WO 01/ 19159 PCT/ GB99/04415 2 to their data and program code work in the
sane way as references to classes which originated fromreal class files.

The progr, gin aclass file is in an instruction forpegdgeownmas Java
byt ecodev?(gg , or sinply as bytecode. Each nmethod in the class has its own

5 sequence of bytecode. The bytecode f& a nmethod consists of a sequence of
JBC instructions. There are two schenmes which JVMs use to execute the

byt ecode: An Jj ret i VM cont ai.ns_an.interpreter,
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demanded by it. Wiile this approach is the sinplest to inplenent, its
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of the interpreter program, are required to interpret a single JBC
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starts. Theppcligs@u&sdtise the program code for a nethod, the conpiled

machi ne code is executed instead. There is a time overhead for the initial
conpi | ation f rPierd B iws schashéowhidhal VNBalst ne egaige thesbytecsdeons, al t hough
this may be done during the preparation 20 of the application rather than
when t he appl iAatinenpretersimthiedchemeethenEVMe comtiainat anoimtérpsetor emhighris ar med,
code runs faster, peed caonparable with
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While this approach is the simplest to implement, its disadvantage is that it
is slower than the alternative, since many steps of the interpreter program
are required to interpret a single JBC instruction.
e A compiler. In this scheme, the JVM converts the JBC instructions of the
15 bytecode into machine code instructions understood by the CPU being run
on (native machine code), before any execution starts. Then, to execute the
program code for a method, the compiled machine code is executed instead.
There is a time overhead for the initial compilation from JBC instructions to
machine code instructions, although this may be done during the preparation
20 of the application rather than when the application is started. Once the
compilation has been performed, the method’s program code runs much
faster, at a speed comparable with other traditionally compiled languages
such as C. A special case of the compiler scheme is a just-in-time compiler

(JIT), in which the bytecode for a class is compiled just before it is first
25 used.



WO 01/ 19159 PCT/ GB99/ 04415 3 Sonme JVMs use a conbination of the two
schenes, where only program code which is being executed nmany tines is
conpi | edyaffefshe rest is interpreted. Linking is the prreg§podaMatshi ch a
reference fromone class Cl to another 5 class C2 (or data or a nethod in
C2) is resolved. If C2 is not already Boaded, it i s | oaded, and conpil ed
if using the conpiler schene, and itself linked. Then the reference in C1

to @ (or some Le AL daLe B IBOROE i 7) dRcRl LhSEL oSHChdeha Lher e

is nowa dire poi nter atever I'n erng referred S Java

Virtual Machidee witieRi id qRin@rex@bhtedSniady @niangde @mpiléki BAd he s&heres:
Static linking: The loading and linking of all classes of the application

is perfornmtrpheadt he application is prepared. This schene is typically
used when an _application is enbedded permanently in a device. Dynamc
load time |inkilRkingdsadis rrocess hyoadach areferencs fommongasiet | dpaiipthey 15

| oaded. whi ch_ refsgrs t or a.ite od_ w thi nam c
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within C2) 1s executed. In operation, when a particular nethod of a
particul ar theasferescd mv@kad,C2 @@ sohe pemtdifcddtaor @l msthodeiguC? ed medifred may
not already be resident in the JVM If the required class is not resident,
then the clsush thal terois navae ditegspointastto pyhaievasdn (hisdecang refrireditsi de t he
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list pd netgmgﬁlcffsor the class. Once the required nmethod 25 has been found,
t he Java bytecode of that method is executed until a return is

e Static linking: The loading and linking of all classes of the application is
performed when the application is prepared. This scheme is typically used
when an application is embedded permanently in a device.

e Dynamic load time linking: Class C2 is loaded the first time another class is

15 loaded which refers to C2 (or some data item or method within C2).

e Dynamic late binding: Class C2 is loaded the first time a JBC instruction (or
its compiled equivalent) which refers to C2 (or some data item or method
within C2) is executed.

In operation, when a particular method of a particular class is invoked,

20 the particular class required may or may not already be resident in the JVM. If
the required class is not resident, then the class file for that class must first be

loaded from outside the JVM (for example from a disk or from a network),

linked and initialised into the JVM. Then, the required method can be found

by looking down the list of methods for the class. Once the required method

25 has been found, the Java bytecode of that method is executed until a return is
encountered, whereupon the method has ended and control is returned to the

invoker of the method. A method invocation can also be terminated by an



encount ered, whereupon the nethod has ended and control is returned to the
I nvoker of the nethod. A nethod invocation can also be term nated by an WD
01/19159 ﬁg}é@g@/ 04415 4 exception being thrown which i AQEpsAReEt i n
the nethod.” Figure 1 illustrates a typical prior art inplenmentation in

whi ch the JVM makes use of a JIT conpif#ter. The JIT conpiler 120 takes the
cl ass bytecode 110, just before it is to be used, and translates it into

nati ve code . . f 5 execution on a ecific ocessor. The remains
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client processors 230,240. Wthin the class store 220 1's shown a typi cal
Java class chass thahmdynnersl ta bhimfarredatpinaledd sychothingslhyitheahbleeohdata 212.
across a 20

Th S lies the clasg files 211, as_ necessary, S
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received class file 211 to

memory so that the native code can refer to the table of data fields and the

constant pool.
Figure 3 illustrates a typical prior art JVM implementation in a
15 multiprocessor environment. A server 210 maintains a class store 220 for
holding the bytecode of the various classes that may be required by the client
processors 230,240. Within the class store 220 is shown a typical Java class
211 containing within it a plurality of individual methods 212.
The server 210 supplies the class files 211, as necessary, across a
20 communications network generally indicated at 250 to the clients 230,240. In
this example, the processors 230,240 are of two different types — namely client
type 1 and client type 2 respectively.  Each of the clients maintains its own
JIT, respectively 231,241, enabling it to compile the received class file 211 to
its own version of native code 233,243, and to store that in its own native code
25 store 232,242, In addition, and as previously described with reference to
Figure 1, the remains of the class file 211 (or possibly the entire class file) will

remain in local memory, as generally indicated at 234,244, in case the native



its own version of native code 233,243, and to store that in its own native
code 25 store 232,242. In addition, and as previously described with
referencgwbg/!ﬁrgure 1, the remains of the class file 211 pqicERems4ig! y t he
entire clas % e) will remain in local nenory, as generally indicated at
234,244, in case the native WO 01/ 191595PCT/ GB99/ 04415 5 code 233, 243
should need to refer to it while running on the | ocal processor In an

| i th | JI.T 231, 241
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di sadvantages with either prior art arrangenent. irstly, 1n each case,

| ar ge executdid24nwayoberendintfine® @i thedscavere2th withtthe cativiediés tolative
addition, either the Java class file 211 or the native versions 233, 243

al ong with tapdedieigd @Rq @er%rmhmthzazat pheclienesi23G26@. transnitted across the
communications n Ei t her approach 10
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not necessarily also need to hold the original class

typically large.

According to a first aspect of the present invention there is provided a

method of loading an object-oriented computer program comprising program

15 code provided in the form of classes each containing a plurality of methods, the
methods comprising compiling a method of the class into compiled code and
holding that code, ready for execution, in an execution environment which does
not necessarily also hold program code of the said class. Typically, although
not necessarily, each class will be defined by an individual class file, in which

20 case the invention provides that the execution environment does not necessarily
also need to hold the original class file.

The program code representing the original class and/or class file is in
the present invention not required to allow the compiled code to run in the
execution environment.

25 In the preferred embodiment, compilation proceeds by a two step
process. In the first step, the program code (for the example the bytecode of the

class) is translated into virtual processor code which uses the instruction set of a



The program code representing the original class and/or class file is in
the present invention not required to allow the conpiled code to run in the
executionygnRysé@pnment. 25 In the preferred enbodi ment, conir@idoprsBr oceeds
by a two step process. In the first step, the programcode (for the

exanpl e the bytecode of the class) is thYanslated into virtual processor
code which uses the instruction set of a WD 01/19159 PCT/ GB99/ 04415 6
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utilisation by dispensing with the need for the original class file to be

held in nenory, i dhedpeeBian insitﬁo‘mrﬂ)useaspe@déglpbgv&sgagmgyzutilisagioaldm i cati on.
By using the ,two stage . translatiqn process descri bed abqve, application
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wi t hout < havi rgensize

f oo Sno' | nRRIAEE htedd B neREebiihé Buplcd iRy Lkhighe MG SPRE™, o be

written In atrﬁhﬂbtib@}b?d)ce@H@ic)"rbeﬂtafbﬂ%,vzﬂaplijeﬁti%%é érs|ANWesga such as
Java, while at the sane tine allowi ng the resultant programto be run

wi thin an exprogramy is adligh ldvebiamguage (suthias Java), peitliout blasingtous@frylabudien
the application is i\lo be used |n an enbedded system such as for exanple,
a nobi | e phothe tyR1Galydares sizecehthgriava class dilesanthe svisatipn in i @refarredt i on nay

exanpl e st at (A7 PR g dpp il RS Plrst i de d deembphiediyere "
comput B sy SR e, il 8 St L 1B the D Y Sing
mputer systemrto ading ) mp prog mp g
code provi dettsihlatthgrograrmtebe clim sdesn aa@xtreaidiqisfiaild‘ faotprint’al Thig i9f
methods, 1 heparticularly useful when the application is to be used in an embedded system,
such as for example, a mobile phone, a hand held computer, or a games console.
The invention may be used in conjunction with a number of different
15 linking schemes, for example static linking, dynamic load time linking, and
dynamic late binding.
According to a further aspect of the invention there is provided a
computer system for loading an object-oriented computer program comprising
code provided in the form of classes each containing a plurality of methods, the
20 system defining an execution environment and being operable to compile a
method of the class into compiled code and to hold the compiled code, ready for
execution, in the execution environment. the execution environment not
necessarily also holding program code of the said class.
According to yet a further aspect of the invention there is provided a
25 distributed computer system comprising a server in communication via a

transmission means with a plurality of client devices, each having a respective

execution environment for executing an object-oriented computer program



20 system defining an execution environnment and being operable to conpile a
nmet hod of the class into conpiled code and to hold the conpil ed code, ready
for exeGUbhPivisé N the execution environnent, the executi @gTRIBGOMIFENt NOt
necessarily also hol ding program code of the said class. According to yet a
further aspect of the invention there i§ provided a 25 distributed
conputer systemconprising a server in conmunication via a transm ssion
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01/ 19159 PC&A@QQ}/ B Alkbhods, ee®fsteh eclpdipgr am code, provided in the form of
cl asses each containing a lurality of nethods, the systemincluding: (a)
means for conpil i(ap theegﬁdgramtp@hlleg thetprogramicbdel iodemp(iled coddans f or

sel ecting for exegution on one of.th? client devices one 5 of the nethods
of one of the cl ABkes;M&ANS f?)&)*elﬁﬁ%% rFXeCHUAR ANONER] the AHentade viessoner om

t he serl%ver to the sai %ftﬁ\l: %rgééﬁ%‘?s:ésﬁis&?e X%thggﬁ]sagﬁég?sari ly transmtting

program code of the selec Accor et a further aspect of
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obj ect-oriented conmputer program conprising programcode provided in the

form of classes each cbhienadeving vathwiutnetdssarilyftransatittagspiogtamaode wfahd ty of
client devices, the devjces each containing a respective execution
environment, the syst SRSH&SIAS ng: (a) neans for conpiling sel ected

"oading the comprt 88 8RS0 SebadherasBIRi FE i Ko i SbsdhlEd ave
execuypon epYpREFRsEniéNRdHiHeAPSSREL berte8bRBPuter program comprising
program code provided in the form of classes each containing a plurality of
methods into a plurality of client devices, the devices each containing a
respective execution environment, the system comprising:
(a)  means for compiling selected methods of selected classes into
15 compiled code; and
(b)  means for loading the compiled code, ready for execution, into the
respective execution environments without necessarily loading
program code into the execution environments.
The invention, in this aspect, allows application programs to be multiply
20 uploaded into a plurality of individual client devices, for example mobile
phones. The compiled code may be uploaded into the phone memories without
any need for the original class file or the program code to be uploaded.
According to another aspect of the present invention there is provided a
method of loading an object-oriented computer program comprising code
25 provided in the form of classes each containing a plurality of methods, the
method including:

(a) selecting for execution one of the methods of one of the classes; and



program code into the execution environnents. The invention, in this
aspect, allows application prograns to be nmultiply 20 uploaded into a
plurality,@fiidigd vi dual client devices, for exanple nobil @cTRiiR88sns The
conpi | ed code nay be upl oaded into the @hone menories W thout any need for
the original class file or the program®ode to be upl oaded. According to
anot her aspect of the present invention there is provided a nethod of

oading an obj ecpprioangthe QERKIAL nRARG HIb CATBN:B1iBH chofEnmeR: Riifhduicd 11

the formof classes each~containing a plu ity of nethods, od

i ncluding: (a) sel e@bbé@alﬁ%}cﬁﬂﬁfgﬂﬂt@ﬁh@l&ﬁe@ftidrh@nﬁﬂiﬂh%iﬁ thé vite Qff thoe
classes; and WD 01/ 19159 PCT/ (GB99/04415 8 (b) loading the sel ected nethod

into an execution envlectsdrodags. wi t hout necessarily |oading into the
execution enviro nt th | e of the selected _c]ass. The_.nethod of the
Chventi on provi dddeanetion dhbedphamion pERGreal of the B namis atyes Oddne
Machi ne (JVM, it t { a uge fi N Wt h
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granul ari tyc@inpabémdziiﬂhgddnivehﬂ'i&gal asHongs. conpi | ation and transm ssion
across a conmunications network. re specifically, the granularity is at

the 10 net hod/todh ltevetrefemedeformmarihe hinventiss Ipewatlesasfing t granolavignt ofinal

object- oriented systens. The inventiopn iis particularly, although not
excl usi vel yb"&EBgfflﬁiﬂﬂ% t 3030108y a meﬂétllo%cﬁnﬁ’\e (LRORPUSEION r BFFBSR . The

tatic i nkERPOESRIGHs. R ne VRRE wciroty oG B RSURST R AT
Speci fipc i gldRo@kodiS1ARP! fafiRt T @Anf e RIALCIHRH LMW BN tRhal Mbject-
i nvention include wrel ess
oriented systems. The invention is particularly although not exclusively
applicable to a Java Virtual Machine (JVM) environment.  The invention
provides for the entire range of JVM linking schemes, namely static linking,
dynamic load time linking and dynamic late binding.  Specific fields of
15 application for preferred embodiments of the invention include wireless
communications (wireless client networks), and specifically although not
exclusively mobile cellular phone networks.  The invention may also be
applied to other embedded devices, preferably networked devices. such as
(without limitation) hand-held computers, games consoles, cameras, or indeed
20 any other type of networked or networkable device. In one embodiment the
system may consist of or include a wireless network, whereas in other
embodiments it may include a private or public fixed network, or the Internet.
Where the client devices are not capable of wireless communication, provision
may be made for them to be coupled to the Internet as required (for example via
25 a standard modem or ISDN link). In such a way, the invention could be

applicable to a wide range of embedded devices, including for example

cameras, televisions, washing machines, motor vehicles or indeed virtually any



comruni cations (wreless client networks), and specifically although not
excl usively nobile cellular phone networks. The invention nay al so be

appl i ed W) ﬁ]}/{;zég enbedded devices, preferably networked dpgtrs®seobysh as
(wi t hout Q i on) hand-held conputers, ganes consol es, caneras, or

i ndeed 20 any ot her type of networked & networkabl e device. In one
enbodi nent the system may consist of or include a wirel ess network,

whereas in I i i i - rivat public fixed
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need to keep the virtual circuits of the network open for |ong periods.

Each snal | adéitienedtheobrnsmispion: hsmallet digcreit chynkseefedatarmens thatilewer
differently. t he transm ssi an of di gcrete chunks of
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woul d expect nmer e a nsi deration o e data tra tes. In
i ts preferredndiaermionf thedgattraanfdrgaarticul arly applicable for use with

obj ect-oriented conputer prograns that are to be conpiled (rather than
In its preferred form, the invention is particularly applicable for use with
object-oriented computer programs that are to be compiled (rather than
interpreted) prior to execution. When the invention is used in the context of a
15 distributed computer system, the individual methods may be compiled either
before or after they are sent across the network to the client device.
Preferably, the invention includes the preliminary step of translating the
classes into a plurality of virtual processor tools which use the instruction set of
a virtual processor.  Then, the step of selecting one of the methods for
20 execution may include selecting one of the virtual processor tools. When used
in the context of a networked system, either the virtual processor tools may
individually be transmitted across the network to the client device, or
alternatively the individual virtual processor tools may first be compiled and the
native compiled code transmitted across the network.
25 The invention further extends to a computer system adapted to carry out
a method as previously described.

The invention further extends to a computer system for loading and/or



interpreted).prior to execution. Wien the invention is used in the context
of a 15 distributed conputer system the individual nmethods may be conpil ed

ei t her %695@918% after they are sent across the network tpgeridwofoldignt
device. Preferably, the invention includes the prelimnary step of

translating the classes into a plural iltW of virtual processor tools which
use the instruction set of a virtual processor. Then, the step of
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c
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t he sel ect ed( cl as. of the.invention there is

provided a Bﬁ‘mlgﬁﬁﬁéﬁ%%h% ;a?p ; %tgﬁfccgf?%fgltgywas, eggr%ﬁng A Tespective
Cormunl gl Rckuled o TR K00 B A T UL gl bl oo
obj ect - or i endoaiprésinpuwiode proogiednn the i if Rfassesieadh evhtditng A piiglftpon of
classes each Shod, the Wsier, including’ ©

(a) means for selecting for execution on one of the client devices one of

the methods of one of the classes; and

15 (b) loading the selected method into the execution environment in the
said client device without necessarily loading into the said execution
environment the whole of the selected class.

The invention extends not only to methods and apparatus for loading
object oriented computer programs, but also to methods and apparatus for

20 compiling such programs, binding such programs, executing such programs,
and transmitting such programs across a communications network.

Finally, the invention also extends to a computer program for
implementing any of the described methods whether or not embodied on a data
carrier. It also extends to a data stream representative of a computer program

25 for carrying out the described method.

It is to be understood that, where used in the description and claims, the

word “code” includes data where that data is part of the program itself.



met hods, the systemincluding: (a) neans for selecting for execution on one
of the client devices one of the nethods of one of the classes; and 15 (b)
| oadi ng the selected nethod into the execution environnment_in the said
client deWP/1¥hout necessarily loading into the said eXd&uEPoPHI>
environnment the whole of the selected cihss. The invention extends not only
to net hods and apparatus for |oading object oriented conputer prograns,
but also to t hogs and apparatus.for 20 conpiling such progranms, binding
such progr anrg?‘:% REW} ﬁljt ‘é’&gﬂu‘plr*%ﬁaélﬁﬁs, themr@ssm%@qdei Aaclydehsyshodringss
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met hod. |t ispecefibembodenaitorid] hdnathe ddveribedsiedway dfrexadgsierwithiroferanct
clainms, _the word "code" includes data where that data is part of the
program i t selorthe\iecompanyigg drewingsony whiehs 11 Accordingly, but without
limtation, the expressi.gqn."code' includes.such thin S constants,
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invention map/Re carried into practice in various ways and one specific

embodi nent wi || ‘now be described, by way of exanple, with reference 5 to
the acconpanyi ng Bigavé 2g$ljustrateshiieh twhisgagee trhnilativft prot@s bhehORREfRitedn of
a conventional JIT conpiler within a JVM Figure 2 illustrates the

t wo- st age t refABPAIMAIK of thepresenfinyertign;ef erred enbodi ment of the present
I nvent i(? " Figure 3 shows a typical prior art client/server system;

Figure 4 illustrates the operation of the preferred embodiment of the
invention within a client/server system;

Figure 4a illustrates a variation of the embodiment shown in Figure 4;

Figure 5 illustrates the operation of the present invention within a
15 wireless network;

Figure 6 illustrates certain aspects of the translation from bytecode to
intermediate virtual processor code according to the preferred embodiment of
the invention; and

Figure 7 illustrates schematically the preferred operation of the present

20 invention.

Figure 1, which has been described above, shows the way in which a JIT
compiler within a JVM translates from processor-independent bytecode to
processor-dependent native code for running on a particular processor. With
such a prior art approach, the remains of the class 140 (or possibly the entirety

25 of the class) has to be retained in memory in case the native code 130 should
need to refer to it while running. The preferred embodiment of the present

invention, shown schematically in Figure 7, takes a different approach. Here,



10 Figure 3 shows a typical prior art client/server system Figure 4
illustrates the operation of the preferred enbodi nent of the invention
within a client/server system Figure 4a illustrates a variation Id t he
enbodi meYOOHBMWY in Figure 4; Figure 5 illustrates the o%g?&ﬁ%glﬂ? P the
present invention within a 15 wireles$2network; Figure 6 illustrates
certain aspects of the translation frombytecode to internediate virtual

processor cqde accqording to the preferred enbodi mept of the inventjaon; and
Figure 7 ilf class dytecorls Q@airﬁgl/ﬁ@tﬁe DF éf R0 pel dRtcopatare cade pisent
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processor. Wth such a prior art approach, the remains of the class 140
(or possi bl yomipéetentiitsetfy a@db dots hbenet¢driss refoaso hay hmrtsed faiheestiginahehws y i n
case the native code 130 should need to refer to it while running. The
preferped eWb6niifdhiunf Theecompilesnt20 1Snt\bémfptmab1§m§vﬁh%héﬂmnwaﬁ’ n

the ol ags bitecusny A0S @ d R SREE R R itbernisdy oktey dherobefie
730.  The camif&h meMeeyts all of the necessary parts of the original
cl ass bytecode file into native, including any data in the constant pool.
The native code TB6 dospiteef@0aheay be artanged to afifdcdstatic niakimg ety aenic ddad t o
any parts of the original class 5 when it is run. The conpiler 720 is
therefore aime hiskingoah dyaw@imiatedlingingy It mayaeonyigrt7éhe classiiditeatly inte
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in two stages.
In the present invention, conversion from bytecode to native code
preferably takes place in two separate stages:
1. Conversion of the class file to an intermediate processor-independent
15 form. This will be referred to as Virtual Processor or VP code. The
converter itself is known in the preferred implementation as the “jcode
translator”.
2. Conversion from the intermediate VP form to the native machine code.
The converter here will be known as the “native translator”.

20 Figure 2 illustrates in more detail the translation from class bytecode to
native code. The class byte code 210 is first checked for validity by a class
verifier 211. This checks not only the individual bytes themselves, but also
checks for valid external and internal references. The class verifier if necessary
loads additional classes to check the external references.

25 Once the code has been checked, it is passed to the jcode translator 212
which converts it, as described in more detail below, into VP code 213. The

VP code 213 is then converted by the native translator 214 to the native code
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frhfslates the class file into a plurality of individual virtual processor tools 203.
Depending upon the application to be run, a selection is made of those virtual
processor tools 203 which will be required, and those selected tools (and only
those tools) are then translated by the native translator into individual native
methods 204. It is important to appreciate that the entirety of the original class
file 201 is not necessarily being passed through the native translator 214: only
those virtual processor tools 203 which are actually needed by the application
will be translated and ultimately stored for running on the client. Once the
translation process is complete, not only the entirety of the class file 201, but
also the VP tools 203 are discarded from memory. Only the individual native
methods 204 remain. allowing extremely efficient memory utilisation.

The use of the preferred embodiment within a heterogeneous
multiprocessor environment is shown schematically in Figure 4. This should
be compared with the corresponding prior art approach shown in Figure 3.

In Figure 4, the server 410 is serving two clients 430,440 (having
different processors) via a communications network 450. All of the processor-
independent calculation is carried out on the server: in particular, the server

maintains a class store 420, a class verifier 421, a jcode translator 422 and a VP

Q



Shown on the right hand side of Figure 2 is a schematic representation of
the objects that are being mani pul ated during the translation process. The
process starts with the class bytecode in the formof a Java cl file 201
which cO¥RP¥INSHf a plurality of individual methods 202. P?WeG‘ig’%‘;‘és
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virtual processor tools 203. Depending upon the application to be run, a
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performed by the client device before execution. Such an arrangement makes
it easy to supply updated classes at the server, without the server needing to

15 know anything about the details of the particular clients that will wish to make
use of those classes. An updated class needs to be amended once only, in the
class bytecode, and then translated once only into VP. The VP is transmitted to
the client devices, as necessary, and the final translation to native code can be
carried out at the client in a way which is entirely transparent to the end user. In

20 addition, no amendment to the server or to the VP code is required in the event
that a new type of client comes onto the market which requires different native
code. The client manufacturer simply provides the client with an appropriate
native translator, and the device should operate without any manual intervention
at the server.

25 With the approach described, it is not necessary to download across the

network the Java class file 480, nor all of its individual methods 481. Only

those VP tools which are actually required by the individual client applications



I ndependent) tools can then be served individually, as required, across the
5 network 450 to the individual clients. The VP tools are then translated
by the individual client translators 424,425 into native_nethods 483, 484
whi ch ar YO8HI918! sed for their respective processors. TheS&TfHPIM et hods
are stored wthin the respective natilfe code stored 432,442. The use of VP
on the server, as shown in Figure 4, allows the verification 10 of the
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is not available at the client, the client automatically transmits a signal to the
server requesting that the necessary VP tools be downloaded. The server
responds by transmitting the requested VP tools which are then translated into

15 native form by the local native translator 424,425.

Once the class file 480 has been converted to appropriate VP tools 482,
the class file may be discarded from the server memory. Likewise, on each of
the clients, once the downloaded VP tools have been converted into native
methods 483, 484, the VP tools may be discarded from client memory.

20 Figure 4a shows an alternative embodiment in which the individual
native translators are maintained on the server. In Figure 4a, the reference
numerals have the same meaning as those used in Figure 4.

In one version of this embodiment. a full collection of native methods for
each of the client processors is stored on the server within respective native

25 code stores 4327,442°.  Since it cannot necessarily be determined in advance

which methods will be needed by the individual clients, it is preferred that the

entirety of the VP tools 482 be passed through the respective native translators



downl oaded on demand (for exanple by neans of a control signal transmtted
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stored on the server within respective native 25 code stores 432',442'.

Since it cagmarotofniheeslasy ifily roe aipt dfhhitoeld am Edsenicin vhenthnmreatdrgds Thid | be
needed by the individual cljents, it is preferred that the entirety of the

VP tool s agnsyeesparticulatiycdfigient phentanp@ery velipaitane transl ators WO

01719159 PCT/ GB n/ C})fétd' 1a5 further alternative method, the server need not maintain a

complete collection of pre-translated methods for each possible client processor.

15 Instead, when a particular VP tool is needed, it is translated on the fly by the

appropriate native translator 424,425 and the native method transmitted
immediately to the client.

Once specific implementation, illustrated in Figure 5, is that of a mobile

phone network. Individual mobile phones 530, 550 using the network each

20 include a respective native translator 524, 525 and a native code store 532, 542.

When it is required to upgrade the functionality of the phones, updated VP code

is supplied from a VP store 523 on a central server 520. The updated VP code

is sent via a land-based communications network 511 to a wireless transmitter

512. The code is then packetized and sent across a wireless link 513 to the

25 individual phones. On receipt, the VP code is automatically translated into

native and stored in the native code store. = The whole process may be

transparent to the phone user; or alternatively the updated code may be sent on



16 424,425 to provide a conprehensive selection of native nethods 483, 484.
When a particular new or updated nethod is called for by the client, or is
required to be sent by the server, the appropriate individual native method
is sent WOOHIYS he communications network 450. As befor e,P%Jﬁ(FVS'}Oﬂ Pvi dual
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be expected merely by a comparison of raw data transfer rates. The fact that no
part of the original class file, nor the VP tools, need to remain in client memory
means that the entirety of that memory can be dedicated to the storage of native

15 methods, and to the running of applications in native.

For completeness, a detailed description will now be given of the
preferred method by which the class file is converted into VP and the VP tools
are converted into native. It will be understood that this is purely exemplary,
and that the present invention is not limited to an embodiment in which there is

20 a two-stage translation, first from bytecode into VP and then from VP into
native.

Turning back now to Figure 2, further details will be given of the
preferred two-stage translation from class bytecode 210 into native code 230.
As previously described, the class verifier 211 checks the class bytecode for

25 validity. The class verifier may in some embodiments be incorporated within

the jcode translator, in which case the class bytecode 210 is passed straight to

the jcode translator 212 as shown by the arrow 240.
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VP and theowwgﬁsﬁo@r@g&%g@ﬁ%ﬁ{% B Hig impiructipnypenfonmes sermerastiond t hat

this is pu I e. pres pnvention is..nqt.limted to
an enbodi melﬁct )hugg(\?\ﬂ? cr%E‘%{lﬁeorpgpiﬂls& ggi %‘EXB\ABB&%SQ%‘PF%%%‘&‘FT c?R?C'ﬁi%as‘cn fl?eo_m
byt eggde i ptgudRodNdHibeR gist@MbYEed HrohitdtdtieVss mufisngiIlAGK RRM tRafi gure
2, further details will be given of the preferred two-stage translation
from cl assprhogessorsleex@bPt ithet oV P dtas e verydarg8dumbks qfi registurs| irglesasudhed, the
class verifier 211 checks the class bytecode for
such that any system converting to does not need to worry about how many
there are.
VP instructions are based around expressions. A single instruction
15 typically has one or two operands, and each operand can be a constant, a
register, or an expression. An expression then has one or two operands, each of
which can be a constant, a register or an expression. In this way, an arbitrarily
complex instruction can be built up.
There now follows a more detailed description of how parts of a class
20 file are converted. The description uses the term “fixup™; this is a small item
of data attached to a particular point in the compiler’s output code or data which
instructs the JVM that the code or data at that point needs to be modified in
some way before it can be used. Fixups are used to change a native instruction
or a data item such that the native code can obtain a direct reference to another
25 class, or to a field or method therein.

A java class file consists of the following parts:

e A constant pool, which contains the constant numbers and names in other



25 validity. The class verifier may in sone enbodi nents be i ncorporated
within the jcode translator, in which case the class bytecode 210 is

passed st‘,{é@#% jo the jcode transl ator 212 as shown by pbhedHonex1840. WO
01/ 19159 69/ 04415 18 The JVM and the bytecode instructions it

i npl enents are stack based, which mebfs t hat operands (nunbers, pointers
to objects) are kept on a stack on which the last itemto be pushed on is

R tog%gtg‘*ﬁﬁggq Efﬁ An%%&&%??%axﬂe“@ﬁér&’%h? e}éh%fié"a'd%épusﬁ?ﬁ’ P one

or nore oper
resul t oper angsftored aspe. back on the stack. On the other hand, VP is
regi ster based, in that it has a set of registers which are addressed
directly by tlhforvationssuakchs dhe nadre bfishis udedsonhe yppemldsy andkasy idirsct
operand(s) fromre er(s) specified in the instruction, perforns sone
action, and Sﬂﬁﬁslngqligac%sult operand (if any) into a furt her regi ster

ifiedi 1 h based hi
simil3r to %hsr ol el BB BRmal Bl SR P has & very T ar ge nunber of
registers. | 3 ge BPANGHoAS Sth (IRm A Y BLATLEON VAL ErkAGYE 1058 !

need to worry a'bou ere are. Ions are ase ar ound

expressions. jf @dd&@ﬁe@tlbﬂs%uﬂhéte aré@exleﬂl%b@k:'s&cﬂ’@ﬁs one fér edchanémegands,
and each operand can be a constant, a register, or an expression. An

expr essi on t henThadavmelass fitans qmpeclaadm Vedohlsads follomsh can be a constant,
a register or an expression. In this way, an arbitrarily npl ex

instructi oh cardae togli | tDQJSplte‘IlFﬁeflélnﬁthl‘é s aaghiagrterdo détlhmee@atﬁégcbﬁi ption
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code or data at that point needs I ed
methods and other entities which make up the API of a class. A typical use

for this would be for reflection (i.e. the functionality in java.lang.reflect in a
Java Library). Reflection is a programmatic interface to allow a

15 programmer to enumerate and manipulate the constructors, fields, methods
and other entities which belong to a class. The data tool is also used by the
verifying jcode translators, in situations where either the Class file is not
available, or where the class file has already been translated. Where the
class is written in VP, there is no class file anyway.

20 e A class tool. This contains some housekeeping information used by the
JVM (including the size of object to allocate. and the size of the class’s
static data if any, and the superclass and superinterfaces), and code for some
or all of the non-static methods.

e Zero or more method tools. Methods which do not appear in the class have

25 their own individual tools. The decision on whether to place a method in its
own tool can be based on a number of factors such as the size of the method.

e A fixup tool. The fixup tool typically returns a constant fixup value which



sonme way before it can be used. Fixups are used to change a native
instruction or a data itemsuch that the native code can obtain a direct
reference, 19, 781g her 25 class, or to a field or nethod thecgideosadidva
class file consists of the followng parts: A constant pool, which
contains the constant nunbers and nan28 in other WO 01/19159 PCT/ GB99/ 04415
19 parts of the class file, instead of a nane, there is a reference to a
nane which i.s staqred, here. nf ti.on such.as the nane of _this gl ass,
the supercl as8 ugﬁﬁ ‘Srﬂfﬁa 'Bﬁttgle 93%8 W&’é‘?iaﬁ ‘?C%bo _%pF'ft@PlagFfﬁ‘FlBel 1€ with
| rormatlon GBoPagtafes ar fixhib Sim' 1TprOAMS ! dffehNGRE RE! BRGERIIRREN One-

This information i ncl udes o) tion. hus there are several code

sections, oneadtciesethid ofehitto thEheodavtit olvags thids its RORVEkegkeldotoVP
tools as follows: A data tool. Despite its name, this has nothing to do
wi th the dat dmpdempent bothysget Byfieldd adasput anfieldadni thechyteaddes | Moremat i on

bout I , i b ot limjed to,the_nanes, .parameters and
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Refl ection i s iphoglimitedttocthedise bRa 148 iRdthRW dhdltheRUTR@E WITHRA af dass
enunerate and nmani pul ate the constructors, fields, nmethods and ot her

entities whi dhstantonfafield cl ass. The data tool is also used by the
verifying jcqode translators, in situations where either the Class file is
not avail abﬁg’}e S?tavmgf gag %@ searded iif thajpyaAppsaljonh de kneWaRQtHodse Waer e
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java application is to be embedded in a device which does not dynamically

-

load further java classes.
The jcode translator uses a VP register for each item on the stack.
VP code does not directly implement the class file’s mechanisms for
15 accessing another class, method or field from within the bytecode. In the
bytecode there are instructions for, but not limited to, calling a method (in this
or another class), getting the contents of a field (in this or another class),
pushing a value onto the stack, popping a value off the stack and setting the
contents of a field. The jcode translator converts these into VP instructions
20 which may do one of the following (this is not an exhaustive list):

e (Call a non-static method (i.e. one to which an object pointer must be
passed) in a class. VP has the concept of a class with methods, which is
used to implement Java classes. Such methods can be called virtually (the
actual method called depends on the class of the object whose pointer is

25 passed) or non-virtually (the method called is in the class specified in the

call).



JVM (including the size of object to allocate, and the size of the class's
static data if any, and the superclass and superinterfaces), and code for
sonme  or @lggiAbishhe non-static nethods. Zero or nore net haerEpedasVet hods
whi ch do not appear in the class have _ 25 their own individual tools. The
deci sion on whether to place a nethod 2l its own tool can be based on a
nunber of factors such as the size of the nethod. A fixup tool. The fixup

tool typicg !l y e o] ant.  fixup.val ich WO 01/1915 .

pCT! Gibb) a1 & A5 SiBRyBRE TG uel e‘#‘ﬁ%‘%gf‘%et Byafadens éf_ﬁﬁ d’%; BeRUGE o
particular fi ehelhodlige. é10to i\ﬁli@l@!nloeﬁ%jéét {)bi?ﬁ%ﬁ% AdefEbd a&reax,'ﬂﬂ IS0 set,
and the binder/linker patches this offset into the code that wants to use
it. It is thusasesechamostatiophethedt both "get a field" and "put a field" in

the bytecode. More 5 generally, the_ fixup tool returns data used for
fixups. Thi% &hthmyalugef theeeensignidicum fromutbp fixupgoahd not at conpile tine.

The data may i nclude but is not limt to, the siz f a class instance
and the of fset m%?%SE#PQQEWI&RPg%é%ﬂ? 15090 VETG a?&%ﬁ%‘ﬁﬁ'a tool can be

di scarded i he ] | i [ LS.: t 10 certaiyn ..
facilities { A sonstith P@cteﬁ?‘&ag@“%‘ﬁ‘éw %?ﬁ%‘%%’& RubtRer (e T d8aHRet he
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| oad further Java cl asses. The jcode translator uses a VP register tor each
i tem on the swhith referenociethd@enstant ndinbecit |y i npl enent the class file's

mechani snms for 15 accessing another class, nmethod or field fromw thin the
byt ecode. I*h heonsiant peghentty spataipiagisting data whishfipuseddireettt by iandB@d t o,

el dtin thi BRgpelfniridpied indihe Sfaafiifod o B komitics SHEPE S poppi ng
a val ue of g t fgn&t @ftaAR od PRI écm%aining string data are not used directly, but
are used when referred to by the constant pool types below, or by other parts
of the class file.
e A constant pool entry referencing a class C causes a fixup referencing the
15 class C (or the JVM’s internal name for the class) to be attached to the
compiler’s output code/data such that a JBC instruction using this constant
pool entry to refer to C is compiled to a native code sequence which, after
applying the fixup, obtains access to class C’s code and data.
e A constant pool entry referencing a field F in a class C causes a fixup
20 referencing F in C (or the JVM’s internal name for F in C) to be attached to
the compiler’s output code/data such that a JBC instruction using this
constant pool entry to refer to F is compiled to a native code sequence
which, after applying the fixup, obtains access to field F.
e A constant pool entry referencing a method M in a class C causes a fixup
25 referencing M in C (or the JVM’s internal name for M in C) to be attached

to the compiler’s output code/data such that a JBC instruction using this



contents of a field. The jcode translator converts these into VP
instructions 20 which may do one of the following (this is not an

exhaustive list): Call a non-static nmethod (i.e. one to i j ect
poi nter MiPVEY¥3% passed) in a class. VP has the concept o%ﬁ%@@éﬁ%th

met hods, which is wused to inplenent 2ava cl asses. Such nethods can be
called virtually (the actual method called depends on the class of the
obj ect whose pointer if 25 passed) or non-virtually (the nmethod called is
in the class “pe@nt ipog! ieatyhle redfer (9 Myie empidad dopeatipe 3ode sc§uek  Cal |

i -Ni.S,. 4 i gl . the byt de' |1 of tati
method (1 . “Hah s AtERPink Yt FRuS Bibins dforRsed Behdadea) °an3f tﬂe
- i i n i %U romthe

cases 2 onrV” B S bafenn ESAE Kiheafl ifiee PO RLRDY, (i, 4 80

follows: A wmsedidiettipdsit ieabéd/whenteferieddo dyComet abhstAMENN chirPipgiar or
floating point) is incorgorated into the conpiled version of trge JBC

i nstrction ORetlaer pastscafahe elass fike.const ant nunber. A constant pool entry

containing stri data which is used directly by a JBC 10 instruction is
copied into thefggfgé%ﬁcé’é’ﬁéﬂ‘tﬁ%at &ss scapvertediapfellase. Ot her

const ant o] tEd: Wl tring.data.are not, used dirgctly, but
are used %erkl:ofaeéf&edrlrﬁgé)%?%&%lﬁ%gcaiSH@P%{O%&? “&WB BEIDHH 6 r‘fi}féotf’hgr
arts of thancl@gérmhl ! ehethdd)CORStt I r r a S

(F:)auses a fixup referenci neg th)e 15%gdgg&csﬁg¥}¥heﬁé@M%F%§r n@l&nérre for
the cl ass) t ootresparidangenbltio Vilthe conpiler's out put code/data such that a

JBC instruction using this constant pool entry to refer to Cis conpiled
to althati ve dsdhoyayinehigarebi whereghe bytecode 600 has a reference 610 to a field,

that is converted at fixup time by a call 611 to the fixup tool. The call to the
fixup tool returns a value which references the location of the field. Thus,
by the time the instruction is run it has been patched to contain the correct
offset.

15 e A static method 620 is converted to a corresponding VP tool, but with added

fixup code 621.

* A non-static method 630 has added to it a fixup for a method call (ie a
reference to the method name). This will eventually become an atom in the
final native code.

20 The calling conventions are rather different in bytecode and VP. In
conventional byte code such as Java byte code, the parameters to be passed to a
subroutine are placed on the stack, followed by a reference to the method to be
called. A byte code instructions to call a method is then executed which takes
the method reference from the stack, resolves it and starts executing the new

25 method with the parameters from the stack. Control is returned to original
method when a return instruction is executed. This is converted to VP which

loads all the parameters into VP registers before executing a gos (goto



applying the fixup, obtains access to class Cs code and data. A constant
pool entry referencing a field Fin a class C causes a fixup 20
referencing F.in C (or the JVMs internal nane for Fin C ached
to the COAPVI%R® s output code/data such that a JBC i nstr%igﬁ'&oﬁg/ﬁal%ﬁg this
constant pool entry to refer to Fis c2piled to a native code sequence
whi ch, after applying the fixup, obtains access to field F. A constant

pool entry referencing . a pethod. Min cl ass causes a fixup B 25 |
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obtains access to method M A constant pool entry giving a name and type
of a field or ne@thsd pags wdthe fikearedionzerted as kltows used when referred to by
ot her constant_pool entry tl)éges 5 or other parts of the class file. The

code s¥ctidh iberhame of theselass determingsthe mame wsediby thewVM worpferito the

|y numerical I at.i.on . where there is no reference to an
25{ gr%al um::t Ihggsie %@d%%n%qtgyw Q}er%quﬂﬁefrrom blyfecode into a correspondi ng
tool in VP 1 ' j t h ey
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run it has bedr putptiedata containgim poiner ovitleat fixep fasethed Sucih thagt aftemet hod
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e The name of each interface becomes some reference to the interface within
the output code and data. In the preferred implementation, the output data
contains a pointer for each interface with a fixup attached such that, after
linking, the pointer points to the interface code and data.

15 e The debug information attached to each method (and the source filename
which is stored in the class file), when present, is converted to a format
suitable for the environment in which the JVM is running. In the preferred
implementation, the debug information is converted to the same format used
for non-Java parts of the system.

20 The final VP class comprises one or more named tools. normally
including at least the data tool, the class tool. the fixup tool and zero or more
method tools. The tool names are generated automatically by the jcode
translator, each name being related to the name of the class and the function of
each tool within the implementation of that class.

25 Turning back again to Figure 2, further details will now be given of the
native translator which translates the VP code into native code. It will be

understood, of course, that VP code is never itself run directly in a live



A non-static nethod 630 has added to it a fixup for a nethod call (ie a
reference to the nethod nane). This wll eventually becone an atomin the

final natv'k,(\:‘(gl/i:;ﬁg@. 20 The calling conventions are rather gid&sBnlisn
byt ecode an .- In conventional byte code such as Java byte code, the

paraneters to be passed to a subroutifle are placed on the stack, foll owed
by a reference to the nethod to be called. A byte code instructions to

call a met 1.5: then. e ' od reference fromthe
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the paraneters ilhemadvertegndater 2 ldefsoqete gesmill piec gbsodg ¢aroun® 1BDk]19159
PCT/ GB99/ 04415 23 subroutine) instruction which has been fixedup to point
to the desffPeiding upaRtheRrqaessaey)ssocihat Hespnrasty dej stetedyingpempraitin | v
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natr et i ont CoERde uBREy | ety 1A iaps VI et Bein aeiskes B owe:
5 The nangOhafiRblf! ;rosedst ¢ g@%&.h%&%&ﬂ%ﬁ WR¥s ﬁt?%\e&%gge bEfRE tO

the code and data output by the conpiler. The nane o ercl ass
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points to téde inbeuhddr, dodell il datdally contain sections of fixup code. On
binding (or sometimes at run-time) the fixup code will be replaced with
appropriate machine-dependent instructions. For example, the fixup for a non-
static method will be converted to an atom in the native code.

15 Both the jcode translator and the native translator are themselves
preferably written in VP code and can thus be translated (using the native
translator itself) to run on any desired platform. From that initial VP code,
compiled versions of both translators may be provided in native code, optimized
for the particular processor on which the translator is to execute. To compile

20 the VP code for the jcode translator, that code is passed through the native
translator. To compile the VP code for the native translator, that code is passed
through the native translator itself.

Although the preferred embodiment uses the Java Virtual Machine, the
overall inventive concept is more general, and it is not essential to use the JVM,

25 or indeed Java at all. Where Java is used, however, the invention described
allows Java-skilled applicators programmers to develop programs in their

preferred language, without having to understand, or even to know anything



15 The debug information attached to each nmethod (and the source fil enanme
which is stored in the class file), when present, is converted to a format
sui tabl e §@lo1fibBo€NVi ronment in which the JVMis running. pcr/&Bemief erred
i npl ementation, the debug information is converted to the sane format used
for non-Java parts of the system 20 2Re final VP class conprises one or
nore nanmed tools, nornmally including at | east the data tool, the class
tool, the Bb 5 $nd zero or nore nmethod tools. The tool nanes are
generated au oﬁatica?'y by the jcode translator, each nanme being rel ated
to the name of the class and the function of each tool within the

i npl ementation of that class. 25 Turning back again to Figure 2, further
details will now be given of the .native translator which translates the
VP code into native code. It will be understood, of course, that VP code
is never itself run directly in a live WO 01/19159 PCT/ GB99/ 04415 24
application; it is always converted by the processor-dependent native
translator into the appropriate native code for the processor on which it
is to be executed. The native translator 214 is quite a small piece of
code (around 150k, dependi ng upon the processor), so that it can easily be
stored in nenory within 5 an enbedded system The translator 214 maps VP
registers to the registers of the particular processor being used. The
transl ator uses its know edge of the real processor's register
architecture to decide at each point in the output native code which VP
regi sters should be mapped to the real processor's registers, and which
shoul d be kept in nmenmory (which is slower to access). The translator 10

al so provi des nmachi ne-dependent optim sation of instructions. Until the
native code is bound in, it will still normally contain sections of fixup
code. On binding (or sonetines at run-tine) the fixup code wll be
replaced with



appropri ate machi ne-dependent instructions. For exanple, the fixup for a
non- static nethod will be converted to an atomin the native code. 15 Both
the jcode translator and the native translator are thensely g)ref rably
witten i WOWIRBAe and can thus be translated (using the r&ti 9B 9mﬁ‘r"%nsl at or
itself) to run on any desired platforme Fromthat initial VP code,

conpil ed versions of both translators nmay be provided in native code,

optim zed for _the particular processor on which the translator is to
execute. T&RAMMS: 20 the VP code for the jcode translator, that code is
passed through the native translator. To conpile the VP code for the

native translator, that code is passed through the native translator
itself. Al ﬁhoughAt‘ﬂ%tﬁﬁfie@gfqa@épge%dgv?@rﬂ“% CORPUIGVRI OZF 3TH LRAMPEAE ne,
the overall in i L% e nefal . and Jdt is.not essential to
use the owm  obraralf cBABDERaLd e ToRGHRE dassed Harh con il BRI e
i nventsi on_descr igFefetabtoVhe JaNA0E ol iRP bl iigvel op
prograns in their preferred Ianguage@g\}mﬁ)ﬁ%ﬂgg}ﬂ}{%?rﬁlgﬁ%én er@tagérzg@&or
even to know anybhpiled\Oodt/ a8d SkolBny EBM9/c0dd,1Teaddb fonbexdcntivi, Goden WO
01/ 19159 PCT/ GB99/ 04415 26 CLAIMS: 1. A nmethod of | oading an
obj ect - ori ent ed CX8FHIAE ENYHERIERT Vdtph | daes gnotpnerpssarily calso praddipfegramn t he
form of classes e?chfgﬁ)nt ai ng{pg a plurality 5 of nmethods, the nethod
conpri sing corrpiCP ?18 %qlﬂé: S8f the class into conpi |l ed code and hol di ng
that code, ready for execution, in an execution environnment which does not
necessarily also hold program code of the said class.

10 2. A method as claimed in claim 1 in which the program code is not loaded

into the execution environment.

3. A method as claimed in claim 1 in which the program code is loaded into
the execution environment, and is then discarded.
15
4. A method as claimed in claim 1 in which the step of compiling the
method comprises translating the method into virtual processor code
which uses the instruction set of a virtual processor, and then translating
the virtual processor code into native code.
20
5. A method as claimed in claim 4 in which the virtual processor code is

not loaded into the execution environment.

6. A method as claimed in claim 4 in which the virtual processor code is

25 loaded into the execution environment, and is then discarded.

7. A method as claimed in claim 1 in which the execution environment

resides on a client device, the compiled code being transmitted to the



10 2. Anmethod as clained in claim1l in which the programcode i s not

| oaded into the execution environnent. 3. A nmethod as clained in claiml
in whichyh 1/gglggramcode is loaded into the execution ep¢ridsydRidis and is
t hen di scarde 15 4. A nmethod as claiped in claiml in which the step of
conpiling the nethod conprises transgating the nethod into virtual
processor code which uses the instruction set of a virtual processor, and

then transl atingy; i o . Eltt”f)( atj.ve. ¢ ) A

met hod as cl ai rrgge%lﬂﬁec‘rlg% %gdslsﬁ‘{ %lﬁgélﬁgﬂ%r b ua rg’r E)ngggoc%?g%oﬁ%% got not

| oaded i nto theney&satilyeiRfvo ARsMted.6. A method as claimed in claim4 in
whi ch the virtual processor code is 25 |loaded into the execution
environnment, and is then discarded. 7. A nethod as clainmed in claiml in
whi ch the execution enyironnent .resides on a client device, the conpiled
code being tranﬁn’“t‘?tgﬁ‘ytaé ‘gﬂ’én‘?ﬂ)“@)fjﬁ‘m%up igidhe gxgausion enyirpemENtevi ce

acrosg a communi |0 . . 0 necessar.l.| ei ng so
0S8, & oMU S BNRicd R REABIARESS (Rle pOERERBSE B "
environnent 5 pestHes @viee abicdBta d6MirkenichtiSns’ hédwirk, RIOp RN gogle being
transmtted to the client device across a comruni cations hetwork, the

program code nabt nemssaHy ibeingrs rgnanittedansnmi tted. 9. A nethod as cl ai ned
in claim4 in which the execution environment 10 resides on a client
device, the native code being transmtted to the client device across a

cormuni cat bo ns QxEth\é%ﬁgd ats hc‘?ai[r)ﬂeocfgriﬁa1 @lzﬁ?rg% PnOtwhich the execution environment

10 resides on a client device, the native code being transmitted to the client

device across a communications network, the program code not

necessarily being so transmitted.

10. A method as claimed in claim 1 including compiling a plurality of

15 methods of the class and statically linking them.

11. A method as claimed in claim 1 including coupling a plurality of
methods of the class and dynamically linking them on loading of the
compiled code into the execution environment.

20

12. A method as claimed in claim 1 including compiling a plurality of

methods of the class and dynamically binding them on execution of the

compiled code in the execution environment.

25 13. A method as claimed in claim 1 in which the classes are Java classes.



necessarily being so transmtted. 10. A nethod as clainmed in claim1
including conpiling a plurality of 15 methods of the class and statically
l'i nki ng th&§Motde A nethod as claimed in claim1l includi ngcgmitdboidsa
plurality o met hods of the class ang dynami cally |inking them on | oading
of the conpiled code into the execut #9n” environnent. 20 12. A nethod as
claimed in claiml including conpiling a plurality of nethods of the class
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classes are Javpragramsasclaitfe lih 1i/58nd 6T KBPRIBAHESclaRfls 14nd ExE®idied Of

executing a conputer program conprising |loading the programas clairnmed in
any one of the e6faig 1 the ersccutind eaxizonmenty the programin the
execution environment. 5 15. A conputer program adapted to carry out a

met hod as clainmed in any one of the preceding clainms. 16. A conputer

syst f ory4 oadjn | = QL | (o) r C ri si.ng _code

pr ovieffjned i 1né't heAf %rﬁ?g@?ﬁ gérsagé aggé%qctgn ali nlgéltgge{ﬂ %gg]p SU&EBPF ‘B]gdn%et hods,
the system defionegf thie greesdihg @migRyi ronnment and bei ng operable to conpile
a method of the class into conpiled code and to hold the conpiled code,
ready for execution, in the execution environnent, the executlond

envi ronne not ,necessarily also holding programcode of the said class.
15 17. A Sf%tri'ﬁu{v‘%‘ape%?ﬁpi}’tséﬁms & tleadingngt objegtrosiestady epmphiteropragnamoat i on

comprising code provided in the form of classes each containing a
10 plurality of methods, the system defining an execution environment and
being operable to compile a method of the class into compiled code and
to hold the compiled code, ready for execution, in the execution
environment, the execution environment not necessarily also holding
program code of the said class.
15
17. A distributed computer system comprising a server in communication
via a transmission means with a plurality of client devices, each having a
respective execution environment for executing an object-oriented
computer program comprising program code, provided in the form of
20 classes each containing a plurality of methods. the system including:
(a) means for compiling the program code into compiled code;
(b) means for selecting for execution on one of the client devices one of
the methods of one of the classes; and
(c) means for transmitting compiled code from the server to the said
25 client device without necessarily transmitting program code of the

selected class.



via a transm ssion neans with a plurality of client devices, each having a
respective execution environnment for executing an object-oriented conputer
program conpri si ng program code, provided in the form of é I each
cont ai ni ﬁ’bongmﬁlli?r ality of nethods, the systemincluding: [ /G%égﬁ‘éﬁior
conpiling the programcode into conpi22d code; (b) nmeans for selecting for
execution on one of the client devices one of the nethods of one of the

cl asses; and (c) nmeans for transmtting conpiled code fromthe server to
the said 25 client device wi thout necessarily transmtting program code of

the selecied cha 0 59. P 9 5,429 18.. onput er _system
as cl ai medi?'n c ai%ﬁquy%rn%ﬁ}]%h% ﬁggﬁle%‘gng{ ?:gaﬁ%“ égn‘m W%H@ﬁttﬁgn‘]éfe%‘bﬁ'g code
conpri ses neanscémpilingngeaprdainn&oder @BhpMseOdmehs Vidrt WahsIRfiRECRROT code
whi ch uses the instruction set of 5 a virtual processor, and neans ftor
transl ating thepragramatodsrtocassel predssortcodaarhick wedthe iiBtrudticsauser
systemas clainmed.in claim18 in which the neans for transmtting the
conpi gn ed code cHMITHARIORESSAE Fnsh means o translating the vitual processor eadessor
code fromthe s&rqﬁ{v 'Q €he said client device. 20. A computer system as
clainmed in claim I ich the neans for transmtting the conpiled code
conprises neans for transmtting the native code fromthe server to the
said client device. 15 21. A conputer systemas clainmed in any one of
claims 17 1% 20Ai compittdr $yséemt asaokiinedi @n chi@ns 8 ciansihséls thé Réarsnedrudes a
W rel ess network. 22. A conputer_systemas clained in claim21 in which the
client devices transmitting the compiled code comprises means for transmitting the

10 virtual processor code from the server to the said client device.

20. A computer system as claimed in claim 18 in which the means for
transmitting the compiled code comprises means for transmitting the

native code from the server to the said client device.

15
21. A computer system as claimed in any one of claims 17 to 20 in which the
transmission means consists of or includes a wireless network.
22, A computer system as claimed in claim 21 in which the client devices
20 are mobile phones.
23. A computer system as claimed in claim 21 in which the client devices
are games consoles.
25 24. A computer system as claimed in claim 21 in which the client devices

are hand-held computers.



20 are nobile phones. 23. A conputer systemas clained in claim21 in which
the client devices are ganes consoles. 25 24. A conputer system as clai ned
inclaim2l in ich the client devices are hand-held co .

01/ 19159 WEAIEESY/ 04415 30 25. A conput er system for Ioagﬁ%&éﬁ'mm

obj ect-oriented conputer program congfising program code provided in the
formof classes each containing a plurality of nmethods into a plurality of

client deviyes, fhe.  devices each containing a respective execution
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envi ronnents wi tdoatdiningce phaalityy of aadhods intd PpRALER SP@HeﬁtnafViE&? ge
execution environments. 26. A conputer systemas clainmed in clarm 5
arranged to st atdeviges gach eRNtANENg Sefespeat erexdrationi enviroantess,phetsysem

executd on environments 15 27. A conputer system adapted to carry out a
net hod as cl ai @MY one of clainms 1 to 14. 28. A data carrier which

one of ol ai m 1A 90 S g sEFRL mAbol o Bl SR it or

program adapt ed t ocsmapiled sde; agdnet hod as clainmed in any one of clains 1 to
14.
(b) means for loading the compiled code, ready for execution, into the

respective execution environments without necessarily loading

10 program code into the execution environments.

26. A computer system as claimed in claim 25 arranged to statically link the

selected methods in the respective execution environments

15 27. A computer system adapted to carry out a method as claimed in any one

of claims 1 to 14.

28. A data carrier which carries a computer program adapted to carry out a
method as claimed in any one of claims 1 to 14.
20
29. A data stream representative of a computer program adapted to carry out

a method as claimed in any one of claims 1 to 14.



