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m chi ne, where=n ~ the programincludes a |l arge nunber of nethods, i.e.
pr ogram s%%gg ,oﬁha are stored tn the menory of the conputer used and

iroSrary

wherein the p Lmic gp sae lanpueges imglqﬂecateahtbﬁlaﬁylﬁeﬂnﬂéﬁgfahﬁ’é}n@m
i th resnog To e Eae Bt 80 5% Rndin o5 uf ok ghesacpms ol dnemo
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t he progr 1/ 31455 PCT/ SE00/ 02096 0 ¢orn
COLLECTION &%ﬁﬁg‘%fmmﬂwrﬁﬁ&wmmmmael ates to a method of

- inpR8ving the effectiveness of a data 5 processing application. Mre

speci fi ca‘y‘%, '?Jtége. I G‘venti on is concerned with increasing the data
processi n§ Fata®i Felndes wnetheds hforesy cafidd t thesadp addniasethand hé&&% r.@is‘ge\c;t to
the Java jncogbaiied 2RgHBECH, kO Jiehe invention | s not restricted to Javd:
but can be applied with nany %Jo i ISHH B40c smlisngous prockssiansd (o bs
descr i bed B RREpATISiitiel threattthaniRicANem bOdAAIR fld R BHOIOLE pirt comoen:
for use %Eﬁlﬁxﬂ&pﬁ{i%ﬁcﬁ%m saé]iré)n of a program 1n ad'gg’ cne Part concemns
20 erent threads are structured in a controlled manner. Another part is
. concerned with whi . :
be run ich threads siall be run and which threads shall be passive and wait to



opti m swo @miaksne programis restructured and different parts of 2HeAPR 2004
program are optinised 15 as the program 2s run The generaIP CHOARYe .

i ncreasin i capacity resides in the rapid creation of new
menry s ?;if‘w" LR Biorg s A Bl o vaIod HETIREY epamsrasito itmeali <
required.o prwgchrof freis ahtnauftiieRt RO BPENEGEtd ehiM] tic

menory ma&a? nent. 20 This neans that tﬁle)} progran’;&r%ér neeé&n%ﬂhi%é%%néo the N
account of“fhose parts of the menory that are used. The virtual nachine
tattles out a so-called garbage collection fromtine to time, neaning, in
principle, that the virtual nmachine scans the entire nenory and finds which
obj edts h'gﬁ%PmlﬁY@ﬁedSDIvesﬂﬁspﬂany. and whi ch the program can no | onger

address. These parts of the nmenory are returned for |ater use. 25 Java al so
i ncl udes nethods for so called thread nanagenent nethods. Thos, Java

i ncor por atles peesaytsineendio! HiMABRES 180 Bletitd Alab R i L ANeous
processing of two or. npre prograns. Theethd:gg Bnag %ﬁ%?ﬁéé%%ggsﬁp i"’ﬂg?fa

into twoelﬂ F?Sé‘!ngci‘Pé’llﬁéP?n Sdieadising 2 vértyd hn:n@hm"er; mrggthdl;ﬁﬁgﬂamgnﬂhﬂ%aﬂmﬁnyL e

struct ur egleihBda i not her .part s cerned wit iC

thr?ads ‘shal Pdﬁécfﬁﬁhégr#%ﬁggﬁat ?e@ﬁg%ﬁéﬁaﬁe%?ﬁ‘gﬁd’wuﬁeﬁﬁs%aﬂﬁn.

: t?f‘ _where_garbag_ callect@0is uardoby 3z prigeiry HREIR OSBRI ARbE is
urther i o ctiveness ace oQccupi ed nenory space a e

T Ther Tapnensgept{soiL mnces geL ol acg gbcun of fomry BEEAC e

with respeethodordchired ferebys a soohdud BSREh bAPOE R TnaRbACR JLALS i PLARLED

The presgnt i nventi.on thus relates to a netho I Nprovi ng

ef f ect i veleSEBf e dyRhare ocrummeal mritmepess trati watheesreusplaged with treftrence to
- machi ne, refete@athd e Bl i DRI { . progr.am sect i ons,
tha* are stored in the r?gd%rtﬁg%#g?ﬂle com%e&gggogafn‘g%al&%dﬁ@@ Eh?‘g’a‘ﬂé
col 1®ct | MYTrSEcRsaded mathods ge sysaiywhebsin ¢hawcdriespontingtthsaofeigied ié placed at
char acterﬁagppﬂgfgﬁa?h%@ﬁ in which all so-called thread stacks are
anal ysed with respect to fethods required thereby; a second step in which
each of the nethods required is caused to be regenerated where occurrent

referencegtg.a qaihod. are.repl aced with reference to regenerated nethods
prior to't eeﬁfegeneg%ngf}ogn“ﬂi n&wﬁk& gfﬁfﬁhﬁ‘ﬁdﬂ B9org datuil grasiie pvith refhienie db | anl 5

non- r egersacmplifying vhid@ines &F 4 Savetds! Giokd ?ﬁeﬁﬁéﬁﬁgﬁﬁﬁnﬁﬁgﬁﬁ%ﬁ’%ﬁgw

IS Lﬁj aceq ,at. the di sposal of said pr.ogram

be 'descnbed Tn nore detail partly with reference to an exenplifying

enbodi nerFigfretilie aiblv@dih hown on to the acconpanying drawing, in 2D
which ~ Figure 1 is a block diagram - Figure 2 illustrates ol d nethods;
and - Fi gorems 2iilpsisteseldenethedspaied r egener ated i n accordance with the

i nventi onkj 3Bt hat l.ava virtual . hi.ne, JVM can be used
to run diff%'?grlétlﬂ ata .ﬁgﬁrﬂ%\g’?{fﬁ]&ﬁ# R Y g ANYV§ERIORer t he
operative systemis WnNT, LIIVCTX, Solaris or sonme other system As

merisi oneeg V; I gh Java.is_ a very popul ar program | anguage, the
“. present ?1 entfglﬁgﬁvéqﬁ%taﬂé‘éﬁr"?r@% i g0 alepe ubed to ammbdiffepeiti éxlat o

al | gggg gprcig;ghem 2l B degidlen ot Wikt B¢ 8PGRRFOLy SN iE WARA, TR %S otaris or
Bém other system. As mentioned above, althongh Java is a very popular program
language, the present invention is not restricted o this language but can be applied to all

object-orientated and platform-independent coresponding program langnages.

.30

The present invention thus relates to a method of improving the effectiveness of a data
processing application when using a virtual machine, wherein the Program includes a large
number of metheds, i.e. program sections, that are stored in the memory of the computer
used, and wherein a garbage collecting process is used by the propram.



--a reorgani

.The present invention thus relates to a nmethod of inproving the APR 2004
ef fect | vEREEBIEES 3 data processing appli cgtion when using al,g-'gsé 196 t
machi ne, wherein the programincludes a |large nunber of methods, I.€e:

program sections, that are stored in the nenory of the conputer used, and

wherein a e collecting process_is used by the program 2 7 Af'R 200
WO 0113145@%8’%%1‘?@% h‘i‘ﬁ%g@aﬁas'? solipct\obients ynd iborewith gmseabjeceoithegte no
obj ect s andngdrdf @nirkht 19 ABG 1P r onger in_cyrrent use
t hereby placing correspondi ﬁ%@%gfggg%pa%d%#%e&ﬁrggﬂ%ﬁl? disposd ge

systens, many nethods, i.e, program sections, are used one or a few tines,

" or me$ hodsinagfreARRtd IJERE hort, period of tinme and then left unused. In
“ .the case of \Eju%va a%&%orr 5%8’?5‘8?#19}-%P6‘§$%§6%8%@?H€a§ qmieco ®fchd tizred, ot d
met hods | ehethodsiarecpplied forrat shorteRed of ARt dnianeR dfThn@deijon results in the

optimsation and re-ogtinm sation of nmethods placed In the menory, where old
‘met hods are | eft unused. When optim sing | ock nmechani sm sel ecti on and

gar bage cdnltketiserofJal£aid hbndi S epl ace.al |l used
net hods thiaé use ol d mechani s%’aﬂvﬂt@%i’ﬁjﬁg’ﬁ%%@ @A%ng’ﬁ‘il%gaqdo"lgﬁ%e‘hf’ds
i nvent i on,®RMULES. cal | ed thread stacks are anal ysed .with respect to the

nmet hpgls required, in a fast step of the inventive nethod. In a second step,
each of the nethods required is regenerated, where occurrent references to

hod dfusthempd fiveh i i3
= et ho apbre; culaplivd) opfimiafion aesass P theUHBHALE %%i—gpﬁﬂzlis%g?}ég%%

said rege on. | third step, all non regenerate ods* are
and the cgﬁértgé%soﬂ&ﬁ@n%m%MPMﬂs tfedeflimpsedl of the program

Thi s procedure does not only cl ean-out unused nethods, but also results in
\?sti on 25 between those nethods drat have been regenerated, so as
to direct T orertREng: lagre meshimen selentitnarety gtibage r egdiseiont edediN a8 is

i nstEhd ofnefy: 6 e add that is. na longer used. This is
illustrated in I?i glf%s ZQIaﬁ%d%&é@%c EI'—;? ghanigng Ugﬁ?%%?‘?ﬂlamﬁ@-hods
and Figure 30 ~ 3 illustrates used regenerated nethods. Three methods foo,
spa and b ' [ Laure 2. Foo starts on the nmenory address 4711.
Apa starts ?%1 ‘;s?i%qgg%er g@séhg‘i’bﬁ]a% ‘:512‘?‘1 tr §“6%5ﬁ%@1d&d@%éﬁMmpcct to the.
__ - _ _ mothods required,2An7a ARR s2904f M0 R44RiA5SH, / gggmz 6 -

. Anal ysi Sn?efthédgé; t hread stacks shows t hat onlyetﬂhoe‘f%tfo S osggpa’nﬁ‘cﬂeﬁftgf’e

used, and consequd FERFIEREdy Fherroeeumsnt tnfenynees tor nmmetinhd are riyslacaatwins

ape.20The mefetendes 6P r. R radt t S hods.illustrated in
Figure 3. In this, 5 g%%g, thgfe%eotaﬁggs ftg’o&g%d%%%&én'r raeé’ﬂfgds*ﬁ?se@i Jepy
al though THEERCRIE Me¥pds emseemsehand thewomestmdingheaioty BputAHERSE I8e aifbdiat
t hen the _f;pgerlﬁgglrag{_\ce to bar points to the new bar address 4903. All" old

nmet hods, i.e. 'the nethods in Figure 2, are erased and the nenory spaces
previ ously 10 ‘occupi ed by these nmethods are vacated for further use. Wen

gar bage ¢ J ohj ects takes place, running of the programnornally
_stops Wwhi i e Egé%age[gé%ﬁsldggf’?lgﬁgm’é W@%%i%%ﬂmﬂé@nwmﬁm
- 1es@drt edbewicsrdhest nisthddsehaRhARD Be&P kb SnklPb, 208 o Aot D&’ B5ULE2T ot tho

obj ect s tﬂlagh are not._ i r] use.
clhods Immediately to a regenerated method instead of proceeding via an old method that

is no longer used.

This is illustrated in Figures 2 and 3, of which Figure 2 iliustrates old methods and Figure
* 3 illustrates used regenerated methods. Three methods foo, apa and bar are shown in

Figure 2. Foo starts on the memory address 4711. Apa starts on the address 4714 and bar
starts on the address 4720.

30
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15 .SUChW%dIB& d can be used when applying the present invention.? THARRVEITA

it is very nuch preferred to use the fol kow ng nmethod |nstq:te§=,sgugm~ﬂg}éhen

practi ci rl@:a;he iﬁvent-i ve method, one thread is stopped at a tine le”ll st the

pr ogr am-i*SPTHhPhdEe Hirerd itacks mbomsdthationtl s neetE6EPRRS abh! eaﬁ‘s%dh oud
ods in the

t ransf er cefselj@erdly fodland rread then restarted. The net )
list are then reg}}eneragt g’%%ﬁ‘gﬂé‘%}&c@&m‘%@nﬁ%g@@h@dlwﬂer caused to be
stopped at the sane time, subsequent to having treated all threads in ,

this wayThe e, , at all used nethods relatutg to the threads
concer neghﬁave %%3‘%’ 2@&55%%%@@@% to thes senthedsatllusarriedniol FIREAN3. In this

regénerapw,ﬁ:leenﬁhaﬁgaﬁoaﬁﬂmrl n‘?@ﬁgi . tarted W.th the regenerated
met hods. _Thi t hod obvij at es aﬁlie% nee ?g&é{eg’?j %ﬂﬁ%&“{bﬂ@ Fape teatihe
t he regeﬁ”aeﬁ%??jf 4 REY gidsesses midetit theanthl oo 36ferdie 18 HAE S0 ’*E‘Eéﬁ)[g L :Pgrck
mechani spgdradsggazed in Java and correspondi ng | anguages. Differen 06

mechani sns can be selected. The inportant thing is to select the | ock
nmechanismthat is the nost effective in preventing nore than one thread

havi ng agg givVv object at the same tine as anothert hread. 2 ~
AP{} g 2004 \%éﬂiﬁ%ske-gﬂfbmme& syerrzhseshinsithe arerno oSt oisiphen
seVBral edrupirdbydheicfcMeaEsS ¢ f).[clh.ﬁ] sanme object or source. In
order to solve this problemi nalgg‘v%g,qbeac e%ﬂgee“ad endeavours to reach the
source | ock. The source | ock nechani smcan be used in various ways, The

ef f ect i vidihes Saeage Hifke C chani sms wi,l | depend on how t hreads
endeavour_ 1o obtaagién ac%gilgg?(?lbiv}ésc%i wf Wﬁéé?ftgéﬁﬂﬂtﬂ#gmmdly stops

preferr e‘ﬂ%ﬁ?ﬁﬁﬁuwﬁmmheapmmﬁﬁﬁhg@f%pﬁﬁaﬁ§§fgsm§ﬁ;g£%t effective
. 1 ooki ng %ﬁ%ﬁzgéf deiﬁtified in_a stegp prior to sail NSRS v%’,tﬁnd
the 10 neth&ds that Uee 19 P Fasweafoblecsithabatei g imbehani sm ar e

reb%nerat ed. Wth respect to garbage collecting algorithns, these al so need

" to be s ny pbject orientated | anguages use garbage collection.
Thi's nn‘?r@ﬁ:aﬁg?ﬂl%g‘iﬁ%&%h@ applpmetbe prosentinventidte system explicitly.

that a certain object is no.longer requjred. The systemis 15 responsibl.e
for thisydetectjon, and reclains the part of the menory occupied by the:: .
obj ect”. %%ﬂ'ﬁﬁ&ﬁmmhmﬁenaﬂ@mﬁhﬁommemoﬂfméﬁd for effective
i mpl enentation of this detection and reclaim |t has been found that
differe al gorithns are best for different app&cations. , The choice of
t

D bestVhes Praglicing Freinvenivaptidd bib Heead ication bein

rout i s g ShRddkcant idss acgidévi n mx?senﬂ%bg%%ﬁ%% réﬁ‘@“ﬁﬁl’}' t
20 of tg;ga&r)%gr’am con er%??&ﬁ erFﬁgsg?RPeéﬁéImrarpMemﬂ BD e RN iLeOf
the inv enwbsdartel]. fifher e, : i rith are used the

al | ocat L@, ga‘_tsgg tE o&#&éeog?@ﬁgeg%%%éﬂoﬁ%gg%%%gr HeedniAtb threads
step pr at)&r 0 sal 9? €3 Hbﬂl%ﬁaﬁ}ﬁﬂmhemmmtmhamgt&@ft@m &8s 3an bage
25 col | this imay, akhgelyi £z identifjed and the nethods .
~cepstityting the rglqui si ttzau;ar Eaggk%c#&g%ﬁgéoa%oﬁhﬁzﬁﬁﬁ%“@ﬂ%MEer
and re i L@‘“gaﬁyaﬁ'iﬂ%ﬂﬂﬁlwhm Bbigbednt feFBnéAn Sleahigshd 'ﬁn@‘@@'ﬂ%&#"a@e"f

t he preﬁ%ﬁe&mghéﬁﬂw\éﬁg s a highly effective netho or -

eads a

optim sing codes, t ry managenent, where a generic feature
resides in the identification and regeneration of nethods so as to not | oad

-

the sy ' d ;
STREMddl YPMEEY the noed to stop running the program, since the regeneration takes
Place intermiittently.
30

Af; before mentioned, lock mechanisms are used in Java and corresponding languages,
Different lock mechanisms can be selected. The important thing is to select the lock

mechanism that is the most effective in preventing more than one thread having access to 2
given object at the same time as another thread.



_met:hods. ~~~~ r;J;~a~; ~. ~-r ~~~~~ 2 7 ~~~ 200 6 CLEAIMS 1. A trqup: v THL
%“%9 hg a

i mprovi M 4SS f ecti veness of a data pr%essi ng applicati
virtual nachiine or runtinme environnent, erein the programincludeS a
| ar ge nunber of nmethods that are-stored in the nenory of the conmputer -used,

and wher ej n ch‘e gr %?r améqules a garbage col | ecting procedure, characterised
by anal yz na’gl SPHOR Prftien eists yphepgeved] typassdiesiraciesensitbloncemdaht sdmge

t he met hogls§edtas dbiires, i ' i . i.di.requisi te met hods o be
regener atﬁeﬁ in a seconrc}&g?%%s%%%@@%?ﬁ%%%%é&%ﬁ@&ﬁ%“%ﬁ the
prior to FEEeerkaThasures loskl meettinisitt barr bf evedrin aaribas #oge TERAS B GTBLROHS
and By er &g nerated nmethods in a third step and pl acing

cor rgspon i ﬁg&tngbn%kr %&éﬁ%%ast“ﬁegm‘%d’?a&%fmfws FRIGRURRT to, obaive perses to
accor di ngsynghmhssednsbyrcediar act eri sed by causing one thread at a tine to ne
stopped as the programis run; transferring nmethods used for a stopped
-thread to a list, and thereafter restarting the thread; regenerating and

storing tAecor@hBoEs i bkl | St 32 i a to_be stoppe
si nul t aneousl.y Eubsgqﬁ?&% é%qd#%%tf?e‘g&uduacﬁ(ﬁg %’?éej‘a Y 8% H‘E%ag}ﬁ Biest
er asi ng " afFecHE® Hoddng aechamismn ate hémmtified gane rsedpe griandor €84 airkd Bgpahid the

thr eads WhkMof £ t: %glo . 3. A nethod according to claiml or
2, characteri s%%ﬁ%%@%"ﬁ% Og%{:lﬁﬂﬁc 8¢ fREsReratfbnt i f yi ng t he nost
effective | ocking mechanismin a step prior to said first nethod step; and

regener atm th%ﬁet met hods that, use a_thus identified | ocking nmechanism 4.
A met hod acc Lt greres Fellecting alzorithug dhewe dlse seed by be wHected Miny ebject
gar bage owmidnentdd hgh sk roth 1 D allocation a

length of. life of tgﬁgg%;ri 95? 0 jsedé!'tﬁgg'i“’rfjpl gﬁg{ %&56?%]8% 5 E%’W%Peﬁrbg?%d
step, and™itieh the)ensiee explicity tatsa certiinothject igacbhgmer obdquerd Mieady§terd 1shm
regemer atreganki t] ' requlsi te garbage ¢ol] ecting

al gori t hms; ,an_d&eﬁgﬁé&}%ﬁl@?hﬁl&g}%%g% E"gﬁ?}é |IH53'8F-'68 YRGBy Ehspbiect.

er asi 297r%mpheféwmg®iﬂmm¥mwagmﬂobm for efREVE impldreH o tifs
i~ s - rocess r.optimzing the distribution of methods
Wi t hi n th‘ie%%ﬁe“ﬂ’%o%g‘és‘ﬁ‘g’é@éo?‘ ﬁ"%gﬁ%?@fﬂ‘ﬁ@’@f é!#%ﬁnfv?lﬂpuﬁqmmbm,focdiﬁmm ng
the stepsipplicational {Thengheiae hoffehe Obst Oaiedpe BAIME RS &l Reiing N £f hods to
be regeneaégﬁgagié reating. re céner,at_ed (r)r%t hogg_s,_lg%&&rg_e%*g?m ng Fée}f éﬂr%%g)eégflo
each net H8H ViR FEETEREdashly significentdn arhiedog meetiomm enekution asieriy raxpéct
non20 egenditld pdpinat boxleragd rel easing the nmenory space occupi ed by those

non-regenerated nethods. 6. The process of claim5 for optim zing the
di stribution of nmethods within the nenory space of a conputer system or

vi rtual rmmdﬁgg el i ep.of.. angl yzj ng. i ncl.udes .t he_substeps of,
for each &315 tpcgin seaag:t |Dﬁ1é}o§1%!af$rf§ofgﬁ?g"?‘?fae%‘éb‘esﬁyﬁﬁhﬂ& when difcem gerbegat a
time, tr gisigemtbtisoats wsddhé alloédtRnSinanpestht ¥ Batof ity R3S

list, an %ﬂﬁﬁ?ﬁ%%gstt he .st‘géageg hr eggw;D and, wherein sal c?a‘étep %ﬁjeg%g%?i ng
_reg?gner a{c:u net hod€ T e Pugele s t‘lgﬁt’ﬁ g gisRe PAETHMSer Hae mosheffiective: gartiage

r egéner arellédtint algmithmviecistd 3611 iabaY adkl A2 GRS ! he _substeps of
st oppi ng %l&l t hreads sinultaneously, eraégi ng %%:ﬂgn'\;e&toﬁg égﬁs}.gﬁn%gfe%‘lﬂgﬁeen
r egener afBF2ERHRY *chBg igarithgs ae segcutmateddad wempinihe gabyee eoRéctito MbloRadss 7
The procass epdsegl @i m5 for optimzing the distribution of nmethods within
the nmenory space of a conputer systemor virtual machine, including, when

| ocki ng

Application of the preferred embodiments provides a highly effective method for
30 - optimising codes, threads and memory management, where a generic feature resides in the

identification and regeneration of methods so as to not load the system with upused
methods. '

i



mechani sms are used, the steps of: identifying the nost effective

mechani sm REPL~' , CP~~r LW C~~~~T 2 ~ APR 2004 s 8. The process of claim®6
for optimzing the distribution of nmethods within the nenory spadb?oﬂpﬁ a0
conmput er system or virtual machine, including, when |ocking nechanisns a?g*
used, the steps o identifying the nostébeffective |ocking mechani sm and,
regenerating those nmethods that use the identified | ocking nechanism 9.
The process of claim5 for optimzing the distribution of methods within
the nenory space of a conputer systemor virtual machine, including, when
di fferent garbage collecting al gori thpgngr e used, the steps o determ ning
the allocation and lifetime of the objects in use; identifying the nost
effective garbage collecting algorithm regenerating the nethods that use

the identjfied ti ' , ' X eprlni ng

gar bage c:l)'l I ec%?ﬁggtﬂgt?g)éﬁﬁg '&?ﬁsﬁ{g tgg.e ﬂr{?‘ﬁ%ﬁsgc@gggﬂ%prﬁ%?lﬁggp élt(}rgtl%npglg%{]zi ng

t he di strudhng b oirtal naehiheods rinttinid envifo@meBiyovhgredp deeprofram mohided iargy st em or
virtual machine, including, when. different rbage coll ecti al gorithns
e ueed T apsbiogk el et tirnine rrrancay Bt &nusets el THEC SRR ho

obj ect's i Prodf@@i udeslghibhyd St &ddulf EiRchdtRedBY BRAP SO L6kt &
algorithngngegeagra?ik ythemggﬁﬂggs Fhét usé pﬁe ?denf???éh garnggl

col | ect i ngp eallgdhreadnglacip withapsmsetrig therraethedrereqiired thriptna gausing dack of said

O "Reapse pEIRARLOGE ARl B TsLedily BPUIICR] ARG ShSickonld on of
met hods wi AN {he nenory ace of a conputer system or rtual machi ne,

i ncl udi ngmetiod pridi fofregemptatiga nizage acdl Widciefargncat goegdrrrmedanethudednd bhe st eps

of : determ ning. the allocation and |ifetine of the objects |.n use;
i dentifyi Ffds‘f‘%g” e L2al Y %‘h%‘gsr B A HIdoiierRetd HgCIng GBIFFSPARYING BFBIREY at i ng
t he et hogscé ahe #isfoshlér thél@Bkiatd. €d garbage col l ecting al gorithm and,

2, A method according to claim 1, characterised by causing one thread at a time to
ne stopped as the program is run; transferring methods used for a stopped thread to a list,
and thereafter restarting the thread; regenerating and storing the methods in said list;
causing all threads to be stopped simultaneously subsequent to having treated all threads
in said fashion; erasing all methods that have not been regenerated and restarting all

threads with the regenerated methods.

3. A method according to claim 1 or 2, characterised by, when locking mechanisms
are used, identifying the most effective locking mechanism in a step prior to said first
method step; and regenerating those methods that use a thus identified locking

mechanism.

4, A method according to claim 1, 2 or 3, characterised by, when different garbage
collecting algorithms are used, determining the allocation and length of life of the various
objects in a step prior to said first method step, and then identifying the most effective
garbage collecting algorithm; regenerating the methods constituting the requisite garbage
collecting algorithms; and erasing remaining garbage collecting algorithms; and erasing

remaining garbage collecting algorithms.

ET

|.ockin _
mechani sm and, regenerating those nethods that use the ideﬁEFﬂMéHﬂM&@kf%ﬁ%E,
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collecting algorithns. 12. The process of claim8 for opti ke 6hﬂﬂﬁth SHEET
distribution of nethods within the nenory space of a conputer system or '
virtual machi ne, including, when different garbage collecting aEQDWPQMqu
are used, the steps of: determning the allocation and lifetinme of the
objects in use; identifying the nost effective garbage coll ecting

al gorithm regenerating the nmethods that use the identified garbage
collecting algorithm and, erasing the renmaining garbage collecting

al gorithns. 13. A systemfor optimzing the distribution of nmethods within
the Memory. spage:lesafor 3ttty MY 9isEButioRSF HAllfAGs Bitkirl i HenftRs Bhdae o
runtime environment operating thereupon, erein the virtual machine or
runti me eavomputemsysteprawirtied maclphe camptisingfherstephofis, running in threads,

that can be accessed by, ot her, thods: ¢ riskng., computer readabl e

ot ruct i ons. DR an BelSs TR aRIRes SN B B Lo T FEtRR Y o cad
stacks associ atregtiny tdpefastbd medthan, bad dejlading Refensdl RCEidnmethodekfilpds to
be regenerated; creating regenerat ed net hods, and replacing references to
each met h&deGneh 19 Bf sesirasd methodeandegener at ed met hod, and, erasing al |
non-r egener at eg, 4R Ql‘P%n-?é%@nér%@ﬂ%‘tH&Qs Eﬁlfréf@%é%érﬂéﬁ@ry%%%c%ﬁbi@d b hose
non-regenerated nethods. 14. The system of clarm 13, wherein said conputer
readabl e ihost nereregenesatédimetheds.i ncl ude i nstructions which when execut ed
performthe additional steps of, for each of a selection or all of the

t hreads: stopping each thread one at a tine, transferring nmethods used for
the stoppéd thTeagrdcessaof elg@mer ik eplinfizing figs URtributign tofienghaispwiihinhthead,
and, regenerating the nmethods in said regenerate |ist; and, subsequent to
havi ng t r 85P08 &Ppfe O CABBVIER SYSHHTH OF Higtip machinfa WAgERR St slep Hf @plyeng

REPLT ~CE;, WdRrNEs SleRdsteps bf, AFta€R0fla tePibRBPAINGT @k thrtdiseads sinul taneously,
erasing all nethods that "have not been regenerated, and, restarting those
threads with tbieppingesvbtireationest AdigE. 15. The system of claim 13,

A e e e

P orm eps o entifTying the nost
ef fective | ockiwsgrtirgahastbopped tivasd;medener at i ng t hose net hods that use the
identified,l ockin n'e%hani sm 16. Tge S@temﬂ of clali %14, i ncl udi ng, when
| ocki ng nEdREEHT Sifsteh of rating regsnygated methiods distudes ASEPQEt i ons whi ch when
execut ed perforrggetngﬁtigéigkt,ﬁms iPiBPRotlcratk §o0LAS Vi ng the nost effective
| ocki ng mechani sm and, regenerating those methods that use the identified
| ocki ng mdiaeeri s staprof eTarngsipeluden the subsigps9f13, i ncl udi ng, when different
gar bage col | ect, | d, conputer readable instructions
whi ch when exe%ﬂagﬂagggr é(;Ardrgnt Lg{ag%i)gl?ﬁi onal steps o determ ning the
al | ocat i on andetasihgtlil methakls tHaeholejnecbeniregensmated| aleint | f yi ng t he nost
effective garbage col hect'n algorithm regenerating the nmethods that use
the identifi edreg?F% Os(‘?(.jihe Witythg regsPee ﬁf"em,s' erasi ng the remaining
garbage collecting algorithnms. 18. The system of claim 14, including, when
di fferent garbage col |l ection nmechani sns are used, conputer readable
i nstructidns mﬂgwmfﬁﬁﬁeﬁf elebe it &g QreinTigingn the distrdtition s anethedspyithin: the
det erm ni ocat.i ' [ of L e b USi®n | i fying
the nost e {iggfisg!ééeggfﬁag%}n@g% é%{tﬁgdrgrlg%?lit %ﬁm?’egltéﬁ’éj? i ng th)gﬁ[ﬁ t hods
t hat use wishandemtaré used, Hastzagef:col | ecting al gorithm and, erasing the
remalning gar b?(%%ti ycl)rllgl tﬁg;['nlog f:fiaelctq'\(f)t‘.r lloglgrrlrgs mechanism; and,

regenerating those methods that use the identified locking

mechanism.



RRPLFC~; ~ LNT ~R~ET 2 7 APR 2004 19. The system of claim 15,_incl udi ng,
when different garbage collection nechanisns are used, corerREPLA%\qEI Qe
i nstructions which when executed performthe additional steps o deter mj\ﬁh’gn‘:ET
the allocation and lifetime of the objects in use; identifying tﬂeir){y%t
effective garbage collecting algorithm regenerating the nethods tha uggwf
the identified garbage collecting algofithm and, erasing the remaining
garbage collecting algorithns. 20. The system of claim 16, including, when

di fferent ,garbage coll ecti,on hani.sns_are uysed, .conputer readabl

st ructi e wATCRIRFSHSlek BB Cett R FURRS e SRHETD AL SU gD the

det er m ni Rnohe spddeOsR bl Qe Systedt ioevidthalt MBcHIR, 6GEIRdIE, When lbelems i fyi ng

the nost effective garbage collecting algorithm regenerating the nethods

that use fgehangartars ved, thapease col | ecting al gorithm and, erasing the

[ emai ni nggar bagef Al AERLILBLARN bR medhnish, AR NOd Tor use with a -
conputer for inprovi ﬁg the effectiveness of a data processing application

or program usi regereeratangahdde mietiadds Mt hsertbe alentifimitlockéngnvi ronnent, wherein the
data processj ng application or programuses a |arge nunber of methods that

are storeH’eF}??“?sﬂb nmenory of the conputer, and wherein the nethod uses a

gar bage col |l ecting procedure, conprising the steps of: analyzing all thread
stacks with respect to the nethods required thereby; causing each of said
requi si t e%net hllig% Prasesseot elgian or for aptimigieg dhndigeibytien g m%lvtége\ml@g the a

met hod pri e ' e it h-re : rat ed
ot hods, | Saors sRESCRER onfier 2 BehChL DRGHR Mk LR i) BRRRAF
cor r espongdarbggenmiiectingspgncthmP24te udddethestepodi:according to claim 21, i ncl udi ng

t he steps of: usi. ne thread at..a ti tq.be stopped; transferring

et hods. used 1 OREHIEHE UG OCHEEAaa G didhe SioREPURG  e~f T 1 -1 S 2 7
APR 2004 12 r efdefifyingdhé hlestSem@rﬁxngamrg@a@l;ecﬁﬁ%ﬁ@@ﬁmhﬁ; ng and storing the
methods in said list; causing all threads to be stopped simnultaneously
subsequent to FAGISRINthametods that yse dheddentified gphageclieding and, erasing al |
met hods tg%gri{mﬁg jJot been regenerated, and restarting all threads with the
regenerate ’ogs’. 23. The nmethod according to claim 21, including, when
| ocki ng nechanemssisg thegemsipthg gattegs ta@festing algarthinyi ng t he nost effective

| ocki ng mechani sm and, regenerating those methods that use the identified
| ocki ng mechani sm 24. The nethod according to claim 23, including, when

| ocki ng neghanTEepraes ofeldim tehforSdpBiRtiziag thd dBtbufivh RE rhdiRod¥0sthiafthect i ve

| ocki ng mechani sm and, regenerating those methods that use a thus

i dent i fi eB'MOEKiSARFenRL Bagomier systemmar yatushdnashdisr dcigling whesy difterent

i ncl udi ”gg_aﬁelﬁé‘éko@ﬁ%&fr%ra‘?g&itlgﬁéQ@%@ed?ﬁie's?e?& bpg algorithms are used, the steps
of: determning the allocation and I ength of life of the various objects;

i denti fyi ng t hdetemyningfiecadtocatongad hifgyenccdf] thehjéatginalsgor i t hm regener ati ng

t he met hods consti.tuti t he .requi Site bage_col.l ecti ng; and, erasing the
remai ni ng gar bédaeg{'fé’bqgltﬁ%mor#gef{aeftgﬁergaf%ﬁg.gg];eéag%lgorﬁ%%od according to claim
22, incl udi ng, regbedatitiof themethod gentrbisg ehccidbntdFetightbagd @lletdidans are used, the
steps of determining the allocation and Iength of life of the various

obj ects; AEEHIHNthg the nost effective garbage coll ecting al gorithm

regenerating tBasABURAERanAHESIatEadt LAcliREaIE&MIng] t € garbage col | ecting;
and, erasing the renmaining garbage coll ecting al gorithnmns.

11.  The process of claim 7 for optimizing the distribution of methods within the
memory space of a computer system or virtual machine, including, when different
garbage collecting algorithms are used, the steps of*

determining the allocation and lifetime of the objects in use;

identifying the most effective garbage collecting algorithm;

regenerating the methods that use the identified garbage collecting algorithm; and,



REPL~CE~~~~E~" ~T aHEET 2 7 -AFi ? ZQuy 13 27. The nethod according to claim

23, including, when different garbage collecting al gorith@ERlrgCEAERTtBREET
steps o determning the allocation and length of Iife of the various
objects; identifying the nost effective garbage collecting al g%:n?l @FR] 04
regenerating the nethods constituting the requisite garbage cotle n%ﬂ,
and, erasing the remaining garbage colfecting algorithms. 28. The nethod
according to claim 24, including, when different garbage collecting

al gorithnms are used‘Lzh t he .steps,of : (ﬂ ter m'lni nﬁrﬂt he all ocation and | ength of
life of the vaFPOushgEyRURDE eAbaR: ¢ GFWE?%‘@“ §t effective garbage
collecting algorithm regenerating the nmethods constituting the requisite
gar bage coll ecting; and, erasing the renmaining garbage collecting

al gorit hmk?- 20TherRwcesfedainpf for ApHmazing theodisirhrtiom §f mrshags syighindks on of
met hods wthi ngnor a t iV al: i ne,
wher ei n ggﬁﬁbfs}té of ana%@?%é%%%?u%g%gﬁazcﬁ%g’ t rlgl?in ’s‘%l%(&:{kélffggeggci at ed
wi t h eachgarkideadlle@Bg algosifisnsare iised, thaprepyvofag t he ef fecti veness of a data
processi ng applicati.on or  orogram,usi.n ava Virtual Machine or runtine
v ronment viF EVHTE HE BB ARp AR LR T el Puifor pr ogr am uses a

| arge nunber ofdeneryingdise hb@feﬁa&tﬁzefgtaﬂfaggcdl&ctiﬁ%al@@ﬁfﬂﬁ]y of the conputer,
conprising: a processor; and, processor-readable instructions which when

execut ed causel°gpEIingdesmethodsthpiaise Hiedfeniidicd gahaecfollsetingy zi ng a1l t hread
stacks w glggnﬁﬁpg&; to the nmethods required thereby; causing each of said
requi site thods to be regenerated, wherein occurring references to a
met hod prior toasisgtaecniinog garbege epleateghlgdrithms.ef er ences to regenerat ed
nmet hods; and, erasing all non-regenerated nethods and rel easing the
correspondi ng nenory space. REPLRCE~~, . i Ei ~T SHEET Z 7 APR ~uu-t 14 31.

The system.accarsgiag fbooptindkifl 32, disthBitRinbfinfthdelk MaBHEOE nicpatpae of a
instructions further include Instructions which when executed cause the
pr ocessor SUBPYEY FHF eludinp ofrtesh ugpeinGo e TURHESd SRtiroRMeN©Pegting

stopped; {HARBe Wididn qﬁ%}bmgl Ha&fnd 8F nittitleORRGInh b §RGVilQ z?‘ﬁ%ﬂraﬁfty of .

restarting the stopped thread; regenerating and storing the thods in said
| i st; causiethgdglrinning wdbisadsothobcantheppedsal hndtkametiuslsycoisaguent t o havi ng
treated all th(['oeadu eri Qadsgied ftrz{llsth(imon;hia}ﬂg el %ailtn(% aFl{’lmr}Eé QOdSsothat have not
been regener at &4 P RHFCIREE IFMEICR PR RCH P HPT I B ERE Ut ed et hods.
32. The syst emuaeiredihr@dtsticke adsoeidied withesaeh Mnditd ordeeemEer« sebadabbe

i nstructi ona1 further incl U(_je i nstructi ons whi ch when executed cause the
pr ocessor MEROPBIrRs RS eps of

creating regenerated methods, and replacing references to each method with
references to the regenerated method, and,
erasing all non-regenerated methods and releasing the memory space occupied by

those non-regenerated methods.

14.  The system of claim 13, wherein said computer readable instructions further
include instructions which when executed perform the addittonal steps of, for each of a
selection or all of the threads:

stopping each thread one at a time,

transferring methods used for the stopped thread to a regenerate list,

restarting the stopped thread, and,

regenerating the methods in said regenerate list; and,

subsequent to having treated all threads in said fashion, the additional steps of



identifying the nost effective |ocking nechanism and, regeneratin hose _ _
nmet hods that use the identified | ocking nmechanism 33. Th EPEA@EMEM@%ET
to claim 31, wherein the processor-readable instructions furtﬁﬂ incl ude

i nstructions which when executed cause the processor to perfo Ak Qﬂ%‘ps
of identifying the nost effective | ocking nmechanism and, regenerating
those methods that use a thus identifiléd | ocki ng mechanism 34. The system
according to claim 30, wherein the processor-readabl e instructions further
i ncl ude instru%)i ons lY\/ni cg wheﬁ execlut ed cause the processor to performthe
steps of det er PRI HE2T PERLEOHS nd 1 ength of Iife of the various

obj ects; i dentéhsihd@l] BBobDSht 10hE a6t heve rgBhdta@e, mal | ecting al gorithm
regenerating the nmethods constituting the requisite garbage collecting;
and,  REPLACEFptarng thgse thrqads withpthe regoupatadmsthgds.ng t he remai ni ng gar bage
collecting algorithnms. 35. The system according to claim 31, wherein the
processor-readabl e i nstructions further include instructions which when
execut ed tauseThhgysmodadaor 13, mcpeliig whet hekstgepschedisde berusedicogiptifee

al I ocati on length of ljfe of the variousg objects; ideptifying the nost
o f octi vergsBERaPr Sebichy e GuTrrAr P SY brariFoh sentohet hods
constituting tilentif®mgitisd hest@fengaodkdld medhafigm; andd, erasing the remaining
gar bage collecting algorithns. 36. The system according to claim 32,

wherei n the proeesssingthosemsthods thet pydhe weatifmd loskdng mgehagiser. i nstructi ons
whi ch when executed cause the processor to performthe steps of determ ning
the allocation and length of |ife of the various objects; identifying the
nost ef f etd.i veTllraniswgeofoddinel, inviudi gy evhien hovkingeyerhenishi ag ushd coptpheds

constitutin he requisite rbage cql |l ecting; d, .erasipg the remaining
gar bage chaﬁ%bi? 1“?1%“02#6%\?\’}"[%%@.3"5 .CutFaé’e@C??i‘ B%]ag@@@ﬂisf?ﬁs Pg cl ai m 33,
wherein the priegssde-theadakifectivedbdkind inedienfsti: kiEr i ncl ude instructions
whi ch when executed cause the processor to performthe steps of determ ning

the al | ocati on'8fifratwEdhase srethads ehabpsertheidgatificsh igcking wgehanisibent i fyi ng t he
nost effective garbage collecting algorithm regenerating the nethods
constituting the requisite garbage collecting; and, erasing the remaining
gar bage cof.| ecThegystehgaidldimns, ir@8iding, phew diffomt garheigeadoblectigli aenhhgininng
instructigns thereon whic en _anal yzi.ng each of pl ural i ..met hods
w thi n o nders s d gl BRRRRaY SR, SRFD e oo fattofachy g

det er m nestapsseft ecti on of nmet hods to be regenerated; creating regenerated

nmet hods, and r&eﬁl acing references tg each nethod with references to the
regener at ed metfig@Inigahe alloggiiop gpgpirtisieqtthegpipgets i upeiAPR 2004 16 er asi ng

al | non-regenefff in%ﬁﬁé“ﬂ@& e@f@&i\re%a%%j: BSl18 MeH®hin; Space occupi ed by
t hose non-regenerated nethods. . A@AvINu . A /7 Ak . A A A(. A
.A(. Ae. A+. Ah. A(egglﬁratmg_tm@gme@hat use the identified garbage collecting algorithm; and,

erasing the remaining garbage collecting algorithms.

18.  The system of claim 14, including, when different garbage collection mechanisms
are used, computer readable instructions which when executed perform the additional
steps of:

determining the allocation and lifetime of the objects in use;

identifying the most effective garbage collecting algorithm;

regenerating the methods that use the identified garbage collecting algorithm; and,

erasing the remaining garbage collecting algorithms.
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erasing the remaining garbage collecting algorithms.

21. A method for use with a computer for improving the effectiveness of a data
processing application or program using a Java Virtual Machine or runtime environment,
wherein the data processing application or program uses a large number of methods that
are stored in the memory of the computer, and wherein the method uses a garbage
collecting procedure, comprising the steps of:

analyzing all thread stacks with respect to the methods required thereby;

causing each of said requisite methods to be regenerated, wherein occurring
references to a method prior to regenerations are replaced with references to regenerated
methods; and,

erasing all non-regenerated methods and releasing the corresponding memory

space.

22.  The method according to claim 21, including the steps of:
causing one thread at a time to be stopped;

transferring methods used for a stopped thread to a list;
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23.  The method according to claim 21, including, when locking mechanisms are used,
the steps of:
identifying the most effective locking mechanism; and,

regenerating those methods that use the identified locking mechanism.

24.  The method according to claim 23, including, when locking mechanisms are used,
the steps of:
identifying the most effective locking mechanism; and,

regenerating those methods that use a thus identified locking mechanism.

25.  The method according to claim 21, including, when different garbage collecting
algorithms are used, the steps of:

determining the allocation and length of life of the various objects;

identifying the most effective garbage collecting algorithm;

regenerating the methods constituting the requisite garbage collecting; and,

erasing the remaining garbage collecting algorithms.

26.  The method according to claim 22, including, when different garbage collecting
algorithms are used, the steps of:

determining the allocation and length of life of the various objects;

identifying the most effective garbage collecting algorithm;

regenerating the methods constituting the requisite garbage collecting; and,

erasing the remaining garbage collecting algorithms.
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algorithms are used, the steps of:
determining the allocation and length of life of the various objects;
identifying the most effective garbage collecting algorithm;

regenerating the methods constituting the requisite garbage collecting; and,

erasing the remaining garbage collecting algorithms.

29.  The process of claim 5 for optimizing the distribution of methods within the
memory space of a computer system or virtual machine, wherein said step of analyzing

includes analyzing thread stacks associated with each method.

30. A system for improving the effectiveness of a data processing application or
program using a Java Virtual Machine or runtime environment, wherein the data
processing application or program uses a large number of methods that are stored in the
memory of the computer, comprising:

a processor; and,

processor-readable instructions which when executed cause the processor to
perform the steps of

analyzing all thread stacks with respect to the methods required thereby;

causing each of said requisite methods to be regenerated, wherein occurring
references to a method prior to regeneration are replaced with references to regenerated
methods; and,

erasing all non-regenerated methods and releasing the corresponding memory

space.
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regenerating and storing the methods in said list;
causing all threads to be stopped simultaneously subsequent to having treated all
threads in said fashion; and,

erasing all methods that have not been regenerated, and restarting all threads with

the regenerated methods.

32.  The system according to claim 30, wherein the processor-readable instructions
further include instructions which when executed cause the processor to perform the steps
of

identifying the most effective locking mechanism; and,

regenerating those methods that use the identified locking mechanism.

33.  The system according to claim 31, wherein the processor-readable instructions
further include instructions which when executed cause the processor to perform the steps
of

identifying the most effective locking mechanism; and,

regenerating those methods that use a thus identified locking mechanism.

34.  The system according to claim 30, wherein the processor-readable instructions
further include instructions which when executed cause the processor to perform the steps
of

determining the allocation and length of life of the various objects;

identifying the most effective garbage collecting algorithm;

regenerating the methods constituting the requisite garbage collecting; and,
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102 erasing the remaining garbage collecting algorithms.

36.  The system according to claim 32, wherein the processor-readable instructions
further include instructions which when executed cause the processor to perform the steps
of

determining the allocation and length of life of the various objects;

identifying the most effective garbage collecting algorithm;

regenerating the methods constituting the requisite garbage collecting; and,

erasing the remaining garbage collecting algorithms.

37.  The system according to claim 33, wherein the processor-readable instructions
further include instructions which when executed cause the processor to perform the steps
of

determining the allocation and length of life of the various objects;

identifying the most effective garbage collecting algorithm;

regenerating the methods constituting the requisite garbage collecting; and,

erasing the remaining garbage collecting algorithms.

38. A processor readable medium having instructions thereon which when analyzing
each of a plurality of methods within the memory space of a computer system or virtual
machine to determine a selection of methods to be regenerated;

creating regenerated methods, and replacing references to each method with

references to the regenerated method; and,
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