WO 2004/ 051468 PCT/ CA2002/ 001841 METHOD FOR
GENERATI NG | NTERPRETABLE CODE FOR STORAGE I N A DEVI CE
wol20dpa 468 M TED STORAGE BACKGROUND OF THE | NVEQIC@M02/001841
[ 0001] Java source code files (java files) are
conpiled into class files by the Java conpiler. These
r

frhoifFoRuENEpiaNG RieReRIXpRE COBEIIR sTORAGE
sui table for M@EjﬂQBhHAG’mNG)LIMH‘ED/ST(DRaGE ass
files are then linked with other class files that have
been sinilarly BASKGROUNIEOFSHE ENVENGHON ass fil es
are resol ved synbolically, using character strings.
Ttﬁ@@ﬂé] Johaperce eodesfiles (iysa fifgskrare compiiet inta Jokuse files dyfthd Fava

nt-ai.ns L d Iy | .

t %a pﬁ%f telﬁlg%c gltélstwggy ? |b%i| aﬁ'&oﬁf& morgE g fatk’%éﬁn&al Machine
p r(@M%mnm ofmemdrg femacthat ib smwele tfior. mﬂeamﬁatfomlb@%aﬁlyl The .class

1 ea%e?’ ﬁegiﬁg@yw@'éot Fe El‘cez‘v}s tiﬁtoha&)f)?eg[ OO}%ﬁy reaal aReferences

c (hmyrees seldys Files Oara reodvedf s;lne)ohcdﬂyyvewﬁg chagctef iskritggs.ar These

bt LRSI 2 Yo G B, BASANS

apghisciel tﬁhht ter@Baceh ehd aefidilidre (MBEfdreathe | pitRncdTBNMéEf¥ences
in order fog themto be linked, reso ved and.

i RERYRR tasty Wmﬁ@cmf&hweo [teo6’ss et hough . j ar
f ifbee) $LAPELSI & BECH Meﬁiv&ng BPIINEIRE 8intbA&D ifth laCfir file.
are smaller than the class files thenselves (and are

t AoV esy damidletarg wot disgcly inderpretablerhyrihe §ava vV M etnflghe, class files -

elatpsTialt Qﬂiab@@ égﬁ deCEifpressed, o %ﬁcéﬂlﬁ(fﬁ)nf Bk fop ﬁle (and read into
extract ed deconpressed, if applicabl’e) class

f (IREEROTY)B Qtdet for temeio kP linksiderepolvadraad avierpietedi the Jayh¥Me
t t e e V
r OBPRhGh, 98 s SomfofiE H 00 2RO chilfesI Y Buak e
i nwelleri Hgn. fhar.clasy ddesmihpmsdvesr éqmdesientherfaevinergs suitable for
S I \Y,
RABASIAPREGecn dulficatly SRS, 3elel 4PAc B0l lrped (and
Jda¢onﬁprd>sssi ahdpptlih@l@xtlfaax: filed necﬁsaséaef avlaéﬁzzle Tihéhe environment
ﬁ;\({%/hg e% rzlip 1ca aoz d{SItlnt%g e?(re‘e:)cegelglnsoot hatt{lz’l Aavgaglolelg%gg?%gg tﬁe Yclass
H(fll&ﬂv e@onseqlmhlﬂ'y tahsa)h}tﬁ)h 1ﬁvd1‘ﬁn90dr filke nhajr ﬂmri‘éfp’rysent a savmgs in
r esent at

ed.
SRR SRR G MU G e it fibe BV e T o space,

s tfortwgeths packles sndothe axtra[at’e& [Bl&!smﬁlelsl ThEWxttabetd efl6k Eildd@eed not
preferable to store onl%& . classflles and not_to

u & THAIREHPRGE {IRAY TEHR A ¢aged fnth mpmpTstinked fRd Esolveds However,

expthaiheeshrafievad he Qn&ﬁeﬁﬁbr}oﬁ‘epﬁés@ﬁ&ufnls | &Sthe 1. 516§sCARE Snust be

when t he nunber of references between class files
i Aetpiged odn ag environment having limited storage, where storage space is at a

premium, it may therefore be preferable to store only the .class files and not to use a
solution involving .jar files. However, as explained above, the size of .class files

increases when the number of references between .class files increases.



WD 2004/ 051468 PCT/ CA2002/ 001841 [0004] Therefore,
.it would be beneficial to generate directly

WO paoeopriet abl e files that are of a smaller siPEr/CA22/001841
class files, while providing a solution for references
between .class files. BRI EF DESCRI PTI ON OF THE
DFHJOMH\K]Ber{eﬂO&O B]WO'ﬁl'dﬁ)eShﬂbt}fE:d tongenerete direcfhrivierpreiable files that are
I n enf,gﬁﬁﬁ:r s%e tg%(r:% (s ﬁ%r ln\kéhl%%r{)]\;lg (ng %;Js%]tuﬁglg forqré:ts }enpe% eé(veen
sp&@uﬁmﬁatlon The invention, however, both as to
organi zati on and net hod of operati on, together W th
obj ects, feaBRIEBSDESCRIBVEON QFETHEDRRAWINGRyY best be
understood by reference to the following detailed
dd6ansi fihée ewbjauh mueemgardﬁ:d s thh enmuannpamtémlady aintgisott rand

LS 000 55 ML ARy s B P,
FInGmevez Ab@h tis 28 oagamizationphid imethod ldf u@bnaacbn aogetief with objects,

AR Gt HEEh T A i s pe Rt 5 O iy p1ovog

i |det:iﬁgd &sérgftioffwhan f@n% b%gd tﬁecmccg@mf @ied taRlngs i€ @llichi | es,
accordin to sone. enbodi nents of t pr es

i AU P Tangnd| @f@]snml@\e @n%araﬂﬁlﬁtfr&ov% Pl exemplary class
blfggsk di agr amillustration of a device having a

ut| unit and_direct addr essabl e nenory,
ad@ 1 8As e 2BnBsd §1ﬁ°§% ied d*lustr@%&glsp?fegéﬁpplary .cod files,

' rh\é&ﬂglh ty soh@%ﬁ@hdlhfent}ﬁ”olf the Bﬁesé}ﬁ? Rivegiaat ed that for
ggﬁ{lmt and clarity of illustration, elements

1iFHG Bdsfa QQWé@Imdhdétr%@tl et austhadi foy seaerpting: eopd files,
t Oacg‘(ﬁ@iklg to Jgfhre eﬁfﬁ@ﬁfﬁieﬁts of 1€ gregé ShiasaRf sone of the

el enment e exaggerate Ive fo ot her el enents

- f dP009G [FEG:.i flyls Hsnmlbiefred blhek- élagr@n‘nsﬂuletraé@n agfpr ofsvicat kaving a
r ef er r

| SRR L A S SRR Lo BRI L o
20@@4]516511&168611@@11'/ CA2002/ 001841 DETAI LED DESCRI PTI ON CF

T I ON 001 he. f al I t
SV S S R B g, pgmons
i rshowii die thet fgupesoiwivel ot nédesadlygieen ridevs toasedien (fanfexhlhple, the
nyvention. .However it wl| d t
or RS BRI o Perimele e P RETSERfe  URR B for
meyarRe FotiRe, wikeel coMsidbed tappropsate, Spfetenéd turkeilaindag .belrtpeated

ot her instances, well-known, net hoﬂ
among the figures fo indicate corresponding or analogous elements.




procedures and conponents have not been described in
detail so as not to obscure the present invention.
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pool 102A. However, for clarity of description, the definition of Method G and its
reference to Method K are shown in FIG. 1A in a simplified format. Therefore, the
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structures. However, for clarity of description, only the character strings “K” and
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extracted therefrom.
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.class files (step 304). For example, in FIG. 1B, the parent class name character string

“java/lang/Object”, the method name character string “I” and the BaseType character



"C'" (representing the "char' type) are conmon to Ee.
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hard offsets directly in the .cod file, giving a more compact representation. Moreover,
Windows™ .DLL files are used for compﬂed code, while the .cod files are used for
interpreted Java.

[0025] The executable software uses symbolic references in the generated solo .cod
file for cross-references between the classes received in step 300 and other classes. In
the present example, class Ee and class Ff extend java.lang.Object. ATherefore,
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the present exanple, class Ee and class Ff extend

java.lang. Qbject. Therefore, 5 WO 2004/051468
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0 execute
size, there are sometimes significant limitations on the size of a single .cod file. For

example, FIG. 4 shows a device 400 comprising a computing unit 402 able to execute
a Java VM and a directly addressable memory 404 having one or more .cod files 406
stored therein. Although the scope of the present invention is not limited in this
respect, computing unit 402 may be a general-purpose microprocessor or any

computing unit capable of executing a Java VM, and device 400 may be a digital
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a Java VM and a directly addressabl e nenory 404 having
one or nore cod files 406 stored therein. Although

wo b@4psape of the present invention is not |inmPCEGARIN2/001841
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s tusfisen Ricimpere & imisen &y Frecicngindad o féle§tt'6"r“aeg‘8h “eod file
: ”gghgqu]&gaé RORARy Synhtolik tref@x@née@@o §dc€€ntQBr ih8 dfoés-cHdbnces

en each cod file would Ii conpri se
nhctylegy#b&sba io thatf.eadelile end eléssa%@dmlw S‘Plérchr%es Since symbolic

Feqa%ngeﬂ {1?@ b stopf‘gtevé@&g If W858 %i1d Mard RAY oﬁ&@’s frleloSeraiN ize
asses | er SO l'es. Since synbolic

r of the evloe®d w?mﬁpmtetlmf ¢hespplicajen mpnbequils laee cod file

t s e

; E@d@éﬁ ? ?IE 61?}21?8? to thg' gxc?ﬁ/s é%an% ?%érc])fo nﬁg/dj@eg iﬁﬁclh%%b s&%on of
[ aﬁ) aﬂ;}lwﬂmnambl«mg eodbiles may bc) useldevier (cheusa'd@efuge t@be S@le@ ina

files.in the r sentation ti
Slstgra}gﬁén ?%181 tPfltl 1@@05{%@ i todlgtfé%m c%fln(%1ﬁieu é)dff(i% él‘i’lgF()eftware
t ‘deﬂﬁop&f 2§ CEroup ﬁ)getﬁérojca@dﬂmedn iehast Iﬁlids 1mm'psmlsleg grotpsmi This
on the size i ndi v
QEHRPBSIR, Ny Sy SUBTHTR e lerars Fed® ¢ BE ricacy of
f ictdardféibites bbiwieBr0 tier Q4K reiﬁlasesqtedgmu@ ifikg. MAy.chefibansdbe
on the software devel oper's nomﬂg&qg@of the i

ofRensgatgomdhese dayddilen, -Gassfiles, an L8 PGP gﬁ rtfé&“ iles

I Ry t ey Frild CBave De&PEbrhdihed MRYa Rod fIENBE sizedf tHeO.bdd HES\eould
Java files or class files, and if, after.a rtion

| Iegcode radelRegine Qi Oer A Matle et erFé?a’b}“ﬁil greo
a e dod FileS theh RBe BF ?d%ré)&bl'irfge c6PH1eb iateCor¥vdd fbr tlﬁ*)&@fhﬁﬁhr@ ]ava

predetern1ned limt if another Java or class file we

t dildseor e¥iss fBes imthe sibling godpP-f | Flasses RENNYnWlibACHREY od Tile
sifBlididecod files are created for the remaining Java
files or class files in the sibling grou Cl asses are
nd003p It willde mpprscieteodi bY pereons obondinaryi kil m[tgmz'jha‘l for given set

beof a seﬁ’l gpe:iglqgé/ e ?agp%legfmfar tq}onQBIYngs Kbl leids"wiihge @Tihore

th t or a
compact representation than packing the .class files into three sibling .cod files.

Therefore, it is desirable to pack the .class files in the group into as few .cod files as
possible, while maintaining the constraint of individual .cod file size. The problem of
how to divide a set of cross-referencing classes among sibling .cod files is similar to

the well-known "packing problem" in the art of software engineering. Various



of class files, packing the class files into two
sibling cod files will be a nore conpact

w0 e@resKEst ati on than packing the class files i PCDCAMURO01841
sibling cod files. Therefore, it is desirable to pack
the class files in the group into as few cod files as
peshiifples to whnitnizenthé ovailhisiag of He .cahwpresintationfof an application
| ndi él dug cod file size. The problemof howto

X set of cross-referencing classes anong

S[(h)BB]n@G‘:CBA fi$ laesmipifisd dfidsaationoof twe ewsghpladgnsbling .cod files

"packj.ng probl e in the art of s neey LN
VERPEIE ool Strbal A6 e s b o Bedfie 68 oo i
t gahdi CAKEH.dod” Ehgﬂif}z Ghat h&esﬂte Ifﬂ)hi cdmlilmngfthet files dadlass and

repr sen tion of an .. [D033

PR ALGough di opT PER TRk PR ot VBB Aryrect
Ssﬁiulaﬂg £0lidd 68 filean0Qs damkgl @DERsE” Seadytratisrenilts from
t he present invention, ibling cod file 200 is

n&prabining shefiles el clgss ag‘ilgﬁﬁ ‘that it results from
ﬁ)ﬁéhPEm sﬁdii% f&dd%ﬁe é&n?ﬂls@§§ 11806t itsBiblingd. aB6r, exainblaow @ilbhng

scope of presen invention is not |lim

t hs@%eﬁﬁe@b cod fQP ﬁ{)@ sQTRRrisey LY jto Hrdicats thaHCéDéfed flge 2101s
I RF% E@ di fﬁeoZ(ﬁj gg‘l‘nﬁMﬂEf h@Elbhl%jﬁﬁ%hto? Cfcrlﬂr@od file 210

. class and cl ass

Eaciprised [ An@ t@dindmte th%rzang sed filg 300si aospblmgsof CcD .cod file
S!z?bi ngs. For exanpl e, asibling l|ist 206 of AaBb.cod
fiTe 200 conprises "CcDd" to indicate that CcDd.cod

f I[(D(BSIZSJ(blmgAa&b ®idifllé PY adfo caaBbisesawangtarit pog @02, “byte codes and

| ar. I a SI i Dg g f

coaiiad swkals® 407 abd Bhe e ol 56 Hp1o€ 3. splERe sibing
a GeDdlcbdh gleano@adaqumsés. 4 eonstdiCpoo] 23 S]JytSicmeis rgd Ad@imation
cod file IS t ol
c SURLUE, dﬁg ?rf?a(frl gﬁgﬁé T gi;% %ﬁ Xuﬁ éab:i!e%2208 2 fiay
;Tﬁklicﬁadﬁzailﬂdi@tﬁ)ﬁd)d)fetﬁe BR8es ifvithd .bat fily, wl&rdaﬂesalglon&dﬁki icode done

ile r n t
A TR B P P s B33l DY b mame o
_”@ﬁl@thcgrl %6 gl_leabﬂ ﬁ&e&i&f to [the nfam).‘.uﬁ thablaﬁ’s;c&ﬁﬂnmgﬂ& syybol, if
i nclude indications of t ce t d f
mé?eésaﬂé@dhww mme@ QYJP%FEWH@H it 6‘96 b%@lgj%fefﬁnw Jlto

|nggﬂldd|dg@ield'|{mnginmﬁaﬁ@pl es rmy i ncl ude poi nt ers to .
the nane of "‘another cod if necessary to

na{%%bFKir Heis @ Sagghf@érﬂoam%ﬁluftf?émg Whd grethodifor the @%%%aéw
OcddB1e0 % Qf cc;llla@cloﬁﬁet)ﬂ" 99vaoflle§ '&l Hia¥d tRkN ThaneflodSHay be

belng ref erenced nmet hod or field ty
i rpmfmmbmxequ@@m]oftwp@ on3 gegeral-RIrpRSE CPINRICT E@\ﬁeﬁ%@rﬁ being .

Stk Qnfthe, B SBE HALofeRire UBRIGRAEKRLITSD, Of

[0037] A list of .java files or .class files is received (step 300). If the input is .java
files, then a Java compiler is applied to the .java files to produce corresponding .class
files (step 302). Altematively, although this is not shown in FIG. 3, one or more .jar
files could be received, and information regarding the archived .class files could be

extracted therefrom.



.cod files froma collection of Java files or class
files. The nethod may be perforned by executable
W@ odoumsrie8 on a general - pur pose conputer, the sPET/GAarm®2/001841
being provided, for exanple, as part of a software
devel oper's kit (SDK). [0037] A list of Java files or
c[(®38] Thiel sxscutabler softwineddentifiteqn8id)entriek it the conspmt paods of the
Jaya S, en a Java conpiler is applied to the
Jé%g ﬁefg“q¥%hgroduce cor r espondi ng clggs files (step
3DBI] et xenadble/eiftwaresidéhifieg brobdrieferénsestwtweeh @lasses,mmethods,
FIG . .one ar re | files could be received, and
ﬁ‘f%ofr“ii‘éﬁlpg}? ‘&@ﬁgﬁﬁi(ﬁéﬁp %2 archived class files coul d
b @04€XTHiea 6%e2dtable edofdmatmthet Mﬂ&@%lﬂﬁ)k468d files by combining

| SGRERS PEGe CARaTFSAHER P00 IOpIRECURC e FEbhe BF o

. pbATBnthink Bfly(Siiffe 38A) of th®Osifilod Bﬁm@@ﬁ&l@ﬁﬁfﬁbhﬁ step 304. For
softmare identifies cross-references be&?@fg cl asses,

eXFRRR In FiCh 245 canstiat papl g ot Hibling 4qlbergd (il ) egpyises only

[ gﬁ)é" Q{lstaﬁ&e o? )%ﬁ&‘d&@tb k@ingOfB¥RLEd tReNarie Ry ﬁisﬁﬁces be |Ba57éT ype
nbi ning" elements of the class f

(shaéfp:tesds Ynl #nof eg@ﬁé?,épeﬂa% el Hig Q,fo%blFlgICéDdtqqé il 210
Cg@rﬁ 128 onl Q)%L: HREA LD ShaPAMteY sRingl ngl:’earﬁio‘FB"’ #f JnB8nstance of

n ent ies 1dentified in step 304. For exanple,
|ﬁaFﬂEPeQMNad©bd§tant pool 202 of sibling AaBb.cod file

2@(8)4?@?@3 é}%&ﬁabqwatwapé’]lfseé R BESs fﬁfthéé}é%ﬁfeﬁ %{?llﬁ rc'o@ §% for

and one 1 nstance 0 Base aracter
" ktoss-teferenves bmWeeamms eyhoswsaed iles arsdo Ithezsme @ibligg proppg The

Cﬁ)é?cg%lslgrmh froads ﬁ@% %%%n%gh}{ t%]geneﬁfetdasnlﬁﬁl 01;%‘% file for

rlngs ne |nstan
BageFygfeerchabawtar cliskés. w0 4bY fildsebetng ¢o tibfsient siblinggnoups,

use har d ffsgts i n éhe a&nerated sibling cod file
%W5?§ PERE L 58F SN cl asses whose cod fil es
ar[@()412]1Thlb & easmundedbodby gapofexamples: execut abl e

b oRBdn DR Ponictusbag'c BiEr Rt agoBET b oh MY BLK
masite e e, et e Bt e
i Aafgin ‘@e/tetfﬁe@ragti aﬁaﬂr@? CBJF@SE%@% S'é@%%ff%gg fih]sv%ﬂb asa
Lo gfs N%Trﬁpgeglf¥1ré$ %e%)(%) 5 gfet%e ﬁet{rﬁt{l éro%g\ighécﬁBb K within

r %fb(ﬁﬁg %Bb @&Pﬁl@ 1901 Mhis hﬁrdi&fdemaels Bt Red b REolvARer Pt Thto
"byte codes and information structures” 204 of sibling

AsBiyexidy the Jaga ¥at ligk gme.
2) Similarly, as shown in FIG. 1B, Method Dd.Q comprises a reference to Method
Cc.P. Therefore, as shown in FIG. 2A, this reference appears in the definition of

Method Dd.Q in “byte codes and information structures” 214 of sibling CcDd.cod file
210asa hafd offset, HOcc p, specifying the location of the definition of Method Cc.P
within sibling CcDd.cod file 210. This hﬁd offset does not need to be resolved or put
into context by the Java VM at link time. ‘

3) As shown in FIG. 1A, Method Bb.L comprises a reference to Method Cc.N.

Therefore, as shown in FIG. 2A, this reference appears in the definition of Method
9



hard offset, HOBb.K, specifying the |ocation of the
definition of Method Bb. K within sibling AaBb. cod

w0 200g/02368 This hard offset does not need to bBCT/CA2002/001841
resolved or put into context by the Java VM at |ink
time. 2) Simlarly, as .shown in FIG 1B, Method Dd. Q
c Bhnlrins'yteaodesfand enformation dbichogs” 20 of3ibling e 8. owéfﬂeéEQO asa
shown in FIG 2A this reference appears in th

dbﬁrﬂmfﬁsﬁ’toﬁoﬁﬁ N, Wstifies tha. QsaF?P ofifl¢ a0 Mgghod Co.N within
t i

%Prégg%gb% 8?413 I’ﬂé%&)u r"le‘hs ff?etsn%eg% t]pyq)% ?% 1n(i19 QOﬁt{;)lt %IB{ the

oﬁavfahH\/I definkniithé Ofing)ﬁlfdbhhmnht@ed %) flxupttiblm%& [Hor expmple, fixup

Ccd. | 210. Thi .nheed

Bl i porwEg PO @q@%ﬂﬁ&?ﬁﬁé‘ng PeDq 204 rifiaicng With the
| Ildtl*Jétldﬂ ¢T8he éferfﬁe sidethod BbJE teMetithd BEN Re chaBthe LIava VM knows
coO r|SeS ar erence

S N st et Shesponais Mottt a8 spsised B ShRE®

defyi AN $HoeR iRTFIdEt 10dnd 18, Mth@ QD 2dh68ses a reference to Method
PCI1/ CA2002/ 001841 Bb.L in "byte codes and info

st -Ue tTheeeod g forglass Fhisi (’f"l‘&l‘;&a‘éﬁhec%'&m& FrPPRI§-chd-cg HeFo.

haghe R, %@tshovaEFFI@ 2§sp %ﬁé fe\fér@tgzetaﬂﬁealrsoﬁlathé Géfnﬁﬂciori &eMethod
definition of Method . hin “sibli

f iGcVl 21 thytereridss mlafogﬂvtmtstrﬁ@W§ 29 qfélb&fpagé@d oo 816 210 as
S%g&ﬁg&h@%?&g}{%e o Wge%ow\lﬂ'fq} ahd K afghﬂ@nt&é?' 'Tﬁls s?fn%lmiltefe@éhce

I Xxup t 208. For exanple, fixup tab
2@8edsdy be aesplved by sheplavan VM at bink tiae wsing infprmetipn |Sﬁ@g‘>d m fixup

505 58 5, TRl 400 S50HAT Rt e e o

J amel f%/fdr ltm:\mass whcle MMethdall Ffigis clefined (b e ‘ﬂhﬁf endiiks alpeinteo¢h the

Tl e

I\/Elliehmelthod:f(e gJ “Uﬁ)l end acpofritdreo ftior nzuheae’sthsfmqtlmddupmg ahdomﬁatlon
R SJI, I ing group of CcDd.cod file 210. Therefore, as

h FIG 2A, this reference appears in the
dgbo4si ltJ vl befappledifediby fésdils ofordiyityeskilbidalse andiat When either of

information s ctures" 4 of sihli CcDd. cod fi

215 S 08 Plsb P GPA A 56 B B St ' {ryoke the
aregstele( &ftwaﬂéhﬂo%eﬁéfﬁf@@' 1 CeDLERNER, omﬂ%d&tﬂ/fﬂy leinvoke the
resol ved the Java VM.at |ink tine i nformati on

steé?céléﬁblensqﬂi“ﬁ@ﬁpon {hnedisied Japg, pr e%(%?ﬁrﬁ ‘i‘%(‘L’Y {9RF| Qg more

213 4iRBa1 GRIA . S8ss Fi1RQb BiRFatd PndvhEcDAHE c&f filt Rfhere ‘GO Ghdicates
ile for ‘the class where Method Ff.U is_defined (e.q.

EbeFﬂddetmal) clagesp olf Ainew ¢ePd o0 fila gpa ngw Gafdegy %?gsfﬂ&ﬁé% feen
Met hod f Uis def

n &eerated, ‘T’?e hﬁé}t’ﬂiﬁi gHéCc g@pyeagﬁé 115r66§119%c{1 é? cod I%l 900 no
N3k Ecchﬁ?elﬁéﬁﬁgesttﬂ@ {RBidn BBy th Bdes @fd Bther lnfarmauon for
Method N in the new CcDd.cod file or a new CcDdxxx.cod file.
[0044] Accordingly, when a .cod file is updated, all of its sibling .cod files are
updated simultaneously. Although the scope of the present invention is not limited in

this respect, this is generally done by taking the entire set of .class files and

regenerating all the output sibling .cod files. Since some of the classes have changed,

10



[0043] It wll be appreciated by persons of ordinary
skill in the art that when either of the source code
WO p00e®51@68 j ava and Dd java are nodified, it i SPCT/CA2002/001841
necessary to invoke the executable software to
generate a new CcDd. cod file, or alternatively to
| iy disasisiher clexacuioap e woly paemtedrsitiling .coddilés may peadifferent
of .class_files alang w.th one or nore additiona
jé@%t%?“b@%gggFﬁﬁgﬁngﬁoﬁéﬁgrate a new CcDdxxx. cod
f 00851 WRBS eertakn fdafilésCalt @6 invch@orabaliet beom dllusahtad aad dedcfibed
a nQMICde_eﬁg file ﬁ%,a,neM/Cdexx . cod fulejﬂas beent
gRTERAPAY, MediEFRtORR. SRS teHss dRPeScEd FPXPFUA MIhROY fecur to
r gosd yreddinaBhkmiad thd 4 B G) tikgefork OlddR rund&sidodiihat the appended

descri bes the | ocation of the byte codes and. ot her

i ppigisriEg insRdsdoe coxmseh aachwqaﬁqaﬂ@nw@cgﬁs@aﬁ as% Wftﬁ“éh%‘ime
aqﬂgmﬁqggg%%moncod file. [0044] Accordingly, when a
cod file is updated, all of its sibling cod files are
updat ed si nmul t aneously. Although the scope of the
present invention is not limted in this respect,
this is generally done by taking the entire set of
class files and regenerating all the output sibling
cod files. Since sone of the classes have changed, 10
WO 2004/ 051468 PCT/ CA2002/ 001841 the division of

cl asses anong the newy generated sibling cod files
may be different fromthat in the original sibling
cod files. [0045] Wiile certain features of the

i nvention have been illustrated and descri bed herein,
many nodi fications, substitutions, changes, and

equi valents will now occur to those of ordinary skill
inthe art. It is, therefore, to be understood that
the appended <clains are intended to cover all such
nodi fications and changes as fall within the true
spirit of the invention. 11 WD 2004/ 051468

PCT/ CA2002/ 001841 [0046] What is clained is: 1. A
devi ce conprising: a conputing unit able to execute a
Java Virtual Machine; and nenory directly addressabl e
by said conmputing unit, said nenory storing files to
be directly linked and interpreted by said Java
Virtual Machine without reformatting, said files
conprising hard of fsets and synbolic references. 2.
The device of claim1l, wherein said conputing unit is
a general - pur pose

11



m croprocessor. 3. The device of claim1, wherein said
menory is not-OR flash nenory. 4. The device of claim
W@200uerde8 n the size of said files does not exeEBdAZH2/001841
kil oBytes. 5. The device of claim1, wherein at |east
two of said files are sibling files conprising hard
ofob4atWhitas ¢lafred &nces in said sibling files. 6. An
article storing software that when executed on a
ge%da/ﬁcemumpﬂsimg conmputer results in: generating one

or nore u f les t h t I
ref or ﬁﬁf’ dpgtuélq Blfet eyl ? ?Jav%qflﬁ\gag ll\ia%ﬂ‘ﬂla and
I Nt er piedioaplieeckly addrdsatde W sraidm:lmp\thn@ume saigmemerynstoring files
cro references hetween files i

Eﬁr izectly, alr“g‘ gf ?‘gietlrgergli‘?ﬁ?d %ssgldqu lﬂECE es 8}]& yitbout
f idf&ﬁlattlﬁg ChiafdffRECIRMpEEiAgE PEd aﬁmndasmsiyli“dleferances
references. 7. A nmethod conprising: identifying

Cp.OTHe I®RVRE edTC slginD &, Welgdieint | saRis esmputinghowds israd géneedl-ghsrpose
in said class files; and generating a group of files
cBPPBPRTSGEAYhard of fset references for cross-

ref erences .el enents of class f| se ener at ed
71 e ol R e reCD g OR A e
fere cese{ oth cross-.r.ef erenc
Thsaeoee of S Wngieies Sk Sﬁdél%ipgﬁ%’ rtd ‘*‘%1039{

r ire refornmat bedr . nkabl e ..
g?ﬂ]ﬂﬂewgs galglylt év%gxg%at\%ﬁaptttwgl %ﬁ}eﬁ gre sit ng f&Q%ompnsmg
hard offsets to references in said sibling files.

6. An article storing software that when executed on a general purpose computer
results in:

generating one or more groups of files that do not require reformatting to be
directly linkable and interpretable by a Java Virtual Machine, wherein cross-

references between files in a common group appear as hard offsets and cross-

references between files in different groups appear as symbolic references.

7. A method comprising: ‘

identifying cross-references between classes, methods and fields in said .class
files; and

generating a group of files comprising hard offset references for cross-
references to elements of .class files whose generated files are in said group and

comprising symbolic references for any other cross-references.

8. The method of claim 7, wherein said generated files do not require reformatting to

be directly linkable and interpretable by a Java Virtual Machine.
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