-ostmg—a =~ — 1
hash tabl®e. The hash val ue of the constant | et ergin by an appropriate |
hashing function (step 1102). A check is mﬁeﬂpaﬁbﬁﬂe whet her the hash!

value is gontained i Class Bleckash goml e (step 1104) Pplgfat égipc}iﬁ@&m J'ﬁf’ ;L:

Dot

exists imthe hash table,  then tyf€ congit_is a dup W) Dyioo "
del eted f he I Dby allt tdniss 6 ' ote
tabl e to ig‘s?“é’e {CIRES Nl P ocat i of) of %gﬁﬁz W":fs 3 :
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t he existing constant (step 1106). O herw se, the constant's hash val ue and
nmenory |ocation are stored in the hash table (step 11 08). 25 Referring
back to Fig. 8, the offline class |oader proceeds to determ ne comon
substrings. A conmon substring is one that is contained as part of a |onger
string already stored in the constant pool. For each class file (step 814)
each string constant is scanned to determ ne whether it is part of a 30

| arger string contained in the constant pool (step 816). This can be
acconpl i shed usi ng one of several well-known string matching al gorithns.
-16 - When such a substring is found, it is replaced with a pointer to the
position of the substring in the larger string (step 818). Next the offline
cl ass | oader proceeds to scan the bytecodes of all the 5 met hods
contained in each of the class files (steps 820-824). Referring to Fig. 11,
the bytecodes are inspected for an invoke interface instruction (step

0 7 8 15 16 23 24 31

Word 1 | opcode |operand |opcode |operand

Word 2 | operand | opcode |operand | operand

FIG. 7
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1202). A nethod having an invoke interface instruction is marked for RAM
st orage since the nethod being i nvoked by such an instruction will not be
i npl emented until runtinme (step 1I204)-—Gherwi-se-the bytecode is inspected

10 for an invoke nethod instrialshQindkabeRe.42d8) . I n this situation, a
pointer 518 (see Fig. 5) to the &dnt ai ni ng the nethod to be

I nvoked is added to the nethod' stored in the constant pool
(step 1208). Later when the lin i ned the nenory | ayout of all

the classes, the linker replaces the synbolic reference 'to the nethod with
the direct 15 address to the method. This is deternined by_}x:ﬁﬂ%g t he

nmet hod' s nane inter tot I'E mettgu—tock—tiat—contarns—a—pormter to the
met hod. As eacﬁgg/]t ecode i} Qééﬂéﬁﬁﬁﬁﬁlﬁerence count is made tw@ '
constant that is accedked py t[he ne rener unt
Coan extra 20 - fiold thal id couNdClEss datd Brbetires I TTIESSTTT be
used | ater to determ ne the— ! an Lnarider to
reorder the constant pool. In addition, each mm fields
that are altered by the bytecode- ' C ¥ng if the
atenment. In

field is ever used on the left
this case, the field accepts a 2 ed field is one
806

that has its value stored in the field
For each class file L a10

Read each entry in the constant pool

Eliminate duplicate constants 812
! _ 814
For each class file
For each string constant 1816
Determine common substrings 818
For each class file 820
For each method 822
For each bytecode 824
Inspect invoke instructidns — 826
¥
Count references to constants 828
_ 4
Mark field blocks that store "~ ,830
fields that are altered by the
bytecodes in RAM storage
FIG. 8A
FIG. 8B e
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bl ock than the entire field block is marked for RAM storage (step 830).
Once space is allocated for the universal constant—pool, each entry from
the various class constant pools iThis SREIRIBIRR, h&gf uni versal constant poo
(step 30 902). As nentioned previ Stant pool is partitioned
into two segnents. The first segmdﬂ'ﬂ&ﬂwﬂmﬂ to 256 of the nost
frequently referenced constants. T nt contains the renmaining
-17 - constants. Constants that are never referenced are elimnated and
not stored in the universal constant pool. The constant pool entries are
read fromeach class' map table since the _map table has the reference
count, has elim nated duplicate entries, d\has pointers to common
substrings.!9 ce the universal constan‘a%ool is formed, bytecodes that
ref erence const stored in the second sggnent of the universalaé nst ant.
pool require a-double I ength offset val ue, Jwhich occupies two py{ I nst ead

of one, :
Allocate space for the universal constant
pool and merge constants into it

l 906
[For each class file '
For each method | — 908
Adjust bytecodes to reflect change in 10
constant pool
Read exception table | 916
Adjust offsets effected by 918
adjusted bytecodes
For each class file | 920
For each method L — 922
Perform flow analysis LH— 924

v

Create new method to handle static class r 926

initializer
' — 'L - T 928
Insert linkage instructions indicating -
RAM/ROM memory requirements
v 930

Output universal constant pool file,
an updated class file, and a boot time
initializer for loading the runtime modifiable
methods and data into RAM at boot time.

y

Return

FIG. 8B




to reference the constant. This requires scanning through each bytecode for
10 each class' nethod (steps 906 - 908) and, for each bytecode
referencing a constant in the second segnent of the universal constant

pool, replacing a one byte offset with a two byte offset to address the
constant (step 910). This can be_acconplished by allocating another data
area for storing the bytecodes. As the bytecodes are scanned, they are read

into the new data 15 area and HypSheetiHastBeenReplidedet S requi ri ng repl acenent
with two byte offsets are repl ace copyi ng process. The net hod
bl ock is then updated to reflect e location for the

byt ecodes. The of fset operands for bytecodes representing branching
instructions are adjusted in accordance with the nunber of bytes (if any)
added between the | ocation of the branch 20 byt ecode and the branch
target bytecode. Like80fde, the exception table for each class file will
require adjustment if amy of , t he Builld olzss datastuctusesi | e ref erence
constants in the second segm®nt of the consgant pool. The adjusted
instructions referencing constants in the EE second segnent é@ t he
constant pool w |l occupy nore_space than evi ously, therp-b'y'I 2ecting t he

Randi er of tssts that are aff eft iRy oRdor I Al A Lirtes 2o vell. e

lock data structures

Il 1004

Update class block to include
pointers to block data structures

1 1006
Allocate space for map table
! _-1008

Read in constant pool data

! 1010

Read in method data

l _—1012

Read in exception table data

I

Return

FIG. 9



Iethh constant pool offsets are calculated and stored in the exception
table (steps 916-918). 30 Next, a new nethod is created to handle static
class initialization. Normally, when a class is dynamcally | oaded, a cl ass

initializer is run at the same tine toinitialize certain variables and
the |like associated with the class. Since the classes are preloaded in the
nmet hod and system descri bed herein, class initialization will not be
performed. Therefore, the offliné class—toader_has to create a nethod that
will performclass initializati ophifgte QeB rel oaded 5 classes. However, a
data flow analysis is perfornmed fi ged- 924) in order to
determ ne the execution sequence IHH&H each class initializer. The
sequence i s inportant since one c ze data that is initialized

in another class. If the-correct sequence is not nmintained, the static
class initializer will produce incorrect results. Once the sequence is 10
determ ned, a new nethod is created that will initialize each class in the

812
\/‘

Eliminate Duplicate Constants

l _1102

Determine the hash value for
the constant

~1s the hash value in the N
hash table?
1106 1108
\ 4 Pl
Update the constant map Store hash value and
table to reflect the location address in hash table
_ of the existing entry , l
Return

Return

FIG. 10



sequence for those classes that are to be prel oaded (step 926). The |inkage
i'ndicators are then inserted into the class block structures in order to
flag which methods and field blocks are to be stored in a random 15

access nmenory. The linker uses this information in order to create a
separate address space for the nmethods and field blocks that are to be
stored in the random access neno 'sShFdnHasIBenkjla@dn presune that the absence

of an indicator indicates that th ields are to be stored in
read-only nmenory. Alternatively, i ndi cator can be used to 20
explicitly indicate those nethods, class data structures, and fields that
are to be stored in the read-only nenory (step 928) Lastly, the offline

cl ass | oader outputs the universal constant pool, an updated class file
cont ai ni ng t 826l ass data structures and the indicators 25 specifying the
menory storage Werrents, as well a special boot tinme initiator (step
930). Referring to g. I bl.e execut abl e nodul e and boot tine
initiator 1220 are perdg%éﬁtcwﬁ‘@géeﬁ%f@qfé@sr ead-only menory of a client
30 conmputer. Each tine the client] conputer is powered on or rebooted, the
boot time initiator 1220 is automat]i cally executed. Anong ot her tasks, the
boot

1202

Does the bytecode invoke Y

an interface? l

1204
S~
Mark method for
RAM storage
Return

Does the bytecode invoke ~,_N

a method? l

Return
/_1208

Add to the method’s name
in the constant pool a pointer
to the method block

l

Return

FIG. 11



time initiator copies all nethods and data that nust be resident in random
:19- access nenory during execution to the random access nenory | ocati ons
assigned to them by the linker. Although, the:aforenmentioned system and
met hod has been described with 5 respect to executing a Java browser and
support procedures for use in accessing HTM. docunents through the
Internet, the nmethod and system descri bed herein is applicable to any Java

appl i cation. Mreover, the Java Bpsgh j
distributed environnent, it canr
client or server conputer w thout

ketdnof be run in a
ne node executing in a
new cl asses from externa

systens. |In stand-al one node, the application Is partitioned into the two
address spaces in order to satisfy the nmenory constraints of the particular
conmputing environnment. Although the nethod and .system descri bed herein has
been described with 15 reference to the Java progranm ng | anguage it is
applicable to conmputer .

—210

RAM | Space for dynamically loaded
applets, classes and data

Copy of Methods and Data
to be executed from RAM

Copy made by Boot Time
Initializer upon power up or

reboot
e 208

ROM | Boot Time Initializer

1220

Methpds and Data to be
executed from RAM

Methods and Data to be
executed from ROM

FIG. 12
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systems usi ng other object-oriented classes that utilize dynamc run

lr-oadi ng of classes. Further, the nethod and sysw_
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CLASSES IN READ-ONLY MEMORY

The present invention relates generally to object-oriented computer systems
having classes that are dynamically loaded at runtime, and pérticularly toa
system and method for preloading a subset of the classes in a read-only
memory. '

BACKGROUND OF THE INVENTION

A curreht trend in object-oriented programming languages is to extend the
functionality of the language to accommodate the distribution of dynamic
content in a distributed computing environment. In one such language, this is
accomplished by dynamically loading classes at runtime. Aclassis a
collection of variables and methods that model the behavior of an object. By
dynamically loading classes ét runtime, existing applications can add
functionality by linking ih new classes that reside on any computer system
within the distﬁbuted computing environment.

In such languages, symbolic references are used to refer to the class
members (i.e., the class’ methods and variables). When a class is invoked,
the dynamic loader determines the storage schema for the class and resolves
the symbolic reference. Such a loading scheme is beneficial when accessing
classes that are updated often. However, a limitation of such a loading
scheme is its dependency on a read/write memory device such as a random
access memory (RAM). In a computing environment that has little or no
secondary storage (e.g., non-volatile magnetic disk storage), dynamic loading
of the classes in this manner can quickly us'e up the storage capacity 6_f the



storing in a nenory a plurality of classes, each class including data and
at | east one nethod, each nethod including a plurality pfytecodes—e:
subset of said bytecodes including synbolic references ﬁ&'m&w\s BEEN.
accessi bl e by said conmputer; flagging, for each said cllass, BERIAGEDass'
data when said class' data is nodifiable by one of said class nethods,
substituting, for each said synmbolic ref2rence to a specified nethod stored
in said menory, said specified nethod's nenory |ocation; flagging, for each
sai d met hod of each sai AAMBTHOD ANDSY¥STEMWFOR IcOADENGsai d net hod' s

byt ecodes i ncludes a synboCLASSESANCREAD-ONLYMEMODRYT stored in said
menory; and providi ng an eéxecut abl e nodul e Tncluding each said class,

wherei n each unfl agged nmet hod and each unflagged data is to be stored in a
read-only storage nedi um when executing said _executabl e nodul e, and each
said flagged nethod and each S%BQTR}A&ES@EWEQl@L@SUBEstored in a read
and write-enabl ed storage nedi um when executing sai d executabl e nodul e. 2.
A nmethod for operating a conmputer system said nmethod conprising the steps
of : storing i nAmmethadand systenifoy peendiag s éxavusabile module havirig an addebgsnt 0
a

space for storing program data that is to reside in a read-only storage
5 medium and an address space for storing program data that is to reside in a
~ random access memory is herein described. The executable module

represents Java classes that are structured for dynamic class loading. A
static class loader is used to modify the class structure to accommodate static
loading. The static class loader also identifies methods that contain

10  unresolved symbolic references and data that varies during the execution of
the module. These methods and data are identified in order to place them in
the address space that resides in the random access memory. The static
loader is beneficial in a distributed computing environment having a client
computer that has little or no secondary storage thereby requiring

15  applications to run entirely in random access memory. By utilizing a
read-only memory to store statically loadable classeé, the random access
memory is left available for other uses.

- =~ Figure 3
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first subnodule and a second subnodul e,
I nstructions and data, '
of said instructions and a subset of said data,
and subset of data including instructions and da
during execution of said plurality of
conputer system storing the second subﬂbgule i
-21 - executing the browser
i nformati on-content data and conput er-execut ab

plurality of

devi ce; and

each su

i nstructi

data and sai d conputer-executabl e nodul es stored in sai d random access

menory device. 3.

plurality of conf® ers connected by a comunications |ink,

conputers conpri si
said class including a

nmet hod i ncluding a pluri

d

In a distributed data processing system having a

one of said

Server
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bytécodes, a first set of said bytecodes referencing nmethods stored in said
renory, a second set of said bytecodes referencing methods accessible by

sai d communi cations |link; an offline class |oader thawaIags ach said
class, said class' data when said class' data is RO A ,=.'13>§}§3“E§[‘ of said
cl ass' methods, and that flags, for each said net ; | ass,

sai d net hod when one of said nethod's by2Zecodes i olfi ¢
reference'to a nethod not stored in sai%-ﬁenory; ] gﬁ?ﬁﬂﬁspg? )
an executabl e nodul e having a first portion and al second nnrflnn'_the first
portion including each of said class' nethod and $aid dat a flagged y sald
offline class | oader, and a second portion incl udi ™d=Tl ass'

nmet hods and said data not in said first portion. 4. The conputer of claim
3 wherein said first portion of said executable nodule is configured to be
stored in a read and wite-enabl ed medi um when sai d executable nodule is

executed, and said second portion is configured to be stored in a read-only
storage nmedi um when said executable nodule I's executed. . A et hod pf
operating a conpufer, the method 208wy | Bldikey e steps or: | —~212 :
202 Operating System | _—213
Network Access Procedures
Processor(s) — 214
—210

Browser 215

, 7~ 204 Operating System ~—216

' H Network Access Procedures | 217

@f DI HTML Document Repository |~_ 220

TR HTML Document ~—222

User Interface Tt
Class File Reposito
Client oposTonY 224
Class File ~— 226
ﬂg . e s e
[~ 206 Data Files ~— 228
Communications
Interface e e
106

Network Interconnectivity
(Switches, etc)

108

-

Server
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-22 - storing a class in a nenory, the class including data and at | east
ene nethod that includes a plurality of instructi ofREPRACKHEESE 13t AL
instructions including synbolic references to conp]';*'”'"- &=fTe} hods;
flaggi ng portions of the class' data when the clas$’; bl e by
one of the class' nethods; flagging each nethod of; tge cludes
a synbolic reference to a nethod not stoﬁed in the viplng an
execut abl e ‘'nmodul e including the class, wher ei n eac i and
each unfl agged data is preloaded in a read-only sv . fach

fl agged net hod and each flagged data is to be stored in a read and
write-enabl ed storage nmedi um when executing the executable nodul e. 6. The
met hod of claimb5 wherein the unfl agged nmet hqeler @agsdat a prel oaded in the
read-only storageﬂﬂﬂdlun1are"cnnﬁ1gured-to—be-accessed fromthe read-only
storage nedlun1mhen‘&he\expcutab'c reet-e—s—execut ed! 7. The met hod of
claim5 wherein the executabl e m’dSbﬁrc'eSC@dé)r ﬁsérzsm)dul e
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for accessing objects stored in the conmputer as well
ot her conputers. 8. The nmethod of claim7 wherein the browser

i ncludes instructions for inporting information-content—
conput er - execut abl e nodul es, and for storing the i npaliie
conput er - execut abl e nodul es the read and wite-enah

A net hod-of operating a conputer,

storing in a nenory a plurality of classes that are
execut abl e nodul e, at | east one of the classes inclju
one nethod that includes a plurality of instructions,

I nstructions including4@@nbolic references to conputer

-23 - flagging, for each S,
nodi fi abl e by one of the class’
plurality of classes whose byt ed

as objects
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t he method conprilsi
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synﬁolic reference to a nmethod not stored in the nenory; and providing the

execut abl e nodul e i ncluding each of the plurality of classes,

wherei n each

unf |l agged met hod and each unfl agged data is preloaded in a read-only

storage nedi um and each flagged net hod and each fl_aggedgf;@ga—gﬁwtm
stored in a read and wite-enabl ed storage nedi u§ pats
The net hod of c '
met hods. and unfl agged data prel oaded in the read

execut abl e nodul e.

10.

aim9
n

PhACE

e
I

]
configured to be accessed fromthe read-only stofa eéri%?u

execut abl e nodul e i

conput er as wel |

claim 13 wherein the browser
ata and conput er - execut abl e nodul es,

SW conput er - execut abl e nodul es the read
[L@u M sic

i nf or nat i on- cont ent
the inported data

write-enabl ed storage

S execut ed.

um 13.

11.
execut abl e nodule is a browser nodule for accessiing objects star
as objects stored in other conp
nmodul e . i ncl udes instructions for

The nmet hod o

]

“*=*he met hod of

be

he

gged
dilum are
tthe

he

in the

unf[

997
m whe
f&f el n

I mporting
and for storing
nd

| Method Block 1 :
1
5 Class Block 602 512 (604 69 60& Method 1 1
1630~ {Class Name “Method 1 | ptr pecoder
E::j\ Superclass ptr Method 2 | ptr bytecodep E
M | T » P .
: | ~-Method Block 1 |pt Method 2 :
' 1 e & 8 !
' I . |Method Block n |ptr > bytecode1:
1636 TField Block 1 __|ptr Field Blocks Eotsoodedi
; Field Block 2 pir 1L y o,
: —»iname |type |value |— = i
i _ PP »iname |type |ptr » value |,
e |TP9BOCK A pu N Ces |
: 3 ~Constant Pool ptr .o 620 :
:640x Exception Table |ptr | !
1 i
i !
i e e 0 l
| Constant Pool {624 Map Table6f26 :
1 1
1 |
: > :
1 !
1 I
: Exception Table o,q E
1
l I
) I
i 1
I i
I I
i 1

e G mm G Gme e e i Gt bt Cmn REn SEn S TEN W M et et e MM R Gt W mm S G W G e mE Tee e S e W e W S am e e oS



the class including data and at | east one nethod that includes a plurality
of instructions, a subset of the instructions including synbolic references
to computer accessible nethods; an offline class | oader that flags t he

class' data when the class' data is modifiable by qre—e Re—e+a3:S

net hods, and that flags each nethod in the class fRE?EACEWﬁEHéSHEE@

|ncludes a synmbolic reference to a nethd@ not storgd nor y,
e |

| i nker for producing the executabl e nodule, the exfcitaﬁbf

first portion and a second portion, the first portLo udlng each‘of t he

met hods and data flagged by the offline class |oad : o
&rst

~Pé
i ncludi ng each of the nethods and data not in the f portion. 14. j
conput er system of claim 13 wherein the first porti =R e XeETED] e
nodul e is configured to be stored in a read and wite-enabl ed nedi um when
t he executable nodule is executed, and the

0 78 15 16 23 24 31

Word 1 | opcode |operand {opcode |operand

Word 2 | operand | opcode |operand | operand

FIG. 7



second portion is configured to be stored in a read-
when the executable nodule is executed. 15.
14 wherein the offline class | oader
to a specified nethod stored in the nenory, a val ue
specified nethod's location in the read-only storage!

conput er ,system of claim 14 wherein the Bxecutable m

only storage nedi um

The conputer system of claim
substitutes for

i-C—t-ef-e

each . .synbol.
@F@@@EMEN@ BHHEER

.,UI OTTT ITI:
Dd

J| $i¥§i@3?ms'r

rence
he

nodul e for accessing objects stored inThe conmputer @s ecks
stored in other conputers. 17. The conputer system of L in the
browser nodul e i ncludes instructions for inporting i 1forrrat|on contentj data
and conput er - execut abl e nodul es, and for storing the-rﬁpﬂwfﬁﬁ*ﬂarawanﬁ
conput er - execut abl e nodul es the read and wite-enabl ed stora medi um 18.
A conputer system conprising: a rrermry for stor| ng a pl urgd— of cl asses
that are to be included in a CAcuut apte—podute—at—teast—ong of t he
classes including d#2a and at|OE£3¢h §1a8SH8 hod t hat incl udes P grality of
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-25 - an offline class | oader that flags, for each class in the plurality
of classes, the class' data when the class' data is|yp m nﬁ# y of
the class' nmethods, and that flags each nmethod in tjte4p EM tidijasses
whose byt ecodes includes a synbolic reference to a jnmgt hod not storgd|in the
menmory; a linker for producing the executabl e nodulle,i t 3§ A¥gagablie jmodul e
having a first.portion and a second portion, the fijrdt portion inclluding
each of the class' nethods and data flagged by the [of fTT e~ trass~dafler,
and a second portion including each of the class’ J:gumg_g_g_rlgﬁg‘g_tf% net in
the first portion. 19. The conputer systemof claim18 wherein € 1irst
portion of the executable nodule is configured to be stored in a read and
wite-enabl ed medi um when the executable nodule is executed, and the second
portion is configured to be stored in a read-only storage nedi um when the
execut abl e nodul e is executed. 20. The co r system of claim 19 wherein

the offline class | 880er substitutes for ea ynbolic reference to a
specified nethod storsd-§n the nenory, a vaMNd
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corresponding to the specified nmethod's location in the read-only storage
nedium 21. The conputer system of claim 19 wherein the executabl e nodul e
is a browser nodule for accessing objects stored in the _conputer as well as
objects stored in other conputers. 22. The conput er sgg; 3 st ey
wherein the browser nodul e includes instructions for inf ?H;ﬂ%ﬁﬂﬁ‘gﬁﬁﬁ%i
i nformati on-content data and conputer-exétutable nodul ep, | and for storin
the inported data and conputer-execut abl e nmodul es the rpafl 2riBAUG 1997 |
write-enabl ed storage nedium 23. A nethod of operating p conputer syst
the conputer systemincluding a class |oader for |oadinp classes of nethdgds
into the conputer systemfor execution, the nmet hod CONMPLLSIDG muwmiseniwdBs s
accessing data and instructions in a read-only nenory device in which a
software nodule is stored, the nodul e conprising a prel oaded nodul e t hat

i ncludes data and at |east one nethod that includes a plurality of
instructions, a

804\,* Build class data structures
l 1002
Read header info and allocate
block data structures
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subset of the instructions including synboliic references to conputer
accessi bl e net hods; wherein the prel oaded nodul e i p@rtltloned into a
first subnmodul e and a second subnodul e, each subno

plurality ef instructions and data, the second sub uLAcﬁm%gHﬁEm set of

the instructions and a subset of the data, the subgef of instructipng and
subset of data including instructions ad@ data tha & 1991 e dpri ng
execution of the plurality of instructions; upon ipi allzatlon of the

conput er system storing the second subnodul e in al read an “enabl ed

random access nenory devi ce; and executing the pre ~fpdul e, wi tjhout

i nvoki ng the class | oader, including executing instructions in bot “t he
first and second submodul es and executing instructions that nodify the data
in the second subnodul e; and invoking the class | oader to | oad ot her

sof tware nodul es prior to execution thereof. 24. The nethod of claim 23,
wherein the executing step includes inporting information-content data and
conput er - execut abl e n@til es, the inported data and the conputer-execut abl e
nodul es stored in the re@gﬁﬁnd wite-enabl ed random access nenory devi ce;
and the class | oader invokihg Step includes invoking the class load to | oad

t he
Eliminate Duplicate Constants

l _-1102
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the constant

~Is the hash value in the N
hash table?
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Return
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conput er - execut abl e nodul es i nported by the executing step. 25. The nethod
of claim 24, wherein the preloaded nodule is a browser nodule. 26. - A '
conputer controlled device, conprising: a read-only nenDry device in which
a software nodule is stored, wherein the soft ‘nis: e

modul e that i,s partitioned into a first subnodiiet e}
each subnbdul e including a plurality of llnstru

ti ons and -
the second subnodul e having a subset of "the ingpt} ucx

t he data, the subset of instructions and subse bf i g
instructions and data that are nodifiable duri the plurality
of instructions; a read and wite-enabled rand n1access“g§ﬂnry evice in
whi ch the second subnodule is stored upon initialization of the conputer
system a data processor for executing the software nodule to inport

i nformation-content data and conputer-executabl e nodul es from ot her devices
826 '

data inclu
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Does the bytecode invoke
an interface?

] /_1204

Mark method for
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to the method block

l
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and to store the inported data and the conputer-executabl e nodul es stored
i'n the read and write-enabled random access nenory device; and a cl ass

| oader for |oading classes of nmethods into the conputer systemfor
execution, wherein the prel oaded nodul e stored; menory
device is ready for execution by the data pro Mmﬁﬁm&essi ng by
the class |oader. 27. The conputer contl2ol | edl ¢levi ce of clal P6, wherein
t he prel oaded nodul e contains instructi ons fof i n@BtﬁU@gwg—i
i nformation-content data and conputer-execut alpl ¢ nodul es, thelifrported data
and the conputer-executabl e nodul es stored in{the read and wit¢-enabl ed
random access nenory device; and the class |o B V< W
conput er - execut abl e nodul es i nported during execution of the prel oaded

nodul e by the data processor. 28. The conputer controlled device of claim
27, wherein the preloaded nodule is a browser nodul e. -28 -
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applets, classes and data
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Initializer upon power up or
reboot

f208
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1220
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executed from ROM

—
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A METHOD AND SYSTEM FOR LQOADL NG CLASSES | N READ- ONLY MEMORY 5 ABSTRACT OF
THE DI SCLOSURE A net hod and system for providing an executabl e nodul e

havi ng an address 10 space for storing programdata that is to reside in a
read-only storage nedium and an address space for storing program data that
Is to reside in a random access nenory20s herein described. The executable
nodul e represents Java cl asses that are structured for dynam c cl ass

| oadi ng. WHAT 38 CLAIMED I8pader is used to nodify the class structure to '
accommpdate 15 static |oading. The static class |oader also identifies:-
met hods that contain unresol ved synbolic references and data that varies

duri , n dul . , e

' or der Tto prACERARY phefatBE A neleE e BeiBeaRehBr i Miflaom °

access nﬁ{aﬁﬁd co réirgtﬂh% dtepsler is beneficial in a distributed conputing
a

envi ronnent havin lent 20 conputer that has little or no secondary
storage t her ebforingdnia megarpal plusdityoofsclasses, each classlipcludingaiale andatess

rCTF 2‘; ;Z s, %lqspgtohlglﬁéén gigééri‘%e‘%ﬁw in%?urgfrrial atp?urﬁit?/rc?f b%&é‘é&d%%', laysulb(.g,t(%‘fj 8ib éae|d

bytecodes including symbolic references to methods accessible by said computer;

flagging, for each said class, said class’ data when said class’ datais = = N
modifiable by one of said class’ methods;, '

substituting, for each said symbolic reference to a specified method stored
in said memory, said specified method’s memory location;

flagging, for each said method of each said class, said method when one of
said method’s bytecodes includes a symbolic reference to a method not stored in
said memory; and '

providing an executable module including each said class, wherein each
unflagged method and each unflagged data is to be stored in a read-only storage
medium when executing said executable module, and each said flagged method
and each said flagged data is to be stored in a read and write-enabled storage

" medium when executing said executable module.

W, 2. A method for operating a computer system, said method comprising the

steps of:

storing in a read-only memory device a browser module partitioned into a
first submodule and a second submodule, each submodule including a plurality of
instructions and data, said second submodule having a subset of said instructions
and a subset of said data, said subset of instructions and subset of data including
instructions and data that are modifiable during'execution of said plurality of
instructions;

upon initiation of the computer system, storing the second submodule in a

random access memory device; and



menory is left available for other uses. 25 Figure 3 -20 - WHAT IS
CLAIMED I S: 1. A nethod of operating a conputer in a distributed
conput er system the nethod conprising the steps of: storing in a nenory a
plurality of classes, each class including data and at | east one nethod,
each nethod including a plurality of byRécodes, a subset of said bytecodes
I ncl udi ng synbolic references to nethods accessible by said conputer;

flagging, for eretutigy theddronser ARidilciciptportinfemdtion-cotitentcdatg|nddat a is
nodi fi abl e by one of said class' nethods; substituting, for each said

synbol i c FeTBHtaiaxecyiable pedules saitkimprrted datedanchsaidicommiter-gxecutable
specified Eé’sgsﬁgﬁgﬁé%ﬂkoﬁ ('ﬁrlgoq?:’pegé aﬁglg ’defvcl)ée.eaCh sai'd nethod of each

sai d cl ass,

3. In a distributed data processing system having a plurality of computers
connected by a communications link, one of said computers comprising:

a memory for stbring a plurality of classes, each said class including a
plurality of data and at least one method, each said method including a plurality of
bytecbdes, a first set of said bytecodes referencing methods stored in said
memory, a second set of said bytecodes referencing methods accessible by said
communications link;

an offline class loader that flags, for each said class, said class’ data when
said class’ data is modifiable by one of said class’ methods, and that flags, for each
said method of each said class, said method when one of said method’s bytecodes
includes a symbolic reference to a method not stored in said memory; and

a linker for producing an executable module having a first portion and a
second portion, the first portion including each of said class’ method and said data
flagged by said offline class loader, and a second portion including each of said

class’ methods and said data not in said first portion.

4. The computer of claim 3 wherein

said first portion of said executable module is configured to be stored in a
read and write-enabled medium when said executable module is executed, and
said second portion is configured to be stored in a read-only storage medium when

said executable module is executed.

_9.. A method of operating a computer, the method comprising the steps of:



sai d net hod' s byt ecodes includes a synbolic reference to a nethod not
stored in said nenory; and providing an executabl e nodul e i ncl udi ng each
said class, wherein each unflagged nethod and each unflagged data is to be
stored in a read-only storage nedi um when executing sai d executabl e nodul e,
and each said flagged net hod and .each22aid flagged data is to be stored in
a read and wite-enabl ed storage nedi um when executing sai d executabl e

modul e. 2. stbrmgdnetiaskdn aqnematy;the elassiincltidingdata amd atdeabt wrehod
corrprlsmgt the steps of: storing .in a read-only nenory device a browser

nodul e ethed ﬂ@atéaclude@aaplurahmofgnﬂﬁw@né, aﬁubaetﬁdbﬁmﬂum@am e, each

subnodul it | ata sai d second
subnodul".gd‘f@% %ghﬁ’%é@ﬁ%@?é@es tél‘%“‘é%@é't%%t sgﬁ)ié Q% %™Xubset of said dat a,
sai d subset @h gmgtﬁcsrﬁbngaﬁtmﬂawmﬁ whbndRé elasscaatdu@mddiﬁémé%ylm and
data that are rmdlfl abl'e during execution of said plurality of
i nst r ucof thesclasgignetheids] at i on of the conputer syst em storing the second
submodul e in ﬂgggr;%rédé)an&har%% Sod éﬁﬁg re)(assetﬁatc mclu%es a symbolic reference to a

method not stored in the memory; and

providing an executable module including the class, wherein each unflagged. =
method and each unflagged data is preloaded in a read-only storage medium and
each flagged method and each flagged data is to be stored in a read and

write-enabled storage medium when executing the executable module.

6.  The method of claim 5 wherein the unflagged methods and data preloaded
in the read-only storage medium are configured to be accessed from the read-only

storage medium when the executable module is executed.

7. The method of claim 5 wherein the executable module is a browser module -
for accessing objects stored in the computer as well as objects stored in other

computers.

, .8.  The method of claim 7 wherein the browser module includes instructions for
importing information-content data and computer-executable modules, and for -
storing the imported data and computer-executable modules the read and

write-enabled storage medium.

9. Amethod of operating a computer, the method comprising the steps of:
storing in a memory a plurality of classes that are to be included in an
executable module, at least one of the classes including data and at least one
method that includes a plurality of instructions, a subset of the instructions

including symbolic references to computer accessible methods;



-21 - exebuting the browser nodule to inport information-content data and
conput er - execut abl e nodul es, said inported data and said .
conput er - execut abl e nodul es stored in said random access nenory device. 3.
In a distributed data processing systemhaving a plurality of conputers
connected by a comunications |ink, one28% said conputers conprising: a
menory .for storing a plurality of classes, each said class including a-

plurality of dﬂagglagdfmtedchmssoﬂm olekkfcuhtamh thai clage dbeflis' rﬁéhiﬁdbl&ow
plurality of tecodes a first set of -said bytecodes referencing nmethods

stored i noBgiofthe §mg thodsond set of said byt ecodels refFrenm nghrretplods
ble b fl cla oader, t hat ags,

For each sai o AuGio6 YR InERbNIA e bllifeyrd b Blassed uross Btechdes inglifes 2. o

by one of swabdnﬂaéﬁenc@qb@ﬁlféthowﬁottétafedflh%Hémérﬁamf%ﬁta sai d method of each

said class, said nethod when one of said nethod tecodes includes a
symbol i ¢ ref er prading the sxecitableonodulerindudingsedch mfetherp}urahiycbfazléss@ser for

produci ngwﬁgreeiﬁ( ee%%he}mﬂ%ggeg %eethoa nageaéé:hfdnr aggg?irdtatg ?s grré oaded in a
read-only storage medium and each flagged method and each ﬂagged datais to
be stored in a read and write-enabled storage medium when executmg the

executable module.

10. The method of claim 9 wherein the unflagged methods and unflagged data
preloaded in the read-only storage medium are configured to be accessed from the
read-only storage medium when the executable module is executed.

11.  The method of claim 9 wherein the executable module is a browser module
for accessing objects stored in the computer as well as objects stored in other
computers.

J2. The method of claim 13 wherein the browser module includes instructions
for importing information-content data and computer-executable modules, and for

W storing the imported data and computer-executable modules the read and
write-enabled storage medium.

3. A computer system, comprising:
a memory for storing a class that is to be included in an executable module,
~ the class including data and at least one method that includes a plurality of
instructions, a subset of the instructions including symbolic references to computer
accessible methods;
an offline class loader that flags the class’ data when the class’ data is

modifiable by one of the class’ methods, and that flags each method in the class



second portion, the first portion including each of said class'. nethod and
said data flagged by said offline class | oader, and a second portion

i ncludi ng each of said class' methods and said data not in said first
portion. 4. The conputer of claim3 wherein-said first portion of said
execut abl e nodule is configured to be2dtored in a read and wite-enabl ed
medi um when sai d executable nodule is executed, and said second portion is

conf i guwbsecbyiecsdes imdludesa syrabelivveferenoe t@a mettiodmotistored an theexecut abl e
nodul e i s executed. 5. A nmet hod of operating a conputer, the method
conpr i siM@MPRE adeps of -22 - storing a class in a nenory, the cl ass

i ncl udi ng da
instructi Onsta%ﬂisé‘i’g ?‘Jogﬁéinﬁcem?ngglr:%ﬂl Oﬁ\?ﬁut}é%é’dg%cﬁv%%%ul neghces to
conput era et pEioRl ndraiseedhid pbHisg tﬁ&fl&@bbﬂ@hﬁn@lﬁdhﬁ%aﬂkﬁ@ﬁhedﬁémoﬂben the
class' data 1s nodifiable by one of the class' nethods

and data flagged by the offline class loader, and a second portlon including each of

the methods and data not in the first portion.

14, The computer system of claim 13 wherein

the first portion of the executable module is configured fo be stored in a read
and write-enabled medium when the executable module is executed, and the
second portion is configured to be stored in a read-only storage medium when the
executable module is executed.

15. The computer system of claim 14 wherein the offline class loader substitutes
for each symbolic reference to a specified method stored in the memory, a value

corresponding to the specified method’s location in the read-only storage medium.

16." The computer system of claim 14 wherein the executable module is a
browser module for accessing objects stored in the computer as well as objects

stored in other computers.

J7. The computer system of claim 16 wherein the browser module includes
instructions for importing information-content data and computer-executable
modules, and for storing the imported data and computer-executable modules the

read and write-enabled storage medium.

18. A computer system, comprising:

a memory for storing a plurality of classes that are to be included in an
executable module, at least one of the classes including data and at least one
method that includes a plurality of instructions, a subset of the instructions

including symbolic references to computer accessible methods;



fl'aggi ng each method of the class -that includes a synbolic reference to a
nmet hod not stored in-the nenory; and providing an executabl e nodul e

i ncluding the class, wherein each unflagged net hod and each unfl agged data
i's prel oaded in a read-only storage medi um and each flagged method and each
flagged data is to be stored in a read-25d wite-enabl ed storage medi um
when executing the executable nodule. 6. The nethod of claimb5 wherein

the unfl agged antdﬂlidédmitIda'éi@rﬂhheﬂ@%éi,ﬁfdréébﬁ&éséﬁﬁﬁe%’lhkliw 6f @agsegdi um
are confi&ured to be accessed fromthe read-only storage nedi um when the

execut abl herglass’'data whancthewlass! data isimodifabledbyéne biithe dasﬁeneﬁhngshand )

i dul i Nng: objects stored in the
conput or - et AEBp 520 iptien R Sie PRI of Bheses whpae dlecoses inghdesd nod o
clai m 7 wagmBblic retérdicate® measy ﬁof&&#éﬂﬁ%héﬁ?érh%' ons for inporting

I nformati on-content data and conputer-executable ules, and for storing
the inported datliakenforquoguting thexexedutable modisle cthetdxecutztle amstule having

ite- bl stgrage nedium_ 9. A nethod of operating a conputer, the
V\rrlrralt hgdeg gﬁﬂ&&ﬁ‘?@mﬂ %Bdﬁ Beronsk pordion, thedirstportion idlydiag gagh £ the clesst) asses
that are hahsdd 8hd 48efaadbéd by the offiine class loader, and a second portion

- including each of the class’ methods and data not in the first portion.

19.  The computer system of claim 18 wherein

the first portion of the executable module is configured to be stored in a read
and write-enabled medium when the executable module is executed, and the
second portion is configured to be stored in a read-only storage medium when the
executable module is executed.

20. The computer system of claim 19 wherein the offline class loader substitutes
for each symbolic reference to a specified method stored in the memory, a value

corresponding to the specified method's location in the read-only storage medium.

21.  The computer system of claim 19 wherein the executable module is a
\_ browser module for accessing objects stored in the computer as well as objects
stored in other computers.

22. The computer system of claim 19 wherein the browser module includes
instructions for importing information-content data and computer-executable
modules, and for storing the imported data and computer-executable modules the

read and write-enabled storage medium.

23. A method of operating a computer system, the computer system including a
class loader for loading classes of methods into the computer system for
execution, the method comprising: |



execut abl’e nodul e, at |east one of the classes including data and at | east
one nethod that includes a plurality of instructions, a subset of the
instructions including synbolic references to conputer accessible nethods;
-23 - flagging, for each class, the class' data when the class' data is
nodi fi abl e by one of the class' nethod26-flaggi ng each nethod in the
plurality of classes whose bytecodes includes a synbolic reference to a

nmet hod not stadc@sing data diRIBsiuctil iRfoMdad-orly eisryedalicdinewhield e
i ncluding each of the plurality of classes, wherein each unfl agged nethod
and eactsaftwaregyeduleds storedpihel rvadule camprisinga-preloaded onedide thali um and each
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f r om t hemethods; wherein the preloaded module is partitioned into a first submodule and a
second submodule, each submodule including a plurality of instructions and data,
the second submodule having a subset of the instructions and a subset of the data,
- the subset of instructions and subset of data including instructions and data that
are modifiable during execution of the plurality of instructions;

upon initialization of the computer system, storing the second submodule in
a read and write-enabled random access memory device; and

executing the preloaded module, without invoking the class loader, including
executing instructions in both the first and second submodules and executing
instructions that modify the data in the second submodule; and

invoking the class loader to load other software modules prior to execution
thereof. |

24. The method of claim 23, wherein
the executing step includes importing information-content data and
computer-executable modules, the imported data and the computer-executable
modules stored in the read and write-enabled random access memory device; and
the class loader invoking step includes invoking the class load to load the
computer-executable modules imported by the executing step.

25. The method of claim 24, wherein the preloaded module is a browser
module.

26. A computer controlied device, comprising:
a read-only memory device in which a software module is stored, wherein
the software module is a preloaded module that is partitioned into a first submodule

and a second submodule, each submodule including a plurality of instructions and



read-only storage medi um when the executable nmodule is executed. 11. The
met hod of claim9 wherein the executable nodule is a browser nodule for
accessing objects stored in the conputer as well as objects stored in other
conputers. 12. The method of claim 13 wherein the browser nodul e incl udes
i nstructions for inporting information-28Rtent data and conput er-execut abl e
nmodul es, and for storing the inported data and conputer-executabl e nodul es

the read dath,thé second bLbshodUley fivingraGubBet dfthe iNStAMIBHE ndy SUISEBE of the
corrprlsmg a menory for storing a class that is to be included.-in an
a

execut abl 8atedhe §Ub$¢leOfdn$i§!$tli0ﬁ§Iamdl&@SahobdatadndudIhgaestmntl@nsmﬂdodaiahat

| nol udi ng 1AL Frodibalte iR Sl of ferbliibe & inpBietidioas: éﬁnif f1ine
class |oader tBgballla@bwiiltCerrdied raﬁ%lﬁni1 proed ea@'ﬁﬁk@%@l qﬁWm difiable

by one of the class' nethods, and that I n t ass
second submodule is stored upon initialization of the computer system,

[

a data processor for executing the software module to import
information-content data and computer-executable modules from other devices
and to store the imported data and the computer-executable modules stored in the. |
read and write-enabled random access memory device; and |

a class loader for loading classes of methods into the computer system for

~ execution, wherein the preloaded module stored in the read-only memory device is
ready for execution by the data processor without processing by the class loader.
_27.  The computer controlled device of claim 26, wherein
the preloaded module contains instructions for importing information-content
data and computer-executable modules, the imported data and the
computer-executable modules stored in the read and write-enabled random access
memory device; and
the class loader loads the computer-executable modules imported during
execution of the preloaded module by the data processor.
U

28. The computer controlled device of claim 27, wherein the preloaded module

is a browser module.



whose byt ecodes includes a symbolic reference to a method not stored in the
menory; and a |linker for producing the executable nodul e, the executable
‘modul e having a first portion and a second portion, the first portion

i ncl udi ng each of .the nethods and data flagged by the offline class | oader,
and a second portion including each of th thods and data not in the .
first portion. 14.. The conputer systemof claim 13 wherein the first
portion of the executable nodule is configured to be stored in a read and
write-enabl ed nedi'um when the executable nodule is executed, and the second
portion is configured to be stored in a read-only storage nedi um when the

execut abl e nodul e i s executAamE-lﬂﬁOD ARD S‘?STEWFOW?CWDING claim 14 wherein

the offline class | oader substitutes for each synbolic reference to a
specified method stored in tHELABSESHN REAB-ONLYOMEMORYdi ng to the
specified nethod's location in the read-only storage nmedium 16. The
conputer system of- claim 14 wherein the executable nodule is a browser
nodul e for accessing objects stored in the conputer as well as objects
stored in other conputers. 17. The conputer system of claim 16 wherein the
browser nodul e includes ABSTRACT OF THE DISCLOSURE

A method and system for providing an executable module having an address

10 space for storing prbgram data that is to reside in a read-only storage

— medium and an address space for storing program data that is to reside in a

random access memory is herein described. The executable module
represents Java classes that are structured for dynamic class loading. A
static class loader is used to modify the class structure to accommodate

16  static loading. The static class loader also identifies methods that contain
unresolved symbolic references and data that varies during the execution of
the module. These methods and data are identified in order to place them in
the address space that resides in the random access memory. The static
loader is beneficial in a distributed computing environment having a client

20 computer that has little or no secondary storage thereby requiring
applications to run entirely in random access memory. By utilizing a
read-only memory to store statically loadable classes, the random access
memory is left available for other uses.

25
Figure 3



i nstructions Tor |rrport| ng i nformati on- content daika and corrputer (ﬂZQL{ésﬂé’:S

nodul es the | nported dat 3 A *ab!c n‘sdu
t he rea(“ﬁmnmi!ml@ d st orage nedi um j m SG
conpri si r s st:oring a plural it \gg Capgggegageﬁ%@rgageé
included in an executabl e nodul e, at 42@st % he * PRgsdssto pegedd;

data and at |east orie method that includeg LKE&{Y;&S@ ypagedi: nstOrD@edGms a

subset OfVHAT ISTGLANEDASs i ncl udi ng synbg @ten@p@ed@&:tmpagedr::
accessi bl e net hods; an offline class | qader that fl ags, g e/zch cl ags
S

in the plurali ty of cl asses, the class' d3t DATEOR RECHEPYS. < Halp/ D

srural i1y of & 8&%#53%33@&%%@58@&@1 eﬁﬂssthéﬂt?grﬁemgf‘%ﬁmt e

met hod nﬁ{etﬁéd)bgmﬂrg"{dme a linker for producing the executable
modul e, the executable nDduIe haV|ng a first portion and a second portion,

the first por stogimgiinad mﬁmqyya'apihrahty ofrmassemeacmussdrscladmgcdataandajged by

the of fl I de
€0 \e%est %ngsrﬁet O% each me hgd |snec uJ' ing %rlflra?@ of bytecodes, a subset of said

bytecodes including symbolic references to methods accessible by said computer;

flagging, for each said class, said class’ data when said class’ data |s
modifiable by one of said class’ methods;

| substituting, for each said symbolic reference to a specified method stored

in said memory, said specified method's memory location;

flagging, for each said method of each said class, said method when one of
said method’s bytecodes includes a symbolic reference to a method not stored in
said memory; and

providing an executable module including each said class, wherein each
unflagged method and each unflagged data is to be stored in a read-only storage
medium when executing said executable module, and each said flagged method |
and each said flagged data is to be stored in a read and write-enabled storage

medium when executing said executable module.

2. A method for operating a computer system, said method comprising the
steps of:

storing in a read-only memory device a browser module partitioned into a
first submodule and a second submodule, each submodule including a plurality of
instructions and datal, said second submodule having a subset of said instructions
and a subset of said data, said subset of instructions and subset of data including
instructions and data that are modifiable during'execution of said plurality of
instructions;

upon initiation of the computer system, storing the second submodule in a

random access memory device; and
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i hcl udi ng each of the class' nethods and data not in the-first portion. 19.
The conpu im18 wherein the first portion of the executable
nodul e |smgmmi“1m}'1’m|>":“n stored in a read and wite-enabl ed medi um when

t he execut abl e mo e sl s*executed, and the second portion is configured-to

be stored in a read-only'storage medi uapgyhen t he executable nodule is
executed. 20. The.conputer system of claim 19 wherein the offline class

| oader substi t gkesutiry theasrowsrrhiddute fihficihpforhfatidonsdtiftent difla@pighod st ar ed
in the nenory, a val ue corresponding to the specified method' s | ocationin

t he read- computarexegutahidimedules, said inpaerterhdatarand saidrnopiputernexecadableger ei n
t he execu'i_rg)%l gessm)dUIée. I S a br‘?vxser nodul e for,accessi ng objects stored in

t he conpufMadulgs giored insajdrapdamGeeesy meMeeVicenput ers.  22.  The

conput er system of .claim 19 wherein the browser nodul e incl udes

i nstructions for inporting information-content data and conputer-execut abl e
nodul es, and for storing the inported data and conputer-execut abl e nodul es

the read and wite-enabled storage medium 23. A nethqod of operating a
conput er 3yst el adigribylad data prgegssing systenn haying aipiwralitypf eompwers oadi ng

cl asses OEoﬁWééng%yié‘EQmmﬁliEé}m‘étlﬁk SM& bP Bhii%omputers comprising:

a memory for storing a plurality of classes, each said class including a
plurality of data and at least one method, each said method including a plurality of
bytecodes, a first set of said bytecodes referencing methods stored in said
memory, a second set of said bytecodes referencing methods accessible by said
communications link;

an offline class loader that flags, for each said class, said class’ data whén
said class’ data is modifiable by one of said class’ methods, and that flags, for each
said method of each said class, said method when one of said method’s bytecodes
includes a symbolic reference to a method not stored in said memory; and

a linker for producing an execufable module having a first portion and a
second portion, the first portion including each of said class’ method and said data
flagged by said offline class loader, and a second portion including each of said

class’ methods and said data not in said first portion.

4, The computer of claim 3 wherein

said first portion of said executable module is configured to be stored in a
read and write-enabled medium when said executable module is executed, and
said second portion is configured to be stored in a read-only storage medium when

said executable module is executed.

_95.. A method of operating a computer, the method comprising the steps of:
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exe‘cution‘ t he net hod conpri sing: -26 - accessi_ng_dat—a—&nd—i—ﬁsrructions
in a read-only nmenory device in which a software nodule is store
H“‘Igast one

nodul e conprising a prel oaded nodul e that incl udeﬁmm&m mﬂ
nmet hod that includes a plurality of instructions
instructions including symbolic refereB2es to conput ér Scchssi bl e met hods;

wherein the prel oaded nodule is partitioned into a first subnodule and a

second subnodstaringea class b andemery,thé eilissdnelugingrdaita andadt leastionect i ons and
data, the second submpdul e having a subset of the instructions and a subset

of the dm%t 0@ faatdnglydes arplurmity Gidnsiidionsda subsek ofdhe dpstaictinns ud ng
|nstruct| ilon of the plurality
of instr u ngﬂ%f?ﬂctr%ﬂh@esztﬁ%@l@g %%%%é@rlﬁgmeﬁ&%'st em storing the
second SUbWDdlﬂbﬁging poriiGAslofihé oisd’ afNWREAINE BRESTIAAGE AfodifiBIE Hydhe Ce;
and executing the prel oaded nodul e, wi thout invoking the class | oader
i ncl udi ngf theeelass'mgethedist uctions in both the first and second subnodul es
and executi ngﬂagglng each method of the class that includes a symbolic reference to a
method not stored in the memory; and
providing an executable module including the class, wherein each unflagged
method and each unflagged data is preloaded in a read-only storage medium and
each flagged method and each flagged data is to be stored in a read and

write-enabled storage medium when executing the executable module.

6. The method of claim 5 wherein the unflagged methods and data preloaded
in the read-only storage medium are configured to be accessed from the read-only

storage medium when the executable module is executed.

L. The method of claim 5 wherein the executable module is a browser module
for accessing objects stored in the computer as well as objects stored in other

computers.

8. The method of claim 7 wherein the browser module includes instructions for
importing information-content data and computer-executable modules, and for
storing the imported data and computer-executable modules the read and

write-enabled storage medium.

9. A method of operating a computer, the method comprising the steps of:
storing in a memory a plurality of classes that are to be included in an
executable module, at least one of the classes including data and at least one
method that includes a plurality of instructions, a subset of the instructions

including symbolic references to computer accessible methods;
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i nstructions that modity—the data in the second subnmodul e; and invoking the
class lo software nodul es prior to execution thereof. 24.
The net ham"" m”"rmﬂﬁﬂlwerei n the executing step includes inporting

i nformati dn-€onte and conput er - execut abl e nodul es, the inported data
and the conputer-executabl e ‘nodul es stop8d in the read and wite-enabl ed
random access menory device; and the class | oader invoking step includes

i nvoki ng the cnaggmlgomi daehl s, &ﬁ@cl@@%ﬁtﬁ&vt@fﬁ%@é&s@dwﬁwrﬁédﬁg& %)?d by

t he executing step. The nethod of claim 24, wherein the pre ed’
modul e i soaemfmglasa‘umeﬂmdszes A conputer controlled device, conprising:

dul st d,, wh th
Sof twar o mocul B80dIng acBimathod ndfe Puiky St clesas hoss Rilecares inckidese
submodul esiBollc RTERTHEe U RIBIGY nSF&Brett ARG thembHRy ad! ng @ plurality of

i nstructi ons and
providing the executable module including each of the plurality of classes,

wherein each unflagged method and each unflagged data is preloaded in a
read-only storage medium and each flagged method and each flagged data is to
be stored in a read and write-enabled storage medium when executing the

executable module.

J0.  The method of claim 9 wherein the unflagged methods and unflagged data
preloaded in the read-only storage medium are configured to be accessed from the
read-only storage medium when the executable module is executed.

J1. The method of claim 9 wherein the executable module is a browser module
for accessing objects stored in the computer as well as objects stored in other
computers.

12, The method of claim 13 wherein the browser module includes instructions
for importing information-content data and computer-executable modules, and for
storing the imported data and computer-executable modules the read and
write-enabled storage medium.

13. A computer system, comprising:

a memory for storing a class that is to be included in an executable module,
the class including data and at least one method that includes a plurality of
instructions, a subset of the instructions including symbolic references to computer
accessible methods;

an offline class loader that flags the class’ data when the class’ data is

modifiable by one of the class’ methods, and that flags each method in the class

R
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-27 - data, the second subnodul e havi ng-a subset_of the instructions and a
subset of the data, the subset of instructions and subset of data including

instructions and data that are nodifiable duri ng””mmmmmm “m plurality
of instructions; a read and wite-enabl-ed rando u vice in
whi ch the second subrmodule is stored updn initializatidn &f the*conputer
system a data processor for executing the software nodule to inport

i nf or mat whidse Wytessdedaheludes asymibolie refrencs 04 thathed nessioredirotheer devi ces
and to store the inported data and the conputer-executabl e nodul es stored

in the rB®@MeYdandi t e- enabl ed random access nenory device; and ? cl ass

| oader f I ' I .of t hods_d nt t t .
exocut i on, wnBrokr fr e s erBTpbS et us, ¥ Pirtlanié Pukfle Ravipo,
devi ce Iaﬂrﬁ%ﬁiéﬁ;a;\a@gﬁéémp&mohme%&@p @in 3 4186 ARG by

i6 ﬁ? 'ealdA
t he cl ass | oader. . e conputer cont ro‘ﬂlheg evic o? cl aim 26, erein
t he prel eaadaatafidgged byithaoffine okss lmadevnand arseicopd portian including each of

i nf or mat i on- cont ent ta and conput er - execut abl e nodul es, the inported data
and the glﬁwﬁ\??@fseﬁ%‘gaﬂﬁa%t 'Hﬂh‘ﬁnﬁéﬁ PO ed in the read and write-enabl ed

random access nenory device; and

14. The computer system of claim 13 wherein

the first portion of the executable module is configured to be stored in a read
and write-enabled medium when the executable module is executed, and the
second portion is configured to be stored in a read-only storage medium when the

executable module is executed.

15. The computer system of claim 14 wherein the offline class loader substitutes
for each symbolic reference to a specified method stored in the memory, a value

corresponding to the specified method's location in the read-only storage medium.

16. The computer system of claim 14 wherein the executable module is a
browser module for accessing objects stored in the computer as well as objects
stored in other computers. '

17.  The computer system of claim 16 wherein the browser module includes
instructions for importing information-content data and computer-executable
modules, and for storing the imported data and computer-executable modules the

read and write-enabled storage medium.

18. A computer system, comprising:
a memory for storing a plurality of classes that are to be included in an
executable module, at least one of the classes including data and at least one
method that includes a plurality of instructions, a subset of the instructions
including symbolic references to computer accessible methods;
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the cl ass' | oa.der | oads t he: conput er - execut abl e nodul'es Tmported during
execution of the prel oaded nodul e by the data he conput er
controll ed device of claim27, wherein the prel ﬂﬂm mrrmlmﬂl H Hia br owser
nodul e. _
-25-
an offline class loader that ﬂags for each class in the plurality of classes,
the class’ data when the class’ data is modifi able by one of the class’ methods, and
that flags each method in the plurality of classes whose bytecodes includes a
symbolic reference to a method not stored in the memory;
a linker for producing the executable module, the executable module having
a first portion and a second portion, the first portion including each of the class’
methods and data flagged by the offline class loader, and a second portion

including each of the class’ methods and data not in the first portion.

19.  The computer system of claim 18 wherein

the first portion of the- executable module is configured to be stored in a read
and write-enabled medium when the executable module is executed, and the
second portion is configured to be stored in a read-only storage medium when the

executable module is executed.

20. The computer system of claim 19 wherein the offline class loader substitutes
for each symbolic reference to a specified method stored in the memory, a value

corresponding to the specified method's location in the read-only storage medium.

21. The computer system of claim 19 wherein the executable module is a

browser module for accessing objects stored in the computer as weil as objects
stored in other computers.

22. The computer system of claim 19 wherein the browser module includes
instructions for importing information-content data and computer-executable
modules, and for storing the imported data and computer-executable modules the

read and write-enabled storage medium.

23. A method of operating a computer system, the computer system including a
class loader for loading classes of methods into the computer system for
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accessing data and instructions in a read-only memory device in which a

software module is stored, the module comprising a preloaded module that
includes data and at least one method that includes a plurality of instructions, a
subset of the instructions including symbolic references to computer accessible
methods; wherein the preloaded module is partitioned into a first submodule and a
second submodule, each submodule including a plurality of instructions and data,
the second submodule having a subset of the instructions and a subset of the data,
the subset of instructions and subset of data including instructions and data that =
are modifiable during execution of the plurality of instructions;

upon initialization of the computer system, storing the second submodule in
a read and write-enabled random access memory device; and

executing the preloaded module, without invoking the class loader, including
executing instructions in both the first and second submodules and executing
instructions that modify the data in the second submodule; and

invoking the class loader to load other software modules prior to execution
thereof. |

_24. The method of claim 23, wherein
the executing step includes importing information-content data and
computer-executable modules, the imported data and the computer-executable
modules stored in the read and write-enabled random access memory device; and
the class loader invoking step includes invoking the class load to Ioad the

computer-executable modules imported by the executing step.

25. The method of claim 24, wherein the preloaded rhodule is a browser
module.

26. A computer controlled device, comprising:
a read-only memory device in which a software module is stored, wherein
the software module is a preloaded module that is partitioned into a first submodule

and a sec_ond submodule, each submodule including a plurality of instructions and
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data, the second submodule having a subset of the instructions and a subset of the
data, the subset of instructions and subset of data including insfructions and data
that are modifiable during execution of the plurality of instructioﬁs;

a read and write-enabled random access memory device in which the
second submodule is stored upon initialization of the computer system;

a data processor for executing the software module to import
information-content data and computer-executable modules from other devices
and to store the imported data and the computer-executable modules stored in the
read and write-enabled random access memory device; and

a class loader for loading classes of methods into the computer system for
execution, wherein the preloaded module stored in the read-only memory device is

ready for execution by the data processor without processing by the class loader.

_27.  The computer controlled device of claim 26, wherein

the preloaded module contains instructions for importing information-content
data and computer-executable modules, the imported data and the
computer-executable moduies stored in the read and write-enabled random access
memory device; and

the class loader loads the computer-executable modules imported during

execution of the preloaded module by the data processor.

28. The computer controlled device of claim 27, wherein the preloaded module

is a browser module.
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A METHOD AND SYSTEM FOR LOADING
CLASSES IN READ-ONLY MEMORY

ABSTRACT OF THE DISCLOSURE

A method and system for providing an executable module having an address
space for storing program data that is to reside in a read-only storage
medium and an address space for storing program data that is to reside in a
random access memory is herein described. The executable module
represents Java classes that are structured for dynamic class loading. A
static class loader is used to modify the class structure to accommodate
static loading. The static class loader also identifies methods that contain
unresolved symbolic references and data that varies during the execution of
the module. These methods and data are identified in order to place them in
the address space that resides in the random access memory. The static
loader is beneficial in a distributed computing environment having a client
computer that has little or no secondary storage thereby requiring
applications to run entirely in random access memory. By utilizing a
read-only memory to store statically loadable classes, the random access

memory is left available for other uses.
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