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standard Java Virtual Machme Spec1ﬁcat10n, as published by Sun Microsystems
Inc. A class file defines the data and program code required for a particular
15 class. '
Although there is some interaction, the Java implementation can
conceptually be divided into two parts:
e The Java Virtual Machine (JVM). This reads the class files and executes the
instructions contained within them in a way which conforms to some
20 version of Sun’s Java Virtual Machine Specification. Some of the
' instructioris contained within a class may reference the data or program code
of other clasSes; the JVM also manages such relationships between classes.
e The Java Class Library. This is a set of predefined classes with data and
program code which act in a way conforming to Sun’s Java Class Library
25 Specification. These library classes could be impiemented in some way
other than as real class files, for example using the C or assembler

programming languages, in which case the JVM must ensure that references



2 to their data and programcode work in the sane way as references to

classes which originated fromreal class files. The programcode in a

class file woofeme | Nstruction format known as Java byt geavesodsi@, or
sinmply as bytecode. Each nethod in the2class has its owmn 5 sequence of
byt ecode. The bytecode for a nethod consists of a sequence of JBC

instructions. There are t schenmeg which AVMs use to execute. the bhytecode:
An interpreter.tOIﬂP‘F“H?FF‘ga!s1 REQE2m Q9 eﬂ%ﬁd’b eaﬁaﬂke‘ﬁquﬁféf‘fﬂcgf&?aﬁ chis a
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byt ecode i nto e 1 nstrucCtions understood by the CPU being run on
(nati-ve machiJB€ instectionpef ore any execution starts. Then, to execute the

program code for a nethod, the coppi machi ne code js exgcuted instead.
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is siower than the alternative, since many steps of the interpreter program

are required to interpret a single JBC instruction.
e A compiler. In this schenie, 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.



Some JVMs use a conbination of the two schenes, where only program code

which is 'ﬁgﬁﬁﬁecut ed many times is conpiled, and theptpiiBodidsiT
interpreted. Linking is the process by which a reference fromone class Cl,

to another 5 class C2 (or data or anethod in C2) is resolved. If C2is
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par ti cul arsuchalss thete ismowk e direct3dinteetopalidtever inC2 G4 Bifg Fefeivéd ®d nay or may
not already he resident in the JVM If the required class is not resident,
then the cl as¥nfilayasYirtuah Maching Spegificatiqn; allowse for axange fof dinking si de t he
JVM (por %{lfiﬂ 2 froma disk or froma network), linked and initialised
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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



4 exception being thrown which is not caught in the nethod. Figure 1

Il lustrateswoéygresal prior art inplenmentation in which thechE&bbeasekes use
of a JIT conpiler. The JIT conpiler 120 takes the class bytecode 110, just
before it is to be used, and:translated it into native code 130 ready for 5
execution on a specific processor. The remains of the class 140 (or

possi bly thgaexg&;ﬁdneééhigguéﬂg Jfﬂéalsg)ng{ ?%{Péh?&@}ﬁ‘%%ﬁﬂ'e in the nenory in

case the native ™ code nee whil e running. Figure
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clients 230, Be g0ty ofithe clasy) wmanssavailable; iasthe nemernyyinoease the hativmabl i ng
it to conpil %039?36Eﬂétﬂd%é@t&ﬁi&ér&é%t%lezrg‘gﬁﬁi on of native code, and to

e store )

store that in 1ts own native coO §'42. The native code can.then

be run on the indFigwed illusirates a.typical priciohre TVIMV tithplditenddtivneinds nangenent is
that it requires a Iargre execution environment on each of the clients. JIT
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o an e o dace btehsdofife i tiblsel thit (B0 68 rlfdel By thé Pl pBRERors' 5 Y

mobi | e phone 238y1240.t dn s examplppthe prdtessons 230) 240 are'oft hwlo BEfdrént tgdsy out
the JIT corrpilation.on the server, and to supply the clients w t he

native versi OAMSEY Elient type d sand client type, 2 gesppgtively. hilhe seryer suppliesshe space
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mai ntal fi; a d'JH,erreggetcn'%'ely b9 {, 74 "enabling it to compile the class file to its own

version of native code, and to store that in its own native code store 232, 242.
The native code can then be run on the individual clients.
One problem with the above arrangement is that it requires a large
execution environment on each of the clients. JIT compilers are typically
20 large, and it can be difficuit if not impossible to provide the requisite space on
the client, particularly in an embedded system in which the client consists of,
for example, a mobile phone. An alternative approach (not shown) would be to
carry out the JIT compilation on the server, and to supply the clients with the
native version of each class, as required. While this requires less space on each
25 of the clients, it does have other disadvantages, namely substantial additional
complexity at the server. Since each JIT is processor-dependent, the server

would in such an arrangement have to maintain a different JIT for each



WO 01/16700 PCT/ GB00/ 03172 5 processor type that m ght require to be
served. Wydfnkfsgt M ght be possible in a fixed networlecridpotr@simnreal i stic
in for exanple a nobil e phone systemwhere a |arge nunber of different
phones, of different types and nmakes,S are constantly being connected and
di sconnected to the server. The owners of the server 5 would have the
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the pr@sentwoulddave die eirelrbys difficultitdsk of alatniaiaify JITs Féieall RicWn Bipes Wi th t he
prior art, nentjioned above. Accordi ng to a first_aspect of the invention
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P ependent ol e dark) . BGAMa Harhf, o1 RERILATION HECRAer by B 0°

virtual progeinta a geaedc class stord 220t ambfor ke Widividadl ¢liepbemS@idesale i Nt o
native code which uses an 20 instruction set of a physical processor. It
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names and so on._ 25 In .a preferred epbodinment, the object-oriented conputer
programis wri % a0 big ¢ (PReReRh inveptionsat,lepst tp plleviatsgome of the and | s

desi gned t QyBfiems with the prior art, mentioned above.

According to a first aspect of the invention there is provided a method of
15 translating an object-oriented computer program comprising:

(a) translating the program bytecode into. machine independent virtual
processor code which uses an instruction set of a virtual processor;
and

(b) translating the virtual processor code into native code which uses an

20 instruction set of a physical processor.
It will be understood, of course, that in the description and claims the
-word “code” includes data where that data is part of the program itself.
Accordingly, but without limitation, the expression “code” includes such things
as constants, variable names and types, flags, pointers, object names and so on.
25 ' In a preferred embodiment, the object-oriented computer program is
written in Java (trademark of Sun Microsystems Inc.), and is designed to be

implemented on a Java virtual machine (JVM).



i npl emented on a Java virtual nmachine (JVM. WO 01/ 16700 PCT/ GB00/ 03172 6
Whet her or' waghadRya 1S used, however, the tw -stage transpei¢ausnPrPcess

of the present invention provides a first stage which is entirely platform
i ndependent and a second stage which i % pl atformdependent. The Virtual
Processor code which results fromthe first translation is

machi ne- i ndepende nd:Hence.i s_compl et el grtable. The.work required
in witing a new mgﬁgﬁaﬁ B&G{‘J‘Xaﬁ’gsﬁ rgB‘é’eY‘He |W%§‘ng3 QUQS PROGESS t o a
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programers, ed have. no 1 owl .edge what.soever of .the Virtual
Processor cod%mgiég reﬁ?‘%a ﬁ’\‘iﬁ rfsr“gtﬁg]"é? &e ﬂ{%%ﬁaf‘?lﬁ“%’? éﬁ‘i"ﬁ@}“{‘?fé"“*?PF?%QF’
Processos codgnd hecen@l co@plesly portaBRE dedriOwokle reqi¥é Yn Wﬂ?ﬁ_w he@t i on
program but only for every new platformon which the programis to be

run. This restnstatemtos trgnslatecthat Virtuak Psesessnyscdder tot & cnesyp platfosuni snvery
programers. J.f .| vy d.that .t.he native translator,s wil]l be readily 15
avai | abl e forél@gﬁaﬁﬁﬁﬁﬁﬁ%&ﬁ“ﬂ}gg %“r’,eq%c‘gfﬁ’pﬁ’?’fﬁﬁ Bnmcg%pﬂlrri s need
only purchaseththew platfumit WheRsIavhqs Sein@rusbdcheW SpSIicafbss &4h Wb nkitehhei 1
applications are designed to run; alternatively, the native translators

coul d be supPrecly in Jovandsr dava-experiprcedn programmess; hivhos mebxbnlwlevge. In
nbadi ' t, QN i ] | ful wh 20
common. d0p1 + clor RS ERSeHyet it G VMol PrifBisor GG e X pP Y aatlys DS fved

translation ffopntdaylatifi@die Mirtall Prodéssb¥ 06&S HRb Mafive cBBY idhebdidendifrn on a
central server, which may al so provide verification of the Virtual

Processor cl&¥§% pewapplicatioa nragram, but ghlyrfos sveryorew plitfornasorbwbichvihei f i ed,
It may be di | he+ it ndi wi dual ¢kLient. processaqrs, either. by way
of a network -@@%ﬁ?ﬁfgﬁggé?u%r fs’trg?"\f%tlf'? %%‘%Eﬁa‘ﬂ&*?‘gﬁ%fﬁhﬁ IaP%lFﬁanB ocessor

mai ntains itsprogfammers. It is envisaged that the native translators will be readily

15 available for each common type of processor, so applications suppliers need
only purchase the relevant translators for the processors on which their
applications are designed to run; alternatively, the native translators could be
supplied as standard with the end user machines themselves.

In one embodiment, the present invention is particuiarly useful where a

20 common application is to be run on several networked processors. The
translation from bytecode to Virtual Processor code may be undertaken on a

- central server, which may also provide verification of the Virtual Processor
~class files. Once the Virtual Processor code has been verified, it may be
distributed to the individual client processors, either by way of a network

25 broadcast or alternatively on demand. Each client processor maintains its own
native translator which it uses to translate the received Virtual Processor code

into its own particular variety of native code. The networked client devices



native translator which it uses to translate the received Virtual Processor
code intgodige7@N particular variety of native code. TherosomsiRed client
devi ces WD 01/ 16700 PCT/ GB00/ 03172 7 nay be heterogeneous, that is they
may use different types of processor? That is not a problemin the
preferred enbodi nent of the invention, since each client device wll

transl ate | i . ' . ' f ocessor..
5 Wth suc kﬁ%ﬁb%p%an%ehgﬁ{s’, ﬁ)%’ﬁlesrtgée* }é‘g?'qﬁggb& %%Tfyﬁﬁﬁﬁoﬁl%l%é&?ﬂlg \’/IIh fg{ ual
processor dgfet a ptoblene th thetpridered embodient af diet invertion)) sint® eschseiest Or
processor types are bejng used on the netwirked cljient devices. The
present i nAeKicEoWill Jranslatsc it the appyepripte mative odgpher i iksaoMentyps ehe fiel d
of wrel esa,rg ni cations, (wireless client networks), and specifically
10 al t hough not exclusively in the field of nobile cellular phone networks.

I n one5pr ef er r eWithrisach mamnarravigeinbnt, ithe sadven meed loalya Pidintait thenviswbl war e on
each nobile phone wll be automatically updated, in a way which is
entirely udEpcessar£ndpalbnecd nay knowinprrsas shput.iabich peacesyoss OFBRRCESSOS n Vi r t ual
Processor ('tg‘rgég W& r : wnl oadi ng coul d be at

regul ar int vgfés,ﬁagk'on ﬁ&%g@&o&?@%@ﬁeﬁ%ﬁs@sary - for exanpl e when the
user attenpts fThetpreseht iientionnis expecteduochavenpartiidan hpplichtioe in dral i ty

whi ch the phone _has not yet beep programred to provide. A sinilar approach
can be take'-j%l‘iviof RViERless - commyRiFAtans, (Rifrlewssclicnt meprorksy), and dpesifivallya on)
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from the central server. The downloading could be at regular intervals, or on
15 demand, or as necessary — for example when the user attempts for the first time
to. use some specific functionality which the phone has not yet been
programmed to provide. A similar approach can be taken with other networked
devices such as (without limitation) hand-held computers, games consoles,
cameras, or indeed any other type of networked or networkable device. Inone
20 embodiment the network 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 a standard modem or ISDN link). In such a way, the invention
25 could be applicable to a wide range of embedded devices, including for
example cameras, televisions, washing machines. motor vehicles, or indeed

virtually any other type of computer-operated device that can be conceived of.



25 could be applicable to a wi de range of enbedded devices, including for
exanpl e cargs @Guerdoc! €vi si ons, washing machi nes. notor vehPET/E880/3172i ndeed
virtually any other type of conputer-operated device that can be conceived
of . WD 01/16700 PCT/ GBOO 03172 8 Thed nvention extends to a conputer
system for carrying out any-of the described nethods, and to a

correspondi ng co ts o5 Mx? fn taarg% arrier.
The invention fU@Eéﬁe%?gn(ﬁ%ng%ﬁmﬁ%%ﬁﬁrepre en?gg_i v o?ﬂfe%
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transl afi on procdhs iobertion prayf be certiedeinto giradtice iof varimspwageandioneent i on;

Figure 3 shows ,a typical prior ar |ient/server. syste Figure 4

| Tust r at os SPRELESEIAPBRAtoYI IR be dessribed B 1BH OF EXEmBIE. P Tefereasst  on
within a cli ¥ e AWinke iff! 5 illustrates the operation of the
present i nvéﬁiﬁ?%%&&wﬁhlgmg Wi ré?’essmnéel?v\or k; and Figure 6 illustrates
certain aspects Figured illustredésathe opefatiomolf ntoenvettional JITh¢omnpikeativeittdn ai r t ual

processor c according to the preferred enbodi nent of the invention. 20
Fi gure 1. iI*ct* has been described above, shows the way in which a JIT

om0, g1 SRy e SaaAhol eSO e o RA” 10,
'ft he pr esentembodimentof the presentdnventibnpm byt ecode to native code t akes pl ace
'n two 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;
15 Figure 5 illustrates the operation of the present invention within a
wireless network; and
Figure 6 illustrates certain aspects of the translation from bytecode to
intermediate virtual processor code according to the preferred embodiment of
the invention. : L
20 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. In the
present invention, conversion from bytecode to native code takes place in two
separate stages:
25 1. Conversion from the class file to an intermediate processor-independent
form. This will be referred to as Virtual Processor or VP code. The

~ converter itself is known in the preferred implementation as the “jcode



separate stages: 25 1. Conversion fromthe class file to an internedi ate
processor waoegagadent form This will be referred to asscfi¢iod@srrdr ocessor
or VP code. The converter itself is known in the preferred inplenentation.
as the "jcode WD 01/ 16700 PCT/ GB00/ 08172 9 translator”. 2. Conversion
fromthe internediate VP formto the native machine code. The converter
here will be kngwn a3 fhe "native translator”. Figure 2 illustrates in nore
detail the tran Fréscl?3 *fromclass bytecode to 5 native code. The cl ass

byte code 210 i EohvérSion Fruif R it@medtitt VE YorRtoAhe ! ﬁﬁ@ﬁrﬁé‘éﬁ@%ic%ﬁe?ll- Thi's

n
checks not only the individual bytes thenselves, but al so ecks for valid
external and i nTbe penverter herevdl be knownaisabe “native framslatpf”. necessary | oads
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descrided nativ®eedsletHid clg byte coaé 219Rs Grdechedied o8 9alidiR nggclé’%f :: t hen

converted by the native translator 214 to the native code
i nport ant ™erifigh2bbi aThistabgeks: it @ily dhe individual byrssithembelves; daie alsor ans| at or

212 and the, VR c¢od 13 are all. progcessor-in endent ...[t.is only the 15
native t raﬁgfcalﬁs_g% ‘%Pil eﬁ%@f“@dﬁ@?@&%@?ﬁaﬁﬂ%@%é’ ek PEBCHRPch i s
processor - 164#8 @dditional Uisesstd chbck the cRktephfréfefenibodi nent within

het er ogeneous mnulti- processor environnment is shown schematically in Figure

4. This shoul d ©Gace theraede das heemchacked,dt isspassaddtorthe jrode translatax@iRoach shown
(navi B iy eovel 86 B8 deibdf a8 SiorE st el Bl VB35 0Beh 1 "o the
processor - VIeeReDHE 3 thém comieifeld By 1he fative iQdsIol 204 16 BR 8RTWSsodel N
particul ar, the server
230.
It is important to appreciate that the class verifier 211, the jcode
translator 212 and the VP code 213 are all processor-independent. 1t is only the
15 native translator 214 and of course the final native code 230 which is processor-
specific.
The use of the preferred embodiment within heterogeneous multi-
processor environment is shown schematically in Figure 4. This should be
compared with the corresponding prior art approach shown in Figure 3.
20 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
store 423. The VP (processor-independent) code can then be served, as
25 required, across the network 450 to the individual clients. The VP code is then
translated by the individual client translators 424, 425 and the appropriate

native code for the specific processor stored within the native code stores 432,



mai ntains a class store 420, a class verifier 421, ajcode transl ator 422

and a VP k . The VP (processor-independent) code Gi/dgesisibe
served, ass\ggnira’leﬂﬁ?red, across the network 450 to the individual clients.

The VP code is then translated by thel@ ndividual client translators 424,
425 and the appropriate native code for the specific processor stored
within the nq' ve code stores 432, WD 01716700 PCT/ GB00/ 03172 10 442. The
use of VP on e server, as shown in Figure 4, allows the verification of

the class files argk it VP oh tisd 89¢erOhs §varpi9'm'g#kraw Qﬂo&shﬁﬁﬁﬁh\ésﬁoﬁ{ on to

VP code) to be perfornmed once only by the serv Then, “only the native 5
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it easy to s VIO BE AL Yie auly; RY e seryer. i ([hene onlye thee pative needi ng
to know anyirhshstio Qwhidth aliffeisabbcordibgt b8 tﬁégﬁl‘o%gsaf tg%é Enksdst BitpeM | |

wi sh to make wuse of those classes. An updated class n s to be anended
once only, i performedoby: thescliepy dexdoel befor exdcution.t r Swchl @t amangemenvniakes nt o VP.
The VP is tr%nesérri &t ed tIO t‘iég cl, ent Vi ces, as ,necessary, a?ne%,the final
transl ati on FEaL? sEPRIY apdated ¢lasses af the.Seryer withquf, 2he. serker needing tay whi ch
is entirely fkhgw abidht Wed@nms Hﬁ&k--pakﬁbulﬁdditehtsﬁﬁat Wil ¥ RAe LO the

server or to the ‘code is required in‘the even at a new type of
cli ent comesusgnefahosreclassesk eAnwipidated rcdassineeds i tief #memdedraice oaly] in dwde. The

1 anal Atbr " St hikecitsvid mBh inslega ants ntyivieot T WBRLmsmitied Gent | on
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that of a nobile phone network. Individual nobile phones usi ng
t he network e¢anted onvatithe client ima waypehich iscentinely anspaxenst|ta thor edddser. 525 and a

TS oo 0 e e B 8 e R e cvent
that a new type of client comes onto the market which requires different native
15 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.
_ 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



is supplied froma VP store 523 on a central server 520. The updated VP
code is sRBldzeo @ | and- based comuni cations network Slgcié€pddesisel ess
transmtter 512. The code is then packetized and sent across a wirel ess
link 513 to the 25 individual phonesllOn receipt, the VP code is
automatically translated into native and stored in the native code store.

(he updat e eaReon AIpepi rebiell ABQERDRAE e BIRRRIISS 18 13, ' Ticel ot “of &
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j code 5t rartﬂaisatmnﬁarrmaynmhsmmemﬂodlmémssbebm:a@ome&lﬁm thaSeedk st rai ght

to the jcode ‘t?&qnsl a 212 as shown by the arrow 240. The JVM and the
byt ecode i rfEamsigiar; ghwhi ‘faﬁ%ﬂ&@lﬁ-’tss 55?‘@‘%@&@!%3 passed straight ththedgede t hat

oper ands (e , are kept on a stack, 10 on which
the last item ?E&geﬁ%gﬁ%bg%és)% eb?(r)rst to be popped off. A bytecode

i nstruction typlI’haIJWranduhesbymede)msmcﬁonsneﬁmpwme‘nmaﬁetﬁﬁcksb&e& perforns
some action, sr}?s t he re It o erand (if an back on the stack. On
the other "ﬂ?} PBE;‘I'@?’% poinfers {g objects) aze lseetézn aftagkgi sters

whi chjgre cad»dﬁleﬁ%ﬁéinagr fih 't Ye ?Mﬁlﬁ?%n\{gtﬁenﬁlts 1%& S]?(S})?eem g%r:'&{ lon

typically takes Its 15 operand(s romregls

i nstruct i oripstpetibn typicalmeemaotes ane orandrepogiesarids efrom he Tsmlaepa-lf&n(sl f any)
into a further rcﬁg mg{ Eecrfred in the, Jjnstruc |on Thi s regi ster based

ar chi t ect uS8mea £} thegresyt operangd (lfﬂP)S)c 1 theestacks On mﬁt VP has a
very | arge grigindofver Psgi‘eﬁs‘iélsbasb&,rﬂxet}ﬁi“?ﬁﬂﬁk a Sef Bf i tegsf%guﬁo\ﬁ |
a 0 ere are

converting to VP does not need to worry about how man
addressed directly by the VP instructions. An instruction typically takes its
15 operand(s) from register(s) specified in the instruction, performs some action,
and puts the result operand (if any) into a further register specified in the
instruction. This register based architecture is more similar to most real
processors, except that VP has a very large number of registers, large enough
such that any system converting to VP does not need to worry about how many
20 there are.
VP instructions are based around expressions. A single instruction
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
25 complex instruction can be built up.
There now follows a more detail,_ed description of how parts of a class

file are converted. The description uses the term “fixup”; this is a small item



VP instructions are based around expressions. A single instruction
typically %oﬂﬂﬁooor two operands, and each operand can becwcsomsiznt, a
register, or an expression. An expression then has one or two operands,
eéach of which can be a constant, a rd@ister or an expression. In this way,
an arbitrarily 25 conplex i:nstruction can be built up. There now follows a

nore detaile b el A ' ed. The
fesor| pt | on (Lo28 ftadHel 25 a RardtEirficin e AaBIRES outphl Eody 6 RINBICh

PGT/ GB00/ 031 #idtrudd thé Yt thatthexotiedr data at thar pointudeads fodienmodifiedlie conpil er' s
out put code or data I ch iﬁ)stru&tj:.the JVM that_the code or data at that
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used 1o changes dafidteny SuchtRAIHE hirVe cole cin B6fath 4 HELE fERDbE R addifernal | Ve
code can obtain a direct reference to anot her class, or to a field or
net hod ther eiclass,Artar field aramethid ¢hereinsi sts of the following parts: A

constant pool, which caontains the cqnstapnt npunbers and nanes in other
parts of the cl as§JFY4%l?S§?¢l§t°8%ﬂs%P?§‘erf§ WINGRAE: i s a reference to a nane

which 1is stagre r [« u I s, the
supercl ass agd ‘gnc;gﬁ%tlg?teé% L %@r%@ﬁﬁe@ﬁs t FF@PE%% fl %Fidés% ,lﬁvﬂ' ?61[5
information on paelofditeclassAile) instead of®hdrne|thereiis h rdferentamatd mamewhishch one.

This information includes its code section. Thus there are several code
sections, one fisstogdhereet hod. 15 The Java class file is converted to VP

tools as,follows, A .dat I [ LIS na i a hi,ng to do
Won D o 2° Bfratafl esgc%%gttﬂ%%ﬁ‘gs‘;s&‘f%@f’%sagﬁ? stpbrlaind Ry uitfec © ©
about a cl ass, dup&ﬁﬁtéi‘fﬁ&s. but not limted to the nanes, paraneters and

types of all constructors, fields, nethods and other entities which make
up the APl of oA distefsfields, with information on each one.

e A list of methods, with information on each one. This information includes

its code section. Thus there are several code sections, one for each method.
15 The Java class file is converted to VP tools as follows:

e A datatool. Despite its name, this has nothing to do with the data to be
used by the class. Instead it contains information about a class, including
but not limited to the names, parameters and types of all constructors, fields,
methods and other entities which make up the API of a class. A typical use

20 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
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

25 available, or where the class file has already been translated. Where the
class is written in VP, there is no class file anyway.

e A class tool. This contains some housckeeping information used by the



20 for this would be for reflection (i.e. the functionality in
java.lan%reflect in a Java Library). Reflectionis a 0B | C

i nterfac®QY1481%ow a programmer to enunerate and nanipul ate the
constructors, fields, nethods ang other entities which belong to a cl ass.
The data tool is also used by the wverifying jcode translators, in

situations er.e either the class file is not 25 avail able, or where the .
class fil e“&s(‘%ﬁ‘? Sﬁ'ﬁﬁ)é‘éﬁ C&r“gﬁﬂ é‘?éﬁ‘?c%égﬁ sfzﬁé)af @Fé’é%‘sissqu tten in VP,
there is pa?,g fdd I tai T‘%me
housekeep?%églkn ,rmt@g%ﬁ%éggﬁssbayﬁts&g@%e%%%gc%%ér?déé%b%sg 2 13 JWM

(i ncl udi ngortdleofthe enetliodsbj ect to all ocate, the size of the class's static
data if an and the superclass_and superinterfaces), and code for none,

some o ak¢rogr mere methodtpols.  Msthods whish doot aapear 4o the clagsitaplis whi ch do

.Nnotc appeary ' hndi Vi s. The
dec? si on O}}]dv\?mté%lﬁgrﬁjn?(ﬁ)ﬁg ac etogéheﬁﬁ]é;edg%:ﬁi# ?'fgmgd\?ngptooé}?%ﬁﬁ%%as ed on a
nunber of ihdits owa tealaan de babed on amuniber o€ factedsisuch as thd sixelpf tieol . The fixup

tool typically returns a constant fixup value which is used to determ ne
the of fsetm@hofdi n an object of a particular field. The tool 10 is called

of fset i 1o teBle ThRdvRiadl iy Bl 1 oAl e MR AR ) ot
both "getisaséd & dterafisk the offsér Witteh@n obfect bfa paticslag GeldViTiR tgsiner al 1y, the
fixup tool returns data used for fixups. This can_only be determ ned at

fik@p tines calied gdixuptimeigprpdde theoffsehand shesbinder/linker patshesghis i s not

limted t ' - | Wt hi I
ot ance. Qe fug Hie St whif (GRS, 11 k30 s g keSmBleit gL 10 R, 800
I's known rttget adfieldeand-ut ai field’ain thethyesvode.ar ddorg genédatlef the fbaup t he fi xup-

tool can be discarded if the java_applicatjion is o _be enbedded in a
devi ce whitop! rsguEs dgfa ussd forfixyps. y This can only be determined at fixup time

and not at compile time. The data may include, but is not limited to, the
15 size of a class instance and the offset within a class instance of a field.
The data tool can be discarded if the java application is known not to use
certain facilities (largely reflect), and the fixup tool can be discarded if the
java application is to be embedded in a device which does not dynamically
load further java classes. '
20 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
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),

25 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

which may do one of the following (this is not an exhaustive list):



| oad further java classes. 20 The jcode translator uses a VP register for
each item aigbi7eet ack. VP code does not directly inpl eneRCTIGROVEN RS S
file's nmechanisns for accessing another class, nethod or field fromwthin
the bytecode. In the bytecode there dfle instructions for, but not limted
to, calling a nethod (in tthis or another class),+-getting the contents of a

field (in thys Yy S o=Ydpeyad| ' Y Nt O
poppi ng a va}'ue@eg%? ?ﬁrg%?gclgéglkg (g'g’t Pﬁﬁgb?ﬁgﬁhcﬁ]@%ﬁ %Txﬁtg{efn?&esl%?% The
j code transl at qrassedh\irrat classh 832 hasithe sohceptsof acidssweith wethddspashicloisone of

the follow n this i,s pot an exhaustiye list): WO 01/18700, P 00103172
140 a1 Ch o ushd fo implemiest e Gassescich MAbbAs G Bp Caled BRI st be
passed) in a cl | ' . tch is
used to inpl emadgtﬁ%l]%%%ggﬁg%&gﬁ%eﬁﬁoﬂ?gcﬁﬁg\gb%%f Ir@;cfk \glldpr%t"htg{]fs; (the
actual fet hod qabsed) od apandeually (the mdthed calledt iscinahg elass whecifiedpin theer is 5

passed) or non-v'stually (the nmethod called is in the class specified in
the 'call) * C& D-a subroutine. This is used to i npl ement the bytecode's

call of a statj Stidd. Thi ' ' )l [ . be
passed), and@i E%lsloz{rr@d}caseé Tgmn%n”lfsg?g?}f@b%%gg@gg%@tét@%lgo\flgfsﬁzfehcgf t he
const ant fi xupnfetisod (ilee ohexopwhicikino dbject poirterantedoon passetl))ianddnsoars fil e
is converted as follows: A consgtant pool entry containing a constant
nunber (i nt egefFa%s aﬂoaaitatwgme%sam) is incorporated into the conpiled

versiorioof t{]een &ei&ﬁ{%ﬁ%’%g“%%:%pgﬁ"g%’gﬁ’&% constant nunber. 15 A

const ant poo ry con 'S used directly by a JBC
instruction is cOfieasdnstahDpdo) evithii a chiss fildis dohvertedasdol@vser ' s out put code.

O her constant pool entries containing string data_are not used directly,
but : e A constant pool entry containing a constant number (integer or floating
point) is incorporated into the compiled version of the JBC instruction
which references the constant number.
15 e A constant pool entry containing string data which is used directly by a JBC
- instruction is copied into the data attached to the compiler’s output code.

e Other constant pool entries containing 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.

20 e A constant pool entry referencing a class C causes a fixup referencing the
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.
25 e A constant pool entry referencing a field F in a class C causes a fixup
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



are used when referred to by the constant pool types bel ow, or by other
parts ofwhlfeiberss file. 20 A constant pool entry refRCHGBINIITA class C
causes a fixup referencing the class C (or the JVMs internal nane for the
class) to be attached to the conpi B8r's output code/data such that a JBC

I nstruction using this constant pool entry to refer to Cis conpiled to a

native code SEEMEAGhMUEY, PHE! to FPR! i b 'ntibe Ak AclfeiECoSS 1O

class C s co constant p entry referencing a field F in
a cl ass C camddch, afitr applyingehefixnp; obgids dcoesStg fieldfhe JVM s internal name
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the JVMs internal nane for Min C) to be attached 5 to the conpiler's
out put code/ GeRsiant RaQl Y t9 refrr torhd: jsucampiled te agative Fode sequance pool entry

to refer to s | IgRY/=P whi ch, after applying
t he fixup, ol%hgfhhgﬁ%g#é’?gnggleﬁ% bgﬂﬁ&%ﬂ&gﬁ@#@ﬂ@ﬁ%bl entry giving a nane
and type oé A tomtaht Pooleitey Givig BGiame sty oTo fivld HlinetfodUisafdt Wwhen
referred to by other constant pool entry. types 10 or other parts of the
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class file. whrd digretlyshutis used Whom nefesredta by other sonsfantnopk entexitypss f ol | ows:
Code ing p ' ulations (ie where there is no reference to
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an external ed straight frombytecode into a

correspondi ng tThelcode sedfion Withik\a chisofite is Cofvegtedas follower e t he byt ecode 600
has a reference 610 to a field, that is converted at fixup time by a call
611 to the®f Code dping purglynumgrical epleylations (ie where there is no reference to

an ecxternal method) is translated straight from bytecode into a
corresponding tool in VP.

15 o Asshown in Figure 6, where the 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.

20 e A static method 620 is converted to a corresponding VP tool. but with added
fixup code 621.

e 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. .

25 o The calling conventions are rather different in bytecode and VP. In

conventional bytecode such as Java bytecode, the parameters to be passed to

a subroutine are placed on the stack, followed by a reference to the method



fixup tool returns a value which references the |ocation of the field.

Thus, by the Mﬂ@ the instruction is run it has been patREREBWEITInt ai n

t he correc?vooé set. 20 A static nmethod 620 is converted to a
corresponding VP tool, but with added16fixup code 621. A non-static nethod
630 has added to it a fixup for a nethod caII (e a reference to the

rethod nare) . Tibociiddl RUARAEE ik EEAT Gl 2RMAds IR cxbbiled i Ve

code. . 25 The ca INg G trons are ra ferent yt ecode and
VP. In conventikesahe h;eﬂmﬂoﬁersm&am ﬂnvsiad:igtrmm lthhésmaamtm&to be

passed to brouti ne ced on th foll by a reference to
the method paW@ﬁﬁ%@q % Bresitadle (G0 hlwmaﬁ
instruction togy alﬂm S s Wchitd, tﬂh@fs dpGeAEd i) d
reference from stac reso ves |t and starts executing the new nethod
with thé par anﬁﬂbwﬂaxdhrload.iﬂétlmtmtmefémhﬂorvﬁ segistersrbefare executiniggi ged net hod

when a return instructions_i.s execute sis ¢c rted to.5 VP which
| oads all the (898 Mme?nlamrﬂwg g! gaﬁe‘?eﬁf‘egé%gé’&t?%gc’ﬁ“g@s the g0t o

subroutine) in
destination rre?&%tgﬁ%ﬁl S | xup ma D@%{hjgﬁ%{ly@c &y&g > g ﬁgarlnwgg ‘luil)bound).
Execution is szs:sathdndstphssestbrtbmubreumujambtaMms wiieara aet irstruciios is uct i on

is executed. 10 Oh parts of the file are converted as follows: The
nane of the cI&§§°°6"éferm nes the nanme used by the JVMto refer to the code

et eronde To the SR, e e B o B 0wt put by the
conpi | er. | net Mhemanfecofrthel clasp determings tienname used by the JVM to refer to the
code and data output by the compiler.

¢ The name of the superclass becomes some reference to the superclass within
the code and data output by the compiler. In the preferred implementation,

15 the output data contains a pointer with a fixup attached such that, after
linking, the pointer points to the superclass code and data.

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
éontains a pointer for each interface with a fixup attached such that, after

20 linking, the pointer points to the interface code and data.

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

25 for non-Java parts of the system.
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



15 the output data contains a pointer with a fixup attached such that,
after | i nkwbgierdbdre poi nter points to the superclass codecaggosdia. The
name of each interface becones sone reference to the interface within the
output code and data. In the preferret? i npl ementation, the output data
contains a pointer for each.interface with a fixup attached such that,

after 20 | ipfh e t Sral d data. The
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The native translator 214" is quite a snal 50k, 10
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point in the output native
code which VP registers should be mapped to the real processor’s registers, and

15  which should be kept in memory (which is slower to access). The transiator
also provides machine-dependent optimisation of instructions. Until the native
code is bound in, it will still normally contain sectioﬁs 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-

20 static method will be converted to an atom in the native code.

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

25 for the particular processor on which the translator is to execute. To compile
the VP code for the jcode translator, that code is passed through the native
translator. To compiie the VP code for the native translator, that code is passed
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MS 1. A nmethod of translating an object-oriented conpirRipodia@a@r am

conpri si ng:w&0MI§H0+t r ansl ati ng t he program byt ecodeﬁ%_eiruﬂependent-
virtual processor code which uses afyinstruction l,of a virtua

processor; and (b) translating the Virtual procej@ , mgm’ Nﬂ”mlve code
whi ch uses an_ instruction set of a physical proc hod as
claimed i n cCRMMS:i n which the program bytecode incl udes % class file,

the class file being converted into one or nore virtual processor tools
whi ch use the instruction set of the virtual processor. 15 3. A nethod as
claimed in clai mA methetli ©f tiaeslatings anf |qb1cct-nn¢t1;q!escqarxpur§ﬂrurpa¢arvp of

met hods, and _which sone or all the nethods in the class file are converted
to a respect PPPHME yal processor tool. 4. A method as claimed in claim 2

i n whichs the cl agg) fttahﬂaﬂnfg:ihﬂ@@ﬁgrmdﬂrtdcoda)mm nﬁenmeiﬂdepbndemdmmalmm ch t he
virtual processor code provides call to.,a .corre t ool
net hod as cl ai ned |HI°EF§?rrﬁ°Zie|"ﬁh‘%hPieﬁaPH’ém?:‘F%‘§’ssef ‘"" a‘?ﬁ FReESSar; reference
to a field, and in ych the virtual processor code provides a fixup 25
tool for use in locating the field. 6. Anethod as claimed in claim5 in

which the fixup f(bbransiatingthmyieualiRsocesser sodsiatornatine codeswhighBSeS@BA 111111111

M instruction set of a physical processor.

10 _ ,
2. A method as claimed in claim 1 in which the program bytecode includes
a class file, the class file being converted into one or more virtual processor
tools which use the instruction set of the virtual processor.

15 3. A method as claimed in claim 2 in which the class file includes a

plurality of methods, and which some or all the methods in the class file are

converted to a respective virtual processor tool.

4. A method as claimed in claim 2 in which the class file includes a call to a
20 method, and in which the virtual processor code provides a call to a

corresponding tool.

5. A method as claimed in claim 2 in which the class file includes a
reference to a field, and in which the virtual processor code provides a fixup

tool for use in locating the field.

[\
W

6. A method as claimed in claim 5 in which the fixup tool is arranged to
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NRRRRNRRERN 1111111m | Hﬂ“uumu 01/16700 20 return a constant fixup
val ue whicly, 0.3 ,{]“gpr ! ' OF of fset of the said PCT/GB¥WAORIhi n an
object. 7. R BRI as claired in claim6 including Iinking the virtual
‘processor 5 code and det.ernining the&onstant fixup val ue i n dependence
upon virtual processor code which has been translated from anot her cl ass
file. 8. A | ' WEN; e, gl ' -xup tool
returne a SAPH (BRARACRRES il WIRLD releniile ofidie WLELof IR T P e

val ue of a fiehi withinléh Sbjedk. net hod as clainmed in claim2 in which the
virtual processor code has, included within it at a plurality of points,
fixup instructions which indicate that the code at the said points has to
be nodifiedqby tRe t i sngts | QN | 0. A
mot hod as. ola, met TRo cifbcd i Raipl' 8 hifekin Ninilhs e Lt frocton

i nstruc i onsods and determikingnthei constantl fixagn valeé dnedependerceheporcvirem] or a
field or nethod in ano her, cl ass. 2(? 1%. A nethod as claimed in claim9 or
cl ai m 10 i nPHPRCEIPrCREE W as;bgen trapsiated from angtherelass file.y  substantial ly
functionally unaltered, by the native translator into the native code; the
fixup instructions being replaced with native instructions when the native
code i s boul8d onAtmethodiad clairaéd mholaint 6lor plaimdsiaowhick? thelfexuptoaktehods as
claimed in any. one of .clainms 1 to 11 i ni.ch the bytecode |s.stack-based,
and in which H{%‘-‘(YP&‘I’&%P“Sr‘BGé@E&r‘“%‘BB@W\QQCW%“gﬁ? S Hisaiie oth Gldncer  roe
Been Rgplaced 11111111111111 11111111 :

9. A method as claimed in claim 2 in which the virtual processor code has,
included within it at a plurality of points, fixup instructions which indicate that
the code at the said points has to be modified by the respective fixup instruction

prior to use.

15
10. A method as claimed in claim 7 in which the fixup instructions provide
instructions as to how the native code can reference another class, or a field or
method in another class.

20 11. A method as claimed in claim 9 or claim 10 in which the fixup

instructions are transferred, substantially functionally unaltered, by the native
translator into the native code; the fixup instructions being replaced with native

instructions when the native code is bound on the said real physical processor.

25 12. A method as claimed in any one of claims 1 to 11 in which the bytecode

is stack-based, and in which the virtual processor code is register-based.

/
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13. A net eXx ' oriented conputer prCRECBONOSIEPI | SiNg
transl ati‘?éq%’ﬂ‘fé‘"’prﬁmﬂ”"ﬁmn”ﬂmﬁm code as clainmed in any one of the

preceding clains, &nd execltifg thelhative code on the physical processor.
5 14. A nethod as clained in claim13 when dependent upon claim 2

I ncl udi ng bisndi R t L. J the task:.
in nati vqubdegoﬁg{ﬂlﬁgtdgﬁggélﬁg%r%@%ggg?ﬁtgig(?ﬁl@?oﬁ%%ﬁ )ég%?%'g{#%adapt ed to
carry out aransiatingthesprogmininto hativengodeae claifiedin doycore sftheipheedingi M. 16. A
met hod as ckai med jn an otge of claims | to 12 which further includes: (c)
transl at i n¢'3Ré Qﬂdrecxﬁ%h‘ti/”& £ Bativsrcods 98 thephysicalproressetat native code whi ch
uses an instruction set of a second physical processor. 15 17. A nethod as
claimed in claim13 or claim 14 including executing the different native
code ofi t hd4secAnadngtinds ias atlaimerc érs sehaim 18. when odepemdent Sypone dlahdapt ed to
carry out a .hod .as clainmed in.clajm 16 2Q or claim17. 19. A

di stribut edn“rcIE Eﬂ%ﬁ‘&%s"gﬁmﬁﬁfli@dﬁg‘ﬂg’ §éP§‘eranf’rFé‘Fﬁ'éF%ﬂ%f taskria for
storing vi rx{aﬂ@écéﬁoﬂﬁﬁﬁé ﬁyﬁ%?xmc@ﬂoﬁj code being a machi ne-i ndependent
representation of an obJect ofiented conputer program and a plurality of
25 renote client devices in comunication with the server, each client
device ingluding a client processor, a native translator, arranged to
transl ate tifle V&qogmuterﬁy&g te?dﬂé%@&‘ﬁ&l"?w 3SSRIMAH; IBROY OBS { he

i nstrygt i onyraRt prodedidicla@spect ive This Sheet Has Been Repl aced
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16. A method as claimed in any one of claims 1 to 12 which further includes:
(c) translating the virtual processor code into a different native code
which uses an instruction set of a second physical processor.
15 -
17. A method as claimed in claim 13 or claim 14 including executing the

different native code on the second physical processor.

18. A computer system adapted to carry out a method as claimed in claim 16
20 or claim 17.

19. A distributed computer system comprising a server including a store for
storing virtual processor code, said code being a machine-independent
repiesentation of an object oriented computer program, and a plurality of
25 remote client devices in communication with the server, each client device
including a client processor, a native translator arranged to translate the virtual

processor code into native code which uses the instruction set of the respective

This Sheet Has Been Replaced
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22 client processor, and a native code store; the systemincl uding
transm ssi gﬂ) rEF ags for transmtting the virtual pr ocessoPCH/GEW/MBY?3m t he
server to the client devices. 5 20. A distributed conputer system as
¢lainmed in claim19 in which the traR2m ssion neans consists of or

I ncludes a wirel ess netvvork 21. A di strl but ed conputer system as cl ai ned

in claim20 e

di stributed ééﬁﬂ%’g{-oec?sstsog,s em asrng %:3 | n c a{gﬁ% Fﬁ%@ga@%ﬁs@w Ment
devi ces are feds-foebhdnenifitig eesvirtdal pr‘bcdsssf cbdu o e to TG CHEAtaS
claimed in claim19 or claim20 in 15 which the client devices are

hand- hel d gade¥icegonsol es. 24. A distributed conputer systemas clained in
claim19 in which at |east one of the client devices includes a first type
of client processor and in which at [|east another of the client devices

includes a sprongy tdigibited CdongtiterPsyatern SR claindéd §P icl@ma19liihf Whitht the
instruction set fromthat of the first type. 25. A distributed conputer
system as c|teansgussion megnseeesists of o inaludes awirglass nefworki ch the server is
further arranged to translate the object-oriented conputer programfrom
byt ecode into virtual processor code. 25 26. A nethod as clainmed in any one

of claims 2210 1A distrittkédi conlputihsystent@PEIATR inlibsith 20 & Whith thé elierti ng
verifying the |ntegr| of the class bytecode, IILLLLL LLLLLL T {1111

Il 1111 C L deviceraresm phongs. Been Replaced 111111111121121 1111 111 1111
WO 01/ 116700 PCTI GB0OI 03172

22. A distributed computer system as claimed in claim 20 in which the client

devices are hand-held computers.

23. A distributed computer system as claimed in claim 19 or claim 20 in

15 which the client devices are hand-held games consoles.

24. A distributed computer system as claimed in claim 19 in which at least
one of the client devices includes a first type of client processor and in which at
- least another of the client devices includes a second type of client processor,

20 using a different instruction set from that of the first type.

25. A distributed computer system as claimed in any one of claims 19 to 24
in which the server is further arranged to translate the object-oriented computer
program from bytecode into virtual processor code.

25
26. A method as claimed in any one of claims 2 to 11, or claim 12 when
dependent upon claim 2, including verifying the integrity of the class bytecode,

i
!
* ¢ L M s

This Sheet Has Been Replaced




23 11121222 tEreer rerrr rrerr e 11l and of any external calls. * CL MS
27. A net Aer |l ainmed in any one of clains 2 to 11, ompcticaomsi’z when
dependent "upon claim2, in which the class file is a Java class file. 5 28.
A nethod as clained in any one of clZlins 1 to 12 h the
step of translating the program bytecode into vi r”liﬁu iﬂ“ﬂﬂ!m de S
carried nsl at or program whi ch

vi rtual pré&eg’ggﬁygﬁ de. Q%EZQ A nmethod as clainmed in any one cl ai m; 1 to
12, 26, 27 or 28, in which the step of translating the virtual processor
code into native code is carried out by a second translator program which
is itself Wit ténmieﬂweimst‘ﬂameér@c@ysme ebelaims 300 W, carglaioe A2 pyhemr am f or
executing 1to 12 or 26 to 29.
31. A dat aa“l r| er @%ﬁg%“g"m&’?ﬁgﬁ Pglsa]jgvgléﬁg%rcﬁ)r executing a nethod
as clagnmed in any one of clainms 1 to 12 or 26 to 29. 20 32. A data stream

representative of a conputer (Program for executlg net hod as clained is
any one of 28} ai Aumgthod gs ehired inAnyprecf claimsH; to kh 26tor3d<inmeieh thepl aced | |

BN H:IJfI &mska%klthe program bytecode into virtual processor code is carried

out by a first translator program which is itself written in virtual processor code.

10 29. A method as claimed in any one claims 1 to 12, 26, 27 or 28, in which
the step of translating the virtual processor code into native code is carried out

by a second translator program which is itself written in virtual processor code.

30. A computer program for executing a method as claimed in any one of
15 claims 1 to 12 or 26 to 29.

31. A data carrier which carries a computer program for executing a method

as claimed in any one of claims 1 to 12 or 26 t0 29.

20 32. A data stream representative of a computer program for executing a

method as claimed in any one of claims 1 to 12 or 26 to 29.

25
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