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of thet wemede. | 1A 0 = (54) Title— ABMET HERDRGRN GARRATmEGhA e TinEMe
Gﬂfé@%ﬁ@%ﬁ? V“’V}{ic’%?;f?ﬁ APMERLSEERT, A e thitsd st b rpraGvidly thement of receipr of
of fB=2 i veggss oF & UArRProcE fhyodpri cat FBRIMEN using a vi rtual

m

&Ene, where=n ~ the progfam incl udes Fisarge n ersrbeﬁ}%f ne';bgq%j%é%.ek o
pr GEEAtTsAtt: CIRTENBES, Bakis 81 K689 phddnl.he “’f,ﬁffz’b“J &Hﬁﬁ ' (& rfg;
WheER n ¢ b Byl 108B.SrH0USGHARIBIEDAGE O teafﬁgfﬁ’éﬁggm‘ﬁ Zﬁi%‘}«”dg}z%ﬁ?‘?%’hﬁi
ch@cteri sed by analysing in a first step all so called O thread stacks
Wi tZ%r espect to the procedure required thereby; causing each of said
rea@=site methods to he regenerat ed in a second step, wherein occurring
refgences to a madrod prior to the regeneration are replaced with
ref@Eences to regenerated nethods; and by erasing non-regenerated nethods
in=z=third step and pl acing correspondi ng nenory space at the disposal of
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‘i mE8ving the effectiveness of a data 5 processing application. Mre
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t h@&=ava program | anguage. 10 Thehe invention is-not restricted to Java,

butsgan be applied with nmany program | anguages, |
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;-_1--. (57) Abstract: A method for improving the effectiveness of a data processmg applicatioh when using a virmal machine, wherein

wherein the progeam uses a garbage collecting procedure. The invention i ; e
thread stacks With fespect to the procedures regéf;o s ot o o g poiseq by analysiag in a first siep all so called

ed :h;lreby; causing each of said requisite methods to be regenerated in a second
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al t hough the invention is described below primarily with reference to Java.
The met hoW®813H8Ended for use with adaptive optim sation of rogram In
adaptive optim sation, the programis restructured and di fferpgﬁﬁsﬁ’ém@ﬁof
the programare optimsed 15 as the programis run The general problem of

i ncreasi ng data processin cggaci ty resides in the rapid cr eéﬁﬁ'ﬂf‘@&f 200w
menory sites, since the”‘%ﬁﬂ FOR, GARPASE GORLESTION 0F UNUSEIMIEBHARION Y space i s
requi red. Java and ot her dynam c program | anguages include an autonatic
menory managenent. 2Q This nmeans that the progranmer need not keep an

.account of PESSSBF Bvesttionheelaesny a trhahodr 6 %ﬁ?fbr%ﬂés §hy! Jﬁé&ﬁ%@‘%ﬁg rr%’ng idata

tattles out r@ce%?in%aj rbage collection fro o ting, :
principle, I'}that t eprl?lﬁrg?tg%r machi ne scans the entire nmenory and finds which

obj ects have been stored in the nenory and which the program can no | onger
addr ess. art f the nenory are returned for |ater use. 25 Java al so

Thegse . ory
f ncl udes t HsaP e fs%%@hmmmnme?h?tmmﬁ@gsheﬁlg% rod@¥fig rate in
i ncor por at esrndal SiySsh@asf Of i Rg.or.sinulatin e si nul taneous
processi ng of two or mor ed%#%‘%%‘?%“ﬁ%ﬁ“ﬁﬁ%’&ﬁtﬁéﬂ%@mﬁ@mmmwi ded
into two parts. One-part concerns the manner in which different threads are

st ructtur ed THR igv&RNT Rl gd.qanner. Another part is 30 concerned with which
t hreads shal | lg‘er run.%r#(??\f/ﬁ'{ﬁ}ﬁm&ﬁ?égﬁ% g gpR bp @pplied with mady webdratolah o).

__~~_ _ althouph thelinvention 3§ destBibel beloRPSritkatil cross.In order to
further increase effectiveness acrd pl ace occ&%&gﬁ%?%ﬁ%%ﬁ’ée at the
di sposal of the program it is not sufficient to solely optimse the nenory

Wi th respefhe tmethbg i6GinReHiSq sent..inventi.on solves this problem
The present invention thus re 5;{%2 ‘?{)tgaa%%?‘ﬁeoapﬁpﬁ%Fdﬁ Agprogam. In adaptive

‘ef f ect | venBREIERUGN. fhe progrsurissicsipucatimet adtdifforanh ' ' | .,
e fos mon Bity/o1 Rt ol 48 onyipised

machiifie, waehe aotamg ncl ude t hods, i .e
that are store ?_%mteihe mmg%ﬁﬁﬁi%ﬂﬁmm data procdsingarapagar Rsides

col | ecti ngly Be Japid dseatiomi df peve gL ay Ciided BE | ive nmethod is
char act eriﬁg%opjy??wyi[s t step in V\/n?)(,:\%%% %ﬁgo?}geaﬁ%gpiﬂﬁr e At 41 2R feemore
I th respect gt

anal ysed w ods required thereby; a second step in which

each of the methods required is caused to be regenerated where occurrent

reference . hod are replaced with reference to regenerated nethods
TR plg ke

prior to the AAYGRug frragTamn lognagesdincinda ammﬁmﬁeﬂnkﬁo%%ﬁ%&pﬁg

non-dkgen&iki¢ aekan® iR 4R, erein the corresponding nor
is placed the djs os?a?ig% sal gqlﬁg&;’g%@ T RECHIR S hosermastst dibthe widnhoryow

t
be descnbéﬁmi”ﬁeﬁﬁ% virtuabeathinewiatres @it @ R06A1 0 b | i.f vi.ng .
embodi menigey ﬁ%ﬁgﬁwn ghgwn on to the apcorrpgényi r#g ra\?\,-"?%,ﬁogh%to
whi ch ~ Figure 1| *a b1 OC K O éﬁ?ﬂﬂwmazmghermﬁm DethoiP teh@ Shids
Wi z .
and objects bave been stored in the memory and which the program ez no longer

address. These parts of the mernory are returned for later use.

25

\ .
:Iava a.lso includes metbods for so called thread management methads, Thus, Java
mcorporates 2 system for supporting or simnlatirig the simultaneous Pprocessing of ;wo or
more programs The thread management can be divided into two parts. One part concemns
the manmer ir which different threads are

30 . concerned with which threads
be run.

stractured in a controlled manner. Another part is
shall be run and which threads shall be passive and wait to



- Fi gureodolidihigest r at es net hods regenerated in accordance with the? 7 APR 2004

invention. 25 Figure 1 shows that a |ava2virtual machine, ¥ A20%6 used
to run diff rogr 1, 2) 3,, regardl ess of whether the
operative gﬁ%%g% IS %HQ%SEF%SQWR@&%QI@&O?G%% BERSEY spaaccththaslisposal
ment i onedo Progedrbhinuighnekasefitisntd/ 851410 BpHnie BiL a&}gﬁ h
present i \Agcti on is not restricted to th}‘ios Iangcuageﬂte%?ljgan Zﬁg‘%%“l&i tg’dﬁieo
all objec M8 ent at ed and pl at f orm i ndependent correspondi ng prod

| anguages. 30 The present invention thus relates to a nmethod of inproving
the effectiveness of a data processing application when using a virtual
mach? ne, mp@ﬁmwnmougpmmpmm.a | arge nunber of nethods, i.e.

program sections, that are stored in the nenory of the conputer used, and
wherein a garbage collecting process is used by the program 2 7 Af'R 200

WO 01131455 BreRei iSkbAeH) 286G e]tesi 15 LHENQLSE ﬁnbfag)rg%%trﬂ?? QAL ORADLL O O bara

objects and therew th erase objects that are no Sﬁgea

the{ eby p‘?rgﬁ?sﬁ’dlgfé1 Bmahes Grneor Wizt léﬁit avichyn fatwmrsggeqimgﬁ:ﬂ mc:clﬁdi@temany
systens, meihy L . : ions,, are use e or a fewtjnes,
or et hods arteﬁ!g p ii%’“?‘o%%géﬁg@%ggf%ﬁ‘?m ﬂﬁmqfoﬁgﬁ CoFtRUtE sy and
t hel®ase WBhergagar 287 colectapizn disdy bpr eagd FFBgrane Wil d8e Aheedtfrdeckgbd 0! d
met hods | ghta. %&ga rther e,, adaptive optimsation results 1n the
optimi sati &r}; gk?% r eyoéglﬁg‘#lgﬁfqgﬂgg@u@r%ﬁ&%ﬂﬁ%%*ﬁﬂ?m%wm iopecs tol d
met hods amethbds tequired eskrebihan i oS ; ' Lon

B e@ﬂh_s%ﬁh%hﬂ@&ﬂ'%@%%%ﬁ;%ﬁ%ﬁw &ssgagged to

gar bage qgol l ection . ,selection, it is 15 necessary tor
met hods  tTral BFaE 5y ¥ Hern asrusrest weferenersitarachatiiodnare Mipbwedi wightieférbace to

ti elekated niedh : ith,t t to.th
ot pods T og Tea g oy 45 B et & BN a8 e B b RiehcalL
eact’ of tAVE-TFEFIEHSd msihodsaute emseds gehvesia tlescorvdspoadingetEmen) sgaeh ¢ BIAZES af O

a nmet hod B¢ &; ﬁﬂlﬁﬁﬁﬂdyr&”d.gp references to regenerated nmethods prior to
said regeneration. In third step, all non régenerated nethods are erased

and the correspondi ng nenory space placed at the disposal of the program
Thi s prog nat only clean-out_unused nmethods, but also results in
a reorgar}?%;él%%ggév%%{%ﬁﬂypﬂg flescrbed 17 magredatail pealy Mt rdermned tosm as
to di r ectexemplifying esntidithbe MBQH%{ME&H@&F tb LehLga hod,

i nsyead qf .g]irloceedi ng via an ol d nethod t hat %)iéi no ogr?gg]r%%ggi%g Frpingsin
iIIustrat'ehd n Figures 2 and 3, of which Figure 2 illustrates old nethods
and Fi gur&Figitet i8 2iblddisdih, used regenerated nmet hods. Three nethods f oo,

spa and b?: aremsllhows in Figure 2.- Foo starts on the nenory address 4711.
Apa st ar < @Feibustrieseld racthodspamil bar starts on tine address 4720.

- - Fiewe 34l APR 2004 W\D.0113145( ~, PCY/ SE0Q/ 02096 _ ;
.Anal ysis of the ﬁreaé é‘fhgc:gis%ﬁﬁe\tyﬁéﬁwmﬂnﬁem@ R%dRiooo and bar are

used, and consequently foo and bar have not been referenced to the nethod

apes The bar are regenerated to those nethods illustrated in
. Fi gure 3F ' n Eﬂﬁﬁsl%s%ﬂg a%va virtial ‘mac <, JVM; can be used to nm different data -

brograms 1, 2, 3, regardless of whether the aperative system is WinNT, LINUX, Solaris or
some other system. As mentioned above, atthough Java is a very popular program
language, the present invention is not restricted o this language but can be applied to all
y object-orientated and platform-independent coresponding program langnages.
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.



5 case, the nethods foo and bar are recreated precisely, although l§ fﬂw
di f f er en?E@ BF&55 he net hods obtain new aggresses and t hat ti’éf’sgﬁ}’?“ .
ods; i .e.

reference to bar points to the new bar address 4903. Al old ne

the nethods in Figure 2, are erased and the nenory spaces previously 10
occupi ed bﬁfl# hp e‘%izt ods are vacated for further use. \Wen garbage

col l ection O Po%?% % M pokR o grihage cpllpgti ohjenss and shenewtithaemne objectsyitat 6RSno
whi | e gar hlaggerdalcusiehi @8 th : i f th rogramJjs restarted
subsequent to the garbage %ol %]%%llﬁgﬁogﬁ%ﬁtﬂgﬂ%]%eeoa ﬁgga%é’%ﬁ‘%’%?that are
not in use. 15 Such a nethod can be used when applying the present

: i nvengion.ig ] 'tu?i@ ery much preferred to use the follow ng nethod
 .instead. 20 ~ nEB[l)I%géc | |%§{b¥ﬂ% lien\Pg‘?ﬁIP%set‘FEPﬁ'ﬁcﬁmdﬁédt%ee@d&if%Wstﬁumsedr_
at a tinme Mphpds arctappliedfrranshbs peHBd b me RN R (dh fimidgds used Tor a

rea

stopped thread. axe transferred to a list and the t then restarted.
“The methods in the list are then regenerated and stored. Al threads are

| at er causiadhé cadecofIaoP céﬁ-c;% i , S nt_to havi treated
all threads.in , this Waalj%Ij ga F@@%Bﬁéﬁ’ %%F%egg%%r@?% @r“g?lf}t’@e‘b%ds
the threadSft¥8igs% ned have been 25 regenerated. All methods that have not
beenigegenerated are erased and all threads are restarted with the
regener at ed nmet hods. This nmethod obviates the need to stop running the
program diuathermbws, radgptier abiimisatiok st e thé'tcfi{tiﬂﬂs&ﬁﬁﬁl%rd e f%.%.lé%.gf Q'S¢
menti oned, étﬂﬁclfs nec nisns are used in Java and correspondl ng Ppangua 8.
Different Tock MEcR meniery,vhese aldagthods arg leBomused. thing is to sel ect
the lock mechanismthat is the nost effective in preventing nore than one
--thread hav‘%;.g%3 access_to_a_given object at the sane tine as anothert hread.
2 ~ APl ? 2 W8 4 fks npchargraoMdl@sivnA ang nghibage sedll@tion SL@TANE %k Stss

whent % evengteskdrivas ' e id 1he sane _object or source.
In order to 6ol \e ?ﬁsiﬂg‘?e;% cg‘rirz]?eﬁlzéqsg@%{c’ ggiérqeﬁ 8 At DoV mechatig@sch t he

source | ock. The source | ock nechani smcan be used in various ways, The
effective 1 | Qck hani s wi || depend on how t hreads
endeavour Qf%gogt%?%qg%g@s%%% @ﬁﬁ%ﬁ%@?ﬁaﬁgﬁﬁﬁpﬁgm Apelyser]l with tespect to the
pr ef er r ed matlsbi reguired,vien kR Gidp 6l RCRIBNE i 350 E&gmﬁoss%q ef fEcttj tﬁe

| ooki ng 'srms are. identified in a stegp prior to sal ir ’%af:r?, fid
the 10° metiairds RawTis reeenersied, mbiera eqeagrenbrsifenrycertohmmietiradaire replaced with
regdfer at ecferevités to ee@Rctatd O nRBa, : I i | gorithns, .t hese al so need
to be sel ected. nyé%%j ect ori ggsg%ggqjloa%g%agges&ﬁ%@% 39%’“50?"%0?1? o~
Thi s meanSEPRERIECHRdyfrgrmred awbte conespoisiing mienidip spysd SRR theikhdkal
that a cebrgjeq,rgg,ja&gt is no longer required. The systemis 15 responsible

for this detection, and reclains the part of the nenory occupi ed by the
object. A nunber of different algorithns have been proposed for effective

i mpl ement g4.§ kS detection and reclaim |t has been found that
~different Tg%sa%?%%“&n%h%eﬁémg&@?’ ﬁw% ppsednethods, but also results in a reorganisation
' % between those methods that have been regenerated, so as to direct references of the

methods immediately to a regenerated method instead of proceeding via an old method that
isno 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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appé&caty 14 The choi ce of the best garbage collecting al gorrttgrﬂfpppt e84
program appli cation being rout is highlygsignificant is achicgyigig I mum
executio te espect 20 of the program concerned) According to another
preferr egﬁ@% Fréﬁ'ﬁ thyrad Radks\sbawisothat winiyn thl ihehedy A bRags CQk! SGH di

al gorit hes HBEfbol n_and.length of life of the various
objects are g term r?ea%arb%}ggs%ﬁ%tqbelﬁPJqu?P itey the msthogaprod step,

whereafter the nost effective garbage 25 collecting algorithmis caused to

be ident t hods constituting the requisite garbage collecting
al gorit hlr'%1 g?e(;ti@gé‘&eg]ngjﬂgﬁéﬂ aIhEFeeReEiad nyiheae m}bork)ﬂlmtrmedgmaliggfg $hps gfiban

er ased. casépthleimetho@nfodf aridar 9 ovj. des hi ghly

ef fective nmethod for 30 ' opt %199 rltg&g% %S% ﬂe%éagg'é ermﬁaéwﬁm
where a USG9 E F%%mweddmgemdtha:mmnrﬁerfbofreﬁ?énc@rtowﬂptﬁ&?&?th%t%e%‘

met hods 5@5@@49@3n0t | oad the system w th unused net hods ~~~~

~. ~- ~~~~~ / ~~~ 200 6 CLAIM5 1. A nethod for inproving the

-effectl veness of a data processi ng application when using a virtual nachine

runtrgﬁ iﬂe@l?&ge wherein the program i ncludes a | arge nunber of

rret hods that are stotedty reidsipFieyre ardrrageohngud the mencky SiadeyfienRil,t he

pr d8r am owepied hyahbagac®olL 8&ly rﬂfﬁﬂﬂfé har acterised by analyzingTin

a first step all so called thread stac V\APﬁ respect to the nethods

required thereby; causing each of sai d requi site nmethods to be regenerated

in a secWhen heinge ' rences to a nethod prior to

regenera%wenagre r?&fﬂggﬁ ﬁltﬁ% 3 etEWBérfgrtH?ﬁommMamdtdw

er asi ng hag emﬂeaplditednumﬁng oifie

corresp%%g %%e‘éat t he drsposal of the pr ogr am@“ﬁ]’g\“ﬁ’ﬁ{lﬁ@&h‘?
accordr ng to clarm & FPYet abyectithst ey noidn wde.ead at a tine to ne

ped as the program is run; transferring nmethods used for a stopped

thread t thereafter restarting the thread; regenerating and

“storing t ﬁ%%% 2 Usgd Whymgppl mesthngmbmtmhexﬁaﬂs to be stopped .

si mul taneousl y subsequent to havr ng treated all threads in said fashion;

er asi. ngrgﬁl met.hods that have not been regenerated and restarting alt .

t hr eads W T b LS vepemarh peeforred hous: the:followhishagthad saiidig to claim | or

2, characterised by, when |ocking mechanisns are used, identifying the host

effecti | ocki ng mechanismin a step prior to said fi rst method step; and

r Qener %Plﬁﬁmzﬂmhwdanwmmoaemwaa hid %%ﬁﬁs ghanism 4
A et hogs amGaS; §d cl altﬂ]qf%s Oi% , char acterl se
gar bagegg_ol | e€ting ali orl sied Eé&m%ﬂ@maﬁﬂgwmdm hetnmﬁrlﬂl
| engt h G&staﬂnui.\ZErdmuﬂ; Sdf ar d f| rst rret hod
st ep, a% L'_h'_gp ﬁsgﬁé‘i’h gg, S&hggpngfgéeﬁtemg?r ve g??’% éad thm
rlegene{%t;s Cvg iam - ) & m%%ﬂmhesubeﬁ?uwft@hgaﬁgamfﬁpm gﬁ%gm
al gori ag)) e gcngurtema egt i gorithns; and

ctl ng af’gga"r%% Eﬂ%@ﬁ

_ e si ng_r.emai ni ngxgar b%ig Fconcﬁ#ﬂﬁdrhﬂl?ediﬂc&~
~ET 2 FERRT hat s ﬁwbmtdﬁeﬂm&dﬂ%&hﬁdhﬁ i Ohrdlas Tt hods
WI thin femna@m ﬂﬂ‘%nﬁ@‘gﬁm er system or virtual i ne, corrpafrFS| ng
the steps of: analyzihg eac ¥d to deternine a sel ectr on of methods to

be regenerated; creating.regenerated nmethods, and replacing references to

each neffyp 0 the regenerat ed nethod; and, erasi ng all
non- regene%‘%ﬁed&d’ﬁﬁ%asﬂ%ﬁae tr &5 mgtingshagwognany pirre uhe%ge@?atm& Lkese
non- r ejé#srinteadittemtlifods. 6. The process of claim5 for optinizing the

digtribution of nethods within the nenory space of a conputer system or
vrrtual machi ne, wherein said step of analyzing includes the subst eps of,

for eacks bifore HRINBEALLN0OE mildh0f L Ne thregads

n Java and corresponding lam
guages,
Different lock mechanisms cau 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.



. stopping each thread one at a tinme, transferring nmethods used fory tar 2004
st opped 184¢65% 0 a regenerate |ist, and §estarti ng the stq@gﬁob d;

and, wherein-:said step of creating regenerated nethods includes a step of
regenerating the nethods in said-regenerate list; and, wherein said step of

erasing iRpcludes the substeps of stopping all threads sinultaneously,
erasi ng al'l*~ng @?‘hﬁfosqt’:%‘%ee’ﬂﬂﬁ whearsevengb fupadsalisiraadeessdntonetandght kose

t hreads wibjbction €oiire8 RESALLE E1a0% 0, fqclaims for
optimizing the distribution o@ﬁ%@ﬁ%@z’ﬂ%%‘gﬁ%ﬁ;ﬁ%ﬁ% savgupytogeach the
Sochy houthgat i I T Do R, BT HLAGE LOEk i epar el

b di I ,
regenerating tggsek rlriiet 0 skiéh dgaé’e’ﬁé’ni E‘é‘?ﬁttﬁ?qagﬁl SOSSRYNE tpcebiain eencss to
REPL~' , CPsyachuignied sodrces.~ APR 2004 s 8. The process of claim6 for

optim zing the distribution of nmethods within the nenory space of a
-conmputer system or virtual machine, including, when | ocking nmechanisns are

used, theA6doe@isgOtsi deplelfbysd éﬂﬁilﬁ@ﬁ% eet} I ing_nechani sm. and,
regenerating thase _nee?ltﬁods t_%at use t e‘g]lg%le?f{ |k:¥é|%e5£%(§g%%ﬂbg ﬁ’v'chﬁer‘i%}ﬁ myst
The pr oce¥&cBYe dpgiing Snechanigns niw idemtifled idi s tstdpb piiod Mo OdaidrERrhO ghep Whitd ik
t hejgenory.64 [ stem or virtual machine, including, when
di fferent aar Eage coﬁaargl%g?#%&ﬁ%fzﬁﬂﬁﬁn &iC egraemi®hs o det er ni ni ng
the allocation and |ifetime of the objects in use; identifying the nost
effectiv rha ol lecting algorithm regenerating the methods that use
the i den?ﬁ@ﬁ?%&%@gw F‘g‘&ﬁﬁﬁg a&ﬂ@%]ﬂmﬁﬂgﬁs%ﬁiép needitd by selbeted Aty bhigot
gar bage owidnentéd Rehoahgey i1bd FBrbadl colldSidd ASHS im6.for optimzin
the distr.i bution of net hod;s%\nrta%i ncotwgn&rr{arrpr y%%éﬁgh%efmae E%’.%ngﬁfg ’é&"] or
virtual rEeHTHEe SRErmarFRiciln dhatds fcbgaismbieriribawelompbt eediiing. atgQfkihnE:
ar elsised, reéfdRsibicoRE detiih m" m’ IE‘QS | l ocatj.on and lifetine of the
obj le%t s in'us e?I S iok! 2 tRe parf Sk memory occupied by the object.
A mumber of different algorithms have been proposed for effective implementation of this
detection and reclaimi. It has been foumd that different algorithms are best for different
applications. The choice of the best garbage collecting algorithm for the program
application being rum is highly significant in achieving maximum execution rate in respect
20 of the program concerned,

According to another preferred embodiment of the invention, when different garbage
collecting algorithms are used the allocation and length of life of the various objects are
determined i a step prior to said first method step, whereafter the most effective: garbage
25 collecting algorithm is caused to be identified and the methods constituting the requisite

garbage collecting algorithms are regenerated and remaining garbage collecting algorithms
then erased.

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



identifying the nost effective garbage collecting algorith regeneratin .
the nmethods that use the identified garbage collecting al gghmciaim”ﬁtm T%HE?:]
erasing the renai ni ng garbage collecting algorithns. 11. The process of
claim7 for optinizing the distribution of methods within the menbfyAspa
of a computer systemor virtual machine, including, when different garba
collecting algorithns are used, the stleps of: deternmining the allocation
and lifetinme of the objects in use; identifying the nost effective garbage
collecting algorithm regenerating the nethods that use the identified

gar bage coll ecting al gorithm and, REPLFCE~y~EPJT S~-1E~. T 2 ~ APR 20D4 9
erasing the remaini ng garbage col |l egfiangsal gorithnms. 12. The process of
claim8 for optimzing the distribution of nethods within the nenory space
of a conputer systemor virtual machine, including, when different garbage
col l ecting al gprJ I; , ; t 10l . tion
and |ifet ?'me oﬂg rﬁ%gé’%%?é@? lls&?] taésg&ecﬁ&gﬁ F? gﬁrﬁgﬁtiﬁéggﬁ%gg g%él gté@ {)/Vggrgar bage
col | ecti ngsigd gaintah machiag@newdinaenvtitoamert, Modrid et pragant meludelentdrge ed

arbage col |l ecti.ng al.gorithm and,  .erasin e remaj nin ar bage. col l ectin
O or DF oo of Rkl Biat biretest Mribg mrenarn gl e compoist U B0 WARIBEE w + hi

t he menor }{rogﬁ?fp%e% frb@ TR Bin S8 eRlte, Eﬁm&dt'éﬂs_@& b? aﬂdlyé_ihl%ain zﬁﬁl%hété]?alpr
runtime environnent ‘operating thereupon, wherein the virtual machine or

runti me efvéallediserd siacky wWitbgeweg|ta thel methodsfregrirad daryeby; gausinggeach of saikads,
that can . : I Shng: ercr I

ot ruot | ARSTR ARG B pgbgheIES BEERLchA R ShBin SRTBHLSCLAABERE £ .

st acks asswethodpadr wirkgeneacibn artragidcedovideicfrencaetoareg@icendd methods; amd bypds to
be regenerated; creatin Irirﬁggenﬁr ted thods@@aﬂg .repl aci ng .references to
each net h§8s0# el noaresey pefhe emraeg@fiesﬁ% $1AS §OTERATIIRG NEMREY al |
non- r egengfaed mhmﬁggpo@@p&,%}aggsi ng the nmenory space occupi ed by those
non-r egener at ed net hods he system of claim 13, wherein said conputer
readabl e instructions further include instructions which when executed
performthe addifl ofy - r : lect | 1] . he

t hr eads: g't oppgn'gétggtg cct% Ld?@g %?1'3{ i:a)’t(:hgla"'? {%ngfd }%rga‘r%]lg grolrn ?%rg{rl{je%héotdrgg &'I)sed for
t he st oppseestbppedad theaopragmagie mar; atzesfeirsp, matiesisastd fog atstoppst thppaddo & histead,

and, regenergting the nmethods in said regenerate.list; d, subsequent to
havi ng tr 85 DUrRts TR iAo B FAgR, S O] BFIGPdss Peppad O

REPLf ~CE; wukiNg aBHhfedds2to beAippéd Silnultansousip Rubdqadnt td hivemdgesddnll thanaousl y,
erasing all nethods that have not been regenerated, an restarting those

t hreads wi™t prig Heshisg srasingt B metods dapt 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.



15. The system of claim 13, including, when | ocking rrechaniﬁgg are used,
conput er readabl e instructions which when executed perform L.

steps of: identifying the nost effective |ocking nmechanism and
regenerating those methods that use the identified |ocking necharf gypp :Egﬂ‘!i
The system of claim 14, including, when | ocking nechani sns are used,

conmput er readabl e instructions which when executed performthe additional
steps of: identifying the nost effective | ocking nmechanism and,
regenerating those nethods that use the identified | ocking nmechanism 17.
The system of claim 13, including, when different garbage collection
mechani s are rgpfﬁgq- : i I i ted
perform {r?fe adéilﬁ?ig%ﬁsalﬁ)?s epgzq%gtgg?%?#ntiﬁl}l‘:oﬁy?ﬁ%fﬁ?gﬁﬁhgﬁlégﬂrﬁ?Isﬁgt%?ma of
t he obj ectsomputerssysteinguervirtfay machindeompsgsingfhestsps 06 gar bage col | ecti ng
algorithm regenerating th t haods .t hat ,use the jdentified garbage

o ect i ng al gErREe e ool T AERIC A aTn bRE e RD s SRRl g

al gorithms. 18credilig sget@iedmah@ismaid replicihgl defagncoshen esbhf iremedt wigiar bage
col | ection nmechani sns are used, conputer readable instructions which. when
execut ed FEsEReRia the reggasretedmethodi @ls of - determining the all ocation and
lifetime of t h@raélf?%ﬁ@%n-kéﬁeb&%@téd iRt fd f&@ea&ihg tHH%ﬁEerfyfs.?Qéé JceuSied Q,:age
collecting algorithm regénerating the nmethods that usé the identifiled

gar bage cbidsenen-regengrgjet inethoyds.and, erasing the remai ni ng garbage col | ecting
al gorithns. RRPLFC~; ~ LNT ~R~ET 2 7 APR 2004 19. The system of claim 15,
i ncl udi ng, when different garbage coll ection nmechanisns are used, conputer
readabl e i6nst r Thé ipeorssswhii claimviefor ptialiting e disatbmibh &f atkhdédsowRrhinstheps o
determining the allogation and lifetine of the objecgts .in use; identifying
the nost BFMOEY FRASE gﬁ?ﬁa@@ut@w@é@ PhYiraegBRTiMmWhersye srid atep iRy ap#l¥Zifgt hods
that use tRfidedBRihEHGH 09FHLAGE oELLIQEDH BPaIRbORE b and, erasing the
remai ni ng garbage col l'ecting algorithns. 20. The system of claim 16,

i ncl udi ng, whesioppifig eachihreghensaye tiowst | ect i on mechani sms are used, conputer
readabl e instr I i e r.m i.tional steps of:
determning t hgrg%%&%gﬁ: I %}%H%%\%ﬁlq?rﬁ fé??tﬁépegftﬁﬁ%%%o ﬁeéégri%gaq?ﬁétuésng; i dentifying
t he nost eff ectdsuaingahdagppedahleat;tanhg al gorithm regenerating the nethods

that use the idenfified garbage collecting.algorithm and, erasing the
r emai ni ng "GEHLFY Lot ?fgce%tlﬁgr CQ%J"PEGFWO%gif!CI‘Ne%PtﬁBHf for use with a
conputer for i mpgp¥ianeg thRmehdR ol sHERBSTrAt Iig; daf,a processing application
or programusing a Java Virtual Machine or runtine environnent, wherein the
dat a pr oc&dsichysaabyien efaarpsing ivelugesdhe subsigpeef a | ar ge number of nethods that
are stored in ‘Etﬁﬁpi IR sihlfatONRNt €r . and wher ei n_the met hod uses a

gar bage col |l ectihig procedure, conprising the steps of: analyzing all thread
stacks w th respsieg all methods rhat hodsiot bepuiregedenatedy @flly; causi ng each of said
requi site nmethods to Be r‘%%e er. t%d, wheregjn %curri ng references to a

met hod prior t BSPEGEHEP%IEAL WL tegenerad MethPdSet er ences to regenerat ed
nmet hods; and, erasing all non-regenerated nethods and rel easing the
correspondi ng nenory space. 22. The nmethod according to claim 21, including
the steps7of: dBurorgsonk clahn Safpraaptisizingdhe disyibusioppiaaethedsanihiartheng

met hods Uiﬁge‘i’nci F5pBoeS bPRPECMPIEL R & Likfht mackiRE L ACRiG Tk lockigCT 2 7
APR 2004 régtsgr telsng tﬁ%ngt opggsééth(?eaﬂg;% rtranéigner’aﬁ ng Ehd" stnoroicnggt he
met hods i mesbanisnhs &8¢ psed, the steps of:

identifying the most effective locking mechanism; and,

regenerating those methods that use the identified locking

mechanism.



causing all threads to be stopped sinultaneously subsequent to having
treated all threads in said fashion; and, erasing all netho EPhACL que gqq\tu,_f_
been regenerated, and restarting all threads with the regenerated met hods @rize T
23. The nmethod according to claim 21, including, when |ocking mséh?ar)j

are used, the steps o identifying the nost effective | ocking nechani sﬁ ZUU’#
and, regenerating those nmethods that u$e the identified |ocking mechani sm

24. The nmethod according to claim 23, including, when | ocking nechani snms

are used, ,the eps of: identifying.the st effective |ocking mechani sm

2nd, T egeier at T PSR RbASHE RETASES B ARCIoRGh bf redibd GLRT RGNS

mechani sMyegfory EpgeBt ROhrAGRGRT Shisiteh 0@ GiHadl Mnddhind, riﬁ!:luﬂﬁ'n?,g wh\_éﬂ_elﬁclgh%]f erent

gar bage collecting algorithns are used, the steps of: defermning the

al | ocat i oftcglifaismsigr wseafthe pies ff t he vari ous objects; identifying the nost
effective garb 0] | i Ak nerating the nethods

constituting t%ﬁ}@%@ﬁ@f%@ﬂ%&%@%&béﬁﬂ %’E@?ﬁgﬁ’ %ﬁ]dd, erasi ng the remaining

gar bage col | ectegapratingahdse mmshod2 Ghat Tiegherekehidfieddodangli ng to cl ai m 22,

i ncl udi ng en different garbage collecting algorithnms are used, the steps

of deter nf’ﬁ%'sf’he allocation and length of life of the various objects;
identifying the nost effective garbage collecting algorithm regenerating

t he nmethods constituting the requisite garbage collecting, and, erasing the
remai ni ng9gar babke PewsEsseek ¢lagn &l Boraptimaing th@&ﬂl‘lb@l!mkﬂﬁlﬂﬂﬂfhﬁﬂsamgr the 7 AFi ?
ZQuy 13 2 h j i incl udi when §i ent

gar bage co efn-ggisﬁgg‘éea ggrl tﬁﬁJrrLrlgéra (Satgﬁlsg{:l,%lit ag%%atcgfég’ g%@tq‘é%’m ni ngilﬂteﬁezl{

al | ocat i ogaramgt doBnginlg abdorithrheareusddhthew®ps ofis obj ects; identifying the nost

effective garbage coll ecting al gorithm regenerating the methods

constituting tﬁ%erpﬂﬁ'ﬂlggl?e_taélogéﬁm%ﬂghi%'ﬂee(gt?g% ,JGCZ%'&“%& asing the remaining

gar bage col | eciden@fylgdRé mbkirdfectd® galthi@e BIdAE AcGhM; Ng to claim 24,

i ncl udi ng, when different garbage coIIectlggdaI orithns are used, the steps
e

of : det er ni ni nifgenraatig the metheds Base dirgdentidied gprbagegolleptingyar i ous obj ect s;
identifyi E%O;iimrgp&t effective garbage collecting algorithm regenerating
the nmet ho constit’uting the requisite garbage collecting; and, erasing the
remai ni ng gar bagsing tlelremtining galtgge colleeeng dforithine. process of claim5 for
optim zing the distribution of nmethods within the nenory space of a
conputer systemor virtual nmachine, wherein said step of analyzing includes

anal yzi ng10.hr eqle ptaeissofslaig icaioe bptintifing alkd dizeiba€eh ofnethodywitam ther
i mproving the effectiveness of a data processing application oagpro ram
[

using a JEVEOW PRSI ORVACHIMAYIESYStRY Phe/ gt imashirenincluging evhen a
processi ngarggégdoq@‘gt;r%r}%@{ﬁﬁ}gﬁg%@ggdg%% sbfif ge nunber of methods that are

stored in"the menory o e conputer, conprising: a processor; and,
pr ocessor - r eadd¢semnining threuadkocaon andilidetinwharihestgeals mdiscause t he processor to

performthe steps..of al yzi all t.hread,st.acks with respect to the
et hods. requ: r SRl mog SRR el NS Rt e Fet hods 1o be
regener at ed, whgegdratingahelfmeihiogs that use the identified garbage collecting

algorithm; and,

erasing the remaining garbage collecting algorithms.

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,



references to a nethod prior to regeneration are replaced with references

to regenerated nmethods; and, erasing all non-regenerated WEPOMSEMENT SHEET
rel easi ng the correspondi ng nmenory space. REPLRCE~~, . i Ei ~T SHEET Z 7 APR

~uu-t 14 31. The system according to claim 30, wherein the 7 AP
processor-readabl e instructions further include instructions V\%‘Ii cﬁ 6%%%4

execut ed cause the processor to perforfnthe steps of causing one thread at
atime to be stopped; transferring nmethods used for a stopped thread to a

list; restarting.the stopped thread; regenerating and storing the nethods
insaidlist; %fgsd%fi ﬁ'& f%“@g'f’ﬁrgé%ge ?%IGB%%E{T%‘BB@‘BSN nul t aneousl y subsequent
to having treated all threads in said fashion; and, erasing all nethods

t hat have not been regenerated, and restarting all threads with the

regener at &4 netoa®cessof dpign 8yfor optimiedes diengistributiomiomnsghodsnuithin ihe he
processor : i r I t Ml LN et I en
execut ed Iggﬁlgga? ]%]age p(?}g%:edgg%'}l&? %y%g]?l f gl‘rar\nqr%uﬁg “léhgg‘é‘g (ﬁ)#h{aﬁ{eén??fe f/]:ﬂﬁﬁlggﬁ%ﬁgm nost
ef f ect i vegdrbageicnYeating kgorismms aedseds thgeteps af i ng t hose net hods that use the

identified | ocking.nmechanism. 33. ,The system according to claim31, wherein
he br ocessor - TAABTE MEAUpRST Ao ERP R R S B st ¢ uot § ons. whi oh when
execut _ed causei.delhtﬁymg(aﬁae,g,sgreffeai‘@eéraftggmémet.iﬁg #psrithh; | denti fying the nost

ef fective | ocking nmechani s and, re%eneratl ng those nethods that use a

thus identifi e@2fseatingdhenethads thak ussine ieniifisg gabagcrotlsstiizng to cl ai m 30,
wherei n t he,RLACgsEOr - readabl e instructions further include instructions
whi ch when~executed cause the processor to performthe steps of deternining
t he al | ocat i onerasing themgrniining ghrbhge ofllecteg algaritbms. obj ects; identifying the
nost effective garbage collecting algorithm regenerating the nethods
constituting the requisite garbage collecting; and, REPLACE"TEN i ~I ~ECT

2 ~ RP. 2094 15 sesasifgoptinezing Bl distilButihir dJagehadie Wided the thedl@pEpacbsBa 35.
The system according to c¢laim31, wherein the prqcessor-readable .
i nstruct i BBPYEIT SHEIM ARAlNARE i h Sty t MBFENSUMAr cRIN{IAE N CRYWEBIEBY OP&igdes t he

processor ., pef, WdRih e $i-RRSmathiAEbE R hvibEmak! REAILOD pRigi 8ROt h Of
life of the various objects; 1dentifying the nost effective Sarbage
col | ect i ngethiod® rintriarg in threads, that can be accessed by other methods; comprising:
computer readable instructions which when executed perform the steps of
analyzing thread stacks associated with each method 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,

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



N,

regenerating the nmethods constituting the requisite garbage collecting: .
and, erasing the renmaining garbage coll ecting al gorithnmns. gREPL?ﬁI&E?‘éﬁB?EISHttT
according to claim 32, wherein the processor-readabl e i nstrucéio_f)n Furt her

i ncl ude instructions which when executed cause the processor p@ra‘ @B t he
steps of determining the allocation and length of life of the various

obj ects; identifying the nost effecti M@ garbage collecting al gorithm
regenerating the methods constituting the requisite garbage collecting;

and, erasing t@}{ﬁg&@t%ﬁ%ﬂ%%?ﬁ%ﬁ%u{]m | ecting algorithms. 37. The system

according to cl Yocessor-readabl e instructions further

i ncl ude i nstr ughdienal wbihels m\,@ﬁ@m&@%g@wgﬁd;gﬁq, processor to performthe
steps of determining the allocation and Iength of life of the various

obj ect's; i dentieFipiting thase thyeads withrtbe raggrerged Bg@deol | ecting al gorit hm
regenerating the nmethods constituting the requisite garbage collecting;
and, erasing the renmaining garbage collecting algorithnms. 38. A processor
readabl e ikdi ubheepsienmgofi abs tor LG irichunisng, ndver dovkindgi rodchamiems argalsydicogpeech of a

plurality of .nethods. withi he nmenpr ace of 9 uter system or

D rtoal RS Gal bRt R RRPeTORT fieariBat BRPLEL - cyener at ed:
creating regengeai®igiRd Modsfeand 16&M aatdgniset giences to each nethod with
references to the regenerated nmethod; and, REPLACEPJ~ElI ~I T SHEET 2 7 APR

2004 16 er asi ni§eglicratingfhase gsthoda thetuseehe slgatifigddoskdngmeeivgisthe menory space
occupi ed by those non-regenerated nethods. . A@Av1I\u . A /. A@G . A A A(. A
A(. Ae. A+ AhLA( LA LAY AKE. Ae@ E}~;dit.ztng ZTM UWV] cal] caU] ca WV] cal] ca

W] cal] calp.ca Thesyatghcelflam Wchiding Uhen (fokaigvhachanisms are used, computer
W cal] call gatd GaH 3RS hh et el &k SRl S A e BhGRRSHis be™ N S

identifying the most effective locking mechanism; and,

regenerating those methods that use the identified locking mechanism.

17.  The system of claim 13, 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.

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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10%uu& ()-!t | s&@sing&ie(tgmainingmparia@® 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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. he method according to claim 24, 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.

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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restarting the stopped 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; 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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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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