METHOD FOR CGENERATI NG | NTERPRETABLE CODE FOR STORAGE | N A DEVI CE HAVI NG

LI M TED STORAGE BACKGROUND OF THE | NVENTI ON [ 0001] Java source code files
(java files) are conpiled into class files by the Java conpiler.
These.class files may be read into nenory by the Java Virtual Machine (VM
inan in-nmenory format that is suitable for interpretation by the VM The.
class files are then linked with other.class files that have been
simlarly read. References between class files are resolved synbolically,
usi ng character strings. These character strings appear in both the class
file that contains the definition and in the .class file that references
the definition. Therefore, the presence of references between class files
may increase the size of the class files. [0002] Java class files may be
archived (and optionally conpressed) into a jar file. However, .jar files
are not directly interpretable by the Java-VM and the cl ass files must be
extracted (and MEIEHQY EQR CENERATENPINTFERPREYABED CODESFOR SFORAGE (and read
into nmenory) in order f stk eeehD SRS ed and interpreted by
the Java VM [0003] Alt E‘gﬁgh . a?‘@?‘?’&é? corrpDr$S| ngajgr chived and conpressed
class files are snualler tparKdrEOWNPOF THEIRVENDO®S el ves (and are therefore
nore suitable for transm ssion between comruni cati on devi ces), storage
space for the @00Y]donechcand fildedonicesaedmpildd inppidse flst by thefaizs fil es
needs to be avgéé]% A @fh%s@ &A@W@MH L IEA m%\ﬁ}&‘:& Gy hxbﬁi‘avawtdamﬁdh% is to be

executed, so t access the class files, Consequently, a
sol ution i nvol (YMynpamin- WW@@%‘}}Z‘%‘]@Fmﬁa@ﬁf"é@@ﬁ’ﬁ%“’%@\fﬁ\% i “&F or age space.
In fact, a sol Hiei;%tﬂeﬁ]l{ﬂde&/bvmgeth@rchfsj fu&&hmeb&quhﬂeﬂﬁmd Reftenteage space,

for boththeJrfl thee acte Iassf |.£5. <LhS © cted cl ass
files need not tﬁ%"“r lfs“e{aﬂﬁs B %«?ﬁ/mbﬁ e’ bee ?‘ unlﬁst o)&thrrgesr@mr y, |inked
and resol ved. Howewestings kygtdn it bth fjharclafr&lﬂlethar\:dnt@lhﬂeth¢ ﬁﬁﬁmmﬁﬁdm@present ations

of the class fi}gs Uil BrendsEtR dMBfhiod NTARELGEH VR QREEBS of A¥kdAGs! | M ted
storage, where’ storacgﬁ‘%1 pace Is at a prem usng it may therefore be
el

preferable to, biwee St%“t‘fﬁé%éheﬁ*i“f‘géheaﬁlfﬁ to use a solution
i nvol ving . ar [dobd)8sva dﬂi}y\ﬁmﬂhay wRSrowal @d@doratiosmpretdad isb 2gardile.cl ass fil es

i nereases when,fhe numher, of, 1 el erences. el MRER. £ LAz d bl Shl " eases.

must be extracted (and decompressed, if applicable) from the .jar file (and read into

memory) in order for them to be linked, resolvéd and interpreted by the Java VM.

[0003] Although .jar files comprising archived and compressed .class files are
smaller than the .class files themselves (and are therefore more suitable for
transmission between communication devices), storage space for the extracted (and
decompressed, if applicable) .class files needs to be available in the environment
where the application is to be executed, so that the Java VM may access the .class
files. Consequen'ﬂy, a solution involving .jar files may not represent a savings in
storage space. In fact, a solution involving .jar files may require extra storage space,
for both the ,jar files and the extracted .class files. The extracte'd .class files need not
be retained once they have been loaded into memory, linked and resolved. However,
both the jar file and the in-memory representations of the .class files must be
retained. In an 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.



PO041 Therefore, It would be beneficial to generate directly Interpretable
files that are of a smaller size than clamflies, while providing a
solution for references between class files. SUMVARY OF THE | NVENTI ON

[ 0004a] I n one aspect, an enbodi ment of the invention provides a device
oonprlsing: a menory unit Including executable software; a plurality of
class flies stored In the nmenory unit; and, a conputing unit connected to
the nmenory unit, the conputing unit being able to execute a Java Virtual
Machi ne. The conmputing unit executes the executable software for generating

e nunber of cwees FFRar6Be 1P| Whid | by BéneRbAS o f igh®RatBY @i Ni ng

elements fro plurality of class files w thout duplication of entries

for reducing ,ﬁgrﬁfem@fmmﬂrMMﬁdm@Wﬂﬁs.mnbﬁmt«msgt;s | ess t han
t he nunber of ass files. A given cod file Includes a constant pool

created by comsbiutionrigr refemnsdschmtwgeo ollasefiibs.i es from two or norn of the class
files without duplication of entries; a byte codes and information

structure created by conbining byte codes and information structure
entries fromthe two or wi t hout duplication of
entries; and, a fixup tabl egt’gﬂa“#]’e‘?ﬁgj&ﬁ%@“;#‘i%u on to the Java Virtual
Machi ne for ing &H‘Pﬁ[ v, at link
time. [0004b] ﬁT%Blié‘inot hiﬁmé ect, e}‘dy%‘ei{;&nﬁ&t‘ﬁaﬂ:‘\%\%‘{ttl on provides a
met hod for gepghgHsingTa MaRRDET mu bkl dcliGionla U bilcasel cl ass il es
by conbining elenents fromthe pl urallty of class files such that the

nunber of coflief Istopst Insthibemsmor aunitt fred, nuctrgrtiod unk assndctekes thé t hout

duplication of entries for reducing storage space. For iven cod file,
t he met hod comempeyeunit, iﬂﬂil@@wﬁrﬂyvnﬂgb@mﬁl&fw expouiot i Mn%ﬂwéntrl es in at

| east one of the constant gqn and the byt e codes and | nformation

structure; ge gpnopyiable sytvare onoaneradngy  conbi ni ng
Const o e 3 b A 6 aﬁa.mtas%%w&%mngeattm wi t hout

from the plurality of class files without duglication of entdes for reducing
storage space, wherein the number of cod flles is less than the number of
clags files. A given cod flle Inciudes a cohatant pool created by combining
oonsatant pool emtries from two or moro of the olass files without duplication of
entles; a byte codes and Information structure created by combining byte
codes and information structure entres from the two or more of the class files
without dupiication of entries; and, a fixup table for providing information to tho
Java Virtua! Machine for reaalving at least one entry it the given cod file at
Hink tirmer,

[0004k] In another aspact, an embodiment of the invention provides a
method for genarating a humber of cod files from a plurality of class files by
combining slementa from tho plurelity of class files such that tho number of
cod flles s less than the number of class fites without duplication of entres for
reducing storago spaco. For a given cod flle, the method comprises:



duplication; generating the byte codes and information structure for the
given cod file by conbining byte codes and information structure entries
from the class files with common entries w thout duplication; and,
generating a fixup table for providing Information to a Java Virtual
Machi ne for resolving at |east one entry in the given cod file at link
time. [0004c] In yet another aspect, an enbodi nent of the invention
provides an article storing executable software that when executed by a
conputing unit generates a nunber of cod files froma plurality of class
tiles by combining elenments fromthe plurality of class files w thout
duplication of entries for reducing storage space. The executable software
conprises code for gawatighg cgesdiag withrcomooinfenties inat least gl theconst ant  pool
created by conbining constant pool entries fromtw or nore of the class

flee without canstartre) and therbytagedeq anginfemglianotied@e®s and | nf or mati on

t t ted b nbi ni byt d I nf t ] t
ontr1es Trom the twe GVEBE ARG Redt G e idben ot Aran S ac i on-of
entries; and,@g%{ﬁg‘)’;%ega%ﬁ M%W'ﬂl@g J,,lg‘f g‘?‘g@hﬁ QUerle? ihod@va Virtual

Machi ne for r one conponent. o e given cod file at link
time. 2a [000Q !mh@meaCh of these aspects, the given cod file may further
Include a siblling I'ist for listing other related cod files to define a

si bling group and t he gedérating thaltyvte aided med dhfvemticrodiridtire fondieudes | ndi ces
to the other related cod files specified in the sibling group. BRI EF
DESCRI PTI ON QfivérHEed Biaanasinno b odasand inkpreetionsliueltte andgaig@d as t he

I nvention Is particularly ointed out and distinctly clainmed in the
concl udi ng po@??@@%@%@gﬁﬁeﬂtﬁ?%‘g uphiey H'Wﬁnti on, however, both as
to organi zation and f erat i e Fmatd St s. features
and advant ages theregﬁg’gﬁé‘vgbaegb'?‘lB table @Pprokrﬂﬂﬁ i A%ﬁl?o %bh%

Virtual Machine for resolving ot least one entry [n the given cod o at link

tima,

[0004¢] in yet another aspoct, an embodiment of the invention provides
an article storing executable software that when executed by a cormputing unlt
generates & number of cod fhas from a plurality ¢of olass files by combining
eleaments from the plurality of class files without duplication of emries for
reducing storage space. Tho executeble softwaro comprises code for
genarating a given cod file to include a constant pool created by combining
constant pool antries from two or more of the clasa files without duplication of
ontrles; & byto codes and Information structure created by combining byte
codea and Information structure entdea trom the two or more of the class {lles
without duplleation of entrias; and, a fixup table for providing information to a
Jave Virtual Machine for resolving at least one component of the given cod file

at link tma.
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be understood by reference to the follow ng detail ed description when read
with the acconpani ed drawings In which: [0006] FIGS. 1A and 10 are
sinplified prior art Illustrations of six exenplary.class fifes; [0007]
FIGS. 2A and 28 are sinplified Illustrations of exenplary .cod files,
according to sone enbodi nents of the present invention; [0008] FIG 3 is a
flowchart illustration of a nmethod for generating .cod files, according to
sonme enbodi ments of the present Invention;, and [0009] FIG 4 Is a

anddi rect |y APk ann oS Sl o b UG oy R ROt R ot (e
present inventg.a ,;brnsﬁ fb@%&lﬂgloﬁhe\“‘rﬂl&t rtﬁ%ﬂ'{?eéj@l‘l@a%o\j OfndShgplicity and

clarity of illustration, el errents have not

necessarily beggp ﬁma\w%cgmﬁab@meEﬁﬁmsaﬁmlt@mtéiﬁardmaﬁawmsof some of
the el enments may be exaggerated - relative to other elenents for clarity.

Furt her, wher epexifiodirdbe gitiinggmuppri ate, reference nunmerals may be repeated

anong t he figures to indicate corres ondln or anal ogous el enents. 2b
DETAI LED DESCRI PTI ON OF BHIEF P ﬁ%ﬂlﬂ@d THE PRAWINGS f ol | owi ng det ai | ed

descri ption, r ous t for r to provide a
t hor ough unde@@ndl ngﬁ%&{h@g&pﬁ@%ﬁl’e{ﬁdﬁﬁgﬁ)ﬁ g} ?tt V\FI‘?ang’ggﬁﬂnderstood by
t hose of ordi Eaﬁeéds&hl knd r&éﬂh&i a kbl n tu@enogﬁo‘g‘t %ﬁmer | nst ances Qf, MY be

practiced without these speci f| c details wel | - known

net hods,  pr oggaint&onarne immnwmmwnaawo@mudﬁwmbmw detail so as
not to obscure the present invention. [0012] Java source code files (.]ava

files) are coﬁmmt&dﬁ Poetoerovithablefisl leatutvg ant echdatages teygok, Imay. befhese cl ass
files, once r a nt,.o rrem)ry, #?/ be | i nked resol ved and interpreted by

the Java Virt ta8 following databest descriptfopwhenivesdd prior  art
|IIustratlonswﬂimgl&mﬁgx’n&ﬂ%&lIes - Aa.class file 100A, Bb.cl ass

file 100B,
{0006} F1G8. 1A and 18 are simplified prior ant illustrations of six
examplary .class fites;
{0007} FIGS. 2A and 28 are simplified {fiustratione of exemplary .cod
files, according to some embodimants of the present Invantion;
{0008] FIG. 3 is a flowchast ilustration of & method for generating .cod
flles, according to sotme embodiments of the prasent Invention; and
{0009] FIG. 4 s a salmplified block-diagram ilustration of a dovice
having a cormputing unit and directly addreasable mamory, accaonding to some
ambodiments of the prasent Invention.
{06G10] It will be appreciated-that for simpliclty and clarity of lllustration,
slaments shawn in the tigures have not necessarlly baen drawn to scala, For
example, the dimensions of gomse of the elemants may be exaggeratsd
relative to other eloments for alartty. Further, whare conskdared apptopriate,
reference numerals may be repeated among the figures to Indlcate

corresponding or anglogous elemants.
20



Cc.class file 100C, Dd.class file 100D, Ee.class file 100E, and Ff. class
file 10013, «collectively referred to as file 100. [0013] The structure of

the .class file is well-docunented and will not be described here in
detail. File 100 is illustrated in a sinplified format for clarity of
expl anation, however it will be understood by persons of ordinary skill in

the art that this sinplified format is not an exact representation of the
structure of file 100. Each file 100 conprises a constant pool 102.

Const ant pool 102 conprises indexed cp_info entries, sone of which
conprise character strings indicating the names of the class and parent
class, the nanes of nethods, the type of nethods, the nanes of fields, the
type of fields, etc. referred to within the Cl assFile structure. Each file

100 also conprises "byPEIABERDEHRETION RIS NN UONr es” 104 regar di ng
the class prop |.es he. net ho fields and It t-he class, and
their types. Tﬁ@@ge‘%f*‘.ﬁ 6‘%@3?‘%3%@?&%8%0&“ Sl%lésns rl é"gei&# a%(isﬁtg{;ﬂahnl? pool 102
usi ng ordi nal ionidete providser orofigh Ohadstanginghaf Bb dyentipp.| Eoygonit Whthod G
includes a ref ar a0E6s b ARSI inaBEIOH the MEBRAEL HeselrQriBftioh Baglbass Bb. 1 n
fact, Method G |ﬁs defiged in t#\ne .cl ass efi | e, as ,!ges“{gﬁ hod i%{? s structure

compri sing, anmbrgicsd Méhout fressgeccific figiilie st fhep HFRTES BT pool 102A.
However, for clpakéduis @id coi@foténtsiaieqns beti2sciBddiimdddilan asfot fvlebdawethe and its
reference to Method K are shown in FIG 1A in a sinplified format.
Therefore, theP SREFUETBr strings "K' and "Bb" are included in constant
pool 102A. The [60d2]l Jarei soercafode filge' (JanrdilesBige compiledintot-eles fisobY he@92A actual |y

appear as part c?xﬁpiﬁ@v'ﬁ{e&' R hddf Qe Rhd HeldnRy, P 0e Uk, kOlvedCdnar i ty of
description, only '

] the character strings "K' and "Bb". are.shown in FIG
A Sl hoe the. SRty Bt eREV VRS (0. GE TP HS SpRiERe B8ary pe
character "T' iaf jliveekitkd@tsik tkemplng tdmi filpooda AB2Me 10 Bayind dile 1008.ef er ence to
Met hod K by Metho in byt e..codes i1 )i QR SE HUCiok es  104A
conprises the F'ﬁ&f%é% 1%@?%8%?33 %g@ﬁt Eéa%%i?rfl‘1 oﬁg]tg’?atﬁ!ét it es 1|ién constant pool
102A. [0015] Siceliertavelyyelered tBpfilclléss file 100B, Method K is defined in class

Bb, so .const ant[OOleoﬂlle 28R dricel bigle _?ileaig lyell-Rubdnkel ABBwiliBt be delcriband t he

BaseType character "I" representi the. 'int' t . .
yP here in detail. File 108 is iliustratednxg a simplified I;'ormat fglp c?a)nty of explanation,

however it will be understood by persons of ordinary skill in the art that this

" simplified format is not an exact representation of the structure of file 100. Each file
100 comprises a constant poot 102. Constant pool 102 comprises indexed cp_info
entries, some of which comprise character strings indicating the names of the class
and parent class, the names of methods, the type of methods, the names of fields, the
type of fields, etc. referred to within the ClassFile structure. Each file 100 also
comprises “byte codes and information structures” 104 regarding the class properties,
the methods, fields and attributes of the class, and their types. These structures may
point to entries in constant pool 102 using ordinal index numbers,

[0014] In Aa.class file 100A, Method G includes a reference to another method,
Method X, found in class Bb, In fact, Method G is defined in the .class file as a
method_info structure comprising, among other things, indices of entries in constant
pool 102A. However, for clarity of description, the definition of Method G and its
reference to Method X are shown in FIG. 1A in a simplified format. Therefore, the
character strings “K™ and “Bb” are included in constant pool 102A. The inclusion of
© “K” and “Bb” in constant pool 102 A actually appear as part of several cp_info

structures. However, for clarity of description, only the character strings “K” and
T3



[0016] FIGS. 2A and 2B are sinplified illustrations of exenplary cod files,
the generation of which will be described herei nbelow with respect to FIG
3. cod files are directly interpretable files that conprise the
information of class files in a manner that requires |ess storage space
than the class files thenselves. cod files may be "solo" .cod files or
"sibling" .cod files, as will be explained in greater detail hereinbel ow
[0017] In the exanple shown in FIG 213, solo cod file 220 is naned
"EeFf.cod", to signify that it results fromconbining the files Ee.class
and Ff.class, although the scope of the present invention is not limted
in this ][eSpect“Btg’S@A @oﬁeﬁfm@qel fginbemaa@mﬁoﬁmemexlaofa@asm@m tpool 222, one
or nore fixup tables " te co ctures" 224
regarding the &% g’eﬁle & ﬁ,l ‘éé“cm %ﬁ‘g%‘?{]ﬂ)lz s antgi‘ %%lm?'%elrtgut es of the
cl ass, and t heiMettoy fey Mef0DE8] tthb@ coBesiasd rafosmmpd jtfsgteres HOf4pRetpaipcs’
|IIustrat|on of, gssggl; : fllesfroma

col | ecti on of jmg\%&%st#g{slr%%hf: g |Ieé;s]h'{mﬁét%rrg?t01 gﬁﬂ % performed by
execut abl e sof {%afISimipr, I@@h@@éﬁ%@@pé@@oé&ﬁb‘éﬁﬁé@mﬂﬁé g*df’f%étf"‘é bei ng
provided, for @¥Anpbe,indfleda@l theOdrings SV, WA undlavcBopBpé Shakicter (1SDK) . [ 0019]
Alist of java files. or Qlass files is received (step 300). If the input is
java files, tW&HCEE(E BoMPY1er is applied to the.java files to produce
cor respondi ng GIAGIFIGS. Jremnd( 2R ep sBRficd Nbgttionaof vesplaryabadndesgfiet his is not

shown in Fl G w ! iy e nformation
| enefAIGn SRR heosoriblalhBRinb A HiubRopb@EPGLL, ot i

regardi ng the. es coul extracted_ therefrom [0020]
The execut abl e a@&#ﬁ%?"éﬁfﬂfﬂ@ﬁﬂfﬂ@fslﬂ@@%w "éfHWF‘é’é’f it S RHRE SNt pool s of
the .class fi |ﬂﬁ§rc€11§fc@llbss3@cﬂ'age sﬁ:@i e MBTiBy fileh) thenésives Beod files parent cl ass

name charact er str, .ang/ ct” h cmﬁﬁiact er-string
"T" and the Basﬁ’%‘i/ cﬂ’ﬁ% gf:tsétfjm C%lﬁ? rep?@sgenfﬁp%abngéjﬁlggl char' type) are
comon to Ee. clhmrsbeﬂcw-le 100E and to Ff..class file 100F. [00211 The

executabl e sof tygee Lgaee}% élé&%w&fncﬁé'ﬁise%%@Mézi@%ﬁé&@@“&tﬁﬁ&?&, met hods,

andfieldsint ecass es (ste 6). For exa i 113 Met hod
Ee.T is signify that it results from(comblgmg the)ﬁles Ee.class angpr class, arilth gg the

scope of the present invention is not limited in this respect Solo EeFf.cod file 220

"comprises a constant pool 222, one or more fixup tables 228 and “byte codés and

information structures” 224 regarding the class properties, the methods, fields and

attributes of the class, and their types.

[0018] FIG. 3 is a simplified flowchart illustration of a method for the generation of

.cod files from a collection of Java files or .class files. The method may be

performed by executable software on a general-purpose computer, the software being-
provided, for example, as part of a software developer's kit (SDK).

"[0019] A list of .java files or .class files is received (step 300). If the inyut is java
files, then a Java compiler is applied to the Jjava files to produce corresponding .cla.?s
files {step 302). Alternatively, although this is not shown in FIG. 3, one or more .jar
files could be receivc_ad, and information regarding the archived .class files could be
extracted therefrom.

[0020] The executable software identifics common entries in the constant pools of the
.class files (step 304). For example, in FIG. 1B, the parent class name character string

“ava/lang/Object”, the method name character string “T" and the BaseType character



referenced by Method Ff.U. [0022] The executable software then generates
the cod file by conbining elenents of the class files (step 308). Unlike
standard conpression algorithns that conpress data regardless of its
content, the conbination of elenents of the class files into the cod file
is perforned differently based upon the type of elenent and its content.
For exanple, the cod file conprises a constant pool whose entries include
the information stored in the constant pools of the .class files, but
wi t hout duplications of redundant entries. In.the generated cod file, the
constant pool contains only a single copy of the common entries identified
in step 304. F@c &as;aémlue thb Fendr! Gpe) 2B, cofiRBHBh Balklafditd 1R 2ncoeh Frgab o EeFf . cod
file conprlses é one |nstance of character strings "javal/lang/ Qoject”
and "T* and on@4 % ance of Base Type character "C'. [0023] The executabl e
software uses m@{mﬂ Ok kxedtabld softvheidguifiercasedfesniepbatingn ¢lpsses, negods,

cross-referenc %19%&91@@5'1&&3&%@@85 files
bei ng conbine E%&Vyg?(%n%{,@%&gﬁmg%@ﬁ)ﬁ%h the referenceeto Met hod Ee. T by

Met hod Ff. U i nfefﬁrﬁ@fﬂd"b’%@méﬁﬁ%s and information structures” 224 conprises a
hard of fset, HQ@foT] The sROGIHYoMBGrd e dereats ki rodfile bj eontbirrigrletbasofof  Met hod

Ee. T within solo ek i s hard of fset of,;,need to be
resol ved or putdd 5‘?’61—‘](%%?%&48 W%S?“E‘Fé@“gmi’/ﬁs“’f‘ alg% ﬂﬁ%mag&%m 00%4] The
above- descri bedegasiessoff itacdantithe tdnietidaref glemoits of i eclaspfjlepigtodsntd¥ast ed with

the use of off AA\@ bpdal h&8pe FEAGHANER Sts icbndl. NEGWS TM . DLL
files may be ?ﬁeti? L% aﬁ%ﬁ%’%&c@am@%‘? an gl’dl Q(gﬁédrgnber The ordi nal

nunber is usedxﬁ@leaﬁe ICPFE@RCQIWE‘%?S #consigy peopyhoss quirist igel RIS of the
present i nvent isQRkduste tdisrant PadCorecl ek medlbnmtiﬂoyt duplicitihes codlufdabte, gi ving a

Conpi | o0 code, P & prisani patis b pars ol B b imad coforlel LB o]
The execut abl e cemfbometres mw&e@ymmcFmeﬁampbneg@ PRy CPW@@W@F%\?%d sol o cod

file for cross sBIG%IEﬁM@cJﬁﬁ)h%@xﬁy 5&3%5&5&%?@ﬁmét&%@!nﬁﬁ%vhlﬂn@@lﬁ&t’300 and
ot her classes. In present exanpl e a,,s Be and cl ass Ff extend

java.l ang Obj ecpd’ Tfﬁg}@pgpténce ofifaseType character
[0023] The executable software uses: hard offsets in the generated solo .cod file for

cross-references between classes and methods defined in the .class files being .

combined. For example, in FIG. 2B, the reference to Method Ee.T by Method FL.U in
the “byte codes and information structures” 224 comprises a hard offset, HOge T,

specifying the location of the definition of Method Ee.T within solo EeFf.cod file 220.

This hard offset does not need to be resolved or put into context by the Java VM at

link time. )

70024] The above-described use of a hard offset in a .cod file may be contrasted with
the use of offsets in Windows™ .DLL files. References in Windows™ .DLL files
may be in terms of a symbolic name or an ordinal number. The ordinal anumber is
used as an index into a table of offsets. Embodiments of the present invention use the
hard offsets directly in the .cod file, giving a more compact representation. Moreover,

Windows™ .DLL files are used for comp:led 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 Ec and class Ff extend javalang.Object. _Therefore,

5



constant pools 102E, 102F and 222 each conprise a single instance of class
nanme "javal/lang/ Qbject” so that definitions of the classes nay refer to
this parent class. In, solo EeFf.cod file 220, constant pool 222 conprises
the string "javal/lang/ Object”, and the reference to the java.lang. bject
class in the definitions of the classes in "byte codes and information
structures"” 224 is a synbolic reference (using the index of the string in
constant pool 222) that needs to be resolved by the Java VM at link tine
using information stored in fixup table 228. [0026] The executabl e software
may perform additional actions that have not been illustrated in FIG 3.
For exanpl e, otchsmntgpels@oxEaui2ignd Exhmibquesrisvrisingl ivwged dolassiameher reduce
the size of t e 90k RSt 1 b trf@BPdnd dusttd bly e BRANARAALRA 1By per sons of

ordinary skill en either o he source che files
Ee.java and Ff Jsdvaefﬁrr@l fAoR0fepesint Hopl Z?%CQ‘T@E%%‘%W“& SR Eect 1Y execut abl e

software to gengrafRnd t@ﬂﬁé’;aﬁ@ﬁﬁg@i}@t E1hds &n ﬂl@ﬁefﬁltfbﬁkrdfa]ﬁddlﬁéeylﬂ'ﬂbyuenvoke t he
execut abl e soft

£ cl.ass | e Wi th one or
nore addition&Pf Wd‘gﬂfﬂa‘&q“é%"mﬁs %éistaosyﬁlgﬂléf%?mce UG é%g'&e?( XXX. cod file,
where "x" indi cahem cobdnmt puddiZ:Zi taaleeds ltabsewlved O!)QIS}TthtVM\M linkdingo be
appreci ated . by 99%@%u9Jst Hﬁ%%bt%'ﬁhé' inthe art that if it -were
SO

possi bl e to gene a S|n cod file for all the class files to be

used in a par tHE6] Te exgopit ‘tﬁ)ft%fﬁ may perfpup gditpad) 2ot (8 MY HFeed to

resol ve synbol ';ﬁgsm&&f@m%eSFob&Ea&ﬂ@Enoaﬁdraﬁaﬁeﬁwmg&bM& andbef ised @s, since al |
such references, woul d in th od file as hard of fsets. I\/breover,

such a cod fil é"‘rH’beﬁ‘ %ﬂ'ﬁ‘ﬁo c%fﬁlﬂfy smaller than the total size of the
class files, sifom# Idwﬁilbbe@tdcxam$b3qfersonsmf oxivary sialhinite artifat gheasiber ¢fl es woul d be

el'm'nated'nt i isly I Qhebe smal | er
' ' l’i@e Sgﬁdcou hgs ;f-é?& fa&bgeh@m&@&d it {s!nBcclviylcdl m%k%

than the multip sdetothereductlonln I‘Wﬁip cat ed
i nformation. [ Ge2oFbl-eiewen euppl Ry icHord il OTHERMPFIRL | are

relatively unlicidchiggle | kd@twaz%loﬁe;he inb:ﬁﬁﬁ ﬁﬂb@osmmtﬂiwaaﬁo@ngm driccamtord i ni t at i ons

on the size of a._s le. For ex | e 4 W devi ce 400
comprising a cdff Ect“lglrf@wiﬂ‘il ?‘m % 19 pingralp § nay & b"daﬁlle?‘év{l/eae anéésa directly
addr essabl e nemmrajdii®dl dusses. Nng one or - nore .c'-od files 406

[0028] It will also be appreciated by persons of ordinary skill in the art that if it were

possible to generate a single solo .cod file for all the .class files to be used in a

particular application, then the Java VM ‘would not need to resolve symbolic
references -between cIasses,l methods and fields, since all such references would
appear in the .cod file as hard offsets. Moreover, such a .cod file might be
significantly smaller than the total size of the .class files, since dupliéations of
information in the .class files would be eliminated in the .cod file. Such a single .cod
file would also be smaller than the multiple solo .cod files due to the redoction in
duplicated information.

- -{0029] However, unlike ’Q‘Viz‘ldowsTM DLL files, which are relatively unlimited in
size, there are sometimes significant limitations on the size of a single .cod file. ¥or
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

6



stored therein. Although the scope of the present invention is not limted
inthis respect, conputing unit 402 nay be a general - purpose

m croprocessor or any conputing unit capable of executing a Java VM and
device 400 may be a digital 6 canera, a handheld video recorder, a
cellular tel ephone, a personal digital assistant, a handheld conputer, an
MP3 pl ayer, a CD player, a handheld gam ng device, a pager, a two-way
pager, etc. Although the scope of the present invention is not limted in
this respect, directly addressable nmenory 404 may be not-OR (NOR) fl ash
nmenory whose physical layout inposes an upper [imt of 64 kiloBytes for

the size of ea&%ﬁ,%an&blh%@&:@éo&ﬁr,ahﬁmmteiephbﬁl%pe]rsohdl d@rnalasmdantcaatl on were to

be stored exclu5|v as so hat i nposes a
limit on the shadhe "X‘?" hﬁjélpg%'aagf[?ﬁ@@’ a%ﬁ@‘&{g n\g F]é& woul (rjml i kely
conprise nmany swﬂh@meprekeﬁﬂhme&ﬁtamm@dhmmWﬂﬁnnmmMGnéﬂ@ébm$%ﬂ%rences _

bet ween Cl asseéﬂs 1t gécp%&eclﬁjfgidtﬁgsg.ﬁﬂ glgfgﬂ h&slﬁzg'soelngt@i MR)%IPLBSHEH% fl l es. SI nce

synbolic references’'re re nore st ace in the c d % t han hard
of fsets, the ovemsaphysie gont igpoeto ugla?r Vs PRthaf! e

application neyeberedinbdie. | arge. [0031] As an alternative to t he excl usive

use of solo cod files i e representation of n a t e Sibling cod
files may be ulB®l \l;&?@r‘i‘pfl?‘ﬁaéw% SeFe£q Poetord Ay ey & f‘i‘% i© %Cgﬁf'gn&% o orage nedi um
t hat inposes ambdiur thatompdsksen Snizen bé swem:flmduaﬂmall cagddtlesf therezgch T‘Pf’eﬁlé of t war e

devel oper may 9'58&'81;{3}%/ cgﬂgr[lslé' g‘fanﬂ % (ﬁc réf@r@ansr to %c@ﬁﬁ tdr Il Qfosd- ﬂfeﬁbné‘ds bl ing

groups. This group on the sof tmare deyel o er S knowl edge
of the |ntrlcabWMﬁﬁCM%%G%ﬁmW@ﬁé%@ﬁéé@“ﬁ@ﬁﬁ%@ﬁdPH€ Elegs Ya¥Esent ed i n
the files. A cagrdbds &qiﬁﬁyndaﬁstor@eqﬁwh te cﬁdmmhmhmeoffsgstaﬂa oflardllesae or class
files, and if, ter a.,portion o av r class files have been
conbi ned into Qﬁédﬂm‘?F pm?ﬁ@“?lgme%?m? :33% @&%gw uld exceed a .

predet er m ned [00Bi) tAs af alamativa @rthg tavlasmmsq:dfa@s «cpq files ipghe geppesrBEo B nbi ned int o

the cod file, &P@P}rc%b% &Jhng%aefﬂ%ﬂy'b@gse&%exf thd 85 fAdsQreib Bkl ihar t he
remai ni ng j ava

es or class lés in the si ||ng f%.a asses are not
split across ceerageimediomlsimpases wimit profhagie of jndiyjdpal B iag‘?'&& #'&d by persons
of ordinary sKidvklopen Iﬂiza&I @roap toghthal jabOfileRod b Tildeihto sibling groups. This
grouping may be based on the software developer's knowledge of the intricacy of

cross-references between the classes represented in the files. A .cod file may be .
generated from these java files or .class files, and if, afier a portion of the Jjava files
or .class files have been combined into a .cod file, the size of the .cod file would
exceed a predetermined limit if another .java or .class file were to be combined into
the .cod file, then one or more sibling .cod files are created for the remaining .java
files or .class files in the sibling group. Classes are not split across .cod file
boundaries.

[0032] It will be appreciated by persons of ordinary skill in the art that for a given set
of .class files, packing the .class files into two sibling .cod files will be a more
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 ﬁle_s 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 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 nmaintaining the
constraint of individual cod file size. The problemof how to divide a set
of cross-referencing classes anong sibling cod files is simlar to the

wel | - known "packing problent in the art of software engineering. Various 7
techniques to mnimze the overall size of the cod representation.of an
application nmay be used. [0033] FIG 2Ais a sinplified illustration of
two exenplary sécml&uegtoqﬂﬁnﬁﬂcIu@%ve@cﬁwdimcdd&e;mmﬁembm appiicttonof t he
present invention |b| ing cod file 200 is nanmed "AaBb.cod" to signify
that it resul ténap;"%?ﬁ tonbining the files Aa.class and Bb.class, although
the scope of tles3prEGend is mvemglifieh illugrationt of fwe exeaplpn SHipg qoéﬂf‘éct '

Simlarly, a S'apént) 09 1§ Qthe einb&hrlgékg &&e@@%ﬁnve@@&d ﬁ@ﬁﬁmgtc@d §lcQ00 &y that it
I Nl

results-from n

Cc. Cl 034]. Each
sibling cod fi |ném%f’o“rﬁ§43€%c€ t%SlegﬁhabFfﬁgwgsfgﬂpg‘?W@?g “rfé?g‘ e%é‘[ef T8 5 sibli ng

list 206 of Aa&acsagdalﬂ:bﬁgﬁ tﬂd)@op?zcmﬂiel;s@&t ‘infvedbet istnot fimicid dathés tdpet. CcDd. cod

file 210 is. d “ ng list 216
of ccDd. cod fi I ba%ﬁ’g%%%% %"6“‘33 %“9’%“%“5 f‘é‘% atlt%a‘%%tﬁjg%ld file 200
is a sibling ofco@mﬁmgtbwﬁies‘d‘doézss@cwddmOBS] Si bling AaBb.cod file 200 al so
conprises a Co::[%i’ﬂrﬁaclfﬁﬁjn 2593 cbﬁﬂ%xfsescé)ﬂ?& 1@%@11:@”?&*&%&@'3 sibfidguct ur es”

204, and one or nore |xu B |mIarI h ng gﬁ%wdf'le
210 al so corrpr|1’§‘é?§68f4?§ﬁé‘t‘%fﬁ?20868‘PP‘?T20°9%)’? ’é‘d‘E ?jtégt ARG /L i on
structures” 214, snﬁﬁlgdombe&dmemeofsmmyt abibeg 1M 216he deDiup fti@dloes 208, 218

may include indi catl N 0, . Eesol ution
work is to be JSHESSHy a??‘uem a@cﬁw%ﬂ?%@'ﬁogﬁl}%@ ?rgs. *‘dﬁ‘ﬁég?’ f%‘g‘i?iéﬁﬁzs may

i ncl ude pointerddto the name of another cod file, if necessary to the nane
of the class coffg s?mﬂgAEébewgth@d also'cBmprB&(hQ&%&ﬁt\ﬁo&lQOi hytaER 2af the met hod

?:]f ];:— ﬁL? i \(,)MnF i ri]nfgrrr]n%ttmncstrgcsn?res” %IOQ gancri %Ileegrergo%g gxup tgchs 2%8 geumpagy, s%{mf I e' d typing
CeDd.cod file 210 also comprises a constant pool 212, “byte codes and information
structures” 214, and one or more fixup tables 218. The ﬁxup tables 208, 218 may
include indications of the places in the .cod file where resolution work is to be done
by the Java VM at link time. The fixup tables may include pointers to the name of
aﬁothcr .cod file, if necessary to the name of the class containing the symbol, if
necessary to the name of the method or field within that class being referenced, and to '
method or field typing information.

{0036] FIG. 3 is a simplified flowchart illustration of 4 method for the generation of

«cod files from a collection of java files or .class files. The method may be

performed by executable software on a general-purpose computer, the software being |
provided, for example, as part of a software developer’s kit (SDEK).

{00371 A list of java files or .class files is received (step 300). H the mput is java

files, then a Java compiler is applied to the ,java files to produce corresponding .class

files (step 302). Altemativel&, aithough 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.



[0036] FIG 3 is a sinplified flowhart illustration of a nethod for the
generation of .cod files froma collection of .java files or class files.
The nethod may be performed by executable software on a general - purpose
conputer, the software being provided, for exanple, as part of a software
developer's kit (SDK). [0037] Alist of java files or class files is
received (step 300). If the input is java files, then a Java conpiler is
applied to the Java files to produce corresponding class files (step 302).
Al ternatively, although this is not showmn in FIG 3, one or nore jar files
coul d be received, and information regarding the archived class files could
be extracted t[d)lesjeﬂre@mcutﬂﬂe[semaﬁ]xd&h&semmqnteubésen o fdnptent poolsapbtit i f i es common
entries in the gonst.ant $E$Is of the .class files (step 304). [0039] The
execut abl e sof t%&r e | i es cross-references between cl asses, nethods,
and fields in ﬂﬁ§9bﬂn§§mﬁﬂmE®ﬂW%Q@gmgﬁﬁyw&T@Gﬂ@i“Wﬁ%“@%ﬁﬁdﬁﬁﬁﬂé sof t war e

t hen generates ag&ﬂ@gldsrﬁgmgggssffﬂclsg§ m;)conbl ni. ng el ements of the class files

(step 308). In the enerate t he t ant ol contains
only a single ¢¥§¢ E‘Sr’?ﬁ%’ﬁ’%ﬂ’?’? |gg“§rafeﬁléﬁ{"i‘gf &4 %?e % Comb’:?% . For
exanpl e, in Fl Gem2ds ofcdmslmmes eBPBSR0R dmfgemaltrldlsxh{;pgAaBliﬂﬁc@elcffmw 200 '
compr i ses only o biSEANCE A0SR BhoP LD URaiBPh Ad0d Kiorand one

i nstance of Ba ype anot exan% . constant pool 212
of sibling CcDdxaserd. fniHlE. 22~190ﬂ3t&ft§ﬁ?ﬂ1?@ec§ s@hﬂgy\aé%@du 4 feeprisTs oB¥ar act er

%} rings " tCC't')I ang. ;;rféan@rtq! &ﬁ@caﬁaﬁggsnﬁm{m “Based YRE insthat af tRakeTije" . [oogq |
e executabl e software_uses hard offsets i ing cod file
for cross-ref &PEHEES b &t #8 %%%é%“s\%ﬁ@g‘g%%ﬂteﬁﬂ% ?“’géce"glf?? ?‘ﬁe sane

si bling group. cEEh@xseseone}cma:btam:esybtltammatruee&céynm&"md pesfipstaaprc®s i n t he

gener ated si bl IB”%T?p% hadcleEf O cross-references between cl asses whose cod
files belong t erent S|bI|ng gr oups and between_ cl asses haV|ng sol o

cod files. [004901ITHiegxqouatissofoege werderdoffessn B slaiied FOEB B 1) As shown
in FIG 1A MthedreRinlss 6ONRA LISBE vwhodeClog RNGE i the Mkt kibthgBumK. The

executable software uses symbolic references in the generated sibling .cod file for

cross-references between classes whose .cod files belong to different sibling groups, -
and between classes having solo .cod files. '

[0042] This is better understood by way of examples:

1) As shown in FIG. 1A, Method Aa.G comprises a rcfcrcnce to Method Bb.K.
Therefore, as shown in FIG. 24, this reference appears in the definition of Method
Aa.G in “byte codes and information structures” 204 of sibling AaBb.cod file 200 as a

hard offset, HOpp k. specifying the location of the definition of Method Bb.K within

sibling AaBb.cod file 200, This hard offset does not need to be resolved or put into
context by the Java VM at link time.

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 CeDd.cod file

210 as a hard offset, HOce p, specifying the location of the definition of Method Ce.P

within sibling CeDd.cod fﬂe 210. This hard 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 Methed Cc.N,

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



Therefore, as shown in FIG 2A, this reference appears in the definition of
Method Aa.Gin "byte codes and information structures” 204 of sibling
AaBb.cod file 200 as a hard offset, HOBb. K, specifying the |ocation of the
definition of Method Bb. K within sibling AaBb.cod file 200. This hard

of fset does not need to be resolved or put into context by the |ava VM at
link time. 2) Simlarly, as .showmn in FIG 1B, Method Dd. Q conprises a
reference to Method Cc.P. Therefore, as shown in FIG 2A, this reference
appears in the definition of Method Dd.Qin "byte codes and information
structures" 214 of sibling CcDd.cod file 210 as a hard offset, HOCc.p,
speci fyi ng t he Blocat Topn cobs dnfl mfodedtiomstuctars” 304 dsiblngdiaBlscoP fileDq 4sian  si bl i ng
CcDd.cod file 210 his.hard qff set does t .need t e.resol.yed or put
into context byh-af%‘”écg QeomFR5GEYIoE lcic?t’r?@f’&% de u%%?f&ﬁ%o%&ﬁﬁ@%fﬂ Met hod
BE_- L CO][fDrI ses %%Et%@@&%e}]ﬁ&wﬁifbﬁﬂd G;fssed\heedsﬂsl\l/géﬁﬁdaa ﬁuog@gtgﬁlf?m IB FIG gA,
this reference appears.in the. definition,o - in "byte codes
and i nfor mat i orﬁa‘éﬁ\?ﬁéflﬂ%@?’wwdf gFmakqn st 'b“gﬁgéﬁglﬁg@ Fryeasflnie® o " pard

of fset, HOCc. N, taldB08infay kartprisdecpoin@e atiheoiamodf stolisg Gidicnd file dongofithitiet hod Cc. N
within siblin : fi]e . i f dsvinides Pl aced into
cont ext by t-heqo%%of%g%‘?&qc?ﬁ%&o‘%{’%%hﬁgﬁ@rﬁ% ilg\frﬁ%ng%aitglﬁﬁstgl}ﬁed In fixup

tabl e 208. For whighsiplieg cddifilanoniaivstiteod S0l ahthy snedbigghrd 618t poi nter to the nane
(|\)/L f,' 3' IB BgLCchﬂ/);mHshféMﬁ.%mn&a\ﬁam mhmji dma‘sl\%pzi&sqummpwmmrpe in ;

t ho .L to Met so, that th va,YM kno i S ing co
file contains Méth "GBC‘.?ﬂeé‘FC{aﬁggégp?@EﬁT?fg?f’ %‘X’r“%g%‘fﬁﬂ@&%%%%h@hovm in
FIGS. | A and 1Biheiid)adshGien i REG.W, ilsesfeandcabmns fc te teinien hbdethédf . U. The cod
file for class Efy . S«oUtsi f LR D 19 P UR; £i1:096f 1 | € 210.
Therefore, as s cc‘)l\\//lxﬁéi ﬁgﬁ?d&g&ﬂ%do#%&sﬁ%gbgﬁgznlggpg%ggfacrc%@ Itehe definition of
Met hod Cc. M i re sybwelis referaess taldethqdrfit & spa it angumaeni(Elc (Tiis symboliq pefegnces p) j ng

CcDd. cod file 2104sasbe Rsob¥iBPIE Favh EHEL GRE B Osidybihfd@shudrRlbrarid fixks _
argunent (s). This %ﬁ% olic refer eq?c[ ' resol ved bxft{whe Java VM

e_.__needs tp be I
at link time usPig*ienfor REPRG G BYLY &MY PRRIBC 2 PUBFEC B2 8 exanyl e,
fixup tabl e 218cafife footgpeiissehese ohadtReD it dofivddde.p dRall.oll")t fppintcdhd i | e for the
class where '\/Etrtmlg of thd-bhs§ wgﬁé M@tﬁgh Iéf.(U # deﬁ';ng?(%fg: ‘Ei@g,"a)poin%r RAhdHagk of O the

the method (e.g. “U™) and a pointer to the name of the method typing information

(ﬁ.g. “I").
[0043] It will be appreciated by persons of ordinary skill in the art that when either of

the source code files Cc.java and Dd java are modified, it is necessary to invoke the
executable software to generate a new CeDd.cod file, or alternatively to invoke the
. executable software on the modified Java or .class files along with one or more
additional .java or .class files to generate a new CeDdxxx.cod file, where “x” indicates
the additional classes. If a new CcDd.cod file or a new CcDdxax.cod file has been

generated, then the hard offset HOce N appearing in resolved AaBb.cod file 200 no

Jonger accurately describes the location of the byte codes and other information for
Method N in the new CeDd.cod file or a new CeDdxxx.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 reépect, 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,
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nane of the class where Method Ff.U is defined (e.g. "Ff"), a pointer to
the name of the nethod (e.g. "U') and a pointer to the nane of the nethod
typing information (e.g. "T"). [0043] It will be appreciated by persons of
ordinary skill in the art that when either of the source code files Ccjava
and Dd java are nodified, it is necessary to invoke the executable
software to generate a new CcDd.cod file, or alternatively to invoke the
execut abl e software on the nodified java or class files along with one or
nore additional java or,class files to generate a new CcDdxxx.cod file,
where “x" indicates the additional classes, If a new CcDd.cod file or a
new CcDdxxXx. cochefdivigontd sladd@emongginewhyt gekrated iblingt +vd fitea rdy bf difesent HOCc. N
appearing in resol; - 00 no |onger accurately describes the
(e (S ffingica P

| ocati on of er information for Mthod N in the new
CcDd. cod file 61045] Whily cenifestuet efgthe fnvention brya byen Abistsdi 43g 95 Sfen a . cod
fA: | ﬁ i ShUpﬂat € lereid) ﬂiz:gl?%W&ﬁ&s,&hﬂsﬂ@ﬁdﬁ@@h@éés,&:ﬁd ﬁuﬁalerllmd.ah&do@izﬂml Lfaneousl y.

t hough the scope of the present jnventjon iS not this
respect, this thosyPEhngm S&‘Bd‘b 84h ‘isa‘g" e’ttﬂige %“21 Ift?%ddsq{}et%h%g?de@qegss files and
regenerating allinishe: inedtdpin coidallismy nodificdibisesd chBigaces fallovidinglfe tihe ¢l asses
have changed, S%g“}ggqqgﬁhsion of classes anong the newly generated sibling
.cod files may e él f'erent fromthat in the original sibling. cod files.

[ 0045] While certain features of the invention have been illustrated and
described herein, many nodifications, substitutions, changes, and
equi valents will now occur to those of ordinary skill in the art. It is,

therefore, to be understood that the appended «clains are intended to cover
all such nodifications and changes as fall within the true spirit of the
invention. 11 Cains: 1. A device conprising: a nenory unit; a conputing
unit connected to the nenory unit, the conputing unit being able

11



to execute a Java Virtual Machine; and one or nore files stored in the
menory unit, the one or nore files directly interpretable by the Java
Virtual Machine, the one or nore files being generated from a plurality of
class files for reducing storage space, wherein a given file of the one or
nore files conprises: a constant pool created by conbi ning constant pool
entries fromtwo or nore of the plurality of class files w thout
duplicationof entries; a byte codes and information structure created by
conbi ning byte codes and information structure entries fromthe two or
nmore of the, pl L%]aé\ji_&)éoﬁ rgh@ass files; and, a fixup table for providing
information to the Java Virtual Machine for resolving at | east one entry
in the given filgnahobiuilg tine. 2. The device of claim1, wherein the
menory unit includes executabl e sofiwar b BorpRR LhinBeirgMMe | S
arranged to exe@@@@ljﬁtﬁﬁ“é‘ﬁéﬁ’m@gﬁ@ t;slécl)\?’fl\%grrygmﬂ’o gener at% the one or nore
files from #Orhg{]e&ﬁégﬁlvgvhugm{@dhaﬁsaﬁdi | es by conbining el enments fromthe
plurality of class files wthout, | i cat.j . SRt S R&e har difeedipici ng
st orage space, ORPEF SN filke SWEF%H@%%P‘%%W%@%%H ated from t%gf lurality of
class files; }&EJe{%ﬁl% bimaﬁminuﬁluﬂmrncahe pieorptiare Hles b§ing LI T | es. 3.
e

The device 0 arm1 or claim?2, wherein (e B BRbfide ddaer f i Xup
tabl e conpripheaity pielass &iles foh T m@zﬂoéagﬁesgﬁé’%%{m ?gsol Vi ng a symbolic
reference i o@ﬁle%o‘ﬁﬁﬂsesti | e. 4. The device of any one of clainms | to 3,

wherein thefe are at | east t fil fromih 8l eritbesificnEsvogener at ed
fromthe plurality ofﬁc@ﬂ%Pa’!\‘ﬁl"@?ﬁgE’F F?{%‘%]H‘gé@}s‘%ﬁrgﬁg iy es in a conmon

si bl i ng group, each q},?r_g bEms phkalifgofklasellecwitipul derdicaiioiobPHNE: | i st for
g

listing other sibling files in the,comron_sibli PeorMighE bifte
cross-references 12.a biepeaes me‘“&rﬁfﬁi‘%’gﬂmc?%és@%ﬁtgé ﬁ’g ((;:Oomlmng?i bli ng group

are indi cated using hand olifis@tsatoantusielameaies dont heftivh @8 HHALC Hfe not part

of the common sibling group are indicated using synbolic references.
plurality of class files; and,

a fixup table for providiag information to the Java Virtual Machine for

regolving at least one entry in the given file at link time.

2 The device of claim 1, wherein the memory unit includes executable software

and the corrputing unit is arranged to execute the executable software to generate the

one or more files from the plurality of class files by combining elements from the

plurality of class files without duplication of entries for reducing storage Space,

wherein the number of files generated from the plurality of class files is less than the

number of the plurality of class files.

3 The device of ¢laim 1 or claim 2, wherein the information in the fixup table

. . . Ve
comprises the location of data needed for resolving a symbolic reference in the given
file.

4 The device of any one of cluims 1 to 3, wherein there are at least two files

. e
from the number of files generated from the plurality of class files defined as sibling

each of the sibling files comprises a sibling list for
wherein cross-references

files in a common sibling group,

listing other sibling files in the common sibling group,
12:



5, The device of claim4, wherein the information in the fixup table of a
given sibling file conprises the location of data of a cross-referenced
sibling file to place one of the hard offsets that corresponds to the
cross-referenced sibling file into context at link tine. 6. The device of
any preceding claim wherein for the given file, the byte codes and
information structure includes a second hard offset for, crosszreferencing a
met hod i nchydesh thasibing f‘g&:sviemefdohmmlmgpﬂmm@uﬂ)?fémdéfﬂ§fiW‘g%/‘;ﬂﬁif’ﬁ gsl |y
referenced. 7, The devige of claj A Whes Bllip ale ihéiaadd one of the
hard of f set @%Eggcncﬁop ’ﬂ%ﬁe aﬁ%re%g{n{')%[sgfl“\l}g(ﬁ@%gbrg&t b ntErlgﬂ%ont ext by the Java
Virtual Machiipesy@ibolid rekerdricese. 8. A nethod for generating one or nore files
froma plurality of class files, the method conprising: identifying class
files with common entries in constant pools of the cli as? files; generating
a constant ool f{Rgy deRicgiof eingénehatiedid infoempipndn s fUA §P “c%tlr%g‘é{?ﬂ pool
entries fromthe class files wth g i o Glopd pRad i on;
generating SWhinhflecompriss g tlﬁf'gfﬁ‘a[&??gﬁ%g%sé te%?%%a ?g]';&__{gt,he lgiyen gener at ed
file by conjpisRghddire cERee shand:respbisnmt thenrost-refsenged s@RRG FEs™q om t he
class files; and, generating a fixup table for providing information to a
Java Vi rt ualcontpe@hiiidintor resol vi ng at | east one entry in the given
generated file at link tine. 9. The nethod of claim8, wherein the nethod
further conprises generating the. one or fi f hRb UsREI ty of
class files 6oy c@h%‘i“?t’ﬁcﬁﬁgéq‘ye%?fﬁg‘gfc K ‘f’%ega Irl%thj’rléa ?efnymg’ﬁ %I jgss files

wi t hout dUpla%@ﬁ‘ltf&rgl@ti@f stORFeiiRBudeot secontlipirhoffsst for erges-rafsesaeing 2 ¥8%%Gher ei n t he
nunber of files generated_fromthe npl u; al i toXlic?f ﬁaﬁéﬁec{.i les is less than
the nunber iofludefin the given file fhapPapprawausyy I BRI st hod of claim8 or

claim9, wherein the nethod further includes providing |ocation of data

necded for resolving 2 symbolLc. © el L oSS R1ATn0bY RO naAARERISY i e as

1ot need 1o be resolved or put into context by the Java Virwal Machine at link time.

8 A method for generating one or more files from a plurality of class files, the

method comprising:

identifying class files with common entries in constant pools of the

class files; N
generating a constant pool for a given genevated file by combining

constant pool entries from the class files with common entries without duplication;

generating the byte codes and information structure for the given

generated file by combining byte codes and information structure cntries from the

class files; and, |
generating a fixup table for providing informatio
generated file at link time,

n to a Java Virtual

Machine for resolving at least one entry in the given

9 The method of claim 8, wherein the method further comprises generating the

es from a plurality of class files by combining elements from the
a for reducing storage space,

one or more fil
plurality of class files without duplication of entrie:

12a



11. The nmethod of any one of clains 8 to 10, wherein the nmethod further
includes identifying cross-references between the class files and defi ning
at least two files from the nunber of files generated fromthe plurality
of class files as sibling files in a comon sibling group, each of the
sibling files conmprising a sibling list for listing other sibling files in
t he common sibling group, indicating cross:-references. bet e sibling
files in thehemmtbnnahtst pﬁ‘@*@gﬁ%@@égi%ﬂlﬁawiﬁ‘r ‘P@&‘-‘%ﬁleéﬁdggsghg"f‘éaeri ng
ref erences ﬁm&&%?&c%ﬂ%%ﬁ%?ﬁé%ﬁk@an of the common sibling group using

refre .

synbolic rences. he nmethod of claim 11, wherein the nethod
further includes providing the |ocation of data of a cross-referenced
sibling file,as e i ki of clflg J,ivtdRid Ak Rethed faigh weindss bl ing file
to place ongo‘of ?%e"‘ﬁg@(g Gg?cgs"gtsot ﬁe?t co_rrespondﬁ%to t he .cr,ﬁss.- ref erenced
sibling fil grdviding bortoeryf date tepded for sesolving 2 TR FHTEGE 24N B0RE of cl ai ns
8 to 12, wherein : W Lihal dhekages, for the given generated
file, provi &FW&I%J@ggsg%ﬁ%nﬁ%péH%ﬁlpseet ig the byte codes and infornmation
structure for cross-referencing a nethod now i ncluded in the given

generated file that | i 14, Gkt thehananmeter iddudeThe met hod
of claim 1llh>‘r cﬁl@ei IH?VY%@ gﬁ%?ﬁ#@%ﬁﬁ%yg&?hod further incl udg@e%fgrovi di ng at

| east one ofidéntifyidyares-offfremesbetvieca thremase flles pik degfpiag %‘B*thg’ "BHe resol ved
or put into context by khe, Javp et htPlurdRF bf B8ssAfled hekiblingles 2

common sibling group, each of the sibling files comprising a sibling list for listing
other sibling files in the common sibling group, indicating cross-references between
the sibling files in the common sibling group using hard offsets, and indicating
references to files that are not part of the common sibling group using symbotic

references.

lﬁ. The method of claim 11, wherein the method further includes providing the
Jocation of data of a cross-referenced sibling file as the information in the fixup table
of a given sibling file to place one of the hard offsets that corresponds to the cross-

referenced sibling file into context at link time.

13.  The method of any one of claims 8 to 12, wherein the method further includes,
for the given generated file, providing a second hard offset in the byte codes and
information structure for cross-referencing a method now included in the given

generated file that was previously symbolically referenced.

14.  The method of claim 11 or claim 13, wherein the method further includes
providing at least one of the hard offsets in a manner that does not need to be resolved

or put into context by the Java Virtual Machine at link 1ime.
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