,e3elzlld 6&Tz|Z 1 11 MAR 2Q4 LOADI NG OBJECT- ORI ENTED COVPUTER PROGRAMS The
invention relates genekally to nethods of and conputer. systens fof 1(Mﬂﬂ 2004
obj ect-oriented conput€r prograns. Mre specifically, ‘although not 5
~exclusively the invention is concerned with object-oriented prograns in
which the code is provided in the formgf class files, each containing a
plurality of methods. A well known exanple of an object-oriented
programm ng | anguage is "Java" (a trade mark of Sun M crosystens Inc.). A
"Java i npl ement at i ING ORJEGCT-GRIENTEDeGOMPUTER PROGRIOVISNAr €
application consisting of one or nore class files to be run. These cl ass
files nust conformto sone version of the standard Java Virtual Machine

Speci fication, as -@Lébll i shed by Sun M CfOS ste Inc. A class file defines
the data and prograth CSHFHPLERAES ergplly, 1 metheds of and gomputerigysmmsorgh

there i s sonmgoidihe’ I+ Qs ' tatyon can .conceptyal |y be

di vi ded into two ﬁi‘%‘%ﬁeﬁ‘e&?%@ﬁ@zeﬂﬁéﬁgﬁﬁmi re JWR&‘%C salf Pffe
class fijes axdhshatytiesinveationsd cosdenMB WO SREACS Wik NG R Y
whi ch conforns to some version of Sun's Java \?r%gﬁl%@ﬁ?%gag{ge%n}v&c\g{?i on.
Sone of the 2beicade isiprovided dmtheiforl ofii didssnfikes c basts comdinifg & pheityher dat a
or program caode, of other classes; the JVM al so manages such rel ati onships

bet ween cl asdBENOdShe java A ass Library. This is a set of predefined

cl asses with data d ich.act in a yway conformng to Sun's
Java O ass Librar ;7@ %g%gﬁ‘%@%%ﬁ?ﬁer\ﬁ@éa ‘?%?ta?fgﬁfﬁ?&%&ramm lgaguage 1s

i npl ement ed I“JagON@ ty@de | ag S« | npl_e
using the C oraasz(gnbl errﬁ%ﬁk%@nﬁnkggqugﬁaﬁlgg{e\g'? i'ﬁ \gkyéﬁrﬁgg&gﬁtﬁg&hmmst
' ‘ensure that rsefivagespstem \&hjcmtﬂﬂoms@ﬁ\t/@ret'éﬁjlfcad@hQ:oﬁé‘i@tiﬂ%%bﬁ@‘cﬁrqg@ré"’or k

in the same V\cﬁ :ﬁ% r ef gences to classes which originated Tromreal class
files. The pr %ﬁs e dadcimng clhese dlassdiles must aonforsn tasobimenvérsiompof reown
as Java byte o) i byt ecode: E nmet hod in_the class has
s ovn 5 sequiiuek? By Blua R ESheHh B e poBlmEHB0 v sty S
sequence of JBE i PStIYE FlORSFindd Blee gﬁ*ﬁ? L Gled YAB, Use. ¢
execute the bytecode: - A{n intlrér_prgt%???l%flgvﬁt}ﬂ S scrzﬁg#hﬁﬁ%&ngggm%??& an
interpreter, aldssch is a piece of program code which executes the bytecode
by Iookigg at each JBC 10 instruction in turn,-decoding it, and perform ng
t he acttons derrand%léh%ﬂgh_i thergniy esomg sintgspetitag hthies Jalve $mpfenesttation can

i npl ement, its disadvantage.is.that it is slower than the alternative,
si nce many stcgggééqlg]}(%gegﬂ?@?‘g}r’é?éwoé’ﬁﬁﬁ'r amare required to interpret a
single JBC inst tyi : ' i:l.er S hene,, t he, JVM,converts the
JBC i nstructi ongﬂgfI bﬁ:gq@lg\g%égéj\{waﬁjﬁcrﬁﬁse&@oﬂgsﬁ ﬁlﬁ Afid Exgrides the
under st ood by t hstiiblibiReicotaindd Withinadtheie iffes "Wwa¢ &zﬁi’é’?? €0 ﬁ:{rﬁ]rsgt@%me

e for a nethod, e

execution starts. Then, to execute the program cod

conpi | ed machi n¥ersigie ofs Semér ulavd iVistuehdMathinee Specifidation. oS@mbeag fiy the
initial,conpilation fromJBC instructions to. machi ne code instructions,

“al t hougt’ t hi s nHPPUNEHER ORGP yite alass anat reference dhie dite cxppograat cade

rather than whegelfie, RRldCAL RAV dlso’ }n%xrlggeg'su%ncrgla%i%gships between classes.

o 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
Specification. These library classes could be implemented in some way
25 other than as real class files, for example using the C or assembler

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



conpi | ati on has been perforned, the nethod' s program code runs nuch faster,
at a speed conparable~wth other traditionally conpiled Ianguagest_ﬂncMA]@szw*
~ C. A special case of ‘the conpiler schene is a just-in-tinme conpiler (JIT),
~in which the bytecode for a class is conpiled just before it is first 25
used. 11 MAR 2004 3 Sone JVMs use a gonbi nation of the two schenes,

where only program code which is being éxecuted many tines is conpiled, and
the rest is interpreted. Linking is the process by which a reference from
one class C 1 tt theiotdatramd o0 cOQé ' ' | ved.
If C2 is not already | oaded, ?{ i's |-o§g§ré?“gﬂedﬁé’g§p{”??gé&§ff%‘)§ﬁg° %lﬁg&s

conpi | er schenmeWhighcpriginated fitonmkead clabbdileg.he reference in C 1 to C2 (or

sone itemof d or anethod in C2) is nodified such that there is now a
direct pointer {B° RFEEMcodenn class e igyin endnstektion. foBmat kndwnas\iavaual

Machi ne Specifi ' I for a.range of |jnking 10 schemes: Static

| i nki ng: Theb%%g%gﬁ%% %“%mpr%@ anng‘F&dér-Eégféén%ﬂqO@ HB the slass kes dts pwn
per for mgd whegquidhee adiPbhite@dde0TH Thi chene.i s typicall ed
when an appl i%%ti on is jgn‘oedde e;% r?gﬁ%%t v xﬁeg'noﬁeg?l}’sés_ts O&%E‘Fﬂ“&nf’éég’sti me
| i nki ng: O agdBCdasiractimsded the first tinme another class is 15 | oaded which
refers to C2 (or, sone data itemor nmethod within C2). Dynamc |ate

bi ndi ng: O ass EDeIRQre heeischemes whicht ViVismsea td B dursthetbytéoode( or i ts
conpi | ed equi val ent2 whi ch rﬁfisers to C2 (or sone data itemor nethod within

C2) is execufed DIRtespreres; Inthis sehame, therkVMusentains tanoiterpfeter, peich dsiaar

| i s invok i cl i red t alread
berest dent 1 ReE S Rferficode WiRtn BxR8%et B bierode e Hakdhd ol easible
‘class fiole f st 1tb S| :
class fiol e for inbabckdrmistuiblisdechiind it §n<|!' ?gﬁggng{r%me%hﬁh ﬂeﬁlgﬁd%ci/ g’lyglhgr

exanpl e froma disk or froma networKk), Initralised |

JVM  Then, the Wilei thisdappeodubdisdhe sirepfestituitylenek 0 diadvntdlR isi bt /f
nmet hods for the. class. t he required nethod 25 has been found, t%e Java

Onctfla:l C €
byt ecode of that HeVRothansthe,adiemative, sinde mangtstens ofsthenintarptetereprogram

wher eupon. t he : anded and. con |.is returned to the invoker of
the method. A %Eg ‘Pe?md\it éBEWﬁgﬁéH‘gg?ig StU¢tRThated by an 11 MAR 2004

4 exception Rei ; i 1 o] Cfvﬁ?t in th ad., Figure _
illustrates a tgg(ix;ca ‘@%?f%@‘gg t h?r%g’l {ehrﬁsn a F8ﬂyef‘# ﬁ}ﬁnﬁhetlﬂg“ﬂ%r‘s Oflthe

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

\Wza*@/

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.



makes use of a JIT conpiler. The JIT conpiler 120 takes the class bytecode
110, just before it is,to be used, and translates it-into native code- 130___
~ready for 5 execution bn a specific processor. The remmins of the 1cI1aH Rlﬁ](a'
(or possibly the entirety of the class) renmains availabte in the rrermr§ i 4
case the native code 130 shoul d need tOief er toit while running. Figure 3
illustrates a typical prior art JVMinpl®nentation in a nultiprocessor
environnment. A server 210 maintains a class store 220 - for 10 holding the

byt ecode of theSumei DISIsChsrsSS ; reguj by the cljent
processors 230, 240. W thin th?ﬁﬂggétlg?éfgﬁ(%fg%i %Jhgﬁ‘lgg\mWile{@pr/apr%-ggx

class 211 corrasienwhichniis hbaing t execmted ahiiy @het e WhiHlpadd, "BAAOES 2b4- joThe
a

server 210 sugplies the class files 211, "as necessary,; across
conmuni cat i on8SEREHSr k general Iy indicated at 2S0 to the clients 230, 240.

In 1 Sthis exag‘g_g(e thﬁjeprocess rs E,SO, 240 are of two different types -
namely client t 148 i, lhecPiosRss by puhisha seferance dtom dBaotiasst Cll e aridthet s
maintaing it I cti . 231,241, engbling.it to conpile the
recei ved cl azcsl fi I% @igatt%z&i ltsne}g?v\c}w&/{}’eéb Weé?ﬁ'ﬁgﬂfj\f&g Bt ajregdy dgadeshdt t o
store that irsiloaledywandabingile8q : L.n addi;t.i om ;- and
previously described wt hmrp?a‘]‘eer gglgg{%)gﬁzééﬁ?géirzsédﬁe&et %gdrltésﬁ&l lr‘@“?ﬂ'aﬁf@
class file 21heteferepoe én BlytotG2 (ensome iehass dhial &)a ifettod" iAN@ Yis! ohggtgll

[ e , 243

menory, as gene gl¥hi ndi cated at 234,244, in case the native co
shoul d need t33°REHaLInGre 1§ povy; dieect pointagtoowhaterer ind22 istheingeeferred ke, an

alternative pri r r t . (not, shawn). the client JITs 231.'Z41 may
_be mai nt ai ned ogﬁrtl e}aggryg‘?&g@‘: I}ehtSPﬁ%‘ €8 Q%railioé}ﬁ {@ agange of5lioking

“bei ng dbhe t hehemeat her than at the clients 230,240. There are several

di sadvantages with-either prior art arrangenent. Firstly, in each case, a

| ar ge execut i®onStticilinkingnThé $oadifigi 4rR01iAKINSAEN a0 e 4. s
clients: In addition, either the J_gvg cl assgﬁil e 2cla%9§sr o{ ktlﬂeel%%aépo\%efssi ons
233, 243 al ong wPeTformesd wher $he iapplicasion issp@pdredd Thireschehe i%etybicﬁﬂ'?”hééded

across the co Lcations network 2S0. Either approach is unsatisfactory in
practice. par %ﬁf%s{lgppﬁca[twg 18 GAbedded pepnangrslyding deyice. net wor ks such as
nobi | e cel | ular . Sidce the ¢class files are typically,

| arge. Accordi ngﬁgﬂa F?gifﬁgrslp_ g’ a§sh§9 it @E@ﬁé the, @ﬁfliﬂ?ﬁnaft%g@fe‘lliass is
provi dekd a net hpdded whdticféts a6 i =0 | [..Qr-o m conpri si ng
code provided in the form of cl gg?ég%gg%hdaggﬁgg}%&ﬁgkﬂég lﬁ}‘gl%? y of

met hods, the sneDiypamiclateusinding: a2 s€l@dbin ' ' - e
nmet hods. of one, of the cl as;sesg; and (b) | oadi nge Pﬁgtlgﬂéle%g?ggﬂﬁgpﬁé(%ﬁ @n‘?o an
execut i on envi r $hrempilod euivalentesddearefeys to &3 oy sonteodithciteay & Uinkfidd

envi r onnent thewviﬂolg of the sgl ected class. The nethod of the invention
provi des all of "{H& %/%‘érﬁxﬁcqtg tures of the 1 S Java Virtual Machine (JVM,

but with a substanti e Ein 0 ed with cqnventj onal
~approaches. In i tgﬁ 'S?g‘agro ?’eg}ﬂ? {o??anlb %L@l#né?gﬁ{qﬁg%r HPatH ‘ﬁii??elsgmé(ﬁﬁﬁ@,ri ty
of bi ndi0ng/ | ith& particulae athish gequifdPinagtdran | SRl SS
conmmuni cati ons network. Mor ecl speci fa?cél I gfﬂghgrr%ﬁaiﬁsgﬁfl?@ ﬁ’se ‘!’;th{'hg 20
met hod/ t ool  [te& Eqquirad ivdasstipant réddedtasen theedlagsfil fob teamaRthasakr@eect

oriented systens., Jhe invention is particularly although not exclusively
appl i cabl e tckogfeﬁlaé%m\ﬁ"ﬂtﬂﬁgl tlhﬁ’/glc\ﬁM\éf({fJWIéﬂ eronandink. off fini rav aatwaerk),

rovi des for is . f li nki,n chenes, nanely static
Ioi nki ng, dynéfrrﬁmgd ?ggéﬁ‘ﬁage%}?ﬁﬁﬁitﬂé\fyﬂﬂ- d?r‘i’a?ﬂi ?hel Leduirgd r‘i’éﬁth@g capeha fquad
fields of 2S bkigatd ; v i S t e inventi on,i ncl ude
vm! rel ess com"?gglipcat ?ondsﬁz \fgml% gﬁ?ﬁ%ﬁ?ﬂ?\f@%&?\%@%) ,Gé%ed eplrae&\{qrieggppg{o% -

a: t hog @R not hex beers fauidy thobivacbyrecbdt af thitometHod! Waskksuted Witil W ERMALR MaY
al SO pe

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



11 MAR 2004 -, 6 applied to other enbedded devices, preferably networked
devices, such as (w thgut |initation) hand-held conputers, ganme$ 'b(MIﬁRO:ZGM

_ cameras, or indeed any other type of networked or networkable device. I'n
one enbodi nent the system may consi st of. or include a wreless network,
whereas in other 5 enbodinments it may include a private or public fixed
network, or the Internet. Where the client devices are not capabl e of

Wi rel ess comuni cation, provision may be nmade for themto be coupled to the
I nternet as rexgaptienb¢ingthmxanyhichvismon caigindacit meda or | SDN 1ink). In
such a way, the inyention could be applicable to a w de range of enbedded
devi ces, incl udi n(}vlgB‘ie bilustnates 1 typiedd rpator are insplesientationviasiwhioh thedVMes,
not or vehicles_pr indeed yirtuall er type of computer operated

devi ce that Crgﬁﬁ eu%eo?fce%#m&o@i’.ﬂe&g‘%ﬁ%ﬁﬁﬁwﬂéf 12f dakesvthatalass byipende
applied to w i . net vl t . each indi.vidugl anspi ssi on
(of a net hod/{t?d S?S?ibgf%‘?qglssr}?gﬁr’ﬁ)\[‘%%?a%b?;}@E‘BP"F&? thygmative 6oas, 430 TFady for
conventi®nal &yshEo® onm YHcHic bhse ir i .
downl oaded. This neans t#e;dt thie) nee{?%ﬂr kqglzegr\f?ﬁd%§§8ggé@%%?§rlllégégfgoiségl t he
virtual circuhesntiretyhef thet cless) repming availabiey ip ekié Q@&noxgaﬁlhc@,eadhb native

met hod/ t ool to(ﬁe tr%gs itted cap if _necessary be routed differently. In
addi tion, thefaded3aheuldpeedtosater teit whiderummanghunks of data means’ t hat

| ower redundancy a}qgu rr. e.load on the network

& ROk, G rrtection islre uired.
can 20 therefore bebr&ddcdd SEV%S dt XPEA! RN WORPEETREALAHGTE clile @

ly b i p .+d N4 f d
merely by a cenfig#ecatoroBndfordriéntdat 4 E{r.@&sgffg émglgn‘?ﬁns ancl'[a%lss 8@}%6&0;?@%,[ od

form the invention is particu arly applica use 'w
“conput el0 pr ogalding thatbyaceadt wfhthe caimus efasse At mAPBE rbdlifddb e es L1iBkd OF
to execution. Wien the invention is used in the context of a di stributed
conput er systRERCeSRE 2HUZ4Q-duWithintthe edasswyoree2 20oispshiosch eitypieal hahorlassor
after they ar cross. the network to the client device. Preferably,
“the inventi onf]l i@%halg?%Wﬁh%lgPipﬁ?%%Ot%“ pakmgthodadildg the 11 MAR
2004 cl asses intppa& [ s d r S ol s which_ use the
instruction set of a \??llrvgszlotp%g Iéésgo?ﬁél#]aes%ﬁ&ﬁeﬁg{’e%g&e%gséﬁgm?qﬁs%ﬁe of
the nethods faomexamatiomnempork peheddlysiairRatddst DetPthetdMRnts 730/840. In
processor tools. Wien used in the context of a networked system elther the
vi rt ual 1r oc ehsoexanple sthamyosessonsi 23024 are ofetwo differentt tygesic nagwely kiient

network to the client device, or alternatively the individual virtual
processor tooPg® r#a?mi FEE’F tyge goFﬁ?PF%tHVEQ}‘rd tﬁ%‘%haf theeclientp madeainsdiss own

transmtted a b k. i i on f.urt.her extends t onput er
syst em adapt egq?g&ggm&g3?@’612&%1?;5{%%%&%&%&9%! ed5§§81rv|e§§g"?ss fge%n‘é e

| nvent i on T urithewnevsionf native €0aDISSDASYEACT Sidte RiRdh Y oAk X E5dH | NI
an object-oriented conputer program conprising code provided 1n f e form of
cl asses each sforet 332\,225. a jul additiony anfl aephodeusly hdesepibéd witdeféferdteard

~execut gf(g env'ronmfné and bei rH operabl e to select for execution one of the
et hods“%f onkl&YFe {nidedrmamsof tha¢lass file2d 1t(ee possiblyttbe entiterdldss fita) wilk 15

execution envj t iyt ecessari,ly.lpading. intq the execytion,

envi ronment t%eér?;%}/\ﬁgﬂelo%gfl r{fﬁ_ﬁggglagcg%r@}yag@c 8‘&%1‘(#?@4140"&%%% BapEEt of
the inventioncddeers,343 sHoRYd A& @ LEstthiiPwhad rﬁﬁﬁ\l}’gtog\rthé chtaFg,}o%gg%r Ising a
server in comunication via a transm ssion neans Wth a plurall 8t client
devi ces, each havilngan altespaiie peiozOaeX&eatidediert Nitot OSHENH) R cRERCYITNY an

~oObject-oriented conputer pragram conprising code provided'in the form of
cl asses each 2dhthl Maygbe muintained pndghe mervesddl 0, twith s cenvérsiohudi native a)

nmeans f selecti,ng for executi.on on o of. the client devices one of the
net hodsé)%f ong’ fbc?’ﬁ%g% ea@’f’ées’faﬂéer{&ﬁ%a{%f Cﬁ‘&&fﬁwa#% sel ected nmethod into
t he execution envi [ e ' i,ent Vi Wi thout necessarily
| oading into the s%gg%chﬁ%%l éﬁ?}%‘ﬁ’éﬁ%&ﬁ? ‘{Vﬁg \?\ﬁg?re P6‘r°ftéfé YLFERIE

class.  -. IFitstifARn2A6h safha lapye BkéAtioR ARGt ip%c}miggtmémpafw

apparatus for | oading object oriented conputer prograns, also to
nmet hods and apparatus for




conpi ling such prograns, binding such prograns, executing such prograns,
and transmtting such"”grogram; across a conmmuni cati ons netvvork.‘L Ef aééay,
the invention al so extends to a conputer program for ihplenenti A@ 4

" the described nethods whether or not enbodied on a data carrier. It also

extends to a data streamrepresentative g§f a conputer programfor carrying
out the described nethod. It is to be understood that, where used in the
description and clainms, the 10 word "code" includes data where that data is

part of the ptlggtaminiddition, sither therdgvy clabufiled Iherthe afive dekQ8ns 338243
expression "cclde" chlhud‘as Sﬁh t hings_as constants, variable nanes and
types, flags,2PBEntHERshe HpE:file semainsntBds2toneedite benwantinittedrayrdse the

carried into gractieedn vakioys ys d one specific enbodinent will now
be descri bed,&gy vva;g/&gp gxr%bﬁ'f’é(, 230t h Eﬁ@‘?&@@ﬁ’@é‘ck’ds tsatgfaetopy ity ipractice,

drawi ngs, in tichlarly BUR dodtbtty t ratjon of a conyentj onal

JIT conpiler Im hin gl JVM %(i)dé{:ﬁteéfz{&ﬁte?%gt rla{lgggtt“f%k? \ﬁB&%@éd@o ‘X%lﬁél‘élﬁf on
process df t hghqueaiatwoeks, sicedherehts flestdhetypi@igarddrvention; 20 Figure 3
shows a typical prior art client/server system "Fidure 4 illustrates the

operation of the phe¢digiteatfint aspect of thérprésenteinivieationi thBieNisdprovided a
client/server %%Stde”}f Eﬂgure 4a Etl ustrates a variation of the ‘enbodi ment
shown in Fi guP&"®¢ B gIfRBINg jan gBieckopisnted; pemppier apriograrof comerisings eode

i nvention W t&ioi&d2 | S rk; and Fi.gure 6 illyustrates certain
aspects of t}hﬁgomcgerc\isﬁla#%ﬁb roorgn ;t#% o%?@ﬁt%onit‘?'} Mg a plyrality; ok methedso ke sor
code accor di ngethodtinelydigd:-er red enbodi nent of 11 MAR 2004 9 the
invention. Figure |, which has been descri bed above, shows the way in which
@ JIT clmiler wi tla) rselectivgifor exssiutivaonErofthemearRis Uf-dne MRS dRslesdhacode

to processor-dependen ative code for running on a particular processor.
In the 5 present i@@eiﬂ%ga}g, ﬂ@o‘r?&?é-‘r‘%‘i Fiethodb intp ancexedution ensiroumenodéthioakes

pl ace in two separat s 1 L. ..Conversion fromthe class file to an

i nt er nedi ate pr ocessgr}q%}é%%g%)é#éagﬁ?g f‘?)tPrFF‘e FREQURN gnvironimend the vhade of the
Virtual Processor or éRct@figlassThe converter itself is known in the
preferred inplenentation as the "jcode

The method of the invention provides all of the dynamic features of the
15 Java Virtual Machine (JVM), but with a substantially reduced footprint
compared with conventional approaches.

In its preferred form, the invention provides fine granularity of
binding/linking, loading, compilation and transmission across a
communications network. More specifically, the - granularity is at the

Ty 20 method/tqol level rather than the class level as with conventional object-
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

25 application for preferred embodiments of the invention include wireless
communications (wireless client networks), and spgciﬁcally‘ although not

exclusively mobile cellular phone networks.  The invention may also be



10 translator”. 2. Conversion fromthe internediate VP formto tgﬁ native
machi ne code. The converter here will be known as the "native tr 4l HﬁRr'b‘
_Figure 2 illustrates in nore detail the translation frlom cl ass byt eco egg
native code. The class byte code 2'10 is first checked for validity by a
class 15 verifier 211. This checks not gnly the individual bytes
t hemsel ves, but al so checks for valid external and internal references. The
class verifier if necessary | oads additional classes to check the external
references. @pplicdnt® obie ¢mbedsdedndevieekepreférhblys npmmikel tdevides, sGeIes
transl ator 2[2 .gﬂ ch. converts it, as described in nore detail below, into
VP code 213. (Pithosp ligaitationd hand-hedd campugessgamesiconsoldse cameiase ot iadesdat or

214 to the natiyv 230. It is. inportant to appreciate that the class
verifier 211,82l h(gthj&ggﬁ)ee ngﬁtgfoéif%q %5 Pfkﬁ?ﬁap{?edW%od@ ongs egybediment the
processor - i ndgeRRs s Qpl tjve translator 2l 4 and of course
the final na'?;? ve cgggyzg%nsil/\%i gﬂ %sﬁﬁp%%%sdsﬁlrgggssﬂggwﬁkc.wéff&% 15, other
ri ght hahd sieebadimenguitandy icladess td 6r pEBRN O Rets
t hat are being_mani pul at edz%l_uri ng the tranrs ati%ﬁﬁg(?g%te@ds}k’ %Eeﬂkehﬁ?h‘ \R 204
0 process st avhereshercliang devigss atgynetczapeblenoft wirefess somimumickaion, préwsiohi |

201 which consists of lural i of individual nmethods 202. The jcode
transl ator t rrg%ﬁ)gg%%detaﬁqg tl&qr%ggg%/pp%plp {9 the Intemat ax sequired (for example viar t ual

t i . 1 ligati tq b , ti
< e of ¢ Rbsanud HRRRRF P ASEARTIC TP A 5t e vbEhon Goib e and
those sel ect espplioable (®nd woidk Yranpesef tdpb&dded’ gg\t/iggﬂ ﬁ{c?ﬂiﬁlllg’lj[ﬁg Q)\(ax{lﬂfet o

native translator into individual" native nmetho s”inmportan
‘appreci Ml e t Iramera televisiartsy washingemachines)ahotot ashictes! & iR@ded virti@lly any

necessarily bebglg Bas%ed through the native translator 214: only thosé
virtual proced8eyPgo! Somputapoperated devige that cgn besonceivgd ofie appl i cation 10

will be translate d, dltimateky.stored for running.on the cljient. . The
use of the prefer S%%Qe?wdygélta%ngkvﬁ%hi“ﬁveémr?@t e?’gﬁ%n%&ﬂ?%nﬁ?t}”bﬁekféés%?m
envi ronment ifetwBEAN iSCHRANBCE anldyvidRalF! s This S Q ed
with the correspondi nlg pri ora ar tn aplgir?%la(lt:%ﬂgﬁcljs\%v}qoq Rbéiag%@%%##%ﬁg 4,
the server 4ldgnificamtly shmayterwinraticnethts WitOcdt@ntioayi $etehd idivikieh ®Re entire

processg{s) via a_cqommuni cations network 450. All of the
processbt i ndepasiddaihas 40 badawnineded. cBhisiraeansithatathe mbbvarkprevider does not

particul ar, t ryer intai,ns a.cl store 420, class verifier 421, a
j code transl ar{kgflstﬁzgzle egntg%awwls?"b?”étﬁ the etyviork jopen fa, long) pesiods; | Eapdo,
consi sting of i 4 I sl ated via.the two-stage
process descrsingaelght)é;ﬂg{)/(ivgdt% ?{)/ b Q’i‘i{]a{ﬁgﬂgn% é?%?f?é/&ggarx% St e&ﬁﬁ"i{%&%@ﬂbﬁm are
stored wi t hi radditgor\/Rhe ttranemdsdibn dhemyRer Alsofes %ﬁﬁﬁmspaagerﬁiansttﬂﬁ{; fow &’
then be served individually, as required, across the network 450 to the
i ndi vi dual clfiedrrdancyngnd/piron gprreetien tiheequireths| Thedobhy dnhthel network udn
~¢lient 4 anslt tors 424 %%5 igto natjve net hogs 483, 484 which are optim sed
ﬁ&"cﬁf?‘i‘r‘e HiUuced By & 2reies amoynt rhanayaiddi be pxpecied maerebsbyia hi n

~for thelr res

the respecti V@on@ﬁ‘fe.i‘é’tﬁrP@fjtﬁe%E&rt?ﬂxs?é%afe‘éz: The use of VP on the server, as
: S

shown in Figure 4, allows the verification of the class files and the first

stage of the conpilhdts prefdrtdiefoe@N YRS Fiventib® iVBarti fo be
per formed once onl y_bym'?he server. Then, gﬁIliﬁ?%lga%%g%?%ﬁﬁ%tﬁ?%ﬁh whi ch
differs accordyeg-areenied gempeesgrogiape thaedset ® e pompiledetathert Ban
client device before execution. Such an arrangenment nmakes it easy to supply
updat ed cl asSBETRFEIGHPIL ) EXeCUlam o W hem dhes irveation de usedgint the S okt of a

hi bouj: j f 1 gul. i h i1l W sh, k
o5 of Those UiptBRAE LRt eyt AR fitiflaipeiibas i ba Comnliheishs h
the class bytwﬁfieorszﬂﬁithé}eﬁteFséﬁ”a’iﬂr@ésetﬂe%ﬁ%ﬂé‘ﬂoythhgﬁ?x?]t\@vic@e WP is

transmtted to the client "devices, as necessary, a e final translation
to native code carPrbferalalyr thednventiat itdhedes! thePrelimimary@iep 6 ®ihdisigntid € v
transparent to the end user. In 10 addition, no anendnen? to the server or
to the VP code is required in the event that a new type of client cones
onto the market which requires different native code. The client

manuf acturer sinply provides the client with an appropriate native

transl ator, and the device should operate w thout any nmanual intervention
at the server. 15 Wth the approach described, it is not necessary to
downl oad across the network the Java class file 480, nor all of its

i ndi vidual nethods 481. Only those VP tools which are actually required by
the individual client applications need be transmtted across the network.
The required VP tools may be either downl oaded on demand (for exanple by
means of a control signal transmtted 20 fromthe client back to the

_________ I - N L T T o - N T o




11 MAR 2004 12 attenpts to make use of functionality in an application - :
program for which codeyis not available at the client, the client 1 MAR 2004
~automatically transmits a signal to the server requesting that the '
necessary VP tools be downl oaded.. The server responds by transmtting the
requested VP tools which are then translated into 5 native formby the
~local native transl ator 424,42S. Figure 4a shows an alternative enbodi nent
in which the individual native translators are maintained on the server. In

Figure 4a, thelassesfiuioenplaralityref aisudigrecésier EAIRWRRANIRAhE S NRIDUSE Al N
Figure 4. In oneg\éﬁlrsi on of this enbodinent, a full collection of native

met hods for 19 % BroGeRworc| | dhenpribe edeprof selectingr ede af the sahvas fart hi n
respective natj Since it cannot necessarily be

: 432" . 442" . :
determined in aeﬁ%ﬁ@g&\‘msm’ii“gh’%%&ggmq ofifhe yarurl progessorctootddi Wtteniused
clients, it im dfectaiteadof Btk BAHAELY Bhel IS Vgn%fc” S 482 be passed

through the respective native trans ¥ PIPeRsser tools may

conpr ehehsi veindetiduiliyorbeoftrangiitt€d "Béroed Sthe 4 . .15 particul ar
new or updated method is called for by thgecﬁ?t’ewﬁgﬁ (t)(g‘ th\é\hﬁgaﬁﬁ rcgea'"f% RE

sent by the s@?%@t}vql}‘l&leaipﬁi\d{hldlaﬁﬁuhlrpﬁouéﬁdﬁtddlﬁiﬂay%rgﬁé‘e&niaﬁeg%HH {BET 0SS
t he communi cat i.ons net.Y\Drk 450. As before, only individual nethods are
sent, not the MR GoRifedcodetmnsmifted pcropstheandtwerkret hods whi ch have been

created fromthe ofjgj . .20 In . yet a further alternative method,
the server need notﬁ%%%%|%m65m@% 0 FUBPIGH Spstemy adaptedhtn earsyl out
net hods for eanfethbss prefiouklyedtscRbOgessor. I nstead, when a particular VP
tool is needed, it is translated on the fly by the appropriate native

‘transl at®Or 424, 425Thminvehtion dtither extehds té h%t%ﬁj;&t%ﬁ@yét%efgraibﬁh%xgt Qn&/?ﬁ
g , 'S at

client. 25 Once specific .inplenentation, illustrated i n Figure
of a nobile pHENEURE ARcPRICC orifnied) sompber programnesmpasing Safdleusioviidéd e

net wor k each 4 ctive native trapslagor 524, 525 and a native

code store SB%??E%@%%]%??% Fsamnyng yplurality pkmethndsy the systam glefimeng he

functional it yarpéxdchdorh @dﬂ; VP LS. S | jed froma VP store

523 on a cent ralx.ser\?erﬁgggﬁm‘er e u&g)gg%ﬂgdﬁ%g&cl%&sag&s@ﬁtex@?‘&‘% Pa& @I the ed

comuni cat i orvethedsootk ofie 1df tie 2laske€! 856 thT RAAMHL §ﬂe§%3' mgh?ocf:ngfc') liSe t hen
( e i ndi'vidua rﬁ%

packetized and sent across a wireless link S 13 tot nes.
On receidt, tHEWIOR ogRVIFenmentornsitheul | yecessamity ateatling nitonahk vexapstiss or ed

in the nati Veen({'?r%ﬁms%ﬁfeh\,gﬁ e@%%gggéggzﬁﬁ may be transparent to the phone

user; or alternative Sbe sent on
According to another aspect of the invention there is ‘provided a
distributed computer system comprising a server in communication via a
transmission means with a plurality of client devices, each having a respective

20 execution environment for executing an object-oriented computer program

comprising code provided in the form of classes each containing a plurality of

methods, the system including:
(a) means for selecting for execution on one of the client devices one of
| the methods of one of the classes; and |
25 (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.



recei pt of a specific request fromthe phone user, via the wireless |link
513: Inplenmenting a nokile tel ephone network (or indeed any ot heif 1),") (}T
10 wireless client network) in this way allows the clikents to downl oa@ 004
~individual nethods (each of which mght be for exanple 100 bytes in | ength)
i nstead of having to downl oad an entire ﬁl ass (which m ght be for exanple
10 k). Transmtting individual nmethods ifl this way al so has advant ages for
the wirel ess network provider since virtual circuits do not need to be

mai ntai ned 1 S opeThé anvémngt BxteRAS ind i filles are bei :
transmtted. Each small indivi dual #e??gyégﬁn @ngl?P dg%ﬁqr?télfgffe?f Irlg?‘dlﬂgso,

the transm ssPlifclopriented epmphtenksrogtardgt butr BHYCRS dtBoAE e df Qépafr%?; nﬂ) ncy
and error correction techni ques, thereby increasing the capacity of 't
network over SHTBPIING,3UGh, RrogEAMmSH binsling sueh eprp e axeceliyg bycR [1eBRARE SON

of raw data t - 120 For conpl eteness, a detail ed description
will now be g%‘ﬁdé‘ﬁgﬁm{fﬁﬁef g‘r’%"f B‘r".gé?inﬁé&]ﬁ’éﬂa S9MERpations ndtwosk.file is

- converte§l into VP REipd)yh P ar onyerted into native. It will be
understood that this iSs' gt&yel‘%%e}{@r?plg?@,%%&éﬁ ht 4 heOIBPESENPIoOgTaBN fogn i s

not |imnted timplementingiamgrdf the dedviribedthehsdd . nansl at
first frombytecode into VP and then from VPé ?R?%%E@rﬁg??@godﬁe@fﬁ) rf’gg%ack »
now to Fi gur 3Tkl plso ereterndy © aidata sireagi vepeshtithe of EfCSﬁf{ﬁ@el\x;kYR‘ ge
transl ation ffrogm cl ass btytbegode. 210 intq native code 230. 1 R 20 14
As previously AR S THIpR geqr mehpdi er 211 checks the cl ass byt ecode
for validity. The gk LEd : i.n sonme enbadi nents be incorporated

wi thin the jcode tlféﬁﬁfgggﬁl?gﬁsﬁéoﬁéh Vglaesrg “Pﬁ‘g l%ﬁé%ggm@éc@dml@m% thassed

strai ghtOto twerd ¢edée’t riacialdas Qi Ve b arg qw 240, 5 The JVM
e s, SR04 Wi e

and the bytecode instructions it inplenents are st

that oper andsA¢erudingly, bysovithautdiritatid, ehé 8xprtsok #RbdENiR I§deaSch Qﬁ'ing?i ch
the last itemto be pushed on is the first to be popped off. A bytecode

i nstruction t3FiCOHPS YaRabledagmes and trpes flags,pointers, objedt mants aal,sopgi. f or N

sonme action, and r |+ operapd (if any) .back_on the stack. On
the 10 ot her hand&la;%?vsetn?@&i &%grg%zfgig&e,d1il g’tll‘i@FtlF? Ipq¥arpuseWays ansgoneer s

whi ch are addpesigeterdbsdigid ' Ut i . ~An_instructi
typically ta?gg its oper ané%fﬂyr%dr?l@})}é(gegélﬁe{sdj %gpe%?f’fgﬁarpﬁ?et’ I\’@ﬁ'l FF&‘?’FHGE on,
per f or ms° sondodlke rerompanyipgisawings,riasvhichoper and (if any) into a further
regi ster specified,.in the instruction. This register based architecture is
more similar to mod8uiehtllustrates the eperationsof aeaepntiohal JINPcdiapilér withih 4 ar ge
nunber of regi\)si\tder s, large enough such that any system converting to VP
does not need to’worry about how rmany there are. VP instructions are based
around expressi ong i bn LRStHUCL] O ically has one qr .two gperands,
and each operand ca%&bezgamcugtr{g%gnﬂthg ?ggt a?é&?a&%‘?’o”oi’r%‘?sé r%spfﬁ'fg“%
expr essi on t lambddameanef tire presempeventidn; each of which can be a constant, a
regi stej;ﬂjor an expression. In this way) an arbitrarily conplex instruction
can be Bli It up. THEWE hefwwor hypiealpripraet diensistmdr semi; pti on of how parts
of a class fiIe.argef ‘gon ert ed. Thg descriptign uses the term"fixup"; this
is a small item 25 8V Cqar A usTHes Hag Qnrsratiom of ithe | prefestsd embodithentc ofithe er ' s
out put code Qﬁvgﬁf@m'?ﬁhakﬂéhysléw&\ﬁg&% JVM that the code or data at that
y

point needs to be nodified In sone Before it can-be used. Fi xups are
used t 0 change a Fagireela iliabtrates hQAriation of the embodiment shown in Figure 4;

Figure 5 illustrates - the operation of the present invention within a
25 wireless network; and

Figure 6 illustrates certain aspects of the translation from bytecode to

intermediate virtual processor code according to the preferred embodiment of



11 MAR 2004 15 or a data itemsuch that the native code can gb ﬁ%@ﬁ%@ﬂgrECt
reference to another chass, or to a field or nmethod therein. *A’j SS
file consists of the following parts: A constant pool’/ which contains the
- constant nunbers and nanes in other 5 parts of the class file, instead of a
name, there is a reference to a nane whigh is stored here. Information
such as the nane of this class, the supefclass and any direct _
superinterfaces. A list of fields, with informati on on each one. 10 A

| i st of method inwéntioni nf or mati on on each one. This information includes
its code section. Thus there are several code sections, one for each

met hod. The Java crigyee }.iwhichshasdreen desctitied adavt osldvsathel0hy Evevhiciadgt @
tool. Despite_its. name 'thiﬁaﬁﬁf nothing to do with the data to be used by
the class. |n&YBRIET Within 2 INM; trapslatesi Samaipseressoreindspendent | bteogdel Go but

not limted t ) r nd types of all constructors, fields,
met hods and o ﬁg?&gg? ??iénedseﬂ \%‘lggﬁé %8@%?% B‘&@‘F agrarticlpp proceasery piladhe use
for this5woul prebentfiaventisd, @ehveRidd 8 hanal | ' :
java.lang.reflect in a Java Li brar y) . mRte) ggc):(ltﬂ{l(%hl S ahé)a%%m?‘fecm two

i nterface to $fpamie stagessgr.anmer to enunerate and nani pul ate the

constructors, fields, nethods 20 and ot her entities which belong to a
class. The dal-a tdoPivessigndiomdhe ahasstitle tq ani ntermgdjato peodessmrsindiepérrdent N

situations where either 4the ss file,is nqt, avail abl e, or where the cl ass
file has already ﬁfg}élﬂ‘ t rﬁ“&“ﬁ@?ﬁ r"?fﬁ’érf:@ t?ﬁé%r%@gl’r%cemn@rewﬁ podg, There
is no class file apn ; | s i al ns _sone housekeepin

i nfformation used by ?’%x)éterziés%l\f/ ?f‘hg@ul& t};‘g qsr ﬁge?}s}?izlén@Fm&B ahon apt Ipﬁeg?e.
the siz&0of the cltemslaotatic data if any, and the superclass and
superinterfaces), and code for none, sone or all of the non-static nethods.
11 MAR 2004 12-16 $Tepn e thetintsdmediates VPMErho s thehhstived taehinea@nRar i n

the class tool ha etcheir ovvg i ndi i/bd al tools. The decision on whether to
place a method in 11CYWTTELBEreEH! bekpownas #he ‘nativetieanstatorf’act or s such as

th i f th ; . i [ f.i t typi | t
co(r:;stS :afl'? }9 i xupevgﬁtlgel\%m% gguﬁggt%%gglrtogggaagﬂﬁeﬁ;%a)%g%élog? Q’é’%’g]:ﬁ;gg hﬁ%crage (%jan? v
of a particulmativiei @dd. Tie tlasd b &cdd 2 & ﬁ;ﬁ@ﬁgfl%%dg??rt 9a1?&i§)e”59ﬁ%%:[13§%m <

of fset, and the_ binder/linker patches this offset he Co
to use 12. [tvarifierrdid. usEhistcheckpnetrenly bt mdividualabftes!tHemadides, Pkt Aso
.,10 More generally, the fixup tool returns data used

field" in the,bytecode

for fixups. ﬁh%ﬁ%gﬂﬁ validextemakand mteraal teferensasp Therelass orerifier ift nevesqaiy e

time. The dat i i not,limted to, the size of a class

i nstance and lt{EB ﬁ%ﬁ%ﬂl@é%ﬁ%ﬁ%?%toaa&cggge Fﬁ?f‘?gé‘é@ﬁncﬁs-fi el d. The data tool

can be di scarded iOnddhe] VAR RRMdeAAHcBRed, It I TMBeDRS i dRE translator 212
which converts it, as dgscribed in more detail below, into VP code 213. The

20 VP code 213 is then converted by the native translator 214 to the native code
230.

ot

It is' important to appreciate that the class verifier 21 1, the jcode
translator 212 and the VP code 213 are all processor-independent. It is only the
native translator 214 and of course the final native code 230 which is processor-

25 specific.
Shown on the right hand side of Figure 2 is a schematic representation of

the objects that are being manipulated' during the translation prbcess. The



, 15 certain facilities (largely reflect), and the fixup tool can, 3ﬁ
di scarded if the Java"~3ppl ication is to be enbedded in a devicd MAR %gs
not dynamcally load further java classes. The jcode th ansl at or uses a
" register for each itemon the stack. VP code does not directly inplenent

the class file's nechanisns for 20 accezgi ng anot her class, nethod or field
fromwithin the bytecode. In the byteco there are instructions for. but
not limted to, calling a nmethod (in this or another class), getting the
contents of gPprocessdtdrimwithithe elasabytdeode ¢ &rSformPyERITRG nLosdihe
stack, popping a value off the stack and setting the con?lg%flg}ég%ﬁa&’?’ilé d.
The jcode tr &R8piatso0f corpluraligy tofe dndividual Rethods r202. i oniha?cw@ aharf¥Bitof 0
one of the foll ot\aﬁt%m%tki S hé .not aF efivg{aus,ti ve list): 1 MAR 2004 m
Call a non-stH% a5 fike intona plusaliypyi efindividesledrtupbprocessomtrsdls 263
passed) in a : t ;of ~a clags wth nethods, which is
used to inpl Pﬁ@%ﬂ%ﬁ@?i@é%@?ﬁéﬁﬁq&%% %%Fie%lé)fufl magde Ogﬂimnrlgzuet he
act ual et hogreedsse teitPo0dsyigioh g 5 ?éqy' | e pointer is

® AL 1{%1 GhE tﬂmet r%«léle d ii%olgggraﬁ

passed) or 5 non-virtually (the metho d°s 1n PRBY i n

the call). @abdde toodsibareuthienetranbhited by theeshtive irAR4ISITR Thid ﬂﬂiﬂﬂh@c%ﬁ‘{zé
call of a Statqi?.;ﬁ get hod (i.e. one to which no object pointer need be :
passed), and M¢thedsd04askds inpertanittemppresiate that th&entitdne of eleusrigihal &lass
constant fix Tge constant pool within a class

f he fi . .. 10
fileis conv«iﬁ?g@qéngtnPgPF%‘%%%ﬂgﬁ’%&%B?séﬁ thromehdhe native traaslaion@ 14: conlyt ant

nunber. (inte i bt d0d SoH; d .into,the conpj.l ed
Version of 't Racsafindal pRCIBOR 203 Dbl AEARAY By biind Goblipation,
‘const arlt) poolwidinbe transiatediandndtimtely stoféd forvahfthg 6n theediefli.r ect!y by a JBC
15 instruction is _copied into the data attached to the conpiler's’ out put
code. O her constB®t ¥wol oknthei eprefesredai embgdistertngvihina AI Betéfigens 66
directly, but ]?][te use err.ed. to by the constant pool types bel ow,

d when ref
or by other paFPIe§es ‘Pfeefb‘f“éfg’én‘?qt|1%.5h0‘ﬁ(nc5§h§mﬁpa%b¢m Fagire\4. r efiseshouhdy a
| C i : | | C the J i nt |
mame.f or ¢ he o5 orapdfed it SRRt eRorddifig pflof sASpEo isviuin Raws fiat o ouch

that a JBC i nstrudhi Bigudsifothehigvera90afy sPRgA Y, r e i S
conpiled to a native code sequence which, asfterggtg\:’o(fycllfr?gt-st E%&#ﬁéu@%"g}ﬁ ai ns

access 5o cl aifferens proessempividat eommunications network 450. All of the processor-

indeperident 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. An initial Java class file 480, consisting of a plurality of methods

481, is translated via the two-stage process described previously, into a plurality

J
g

) 20 of VP tools 482 which are stored within the VP store 423. The VP (processor-
independent) tools can then be served individually, as reqﬁired, across the
network 450 to the individual clients. The VP tools are then translated by the
individual client translators 424,425 into native methods 483,484 which are
optimised for their respective processors. These native methods are stored

25 within the respective native code stored 432,442

The use of VP on the server, as shown in Figure 4, allows the verification

of the class files and the first stage of the compilation (the conversion to VP



A constant pool entry referencing a field Fin a class C causes 3‘1imﬁ22§54
referencing Fin C (orythe JVMs internal nanme for F+in C) to be attac

to the conpiler's output code/data such that a JBC instruction using this

~ 11 MAR 200g is constant pool entry to refer to Fis conpiled to a native
code sequence which, after applying thejfi xup, obtains access to field F.

A constant pool entry referencing a nethod Min a class C causes a fixup
referencing Min C (or the JVMs internal nane for Min C) to be attached 5
to the conpilde} toubpuperfwteddanee winth Byhahe axedBE | NTHeHC LI el Rk S
constant pool enﬁr tg refer to Mis conpiled to a native code sequence

whi ch, after SHp "‘}}Y(Wg (whachy jditfrs qsearding alocdbe processohoiyph) neddsonstisnt

ool entr i and e. of field Qqr nethod is not used
3 irectly, ybgtﬁ/élrfs&ﬁgeedcr}%na}e@} \éEYHF& ‘?%OWWHBPH-C oPHaha?n apangement makgpes
10 or ot her It I T 0 ect.,on.wthin a clgss file
is convert edngseh?}(])?dl; 5&@@ ﬂé@‘ﬁ‘ge‘{jggaﬁ%espgf‘éﬁ%y&%&%eﬁ‘t%“t\31&? (:SIETV:?{ i%’ﬁg"’(g FPI
where Uifere iknaw angingpabeuie d8tabls|STihapafRuelichts HhPYHIAER 5ihalont
rgur ,

frombytecode into a corresponding tool in VP. 1 S As shown in
where the bytseRfdhesoclassesa Asfepdated cBsO needsatof becddenddibbniS ofBN VL E . at
p,tool. The call to the fixup tool

fixup tinme by,a gall 611 to.the fixu )

returns a valﬂgss\%ﬁt'ﬁ‘f? e?‘é‘f@ﬁﬁé&antsﬁéeq%%ﬁ?fﬂﬁ 180 YRe TheV®.is Ttansmitbed the
time the inst i LS i e atech t ontain the correct

of fset. 20 At\hgtccgiltelﬁgd%étc %1%% Sé‘%ﬁg@?}goﬁ@eﬁ?ﬁmﬁgra&gléﬁwégwwr?QdVFm!leﬁ,
but wi th addedrfied ont tatle chedt i i dtoijt a
fixup for a net t:Qd call (iceé’rit l?gﬁg?g?c}g&?% ﬂ@h%g@éﬁg{n%%g$ﬂ?35ﬂ.l*n
~eventualQy besdshdommaoamnendmerthe the setvenat ko eheC VB 0dR5s ToGuifedl inl 1B8 event

conventions are rather different in bytecode and VP. In conventional byte
code such as 1843 N6Y: ¥Pe Sdclicntgomes anter the Inarkebwhirhsreguires diffaeht nativere

are placed o e cl: I by a reference to the nethod to be 11
MAR 200 19 Ebgdlfgéd%% égﬁ/e{‘{e%aé‘ﬁﬁﬁ‘??@ PHBPfYoPFOtVb&éé}IF CHCREMA 3pprepriate
execut ed whi clativakemsidier, AR frdie nesehyes it and
starts executing the new net hod v\ﬁ%éﬁgﬁggggélg%%vgﬁgﬁé@%ﬁn{aﬂ’gas]f’ge&?m&htroI
is returned tadthe sgfveml net hod when a return instruction is executed. This

is converted to VP _which 5 |oads all the paraneters into VP registers
bef ore EXecuting aVydsthe gopepashiiesoribeds)it insot nesessany whidowniosd beess theed

Gynan cal 1y BiaRe HE T00R nE 380 ey b Sl ol meihads 44t o) @olsaner
Fol lovs: 10 The Narecohf WARH &P actlaiy-chBirtd o9, ot Wi BL EFnS Rt £

refer to the medebeatranginitted otassithdnetwerke OMitiel RGuired VP tools may be either
downloaded on demand (for example by means of a control signal transmitted
’ ‘ 20 from the client back to the server), or alternatively may be transmitted when the
" server determines that it is necessary. In one embodiment, for example, the
server may transmit updated VP tools across the network in order to update an
applications program which is running on the client. That could be done in real
time, in a way which is entirely transparent to the end user. Alternatively or in
25 addition the individual transmitted VP tools may represent “add-ins”, or

additional functionality that the user wishes to add to an application program to

be run on the client. In one particularly convenient approach, when the user



The nane of the superclass becones sone reference to the supercl ﬁzs{ iﬂl{;?ﬂm
t he code and data out put by the conpiler. In the preferred inplenmen h
t he out put data contai-ns a pointer with a fixup attached such that, after
15 linking, the pointer points to the superclass code and data. The nane

of each interface beconmes song ref erencep40 the interface within the output
code and data. In the preferred inpl emen% ation, the output data contains a
poi nter for eaﬁh i?terfal(e:ee with a fixup attached such that, after [|inking,
t he poi nter paitampts ©® mhke ust of fiamtionalds ang ' T
information attached [% each nmet hod (alrili? the s drﬁgtéo? Pf%%gﬁleﬁ%h‘?@%ﬂig%ode
stored in thelZPgsavaijably at Hrepligite denclient sucamatécallgdtra®snditd ardBhalStd frabl e

for the envirgQq j ich. the JVMis running. In the prefeifgigd

i npl ement at i ogé,wfg'ﬂtere@geﬁﬁggi t?n‘f’[)tﬂﬁeatr‘ieﬁ?ﬁsﬁlé’ Ydhieals &¢ downlwmdsdre The neiveised
for non-Java pagpbidobhvt ' P class conprises one or
mor e naned t ool g ., nor %ﬁf@fﬁ}{ﬁ%ﬁ%ﬁgql—a@?ﬁeXg)?!qohgewg!i‘?‘aartecfhpr} translated into
tool, thé fixngtivefdrmaby theloealbhatiVer tearIBk s. The tool nanes are
generated automatically by the jcode 11“%’%04 'y, .. 20 translator,
each nane being reFigusd 42 shows rammltefative @hBeGinRRE ihNVHiAHN thé ARRfASACh

tool within the.i mi)l errllgnt ation of that class. Turning back again to Figure
2, further deP3HYSUAPPIALLS Areangintaspedopnithe seaterve InrBigstatar thdireference

translates th P i pto tive .code., It will be 5 understood, of
course, that @%Mggggﬂ?‘éé ﬂlgvsg?r?el #S%?lpgraﬁﬁh%ieﬁ’éeg Iy Figredt i ve application; it
is always convert eth e {&8idH SHEES nati ve transl.ator jnto_the
appropriﬂgte nat i vefgh(:demf or 't he pr%}{égg(ggfeagﬁan%li%qlnfefﬁo?é’?f%hﬁ% ‘ééﬁ@d.

- The nat1Qe treaahl af ¢the 2lidni progesdoes as storéd oRl B Csepd Cﬁﬂ‘ﬁ :
dependi ng UDonq:éer pr oges,sor ,, SO that it can easi Ieyr e g% 2?52%@%338&5%
within 10 an EPHfe8i9Ee 3;/7|s5 - TiRénee Etrfh_aot)ne&k;ﬁrﬂ’%ﬁﬁ Weterriticd B Ad¥dhckhe
regi sters o cuyl ar, process ei ng.used. The translator uses its
know edge of %degge}ﬁopd;éo\gglsg%f‘eg&‘géy dhemdiyidnak eliants, dt ipprifeired that thach
point in the gutiRit oP e i P reqgisters shoul.d be mapped to the

real processor's E%gi ste\r[gt%g%gig\glpg as\séﬁgﬁ%)ugb tb%ﬁ?sﬂeﬁtlﬁﬁﬁﬁﬂye (amslators s

sl over to acc424}25 Tioeptovids|acomptbhedsie RO =S rdent
optims %i on Qf instructions. Unt ipll: t he nati gégi(ggg)g%%egﬁ%%ﬁgﬁs qﬁ{}’%“m
still n&f? mal | Whesne pasticelar ingws oo fupidatedpmetichel isOsaldd b By (e SIEHRL opgs at
run-tine) therfi Xrléﬁ cql?e wi Il he rexBI aced with appropriate ’

machi ne- dependent A2t P 8§ s therss 5 dhp apprapmiatd indipidual nativematthbil ds
met hod Wi | | bg Ofp¢8dst i.n_the native code. .20 v Both the jcode
translator and the nat ?f/éekterpgrnﬁlslﬁ%#ggrnsalﬁéetwpﬁl% &I‘vegqspgéf‘?!féa@ﬂi/y wrdividyal n
VP. code and cawthdussarbeert; aosihatediré ¢aiss) A ator jtself) to
run on any desired platform From ltrhat Si %}c%rrhg 5‘%“%05‘3@@%&9?3@‘9@?@ ns
of both transbegnosreatedfram the ongideticlass.nat i ve code, optimi zed for the
parti cu%@r processpor _on ich the translator is to execute. To conpile 25
“the VP tdde for th& YEbde iherspligmative nagtheddthd sepasseebd hooughintdia a

native transl gf; T, I VP_cade for, the native translator, that
code is passe(?ia{?g}regcug%@ﬁghr?ap }é\}grapf‘lgﬁ |fa?t§39d§ %greqap_ possible gJrgmt pooeessar.

Al though t he Tirselad] ndnenbadicTRA(VPI63! fhfeday Yo Hatiflard RERIRC A B e

overall inventive concept is nore general, and it

the JUM or iaRfeepridiavaative atranslatber 241435 arid e dnald e ihod Neadshifey | on
descri bed al | .ows a,av?-ski | 1 ed applicators programers to devel op prograns
in their 5 prEBEdRiEly mbieagdient.wi t hout having to understand, or even to
know a hi ng abo VP code, 11 MAR 2004 w 22 _

M3 hing WOnee Epemﬁc implementation, C1)1?ustrated in Figure 5, is that of a mobile

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

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



CLAIMS: 1. A nethod of |oading an object-oriented conputer progrprmh rqAR qm

conmprising code provided in the formof classes each -containing a pluralit
of nethods, the 5 nmethod including: (a) selecting for ‘execution one of the

" met hods of one of the classes; and (b) |oading the selected nethod into an

execution environment w thout necessarily | oading into the execution

envi ronnent the whole of the selected cldss. 10 2. A nethod as clained in

Claim1 in which the-selected nmethod is | oaded wi thout necessarily | oading

1L e e SRR AL RO

3. A nethod as clalij(erziegaln d ai e
wi t hout necedsanpp oi aYH store 5§28 omaasentraDsero8y53@®N
Brrey A EVE R8s 0q

met hods of the selected class other than the selected
as clai med i iS@FRY ¥Aa1a jandrhased goounphicationst metwoek §d1 ad 2Wirbisashndiifest

necessarily il_jt:#tg a(#i:.o%l‘et he get hods of the selected class. 5. A nethod
as clained i & ai M9 PHeISUERPackatizad mgdsentpetoss @ wireless! limkt fidito the
necessarg |y i b oft t f the. selected class other than
the sel ect edq?rg?"ﬁ%‘?]g%@?‘é?' ?“ng?e‘i%@@" 3@9 YRisods isnaeipmatically ﬁm@atﬁ@. into
transmtting rdtiewesehd®aterdd @t fed a6k ni gaLi n rk froma
server to a client device on 11 %%@%4%%igﬁétﬁgglseeﬁéo\§%5§ w&% IS

to be run, witransparenttethephony usemnenalteimativellylthé hpdaeteds n@ﬁy bbgesE et ed
class. 7. Anethod as claimed in Claim1 including transmtting the
sel ected 5 meERJBt Q7 SRECIC Fespgsinirom: the phone tisasy Kiafthewirelessrlitde 513 a cl i ent

devi ce on which t d nmethod i,s . to be run; W thout necessarily
“transmitting any g&}ﬁﬁég@%rf%gdgol&xﬁe t["ﬂ%plgg’lee‘lﬁt@BH%I(%gldGFﬂ@PYtMﬁr% of
“sel ect el) net KpFeRBss Aligmt | s i i - i.ch the, cl assges, are
Java cl asses. 10 9. Aﬂ&eﬁggﬁ?sﬁcﬁé%g zlﬂlnoqa?'l 6}11:@ m&iérﬁq%g‘k?]ﬁl&?vﬁ%"%g’ﬁVI ual
-prelimnary meﬁapdmf(eaqhamfswatdhnmigﬂiteb@fm@@&ﬂlétl@oabﬁk%l 'iﬁ'léﬂp%(h?ﬁns‘f&{cf Hﬁ[s

%oci\ssor t oq{i@iwhi ch use the instruction set of a Vvirtual ocessor .

. A net hod Bing dpndewniead) an rntire relassi ¢Whidhe nsighp bef foeleatriphg 0d)of

tool o 11, a HerRREEHS' BRMH " FeSS ¥ 1N nebuaisey hesnpivanagesnton sasl ng

PR e L AR

tool s vith ch vapea for lengthy periods while large files are being transmitted. Each small

individual method can be routed differently. Also, the transmission of smaller
chunks of data reduces the need for redundancy and error correction techniques,
thereby increasing the capacity of the network over and above that which would
be expected merely by a comparison of raw data transfer rates.

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

25 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.



translated fromthe selected class. 12. A nethod as clained-in gi m 10

i ncl udi ng conpi ling arsd | oadi ng the sel ected virtual -processor tlo IMA\RtQ@Q?t
necessarily conpiling./and | oading into 25 the execut.i on ‘environnent any o
" the virtual processor tools which were translated fromthe sel ected cl ass,
ot her than the sel ected tool. 11 MAR g904 24 13. A nmethod as clainmed in
Claim10 including transmtting the selected virtual processor tool across
a comuni cations network froma server to a client device on which the

sel ected met b8 previpuslyedeseribedyi thb auldssnesedRea a2 i1l ¥hédlaNaLd &lta%éqgﬂgbd% 6
virtual processor toqls which were translated fromthe 5 selected class.
14. A et hod Widitys; %tf,?lﬁsv%nfmrlmay e berde egntiadinrents bé Mgcdrperatsl wthad

vi rtual procqﬁéﬁé%ogl qc&)oss a cgm‘runi catf’ ons network froma server to a
client device § FANIALOTS Iy WhicBCase o alass by tecpde 12110, isvpashedstraight to
necessarily i e ale] i rtual ~processor tools which were
transl at ed f:{gﬁqs‘% he Se’f%%?ﬂ%@?‘%@i@@@*kmwg Oas claimed in daim13 or
Claim 145i ncl udi ndl'eo®WiM iand thee teGruct : r to. native
code prior to transm ssion acr ossﬁ?ﬁgellS con%r‘?hﬁﬁéé rpggggélztgtav{%%%(:kl&sei’

met hod as cl avhisl meary thatmoperands (huanberd.Apéintdrsidb nbj&gPhrel bt tdhea Kiakk Ual

processor tool tﬁ.&gt}‘l ve code at the client device, after transm ssion
across the cotifichthedast ism b b Pushedion isshe dinstiteebe ppppedrofiapbytdcode

carry out a . -al;imed in any one of the preceding.clains. 18. A
corrpﬁt elrJ systrqgéne‘?%}oqu?d?ﬂgp ﬁﬂh%‘ﬁﬁse e—%‘rf’@ﬁ?éﬂ’eﬁ%ﬁu Qlfn %gﬁalﬁhﬂ pgforms .
conprising c Vb ] f ontaining,a pluralit
PRt hods, Crm@batethd Puhite HOFELR onbtBRP AR ROT RASRnaE o SIS bl &

to sel et forothsrebandoWPoierafistehbased] hodRatoft BAE a0fett e rSli@sReSvhi 0
| oad the 11 R 2004 75 selected nethod into the eexecutrél\écl)%&zsnéﬂlh%%ﬂrgr%etnt

wi t hout nece ¢95§d | Grrstligby rthe VRdngrentions o re instronivantypidallyvees ief t he
sel ected cl as 9 di stri.buted co er system conprising a server in
communi cat i on&pvelr%lndésgﬁtopbﬁ%g*'?tgg(g)oW‘?‘Fg%lgs“\Aml%trHFU%J pesforphs spme raction,
devi ces, eachd@yiifg egt i enw ronment. for execytjng an
obj ect - ori ent ed ggﬁpgtﬁe?&%?ogééé%ﬁ%gﬁgw i %30 caoﬁénﬁ?'b\‘)?%‘é@r isﬁef’ﬁ"gaf’é‘r Sof
cl asses each iostmtcaion.nGhis pégistat iba¥edlardfidrade. i NRosY Ssrclfﬁﬂhf 6! HsD Gea 8)

e 10 -

means for selecting for execution on one of the client vices one o

the methbds dirogessorst expeptathats YBshasamueryblarge anmbfeprofl reathters, Lahee én%\%xt ed
nmet hod into . tB% execut i ?n environneny_in the said client device w thout
necessarily |%% itha} 40, SYStene Cenyegting & Y& dresarntinesdrtewonrhebahichaw afanyhe

sel ected cl asgere are.

VP instructions are based around expressions. A single instruction

typically has one or two operands, and each operand can be a constant, a

‘\m;mw/

20 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
file are converted. The description uses the term “fixup™; this is a small item

25 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 -



| S 20. A conputer systemas clained in Caim19 which transm ts?tfwA

sel ected net hod from-# he server to the said client device wthout R 2004
necessarily transmitting all the nethods of the selecdted class. 21: A
conputer systemas clained in Caim19 which transmts the selected 20

met hod fromthe server to the said client device wi thout necessarily
transmtting any of the nethods of the k3| ected class other than the

sel ected nmethod. 22. A conputer systemas clainmed in Claim19 in which the
sel ected net ' i . riQr.to.transpission. 25 23. A
conputer sys [62% ‘ﬁa E‘?Q‘P%‘ggﬁ q‘.‘*ﬁ)ﬂé ngtrlné %é&i?egc@n?@ﬁmt %g‘rggl Il eRrereransthers
conpi | ed by tchscor @ fidld\6rGgetRbd Sherkiransm ssi on. 26 24. A conputer
systemas clainmed in daim19 in which the server is configured to transmt
an updat ed net hod 4 gava afass diie comsists @fuhefolldwidgtpaE®i nes that the said
client device is using an outdated nmethod. 5 , 25. A conputer system as
clai med in Cl®ai fh 9@nstant\pigobhwhich eantaiss the coostangnumbetsoaid aasies tinasther
updat ed et hod to0.a IieTt gﬁvi.ce when that updated nmethod is requested by
the said oli entpmvﬁt@?ws Cs %Steeﬁirﬁg?é%aﬂseyéheéﬁnl% refiesgnes do amagiexviricto i n
whi ch the serveyg ﬁ%'eﬁ%{-é gured to transmt nmethods as required by a
requesting client device, the requesting client device being configured to
bi nd t he recai VRfforfRk ' ' i 21S<c€ j vironment. 15
27. A conputer systeﬁggggﬁ?ﬁqu&?{g% g??nﬁhél?sr?’\}E‘?ghb?lﬁlea%geap\qe?‘nys@brfg a
plurality of visupesintgrfamesssor tools, said tools using an instruction set
of a virtual processor and being a translation of one or nore classes of
the sai d obj @ct Orlissef &iglds; withanforamatizg onreandngnet er system as clai ned in

Claim (ﬂ) in V\himtgg rreﬁn fqr sel ecting one of the nethods for execution
i ncl udés’ near’s Stod magt ?‘ifg WiHeindprmeiéon, ppeaeh ope.ocBais anformatien includss A
conput er syste j  Claim 28 in ich the server transmts 25 the
selected virt ugtgg(r)gécgéscglgg' F@SF tl}getaﬁ%s%vg%mtgdpéﬁ?u%p% fQ% gachumethod.
necessarily transmiHelJalg cRk iol j e, ol s which were

a8 cRks$ fiff is é@ﬁxv\éft.E& ﬁ%%%o%iﬁ%%

transl ated fromthe sel ected cl ass. 0. A conputer
system as cl @ nAddata t6bki D&piteritsvibaie, tHiS has meMink 8 & With {Héedzﬁﬁ:tscﬁeed
y

virtual processor tool to the said client device wWthout necessari
transnitting anyseskby Hee ¢lass. udnsieadde sentainsoimfermdticnhabwiten tlasg)sheludthd rom

the 5 | ected gl ass,..oth han the selected tool. 31. A conputer system

as cl aislﬁed in W I?ﬁ%ignﬁt?fie{ﬁn ERafis, BaTasale Wr%’ﬂ@ﬂ ohirlbeeryvictersofields,

%222' ated int Onféﬂiddé%nﬁwﬁerpern'tﬁes%i%m up the A BF OF gsclz}sg.e .&rt%r)]lscgl ase O
for this would be for reflection (i.e. the ﬁln;tionality 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

gt

20 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.

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

25 JVM (including the size of object to allocate, the size of the class’s static

data if any, and the superclass and superinterfaces), and code for none, some

or all of the non-static methods.



10 32. A computer systemas clained in Caim28 in which the sel'ﬁat ed
virtual processor tool is translated into native code by the cli tMARv?m
after transm ssion acfoss the transmi ssion means. 1 S 33. A conputer system

“as claimed in Caim19 in which the transm ssion nmeans: conpri ses or

includes a wireless network. 34. A compyter systemas clained in Caim 33
in which the client devices are nobile ones. 20 35. A conputer system as
claimed in aim33 in which the client devices are hand-held conputers.

36. A conput es b SRR ' i j iR ich the client devices 25
are games consol es. 37. zq{é%*r}paﬁ?%‘?lgpggg%tgpﬁ%grh 1@2@&89‘ mpear Hbﬁ’r‘?o"cla%f‘sto‘f

claimed in any daee dieir own,individd¥Rt@894 The &&iShRIoMBwHethS 1D K

carrier which carries a conputer programfor executing a neﬁﬂ%%sas cl al med
in Caima37 or amytsqven gvoliani e basedoor @ nBntRS. of Madwiasisdl 8AfRe size of the
representative of onputer program for executing a nethod as clained in
Claim 37 or as éﬁ’e&ﬁﬂéd in any one of Clainms 1 to 16. 10 29 ABSTRACT 5 11

‘MAR 2004< A net h utd,ng.an pobject.-ori ented conput er_ program

conpri sed | oa%li (r‘)igﬁ%l? gé&ﬁe@?g@fﬂﬁ g’rﬁh MF?%H%HW%%%OW@@@ vadueydich hat
to b i ' ekt i r.et f th I L

MUl 11 pr0cessor  anroorraat o oA i ioHIEk of 8 mlrouprfifd. e ool

processor - i ndepés atifidupatimé o predas gy offe) ;ﬁldlﬁé%}gdérr]}gfti'f\}\(élr' EH?&E%?Q{ 2

may be transmitted as requested across a comuni catl
i ndi vi dual cli epfise( uto theiopde that veants emyseréted It s thugnsed to ihplenkait dosf t he
original class fd f &grri es a small processor-dependent

I 480Q) . h [
. hative transl at oget?aﬂfgﬁl,s%)?{?)d%%f ﬁ%{ﬁh&gw bytesedeat es t he downl oaded
-ind i t .+ The i i 15 _f.i nd
Part i curar app ragergereraly, BE SRR olE raRES o Yty This iR anbes
client networ ks beulzterannedhbi figup Hotean®hdOstkompAR: (kI Ahtamhy AR lude

GROUP/ P21606GB- SPEC. doc_
but is not limited to, the 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
15 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.
The jcode translator uses a VP register for each item on the stack.

VP codg does not directly implement the class file’s mechanisms for

e

20 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

25 which may do one of the following (this is not an exhaustive list):
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| applying the fixup, obtains access to class C’s code and data.
* A constant pool entry referencing a field F in a class C causes a fixup
25 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
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Wwhich, after applying the fixup, obtains access to field F.

* A constant pool entry referencing a method M in a class C causes a fixup
referencing M in C (or the JVM’s internal name for M in C) to be attached
5 to the compiler’s output code/data such that a JBC instruction using this
constant pool entry to refer to M is compiled to a native code sequence

which, after applying the fixup, obtains access to method M.
* A constant pool entry giving a name and type of a field or method is not

used directly, but is used when referred to by other constant pool entry types
10 or other parts of the class file.

The code section within a class file is converted as follows:
e Code doing purely numerical calculations (ie where there is no reference to
an external method) is translated straight from bytecode into a
corresponding tool in VP. . |
15 e Asshown in Figure 6, where the bytecode 600 has a reference 610 to a field,
that is converted at fixup time by a call 6li 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

"y ~ offset.

20 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.
25 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
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loads all the parameters into VP registers before executing a gos (goto
subroutine) instruction Which has been fixed up to point to the destination
method (this fixup may be statically or dynamically bound). Execution is
passed to the subroutine and returns when a ‘ret’ instruction is executed.

Other parts of the file are converted as follows:

10 e The name of the class determmes the name used by the JVM to refer to the
code and data output by the compiler.

e The name of the superclass becomes some referencé to the superclass within
the code and data output by the compiler. In the preferred implementation,
the output data contains a pointer with a fixup attached such tﬁat, after

15 linking, the pointer points to the superclass code and data.

e The name of each interface becomes some refereﬁce 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. N ‘

20 * The debug information attached to each method (and the soﬁrce 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. |

25 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
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understood, of course, that VP code is never itself run directly in a live
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,
depending upon the processor), so that it can easily be stored in memory within

10 an embedded system. The translator 214 maps VP registers to the registers of
the particular processor being used. The translator uses its knowledge of the
real processor’s register architecture to decide at each point in the output native
code which VP registers should be mapped to the real processor’s registers, and
which should be kept in memory (which is slower to access). The translator

15 also provides machine-dependent optimisatioﬁ of instructions. Until the native
code is bound in, it will still normally 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.

20 | 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

25 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.
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overall inventive concept 1s more general, and it is not essential to use the JVM,

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
about, VP code.
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code provided in the form of classes each containing a plurality of methods, the

oriented computer program comprising

5 method including:

(a) selecting for execution one of the methods of one of the classes; and
(b) loading the selected method into an execution environment without

necessarily loading into the execution environment the whole of the

selected class.
10

2. A method as claimed in Claim 1 in which the selected method is loaded

without necessarily loading into the execution environment all of the methods

of the selected class.

15 3. A method as claimed in Claim 1 in which the selected method is loaded

without necessarily loading into the execution environment any of the methods

of the selected class other than the selected method.

4. A method as claimed in Claim 1 including compiling the selected

§ 20 method without necessarily compiling all of the methods of the selected class.

5. A method as claimed in Claim 1 including compiling a selected method

without necessarily compiling any of the methods of the selected class other

than the selected method.
25

6. A method as claimed in Claim 1 including transmitting the selected

method across a communications network from a server to a client device on
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10

15

25

methods of the selected class.

7. A method as claimed in Claim 1 including transmitting the selected
method across a communications network from a server to a client device on
which the selected method is to be run, without necessarily transmitting any of

the methods of the selected class other than the selected method.
8. A method as claimed in Claim 1 in which the classes are Java classes.

9. A method as claimed in Claim 1 including the -preliminary step of

translating the classes-into a plurality of virtual processor tools which use the

1nstruct10n set of a virtual processor.

10. A method as claimed in Claim 1 in which the step of selecting one of the

methods for execution includes selecting one of the virtual processor tools.

11. A method as claimed in Claim 10 including compiling and loading the
selected virtual processor tool without necessarilv compiling and loading into
the execution environment all of the virtual processor tools Wthh were

translated from the selected class

12. A method as claiiﬁed'in Claim 10 including compiling and loading the
selected virtual processor tool without necessarily compiling and loading into
the execution environment any of the virtual processor tools which were

translated from the selected class, other than the selected tool.



" GLO% 0& | #10% 0&! 10% o0& ()- 10%' & ()- | 17MA
1(%)0?&9%()9/\%mvww<xxa’>(l)@l 10' o' o! dO#10% o' 0&' () - !_/ 10% o0& ()- L° ) R 2004
10% o0& ()-L+ 10% o0& ()- ! (#10% o' 0&.()- f&l0% 0& ()- XXxxng/yyalB@ 10 o' o
1 10'0'0!3 109 ()- 3 YLO09VE! ()-!Sy “TO% () - 10w ()-!0! 10560 ()10%\/&' 3
10' o' oy-z| zzz{]{aBB@1 10' o' o! " 10%&! ()%‘910%\/& ()-!CIQIO/&I(?-FO . ]g
@ 10%V& ()-s109& ()- 1{{{|e||}dEB@1 1 ol # 1000& ()- 9! 10/&(\)/& -()I
109%VE' ()-Y 1098 ()-Y 10%VE ﬁ)_ ,y 10%& ()- }RYe}}}J~~dEB@1 10' o' 0!
-3109%&' ()- 13. A method as claimed in Claim 10 including transmitting the selected

virtual processor tool across a communications network from a server to a client
dev1ce on which the selected method is to be run, without necessarily

transmitting all the virtual processor tools which were translated from the

5 selected class.

14. A method as claimed in Claim 10 including transmitting the selected
virtual processor tool across a communications network from a server to a client
device on which the selected method is to be run, without necessarily

10 transmitting any of the virtual processor tools which were translated from the

selected class.

15. A method as claimed in Claim 13 or Claim 14 including corhpiling the

selected virtual processor tool to native code prior to transmission across the

15 communications network.

16. A method as claimed in Claim 13 or Claim 14 including compiling the
virtual processor tool to native code at the client device, after transmission

across the communications network.

,
m——

20
17. A computer system adapted to carry out a method as claimed in anyA one
of the preceding claims.
18. A computer system for loading an object-oriented computer program
25 comprising code provided in the form of classes each containing a plurality of

methods, the system defining an execution environment and being operable to

select for execution one of the methods of one of the classes, and to load the -
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selected method into the execution environment without necessarily loading

in_to the execution environment the whole of the selected class.

19. A distributed computer system comprising a server in communication via

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

execution environment for executing an object-oriented computer program

comprising code provided in the form of classes each containing a plurality of

methods, the system including: __
(a) means for selecting for execution on one of the client devices one of
10 the methods of one of the classes; and

(b) means for 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.

15 20. A computer system as claimed in Claim 19 which transmits the selected

method from the server to the said client device without necessarily transmitting

all the methods of the selected class.

21. A computer system as claimed in Claim 19 which transmits the selected
20 method from the server to the said client device without necessarily transmitting

any of the methods of the selected class other than the selected method.

2. A computer system as clalmed in Claim 19 in Wthh the selected method
is complled by the server prior to transmlssxon

25
23. A computer system as claimed in Claim 19 in which the selected method

is compiled by the client device after transmission.
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10\\ 10\\! 24, A computer system as claimed in Claim 19 in which the server is
configured to transmit an updated method to a client device when it determmes

that the said client device is using an outdated method.

25. A computer system as claimed in Claim 19 in which the server is
configured to transmit an updated method to a client device when that updated

method is requested by the said client device.

10 26. A computer system as claimed in Claim 19 in which the server is
configured to transmit methods as required by a requesting client device, the

requesting client device being configured to bind the received methods

dynamically into its execution environment.

15 27. A computer system as claimed in Claim 19 in which the server stores a
plurality of virtual processor tools, said tools using an instruction set of a virtual

processor and being a translation of one or more classes of the said object-

oriented program.

) 20 28. A computer system as claimed in Claim 27 in which the means for

selecting one of the methods for execution includes means for selecting one of

- the virtual précessor tools.
o
29. A computer system as claimed in Claim 28 in which the server transmits
25 - the selected virtual processor tool to the said client device without necessarily =~

transmitting all of the virtual processor tools which were translated from the

selected class.
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31. A computer system as claimed in Claim 28 in which the selected virtual

processor tool is translated into native code prior to transmission across the

transmission means.
10

~ 32. A computer system as claimed in Claim 28 in which the selected virtual
processor tool is translated into native code by the client device after

transmission across the transmission means.

15 33. A computer system as claimed in Claim 19 in which the transmission

means comprises or includes a wireless network.

34. A computer system as claimed in Claim 33 in which the client devices
_ are mobile phones.
20
35. A computer system as claimed in C_laim 33 in which the client devices

are hand-held computers.

36. | A computer system as claimed in Claim 33 in which the client devices

25 are games consoles.

37. A computer prbgram for executing a method as claimed in any one of



LI oS (LI 0100 8, 1. bt
: f!lgos/diég;y&:!(;-ﬁgw 28 I s 1o {&'&(Q;smow & ()-1H #10% /1 /& ()-

{23(/1 ? (!%gflné/éb% / gzv(Y) ! é%??%&&-( % )- é%{% é‘oll() 8 10% i (g : Fggod/av; (1; ety
1)S10M & () Qlimslosds()  L1on éofﬁ f;(\i((()())l/doz/d&;c(();z i#(lg((’)/%g&l( ) 208 07 (mQ
1008 ()-ShB. O L 330% 109 & () -F1096 & ()- 10% & ()- CA10% Y

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

- as claimed in Claim 37 or any one of Claims 1 to 16,

39. A data stream representative of a computer program for executing a

method as claimed in Claim 37 or as claimed in any one of Claims 1 to 16.
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me

od of executing an object-oriented computer program comprises

loading into the execution environment the selected methods that are to be run
without necessarily loading the entirety of the class. Ina multiprocessor
environment, a server (410) maintains a store of processor-independent virtual

10 processor tools (482). Individual tools may be transmitted as requested across
a communications network (450) to individual clients (430,440), without any
need to transmit the whole of the original class file (480). Each client carries a
small processor-dependent native translator (424,425) with which it translates
the downloaded processor-independent tool into native code. *The invention

15 finds particular application in embedded systeﬁls, and particularly in wireless

client networks such as mobile phone networks.

(Figure 4)
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