WD 01/ 31455 1 PCT/ SEO0/ 02096 A METHOD FOR GARBAGE COLLECTI ON OF UNUSED
METHODS The present invention relates to a nethod of inproving the

ef fecti ven®QIBIMSS, qata 5 processing application. More PO®SEG0205|y, the

i nvention is concerned with increasing the data processing rate in virtual
machi nes, and then particularly with respect to the Java pregram | anguage.
10 The invention is nolseeids kck'caftaddk cb@tenoR bk i BEnape! 1 ed Wi th many
program | anguages, although the invention is describe elow primarily
with reference to Java. The nethod is intended for use wi th adaptive

optim satio f r | n adaptiv Lm satiQ e.programis
restructur eghgr?é&a% ?&F@QP f?zali?ss%g? '{‘%}é“gsgme&%ﬁ%ﬁ%?ﬁ‘géﬁg ofp data he
prograniis processihgepplivagsml probl em of increasing data processing capacity
resides in the rapid creation of new nenory sites, since the |onger the
programis run, the nore nenory space is required. Java and other dynamc

program | anyead Specifiegliy) dke BvertichQ8Bodcemb® With ¥n g%ﬁﬁtalpg&gsfs%?irﬁté%ans

that the progranmmer need not keep an account of those par he “menory
that are us®guatyprchipes,and heppamirelacwith respectio thedavaprogtantldngyagdhage
collection fromtime to tinme, nmeaning, in principle, that the virtual
machi ne scans the entire nenory and finds which objects have been stored

i n t helbrenoThe amentinhiis hottsrigted tpr Jawa, bancancbel appliseir witlateing prografh Ragnapay t s of
car 1 od ¢t cAonBr b Eiornh onBiese R prnra bV e Rae o Systom for
supporting or sinulating the sinultaneous processing of two. or nore
Concer ne P ARG, = FHERA Bt Wk GHPOb RSBl ob ool Ritive.
control | ed dpitication, AR pidoRfanPR Tbstiustud aﬁ@@ﬁﬁfeﬂ??ar%@' cIf'HBéé\ﬁlrog}r%fnt %@g@%ﬁggl zbe

run and which threads shall be passive and wai o}

|
PCT/ SESQ 0 2538° PiREERYE run. d he geresdl problerm ehinercesing:dats Dronessing samicity eesides
occupi ed NEAWhYraBilAGEtidh of REw HheRRDy Bites, since the longer the program is run, the more

memory space is required.

Java and other dynamic program languages include an automatic memory management.
20 This means that the programmer need not keep an account of those parts of the memory
that are used. The virtual machine carries out a so-called garbage collection from time to
time, meaning, in principle, that the virtual machine scans the entire memory and finds
which objects have been stored in the memory and which the program can no longer
address. These parts of the memory are returned for later use.
25
Java also includes methods for so called thread management methods. Thus, Java
incqrporat_es a system for supporting or simulating the simultaneous processing of two.or
. more progtams. The thread management can be divided into two parts One part concerns
the manner in which different threads are étrucmrcd in a controlled manner. Another part is
30 concerned with which threads shall be run and which threads shall be passive and wait to
be run.



of the program it is not sufficient to solely optimse the nmenory with

respect to the objects. 5 The present invention solves this problem The
present i rwenis1ess t hus relates to a net th of inproving tpoeseidnadsi veness
of a data processing application when uSing a virtual machine, where the

program i ncimleer @ehther iRredasl ffectivéhesPdrdd] 8105 Apiddanemory Rpdce af theHipoed | n
the nmenory of the conpuyter use and 10 where garbage collecting is used by

sai d progr aff RhBrograr, dh s ot suficicpt t?réf’hl?d“ﬂ@“?:@ﬁr‘&é‘?@w %’éﬁ respect o thet
step in whrgbeagl so-call ed thread stacks are anal ysed with respect to
met hods requrred t hereby; a second step in which each of the nethods
required is caused to be regenerated where occurrent references to a

nmet hod are ]ﬁtghﬁ regener ated nmethods prior to the
regenergtrogﬁgﬁg&q tgmsgvgg%%cpgo‘%%nrd step in which all 15

non-regener ated net hods are erased, wherein the corresponding nmenory space

is placed a the al ro res venti o now
be Heacr | bediF FRREH JSHRGRAR s a7 e 6 AHCCR of e gl B e Ertss A e
\ih rrboﬁi megt qxf'ocbési‘ngr Wb‘gflbﬁ Evlﬁh Qising wﬁt@aé_txhﬁhﬁxe,g@l’rfrlaﬂbﬁ ﬂ@gﬁfrﬁwcl lg@es many 20

ich - Figur i.s a bl oc i agr.am - Fi gur illustrates o met hods;
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i nvent {@n. Zhefd Gitbare!l collaatin rshaéeda, a4 pfd)grixﬁalwh%ﬁhtﬁéemvén% H@Rod§s used

to run different data %qst grans 3, re ardl ess of whet her the

operative s%@feﬁﬁmﬁd by # Fust step Mﬂiﬂc@i sprgadled thread staksarp anal E?%Wﬁhfesp@t tO
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present i nvent | on |qs not&g}a\égféé)?%gw%{o %Ihﬁlr sg#g%gggg ut %gﬁ% app |ed to
all object bgrrcynclateédvmmomumentoremrmpeadnﬁhocbmermglpmddwn@ refersgecatn

the et oot i doreide8 i8R BRLprchVE i rBltatelion b3 ;s By ERfmdh sl .

machi n&§ wheoeregetdastedrmethodsare exabadfieherainl the gerespunding menforyragabe fplaced et
pr ogram SeCtttixeodi'ssi)’osatl Psm‘ﬁre stor ed in the nenory of the conputer

The present invention will now be described in more detail partly with reference to an

cxemplifying. embodiment of the invention shown on to the accompanying drawing, in
20 which

- Figure 1 is a block diagram;

- Figure 2 illustrates old methods; and

- Figure 3 illustrates methods regenerated in accordance with the invention.

25 Figure 1 shows that a Java virtual machine, JVM, can be used to run different data
programs 1, 2, 3, regardless of whether the operative system is WinNT, LINUX, Solaris or
some other system. As mentioned above, although Java is a very popular program
language, the present invention is not restricted to this language but can be applied to all
object-orientated and platform-independent corresponding program languages.

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 methods, i.e. program sections, that are stored in the memory of the computer

used, and wherein a garbage collecting process is used by the program.



used, and wherein a garbage collecting process is used by the program WO
01/ 31455 3 pCT/ SEO0/ 02096 It is previously known to garbage coll ect objects
and t her WO @1B14s5ase obj ects that are no, |onger in curr cigir/sEssodese’ eby

pl aci ng correspondi ng nmenory capacity a? disposal. 5 In large systens, many
met hods, i.e. program sections, are used one or a fewtines, or nethods
are applied for a shaort period of tine and then left unused. In the case of

Java and cHis exyiously fgopn g carhase rallschebipcts and therqwithyaasephiecty Bahremods .
I ef t unuseghnoedGn Eidif e ThérBby MAGRE botfespitidinl mathbi9 tapdeiy bt Sisfdsalt he :

optim sation and re-opti msation of nethods plaCed in"the nenory, wher e
old nmethods are left unused. Wen optim sing | ock nechani sm sel ecti on and .

gar bage co [ I ' ht 1S A repl | L. use
ot hode ¢ nik e HRERE, Bl ol Lo profiaul SRRl bl oP PR bpdSrdt.
i nvent i on, methbdssaye epplied dort dshert pedodofitimaand therleftswpusedi t h respect to the
nmet hods required, in a first step of the inventive nethod. In a second
step, each of the nethods required is regenerated, where occurrent

r ef er encesid the aasewif fwvad add eorrespbrdingiprogtaims2fiew afethods aedodded bad)okdanahadd

met hods prlf%r to said regeneration. In a third step, all non- regenerated
nmet hods ar €84 and the correspondi ng nenory space placed at the

di spogral of the program This procedure does not only cl ean-out unused
met hods, but also results in a reorganisation 25 between those nethods

that have BweiTRegeadaniive pptgysation (rgsults (1a cthe roptighsation andf rerqpiimisation, s
i mredi at el yhef8dfp1akdGh e ﬁﬁoﬂﬁ%ﬁ@golh'ﬁétﬁéﬂg leffupsegdi ng via an ol d net hod
Thi

that is no | onger used. s'i1s Illustrated in Figures 2 and 3, of which

Figure 2 illustrates old nmethods and Figure 30 3 illustrates used

Foo ot art s WoRk Hiting bOF JARAa0GY. (g nadta iR, RIS Relth 818V 00"

bar B ar t secessatyite replie @ll sisetiféthods!that use old mechanisms with new mechanisms.

According to the invention, all so called thread stacks ﬁe analysed with respect to the
methods required, in a first step of the inventive method. ‘In a second step, each of the
methods required is regenerated, where occurrent references to a method are replaced with
20 | references to regenerated methods prior to said regeneration. In a third step, all non-

regenerated methods are erased and the corresponding me;hory space placed at the disposal
of the program. ' E

This procedure does not only clean-out unused methods, but also results in a reorganisation
25 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

is no longer used.

This is illustrated in Figures 2 and 3, of which Figure 2 illustrates old methods and Figure

30 - 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.



WD 01131455 4 PCTJSED'2096 Analysis of the thread stacks shows that only
the nmethods foo and bar are used, and consequently foo and bar have not
been ref engdgRfiadso t he nethod apa. The npthod foe and ba{,ﬁwﬁgnerat ed
to those nethods illustrated in Figure 37 In this 5 case, e nethods foo
and bar are : [ ' | t

nmet hods obtﬁgﬁi\?f g%d‘rméésagesz&g%? ﬁsta?gttjﬁglg%%}gn e?ﬁg)gs ?%Jf é?%%é%ggﬁeog%g’r L%e(;i nts
to the new ¢smsequemibirfos andiigrs Baveror bedndefersmhesido the method 4pe. net hods in Figure
2,- are erased and the nmenory spaces previously 10 occupied by these

met hods are vacated for further use. Wen garbage coll ection of objects

t gkes pl aceThe metho docodind: bee aper regerenmtebtonthbdeymeathamis Sltusiviaietl én Fégubadeln this

caql l ectd on tak | ace.. Runni ng of the. program.is restart subs nt to

The —ga bagtist.ars Beps oS At b8 Hreorad BeEar Bbpubr B SR EeR St R Lse.

15 Such a nmethods ctaiin hew ubdressid@id thithe the foorefeRies Ry Bar poMGth itk new blavever ,
it is very %r# eferred to use the follow ng nethod i nstead. 20 \Wen

practicing ntive method, one thread is stopped at a tinme whilst the
program is running, wherewith nethods used for a stopped thread are
transferred to a list and the thread then restarted. The nmethods in the
list are th&Hokbgethedsala theanathads in BigureR), areteraseiand thesnempry: spaces araviauslyo be

st opp at : | % H@y g treated all threads in this
way, ﬁl(abrrel y&%pl?ﬁﬁfth%ﬁlﬁﬁ%o&%%%%ﬁsfo?e a |l|#1égz'l to the threads concerned have

been 25 regenerated. Al nethods that have not been regenerated are erased

and all thr rt W he .r egener at net hods. This net hod
obvi ates t hﬁﬂ%@ggﬁ:&e é@%%t%rn uﬁqbﬁﬁs[‘ﬁ%esp?]%c& g%mn ifce Plf?gr%&%%alugtﬁt%’ﬁ t akes
pl ace i nt erwhild gatbdgy colROtidistaksiplice. Rumningwd @ik, prograd ivvesthned subseqaén taithed i n

Java and correspondi ng | angyages. i fferent | ock mechani snms can be
sel ect ed. T%bqggrﬁ&?ﬁcﬁ‘%}ﬂﬁﬁgﬁﬁ F@WS?QQP@E&‘H{EH?%ER” nmechanismthat is the

nost gfsfective in preventing nore than one thread having access to a

Such a method can be used when applying the present invention.
However, it is very much preferred to use the following method instead.

20 . ‘When practicing the inventive method, one thread is stopped at a time whilst the program
is running, wherewith methods used for a stopped thread are transferred to a list and the
thread then restarted. The methods in the list are then regenerated and stored. All threads
are later caused to be stopped at the same time, subsequent to having treated all threads in
this way, namely so that all used methods relating to the threads concerned have been

25 regenerated. All methods that have not been regenerated are erased and all threads are
restarted with the regenerated methods.

This method obviates the need to stop running the program, since the regeneration takes
place intermittently.

30
As before mentioned, lock mechanisms are nsed 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 a
given object at the same time as another thread.



gi ven object at the sane tine as another thread. WO 01/31455 5
PCT/ SEOQ' 02096 A synchroni sati on probl em exi sts when several threads desire

access t@o@fsussind the sane object or source. In orderpépstsdlordst hi s
problemin Java, each thread endeavours to reach the source |ock. The

source | ock nechani smcan be used in various ways. The effectiveness of 5
different |ock nechanisns will depend on how threads endeavour to obtain
access to A synchionisationcproblony exdsts when saverah threads desifeacesss &R 0RsMWHhEEHRE  when

| ocki ng m%ﬁggp%r%g@rgéﬁﬁ oHReFth doie %?obl&ﬁ ferabh, \eacH tRfekll BRdARGRETY ro4Ph RS ©

i dentified pprior to sard'first step, and the 10 nethods that use
a thus i deoticé logkl. Thecloireg lopkahechanismsar be uegd i yarious wayy. The effegfiveness of

b Lect | | GOT i t NITE .y t | | bj ects
O s C ity Atk el i (B5aR, B Bl ifelad ShdiBuchl ity oY 4801 S0l

need not dynchirdrised sblreessyst em explicitly that a certain object is no |onger
required. The systemis 15 responsible for this detection, and reclains the
part of the nenory occupied by the object. A nunber of different .

al gori t hmepAigNEnd 823 Prefenes eanbodiméttf abbn teckingPnechanishisi @8 wikd tthé Snost
detection and reclaim |t has been f&und,that different. al orithnaéﬁre best
for diff ereffectivealopking spechamisms e idepificda o SfoRePRALSTO %%&%ét%lap ¥ ng

al goryipt hm £, o ds/ifeat RECHAN AR 168k ORedtBhidf drdifegirerdiehl y signi ficant in
achi evi ng maxi num execution rate in respect 20 of the program concer ned.
According to another preferred enbodi nent of the invention, when different

garbage collecti | doflERin oA 6:th 88 sBcled. My bier | | 0
of the va?ﬁéthg&gﬁeg%g%g%ee&h%ngr m ne |’Hﬂge ?’tk&ep pri or sto gai d irbgc met hod
step, whererichtated Inhpmagessusecgaage i colledionbThje mdng Hat dhsr programmoer need mot s
caused to be identified and..t net h Sl | el S| .gar bage
col | ect i ng‘nﬁf}‘!ﬁg etsﬁ’ﬁrﬁma?’g’%%lagtﬁ%tr%fﬁ%ﬁ@%@%ﬁ#ﬁ#ﬁ%}gga %iéqg%ii#%%{' ilgg
al goryist herespgoRsible dorethisdetebiigrl, iand réctaims thetpar of thefmemaryt cecripied byethe sbjsctovi des
a highly effective pethod for, 30 optimsing,cod .t hreads and ry
managenent W\gﬁe"féh ralgorithms g‘?"& q’l’ﬁ% P’E?B%S%F %"rt ﬁ%m‘fea‘g’ﬁ??!ﬁng% r cr‘)r"rfal %gsn d
regener at i @ifeclibn &Rd RRUSMST 8 Beon Toind thaddiffaentsylgérithineai drd best fore different
applications. The choice of the best garbage collecting algorithm for the program

application being run 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 in a step prior to said first method step, whereafter the most effective garbage
25 collecting algorithm is caused to be identified and the mefhbds 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 unused

methods.



met hods. WD 01/ 31455.6 PCT/ 3EOQ 02096 CLAIMS 1. A nethod for inproving the
ef fecti veness of a data processing application when wusing a virtual

machi ne, Waspfiksst he programincludes a | arge nunber of wpRBsbRzedk- € S
program sections, that are stored in the6rrermry of the computer used, and
wherein the program uses a garbage colé 189 procedure, characterised by
analysing in a first step all so called thread stacks with respect to the
nmet hods required thereby; causing each of said requisite nethods to be

regenerated jn second. step, whej ei cecurri " d
prior tore ne?hmeﬁ}?ggqgﬁl E@V‘ggéée \xﬁ?%‘% selpg%c&;ag ?‘3’%@%‘2#@?‘&%@8@ ods;
and by 10d?rlﬁﬁigrwvﬁlt|uhl Mechir d?@ﬂi&fbihrﬁﬂig@rﬂﬁhﬁIfidduﬂeshalmgﬂ mdnlsdre:g xmtth de) m:ij ng
correspandi ng nenory, space at the djsposal of .the progra met ho
ecor ol 80t RO BT oraia thg BEPEY Rt TP A YEETHE 8. be
st opped as tﬂ?@g&h%&@d@&&g&‘é@ﬂecﬁﬁ?ﬂ%&&!ﬁé, ERardBlchio6Ehy SR/ in @ fitd ofep all

thread to alist, and " 15 thereafter restarting the thread; .regeperating

and storing sotrelled:threed starks with gespect to. the methods required fherehycapsing, gach of spid g

si mul t aneou . al Ml AV =Te ' ttende@ shihon;
erasing al I%n%?ﬁ%g}g&?ﬁ%{% hﬁae\?rggﬁl\c%taf%e%naeregeng%%t%%&gﬁgaﬁdég?%ﬁf?% aﬁm

t hreads wi t hmetbdrbpriarge megen¢ratibonare repthced with 3cferanenstto crgenmated micthgds; gndbxi m 1

or 2, aracteris by. whe acki ng. ' . US ' Lfyl t he
st efPact | FEIE kPR roRETARY Siecion i E AT B 3pd Bt Gesiol i ket

step; Otid repgenttridispgsdl bothe progidands that use a thus identified | ocking
mechanism 4. A nmethod according to Caim1l1, 2 or 3, characterised by,

when different garbage 25 collecting algorithnms are used, determ ning the
al | ocation and |£pghBd aécotdihetodClainhE chakdcte¥Bed bPcaBIng ons tireaitatp tipfeitobe t O
said first method step, and _then identifying the st _effective ar bage
col | ecting oSQPPEd (3p e NTRETAR AT B tRRyS H'glgr%?tﬂ‘lf’dé’s E?FtPEquﬂBre?%@ arlgbd‘f‘ ite

garbagqs col h&edadnYe. thl iRBad; %&5 | i KGRI the REMHDAS RAGRL BRY tfsiakNg

algorithns. 1 111 I | | 11gi |l 11T C MsT1111 i o :
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.

20 3. A method according to Claim 1 or 2, characterised by, when locking mechanisms
are used, idéx_itifying the most effective locking mechanism in 2 step prior to said first
method step; arid 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

25 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.
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