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LOAD BALANCI NG BACKGROUND [ 0001] Menory managenent in
a managed execution environnment may include
wa esopos@sé | y suspendi ng managed t hreads duri ngP@EI/Bsme§038117
or scan of a nmenory heap. However, a prol onged
suspensi on of the managed threads may time-out
execution of the correspondi ng applicati on. SUMVARY
[ 0002] Execution of portions of an application,

program nethod, fyngctjan, 0 senbl age of code
in a managed execumm&ﬁﬁm[ﬁ be i nfluenced
by, at |east, the potential magnitude of a nenory
managenent i npl enentati on. DESCRI PTI ON OF THE DRAW NGS
[ 0003] Load bal ancing in a managed executi on
environment is presently described in accordance with

the following figures. [0004] FIG 1 shows devices
comuni cating over a network, with the devices

j i ng exanpl e technol ogies for | oad bal anci ng.
BA%%@%@WEIG 2 shows an exanple of an execution

envy me ' ] g £ )
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DESCRJ. PTI %0008] Load bal ancing is described herein.
corWBP%n(Jd g

9 EPRPAPT Y, the present description relates to
controlling certain behavior of at |east portions of

SUI\elrl\]/IAallkp\Pl i cation,

[0002] Execution of portions of an application, program, method, function, or
other assemblage of code in a managed execution environment may be influenced by, at

least, the potential magnitude of a memory management implementation.

DESCRIPTION OF THE DRAWINGS

[0003] Load balancing in a managed execution environment is presently
described in accordance with the following figures.

[0004] FIG. 1 shows devices communicating over a network, with the devices
implementing example technologies for load balancing.

[0005] FIG. 2 shows an example of an execution environment for implementing
example technologies for load balancing.

[0006] FIG. 3 shows an example data flow among data nbdes in accordance with
an example implementation of load balancing.

[0007] FIG. 4 shows an example processing flow in accordance with an example

implementation of load balancing.
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program nethod, function, or other assenbl age of code
based on data regarding, at |east, the potenti al
woregniotwee of a nenory managenent i npl enment at i BET/US20061€38117
respective execution environnent. [0009] Wthin the
context of this detailed description and as pertaining

DRI PED BE5cRIPTRONED Programm ng, a nethod may be
regarded as the processing that an object perforns.

Therfebas] e, Lobar balsdif GE . dedb1fiR da hBRES G oleS paiflartl ©
obj ect, ‘the nethod '?d; i n’p?l enent ed. [00105] pﬁ%r o%cra_g’s,ﬂ?en present
ded&ipiRf Gelale tto @ eloling'RYtalneh &lavioP of REjAST H@ljtiorly BPLRDpplication,
of a nodul e or assen‘gly of code pertai ning tongn f
i, Grikich Q) FuRERIN, M oth 4N f I e
prgéf}ggr ammebl e and. éxecut grb%b'@gﬁgg o{%&%ﬂa@é@%geéﬁg?ﬁgardmg, at
| I r 0 it of. oynent .
B TR R B Bhor oot i BRBEE i e
pRERR : jbed herein, may include both
resphysi é%éa]&}'r?gaﬁ%(\)’g?@@“t?esour ces associated wth a gi vcra]n
corrrf(%' g Vi r.on on-Jimti exanpl es, such
resourdc?gs Vﬁn[ah)}h rtgﬁg%%érxéﬁgffl 'Sesdetaé'ego‘?egg”'?tbo RAF et p‘;rta'”'”g to
: t | s, any non-executable entity that may be
°b’§%§$°.§8”%€apr¥8 réh{nﬂ'gﬁ’ 8n'@et$‘>? NPabeeeanEdet \as theorrogessing that an
bi T{w gads. d$scri bed herein, may refer to execution
OPISSE RSO ﬂ"s“srr? YbpfIrcHEtagRe: Wiy R ARESSREM Y iSB, topn object, the
t her .aslserrbl ge of programmabl e and execut abl e code.
me%horcg'éd@pgﬂ‘ﬁﬂf%'rmlti pl e paths or streams of execution
of o{ Les‘ of executabl e instructions to occur
congfﬂ’l[‘5 nt TRPCSHSt ni desreibed tereippmay atefasnto preogetamh running of a
function, or other assenbl ages of programabl e and
mogiisceit ATPEPYoAk cOdthBETEHYINO VPt APRIsations tarearam, dunction, or other
different transaction or nessage may be processed. A
assgifblaae £ eremyammakie andgxsewsklesgdenyi ronment, i n whi ch

mul ti-threadi ng processes nmay be executed, may be
f ouPliTh “Assembly,” as described herein, may refer to a unit of deployment of

code, which may or may not be versionable.

[0012] “Resource,” as described herein, may include both physical and logical
resources associated with a given computing environment. As non-limiting examples,
such resources may range from files to ports to shared state; that is, any non-executable
entity that may be shared by more than one executable entity.

[0013] *“Threads,” as described herein, may refer to execution paths within an
application, program, function, or other assemblage of programmable and executable
code. Threads enable multiple paths or streams of execution of modules of executable
instructions to occur concurrently within the same application, program, function, or
other assemblages of programmable and executable code; whereby, within each stream,
a different transaction or message may be processed. A multitasking or multiprocessing
environment, in which multi-threading processes may be executed, may be found in

either a managed execution environment or an unmanaged execution environment.
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ei ther a managed execution environnment or an unmanaged
execution environnent.[001 4] "Isol ation boundary," as
walemcoibedd herein, may refer to a | ogical or phyEUSANG6/038117
construct that may serve as a unit of isolation.
Processes are an exanple of an isolation boundary.
Wthin a managed execution environnment, such an
i sdPat4lon‘lsdaritabyunrryy.beasr edseribe heesitasman refer to a logical or
application domain, in which nultiple threads of
physix@caenstonctithyt bay some as nait dlisHatian: nimedssesyatiesan example of an
provi ded as an exanple only. That is, the exanple
mommm1dnmnﬂavionMHMasmrmb$umueﬁskmﬁamemnmbnhknmtsaht@n isolation
application domains or even t o managed executi on
bouadwiyr mayet wfaseds taate dnalyplieatidyutiomainhén wiéeh bailtiple threads of
applied within various other isolation boundaries
execugdremanbatcbmamedn Sath edrmincdegyt is grovddad asoamexdnsple Mblye That is,
particularly, isolation boundaries, as related t o the
the $X@PPleGmpl@BaHthtTehsHestribddLidrein adeact lirhied teamilizatioragomains or
further pertain to machi ne boundaries, process

evehQHr}ﬂ&ngﬁa,exbbﬁtﬂﬁdénVI@ﬂﬂ1eﬁfsa§§st@feda&ﬁcﬁ/@bbut Rebad@ay @%. applied
Even nore particularly, the scope of resource

witilh SWAHOM | SRefMBYEoRABE 2bBubduriRY Dlim pleRieh¥ioRs EXPOSHEE, execution
assenblies, or classes. Further, resource distribution

enifBYmBAe ml’(lrE' PArB @il Qﬁlaﬁaﬁ‘%cﬁhkﬂﬁm& 'JECLéJQdeHgto &hd-scope of
a type of resource as well as visibility of the

res&ﬁ'g@ Lﬂlﬁﬁb%t[l&pjdeﬂnblegohé“éfno%Qp Lf'ﬁ‘l‘iiﬁ’t{r' S@rt:ffﬁ‘ytoe Rakhie t BBundaries,

e executed theréin to be | oaded from a

pro?&gcdouhggﬂ 0H¥r8§ds R CEQ%@F h&%nl%ﬂ%‘ d}irlgg;yE\;é% lﬂgl%rﬁﬁgcularly,

epen ot her such i sol ation boundari es;

the! sccgﬁg:eeéfsrjg Gl or@% EE rﬂ)u%pg :ﬁ@l &R{aﬂptobmlgﬁ{r}(/afgﬁé/x @ure assemblies, or

occurring tnerei hot

clas'eﬁ e? %ﬁtrrg{ﬂogﬁe tr| %ﬁ‘%}ound%%\l/ee% \Mpl@ Wi ol?eﬁnﬂrﬁ?gﬁ&ncludmg,

ounaari es ma

t ces th h
e, RS ARER P TONIBER SETER G e e

Ch&@geg} t gs@gatloat A ggrfegglﬂﬁsbgﬁanﬁﬁyfsgﬁede}:ﬁ%%g %&é’cﬁgﬁgﬁwei’e@n to be
0283010y SEBHIEEACE U AIRCSEIPoGPHEN TTHY DaAPBUES thipendent of
othgruggcthl fslog%oﬁnlzgoucn(c)lgrtl)ésnaatni:lopnrcs)cessmg within an isolation boundary may be
isolated so that a fault occurring therein does not affect other isolation boundaries within
the process. More particularly, isolation boundaries may isolate the consumption of
resources therein to the extent that other isolation boundaries either do not see any
changes to a resource or, rather, see the resources in a serialized, atomic fashion.

[0016] FIG. 1 shows example network environment 100 having processing
nodes that may communicate with each other in various quantities and combinations
thereof to implement one or more examples of load balancing. However,

implementations of load balancing are not limited to nodes in a network environment.

Still, in the example network environment of FIG. 1, client device 105, server devices
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t hereof to inplenment one or nore exanples of | oad
bal anci ng. However, inplenentations of |oad bal anci ng
wae@7net6é i Mted t o nodes in a network envir oOPEETS2006/038117
Still, in the exanple network environnent of FIG 1
client devi ce 105, server devicesl1llOA and 110B, and
"other"” device 115 nmay be communicatively coupled to
110dnandahidiBnend Vothenistevioe R 1328y herepmrmicdiively ceupleddgone another
one of client device 105, server devices 110A and HOB,
via aavotlot Erdndd &wilee, dtliBastmye loé ciepaleliee 305 mven_srcénitce:@ 0A and
| oad bal anci ng 120, as descri bed herein. [001 7]
1108 asdtt‘ottien| deick0B STapy e @pableastimpienanfing lvad belagciog 120, as
conventional conputing devices, including a desktop
despebionatinconput er (PC), workstation, mainfrane
conputer, Internet appliance, and set-top box.
Furfober, clié@nlevi@viics &b baeyt leastabnd adsd vaneryosf asrwentional
device that is capable of being associated with
confiliwerdevites lﬁ)MuéinF\ﬂafd%@k@BCHe%on\ﬂ eth@asr (PChkvorkstationd ingnframe

a personal digital assistant (PDA), |aptop conputer,

con@rﬁ]téluirﬁérnﬁ?ﬁmﬁﬁf@’angts@t—td:dil!id)h &furdhlel | dientCddvR@t 084 \Cige at least
S may represent the client devi ces descri bed above

oné %al\'ﬁuzrdeg’lgg‘ tifHY @Ea{ b%%f%ﬂ/gqss&@ima Qithi rRBSorkesasf a wired and/or

evi ce may al So be enbodi ed by any of the

wir@?&vﬁnfxﬁ%‘%ﬁ'}ng E%Jsbﬁiﬂtdl %!%‘élsmﬁ (Pbﬂpllag‘t]ops%lﬁﬁlﬁter cellular

evi ces may provi any of a variety of

telep% ﬁeérer}g/ purrtl']‘ellJ ng Sﬂﬁl Héche @és%hﬂ&p ﬁs% &Qﬁt &dvices described

accordance w 't east one
enent atl on of

CHEI bn v%rllc&ys éFﬁ'té‘iﬂ agdz (z:iqn% %Fonggh%rggf “Blal%aer’daé\@cenﬁ% ljﬂgy also be

n ternatrvery restricte

rpcte f

emég% %b‘t’ AOY & @S@gf&/‘? S és(r)]?fucl '?{‘:tzdne& ﬁg% gel i sagal d.
o ﬁf’;éé@@%%gﬂeesvg@&&@gm L Py g s o
server, in various

uantities .
and REatonagh el 0 1A ord@m%eQEV1¥?iL\”53HoaCiT5§“§emat least
as content sources, and client devigce 105 ecei.es ,
one G TN & 178 DRAEReBhr k 1RS5 G il ic; pygitable or
manner. However, according to the exanp
alt¢rmpiivelverstridteshse- Be JESUTIHEH tRPBY (Fertain; lé%?fs or only if an appropriate

subscription or licensing fee is paid. Either of server devices 110A and 110B may be a
network server, an application server, or a blade server, in various quantities and
combinations thereof. Typically, server devices 110A and 110B serve as content sources,
and client device 105 receives such content either via network 125 or in an off-line
manner. However, according to the example implementations described herein, client
device 105 and server devices 110A and 110B may interchangeably be sending nodes or
receiving nodes in network environment 100. Further, according to at least one example
of load balancing 120, server devices 110A and 110B may be implemented as one of
many server devices on network 125. Such configuration may be regarded, informally, as

a “server farm.” In such a server farm, the two or more networked servers may share in
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devi ce 105 and server devices 110A and 110B nay

i nt erchangeably be sendi ng nodes or receiving nodes in
waoedorostoeenvi ronnent 100. Further, accordi ng tPOI/ES2006/038117

| east one exanpl e of |oad bal anci ng 120, server

devices H OA and 110B may be inpl enented as one of

many server devices on network 125. Such configuration
thermyedgionegfaatdiedst potionsraf laysanas applicagon,eprobeanm funktion, or other

such a server farm the two or nore networked servers
aspayblsdaoeproptanemaii e andl ierecuddbl@todee amirtHe Bill,08the®f de¥ice 115 may

sane application, program function, or other
alsasisearhbodiel by amy efghaabord@npd Fxeadt adlicsqdR.and 1108.

Further still, "other" device 115 may al so be enbodi ed

by gog1af “OtkerabfvreeXsiPhep vif af@rivfhedMyEESthhL GA capable of
and 110B. [001 9] "Other" device 115 nay be any

implemdn@ihg d6ad BRahdhd 106 acaRath&oUnel SPMBFRESE iHa%edaBBfies described
bal anci ng 120 according to one or nore of the exanples

hef@8CThRed, RETS! Bevidd Bi5 by be X ftward@UABIE] %&ﬁﬁpﬂﬁﬂ% gfpf’ocessing

sof t war e- enabl ed conputing or processing device t

de}ﬁ%e cRRaR!Sp e io%ﬁﬁ%ﬂiﬂ?.Iéa%agalg?éirgd:?.t@goﬁg%&%%{a} g%rti’on of an

east a portion an apptication, ogram

apggcc?gig!?,ﬁbrao?$ﬁ,nmn%ggn oér B{hggﬁm‘!lggen%ﬂroﬁgrﬁ%ggel a(?l]\% F)éecutable

ast a nmnaged eXecuti enviI®r onnen
' rl " " Vi C 5 serve as a.loagd, .
co i a s gzl ARy PR oy Mo BBy Teg T cvice 115
e _Lnpl enent e s..a hardware, devjce that [s.,.physic y
'“%%ﬁgggt%; rgﬁge??ﬁg?”bf Iﬁeﬁ?gdéé?%gnldg [t g%?ﬁ%ﬁHg may be
. devices, 11 nd H OB alternatively, "other" device, .
ORI frct PriParmrndi Bat FemiERE hpareth Fomeueh obflent device
|_.east one of cli devi ce 105 or serveyr deyices 110A
10587 1SEORT deyiFes Pimend di%:cé'tarfst%\y [PEheL” coyist 11> may be
. n%, processing, or server device having at |east one
imgfemeRteshas Armivgres 95 saffvaienon it dpast eingrof elipmyefevier 105 or server
conpiler, or runtime execution environnment inplemented
deyiges &b 2Mhdd8B.o XA ‘GEhesr devigst 11 hiradee €@mpeting, processing, or
limting in any way, and therefore should not be
sepvghgievigedavingt Haleastappeof JnOOPORUNEISWEER, BRSinigrpreter, converter,

represent any of a variety of conventional network
compiler, or runtime execution environment implemented thereon. These examples are

not intended to be limiting in any way, and therefore should not be construed in that
manner.

[0020] Network 125 may represent any of a variety of conventional network
topologies and types, which may include wired and/or wireless networks. Network 125
may further utilize any of a variety of conventional network protocols, including public
and/or proprietary protocols. Network 125 may include, for example, the Internet as well
at least portions of one or more local area networks (also referred to, individually, as a
“LAN"), such as an 802.11 system; a personal area network (/.e., PAN), such as Bluetooth.

[0021] Computer architecture in at least one of devices 105, 110A, 110B, and

115 has typically defined computing platforms in terms of hardware and software.
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topol ogi es and types, which nay include wired and/or
wirel ess networks. Network 125 may further utilize any
wotoozovasé ety of conventional network protocol BCT/US2006/038117
i ncluding public and/or proprietary protocols. Network
125 may include, for exanple, the Internet as well at
| east portions of one or nore | ocal area networks
Softpatesfor refrpuried devices caievtadbmkcatygorizedantol goaups, hageth oggunction,
an 802 .11 system a personal area network {i. e.
whlEFAMclucEeUCahhatﬁ\ABPaJebﬂchhon [18@2 (AferCaumeivt eeferned o tasca ((HAL"), an
| n at |east one of devices 105 110A, H OB, and 115
opeh 3ts){19ﬂeﬁ*ﬁda|t§’rndﬁwfdm&tﬂerﬁ@’mwsi“O’g, Pldatdpticatonsn ter ms of
har dwar e and software. Software for conputing devices
cangob® ba rGAliRe @KtARGNI g Roghentpaay bdeew anisblast smae, which
whi ch include: a hardware abstraction | ayer
may( B betweah tWeby ah8hRkbpkkation, iAsvch thalapplicanangy atecag specific
system (alternatively referred to as "0OS"), and
tasiBPE htcl%ﬁét% of [ BE€2}iné deViat 1105, Sxe6opNofsrdralevies 110A and
may refer to an isolated space, which may be between

1 1(}Bheor%hgp%e9|@e apl%' | Gdrk O[S‘artlthaNW| :Prﬂuﬁlhﬁe apRkltfeH ieAAronment is

execute speC| iC tas s on at | east one of

mt%&ggg%gfiq%gg%yé Peﬁalﬁ QH@eQquﬂPﬁ Bf QEplﬁgﬁé’r%rorfjﬁ\{]P&ﬂﬁg tange of

or ot eV|ce . More particularly, a

protrc%gtr}ge laxlelcl c| %’hge@gﬂv&%mﬁ%obs nﬂ;ﬁmeq’aﬂte edyﬂ?d"u@@rs mobile

o f ekecuti on app icatlions on a

W N

proggsgmgo%egg Ci Sl ioBT BEASSING. SN e Boh L) NG oSRANE S dayer of

abSﬁlia\é{;(grglsaﬁe sgr\p%efe‘iorg%egﬁé@{c?g%r? gi!ﬁrﬂg% %”g@é\pfgrok&x smg devices, and

FurfRa RO d0F GPRAETRE Wb Fred R (O PR e eB o wﬁ%emw and
i ncl udi n% mepory nmanagenent and configuration thereof.

configmpsionANei§At-i ne execution environnent may serve as at

| east one of an application pr
app[Q@él @nrw%,tqe(@gptmnapwﬂ%ﬁx?ngepgdnan@]n%me a3 at least one of an

application programming platform a runtl me execution

apriealioATASAM NG ARl Ao YEEBIPNIBIP'Eht i ons, whi ch
may be written in one of nultiple
[0024] As an application programming platform, a runtime execution

environment may compile targeted applications, which may be written in one of multiple
computing languages, into an intermediate language (hereafter “IL”). IL is typically
independent of the platform and the central processing unit (hereafter "CPU") executes IL.
In fact, IL is a higher level language than many CPU machine languages.

[0025] As an application execution platform, a runtime execution environment
may interpret compiled IL into native machine instructions. A runtime execution
environment may utilize either an interpreter or a "just-in-time" (hereafter “JIT") compiler
to execute such instructions. Alternatively, a runtime execution environment may
execute, read, interpret, or otherwise analyze intermediate language code (i.e., “IL") that

is distributed to the runtime execution environment in IL format rather than in a native
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computi ng | anguages, into an internedi ate | anguage
(hereafter "IL"). IL is typically independent of the
w@b@rogiose and the central processing unit (herRelf/U82006/038117
"CPU') executes IL. In fact, IL is a higher [|evel
| anguage t han many CPU machi ne | anguages. [0025] As an
application execution platform a runtinme execution
platharinr @ecetion freonat abd ispaletady oompiledintd_anynbme odss¥@blies, methods,
machi ne i nstructions. A runtinme execution environnent
ornmyesut Alsoreeedft ueh Iamadyniseedigpededrinadithar of dton-Arahhd®’ execution
(hereafter "JIT") conpiler t o execute such
envingrimerat oron Sepabhteapddrhathtyon &f tHentuntEheeeeuUtiorPBnvironment on a
envi ronment may execute, read, interpret, or otherw se
sa@mealrsEparatel @@ etices hamgu@gan@owls {rhe Source ay)deplttthe IL at, or
is distributed t o the runtinme execution environnent

prio td,Lindt@l tRie foRtHAplibaRTbNI Brc@ri]ﬁt m¥gRbatSnefion, Q?F%Ql'i’ér RBemblage
format and is al ready conpiled into any one of

of pSRARhIaBR andBdREEEbleRodE YPRRIch thSRULREs ngsuch 'L may
be di sposed in either of a non-managed execution

enviip@IBTE e daFdIcssS epRr ahfvel MARMRNRLILEHRS th«%n be directly

runti ne execution environnent on a sane or se

ex@ﬂﬁe@By VCWSS%Q@L &@U ﬂH@be%?n I Fvc'g%c%?ef BPXt%Pu platform as

depl oyt , or prior to,

Ioﬁgog.l, 'tlﬁ:clﬁbls%npﬂgo&{ W Elgg()rnﬁ Llllrégtts or{]%?plrogr%te rugtlme execution

assenbl age o rogrannab and execu

enWérﬁ#enttheE%almré&r %g e L/Qéﬁrglqtﬁ: a&v LCE]-S d@gt l?ajancing 120 may

Ive nmacC nSt r UCt 10 .
pef5 dhdBr o Ve et rﬁmﬁmﬁow@%nﬁ%@g Blgachine runtime

tf t t
SR T E VL X T T —

vironments, to mhlc? Ioaq‘balan0|ng 120 may pertain,
CHRiclouemPs gl Biskesoft N haPRiAfipB iRter maghipg (lapguage before
Virtual NMachine runtinme environnent that is used t o
expgiing@ §lling reytps-) Hpweiernaish lisingnipvisiss @awgelag@nlv- The example
Runtime (CLR) t o conpile, e.g., Mcrosoft .NET(tm
imglementasionDALe ReitienitRsdRInE thessduRIgeed exesusion eawitamepts Further,
calling routine. However, such listing provides
the gxafpple smelementations exaumpt iist fipliterdntroaniagns exeautiontenvironments,

limted t o just these managed execution environnents.
folrgne lgermore examples may be implemented within testing environments and/or

unmanaged execution environments.

[0027] An application compiled into IL may be referred to as "managed code,”
and therefore a runtime execution environment may be alternatively referred to as a
“managed execution environment.” Portions of managed code may be referred to as a
“managed image.” Code that does not utilize a runtime execution environment to
execute may be referred to as native code applications.

[0028] FIG. 2 shows an example of runtime execution environment 200 in which

examples of load balancing 120 (see FIG. 1) may be implemented.
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the exanple inplenentations are not just limted t o
managed execution environnents, for one or nore

wez@mok®ss may be inplenmented within testing  PCT/US2006/038117
envi ronnent s and/ or unmanaged executi on environnents.
[0027] An application conpiled into IL may be referred
t o as "managed code," and therefore a runtine
exd8029lonAegerding rifretit eash P8 eamples HARIFMENFPR: BHigYE pYpcution
as a "managed execution environnment." Portions of

enviranagetd 200 deayrfacillsater etespien of aniged todENRgeA] CPRRYENg device
Code that does not utilize a runtine execution

plagoni.r demeped tode enaycir eommigertd te dfecparb@f 2 ePrgsSeh &f japalication-
code applications. [0028] FIG 2 shows an exanple of

develaptrien® teckealotiesn asdhiayofuntiaat bR 0Bgardeds ciodextlippisesorppiled for
| oad bal ancing 120 (see FIG 1) may be

exdcOPOrEBR MGt § @QEAkIoAGRiratimentt20ato Previde aotnarasRalting service to
i npl enentation, runtime execution environnment 200 may

thef @ dutingt @vRéesiforon of aduitiage clirtiocke exeputian comipeRmeny 200 may
device platform WManaged code may be considered t o be

trafdtk nfnageS B8R &ein inferpRVd lRadliintodestelaipnethat may be proxied and
technol ogi es, and may further be regarded as code that

thehSxeQITRH bfd dr&fes&ore Alfrh@Bwerk foll Aritife €xeatibn emvironment 200 may
environnent 200 to provide a correspondi ng service to

alsb Qﬁoﬁeg%sg NehralGasl Gehil dtdyopdnreddidédidistdoPtvard Wutlding blocks for
execut1on environnment 200 may transl ate nmanaged code

i etive level into instructions that may b
hodl AR y be

then executed by a processor. A framework

for gd;d%réﬁ i 'ﬁ%c%%@u&#oﬁ FEANET QRIFRRIE %%erﬁ@b/taﬂbﬁ,o riftoYd d&ecution

g'?ld_ brfr'ﬁs’ i'ch may be regarded as software
Ul | S | i . i
en{PgTeaF st 87 Pl ar dOsE Al Ao (PiSHiay othenvise be

ex;?%ﬁc %@ﬁgﬁﬁ{%h{lovﬂﬁﬁbyég%{% Rﬁp‘ﬁgqgck%g lft%‘?hgta E@ﬁﬁdtﬁ\'g device

hat erw se be expected froma

ker nel , i ch . [ i .
oo e P Bl O A g s 100
constrain a

S i i
110A, 1108, ané 11 g.oﬁ'hl?sr,]%t Ra%gtt (I)n%uéxaan?engf r%t'ltigl%velxgglftiogsenvironment 200

may implement the following: input/output (hereafter “I/O") routine management,
memory management, administration, and service routine management. Thus, runtime
execution environment 200 may include I/O component 205, at least one memory
manager 210, administrator 215, and execution component 220. These components,
which are to be described in further detail below, are provided as examples only; that is,
the examples are not intended to be limiting to any particular implementation, and no
such inference should be made. Further, the components may be implemented in
examples of runtime execution environment 200 in various combinations and
configurations thereof.

[0031] 1/0O component 205 of runtime execution environment 200 may provide

asynchronous access to data sources (/.e., processor and peripherals) associated with the
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110A, 110B, and 115. Thus, at |east one exanpl e of
runtime execution environnent 200 may i npl enent the

WO edoowiong: | nput/out put (hereafter "1/0") rouPCTES2006/038117
managenent, nmenory managenent, adm nistration, and
service routine managenent. Thus, runtine execution
envi ronnent 200 may include I/ O conponent 205 at

compeiag dsviCenRIABORM- neraBRIes 20T0sUChHATR SOHFSRE JPaYL b agie g ore of
executi on conmponent 220.. These conponents, which are

devices HOSdelOA, HE@B; anglut thedesgabed Rbea with dard e filged- More
as exanples only; that is, the exanples are not

parficutlehe D compbeeriti 285t inay Providem (uNskie EXFUEPN environment 200 with
i mpl ementati on, and no such inference should be nmad

robBstr dybtem thirdieghpotpuhBither sugarbléne pasfosmentecef ode éso&wh@b an /0
of runtinme execution environnment 200 in various

reqoestiorigatateans and configurations thereof. [0031 ] I/0O
conmponent 205 of runtime execution environnent 200 nay
pr ofoiode] amennity endageraZie sy trefedat a rodule egthin oe associated with
processor and peripherals) associated with

rurkifRCOMRUL oM enivineat pbatthar iredatdephes “grbsge koltkata.” Garbage
sources may be one or nore of devices 105, 1 OA H OB,

colRBGonl&Rerrd@54Y FdT8de BltOVEedftdr As regahthythedefdrted s a Myt feature
particularly, 1/0O conponent 205 may provide runtine

of AXREGEdl e QRYE: AR oAl t¥ibly vHi €0ats bbjeisis €Mded (/.e., de-allocated)
t hr oughput and further streanine performance of code

if dn’ Ee&N %'8 l@ﬂgér/ 2l edS}llJﬁﬁ/t a&)‘ilhﬁldﬁ@t 8on hQURBED ovBERY ¥f a memory

manager O my refer to a nodule within or

he:ﬂ)ssf?\cétqg%qd) et&aHﬁm biTemoRF HFah%EEr%‘O' Emﬁtofg% h&@abry heap

I'S regar as a garbage colle " Gar bage

ma.y%&l ?\% énQJ}%écﬁgg cetrhﬂ rds\ég ch. rsgt:ﬁfrﬁﬁgmten@tleﬁrn%fﬁee\ilelﬁ%wted for an

as a robust feature of managed

exq;rwgl )((aegOUr\t\L!) \%Je {\@(erﬁ #?ywlsﬁ@ll\ e rddty Qﬁqutcoh&ramed and for

an object 'is no |onger

|ca ians a di
AT P Bt
2 10, a sweep of free nmenory heap may be inpl enented

dedee-a' | i near search. Such i mpl enent ati on may be

wel l[_ S%I]t eAdn examae of memory manager 210 may implement “concurrent GC”

functionality to allow managed threads to continue to run during a sweep or scan of a
memory heap. That is, during de-allocation, concurrent GC may allow allocation to
continue in parallel. Concurrent GC functionality (alternatively referred to herein as
“concurrent GC") may be suitable for an interactive or GUI (graphical user interface)-
based application. )

[0034] However, although load balancing 120 may be relevant to concurrent GC
functionality, the present example implementations of load balancing 120 are described
in the context of non-concurrent GC functionality, by which one or more managed

threads may be suspended during a sweep or scan of a memory heap.
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exanpl e of a conputing device platformfor which
menory size is constrained and for which a delay in
waeemploetoseon of a sweep may be perceived by a UBET/US00&038117
correspondi ng device. [0033] An exanple of nenory
manager 2 10 may inplenment "concurrent GC'
functionality t o allow managed threads t o continue
to rlBM3durfusthes faneions dmplemantast by mashery ynaraggr 2TAamay include:
is, during de-allocation, concurrent GC may all ow
MaAFEEa PP R toorrNtisyeus hiqsks if| fislite GoadarkAMIt(Z&C memory heap)
functionalit%ﬁéalternatively referred to herein as
storgae @rar 8eit ofGNtignays bocksiiof abéreofyoameirgsit rthe rtagidsi wenimig on the
QU (graphical user interface)- based application.
copogny deidueepkiform] allvoatiiy Mmeadnbml &reashgnd 20pl@yiobeunning on the
relevant t o concurrent GC functionality, the present
copatip eleviap Ipdattomtaficeing aufledso porixalsasfcinagod?20n aequest by at least
described in the context of non-concurrent CC
orfeurfichd aprdications; byd yleveltiranenyast the kepliratnagelomhnagdeely accessing
may be suspended during a sweep or scan of a nenory
méaey.spAte3hht Fras hdearallbedted toodiy of i etmenhgslicByongenory
manager 2 10 may include: managi ng one or nore

cont[p@sBlUSA@hPetste 215 Nhiye rafel @b id enddM Withh or "BEBYidted with
heap) storage or a set of contiguous bl ocks of nenory

ruAfiMBOSdechthth kAGK MMM 10 tRR deBRsCRMPLEIVBYtdRYECE portion of an
platform allocating nenory t o at |east one

ap?nﬁubﬁ,abw}aﬁqyrmétngd,omﬁchsn,cem%érngssgﬁmiag@ & BL({/Q‘?iarﬂﬂnable and

reeing at | east portions of menory on request

exlteﬁﬁ%le RleOfort mc?ﬁm g abhQRg: e%@gti(m QKERE A HGh 2By Of Further, in

he applications fromintrusively accessing nenory

ac%}ﬂﬁﬁcet Q\ﬁ{h haet‘s ﬂ%gggtir?el ! %%ﬁo?ed i ?)(I)e?ﬁ%ﬂt%\‘qgt &@gy%a[ae rbalatn(c):ir;(_; 120,

applications. Adm ni'stra ref er

aa%iﬁ?tq(ﬂbﬁ ZYnVif' tr%cot%ﬁcgﬁgt%%{ha&% OW Fnlgng uere}tig{aetloec)g% r%ych%nbehavior of

envi _ronms _ s_erves O Tecel eas _
A T T
exsf) &l%ﬂq&pﬁé\?i’%m%ti% LXRLLOR SARSHRLAN, SAVLY ODIBIE time, initial
runtime, or at any time thereafter during execution of an application.

[0037] Execution component 220 may refer to a module within or associated
with runtime execution environment 200 that serves to enable execution of managed
code for the computing device platform. Execution component 220 may be regarded as
the environment in which execution of the code of the application is implemented, and in
which runtime services (e.g., device access and memory management) may be provided.

[0038] FIG. 3 shows example data flow 300 in accordance with an example
implementation of load balancing 120 (see FIG. 1). Example data flow 300 is presently
described with references to features from FIGS. 1 and 2, although such implementations

are provided only as examples and are not intended to be construed in any limiting

manner.
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accordance with at | east one exanple inplenmentation of
| oad bal ancing 120, adm nistrator 2 15 nmay coordi nate
wowdn/osmeesory manager 2 10 t o control the behar@DUSWD6/038117
the application, program nethod, function, or other
assenbl age of programmabl e and executable code within
runtgj exgcuti on vironnent 220, at conpile tine,
i ni t[lba I UPrasacs %)(gq’%t'a’oéﬁya’l G ReY afreeddedps fpgical or physical
cof ecgtLon of ,an a &%ication. [ 0037] Execution .
CoRp %éﬁ?c?ﬂ)""rﬁﬁyﬁ Ftdpast the desepptipre ofvisqiatiproboundaries” provided
IOassoglj' ated with runtime _execution environnment 200 t hat
abQYG v dUP o PRREIFR 3008 30P BNt 3RBR AR Pedeie Toomathise boundaries,
cO ting device platform Execution conponent 220 may
pr%‘e‘fg%a%'?%éﬁsia@f%aﬁé’ Fnlicrtimneemainy and dassexexsaembly houndaries, in
t he code of the application is inplemented, and in
ACEHANIEe Wit MAIQUSy Ynelemepiatigns efelqage bateveiss 2R0 nerfurther, the
. managenent) may be provided. [0038] FIG 3 shows
imalegieptationatod l9ddobnlanng A28 cecoitancmwimitedito evaaplueh constructs
implenmentation of |oad balancing 120 (see FIG 1).
(. ¢x dRphe 395B.a2hd 0305800 whichpres dhistrytedesid i dxethivdct herein only for
references t o features fromFIGS. 1 and 2, although
desqiiiptive apinesesnt at i ons are provi ded only as exanpl es and
are not intended t o be construed in any limting
nmanh@}40] 008N fRaowds Peece3N5/R05303@48, and 3866 Ghayepertagh to multiple
regarded as | ogical or physical constructs, in
seryersdy.dameehing thouatiardieshs implamedesictsi pirdwarepberves A 0&iA, 8058, and
boundari es" provi ded above. Thus, processes 305A,
3030583y dredsabite rraydpatt dévices,0 onaRhicih extbleadtdahd @8ntime execution
process boundaries, threads, application domains, and
endtansenor20@s serinjhdoasinahabpskation eREGRIHAPIGHMA L Nimplemented as
various inplenentations of |oad bal anci ng 120.
soffwark Beivers, Peocesgek SOBAL 3038)88d 3b5¢ Aas Bé%@ﬂlﬂhﬂﬁadlc%%rﬁ)rn@nts of a
innowy limted to three such constructs {i.e.

cordthpA, appi&dBion AP g2l Chetholl] AMc@6® drl dth&tds38RH12889F programmable
expl ained herein only for descriptive purposes. [BofoT

anaASexaﬂl_JtQEfI@W@écﬁz, bRINC eR&@%e B3 By an 3%&@&%&% Mfime execution
pertain to nmultiple
environment 200.

[0041] Memory management data 310, originating from at least one of
processes 305A, 305B, and 305C, may include data referring to an impending sweep or
scan of a memory heap (/.e., GC) to free (i.e., de-allocate) one or more objects that are no
longer used by an application, program, method, function, or other assemblage of code
being executed by an implementation of runtime execution environment 200.

[0042] By the example in which processes 305A, 305B, and 305C are
implemented as separate hardware devices, memory management data 310 may
originate from an implementation of runtime execution environment 200 running on one

or more of such devices. By the example in which processes 305A, 305B, and 305C are

implemented as modularized components of a common application, program, method,
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servers {i.e., machine boundaries). Inplenented as
har dware, servers 305A, 305B, and 305C nay be separate
wharodwzroes devi ces, on which at | east one runtiP&I/US2006/038117
execution environment 200 is running as an application
execution platform Inplenented as software servers,
fuR&Q)esépﬁ)EOSA' 305B, and 30G6C may be nodul ari zed
conpongnt®"Yr 355D pPIOLaNM3Rle Fndgrypqutshie herfle, me mory
mgdénction, or g her assenbla%e of progranmabl e and
EREENENH PR30 B Qg9IEREC [[OBY aByimake meRsRiEere 9f Auntime ofxecution
o runti nme ﬁ ecution environment 200. [0041] Menory
"HEHHGE N qatyhish 1ihe Bedwyirizedi ermransRisagre beisg exseutefl. More
rocesses 305A, 305B, and 306C, may include data
paﬁé‘l”é('?/i ¥ teoakaye YpBRLES nfea\RBe asrdeseent deta A1 rerayroyiginate from
hea i.e., &) to free {i.e., de-allocate) one or
m“r%‘?rg ”E%ia@%rt &1 & praadnapistrater Imndyler 2 Wbs etthdrysingularly or combined.
application, program nmethod, function, or other
ass Pt gMemnonyomanassimegt aiatec 31 @ dnawy inapleinept emesHcEbADDY using
of runtime execution environnment 200. [0042] By the
Ong P& AAIre 2PRICAHPE Rrqar g deteEface3 (BR) tHROBR;, ccamhtBOSEtRARIs of various
i npl emented as separate hardware devices, nenory
SYSYRIR Agetieaturesat Mo meoticudarlyo theghRiaterrésportian to memory management
i npl ementati on of runtinme execution environnent 200 -
datayhiidl mgy da cepableof initiatingflosdibiladend aesng Byodebsese30mmM) 3658, and
in which processes 305A, 305B, and 306C are
30b@plienentedsasnadidhd dounditiespnposnt Boutdafes; OtHFRAHs, application
application, program nethod, function, or other
domismentricadessodr sagbarmsablisriaNth fxeridhedvrh GESus Wlementations
nory managenent data 310 may originate from an
of langd| leatetivat 120 ofs dasoiibatehexrs whi AM BAW be 085RALd 20@nTbr more
whi ch the nodul ari zed conponents are bei ng execut ed.
routnes used thycal applcatiby, pRRrahOMRIRERTIA@DN, TBRRY assemblage of
managenent data 310 nay originate fromb5 nmenory
progearageble 2hd execidblletog8é FRHRECtTRE et of §J i
singularly or conbi ned. [0043] wEnoﬁggﬂgﬁéggﬁ%%?hﬁﬁfg'“”“me

exedflonTaiiidiRcREROO of ERNSACIJePtthgystdf]. Ny one or nore
application programinterfaces (APl) that are com
pat jool@] WiviehoM! fafhgehdtOd8ta 310 may include one or more APIs
implemented by memory manager 210 or administrator module 215, either singularly or
combined. The nomenclature for such APIs listed and described below is provided for
descriptive purposes, and are provided as non-limiting examples,

[0045] MaxGenerationNotifier may refer to a class of which instantiations may
be intended to prompt load balancer 315 to redistribute at least a portion of the same or
another application, program, method, function, or other assemblage of code being
executed by a particular implementation of runtime execution environment 200. More
particularly, MaxGenerationNotifier may be instantiated when memory manager 210 or

administrator 215, either singularly or combined, detect that an impending GC on

runtime execution environment 200 may run so long as to cause a time-out in the

12
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system architectures. Mire particularly, the APIs
corresponding t o nenory nmanagenent data 310 may be
weapabiweof initiating | oad bal anci ng anong prBPCEESHEE6/038117
33BA, 36 B, and 10 305C {i. e., across machi ne
boundari es, process bou ndaries, threads, application
i n and_class or assenbly boundaries) in
X8 (B Sk “arr B8 Brpiatient BESGH ofeUheafunction, or other
asggkgncing 120. As described herein, an APl may be
regarded 8908 UG, BXSCEURN ARYrQnEERt RPOan Such detection may be
applicat,io rogr nmet hod, function , or other
baa@@aﬂm H&eﬁr‘]@Fgﬁb‘?%@?g%ﬁﬂmsé“&'n@“%&ftrawe%w dusing the current
direct the performance of procedures by runtime i s
eXEGHN 1 9f dhe ERPIITbIRRe RIS, Brthede fingHopper althien gsseyiblagm of code.
0044] Menory managenent data 310 may include one or
EffSEive VAR, | afp instABEken 19) MaxGsnsratien¥qjifier may orovidémioad balancer
istrator nodul e 215, either singularly or conbined.
WIthyePioaried1oaT Igatiort ofrthe siate afPustile sKeditignendiesumérsedo.
bel ow i s provided for descriptive purposes, and are
pr ouPRAed ddorgoRatticriarlyn daxGangrhdenNa@lief 0D4H] be instantiated when
‘MaxGeneration Notifier may refer t o a class of which
memEY Arnieaer difsomagmibistrarer & deeithteo sipyolaply ok aadiblnat ateredt that an
315t o redistribute at |l east a portion of the sane or
imperstinge GCappy inotntiely epcargr athrestetid dobicdl umcliyeiral Magnitude. For
ot her assenbl age of code bei ng executed by a
expaplei MaxGenérapdmymifieatman befinstantidtas venedC tiehrdfy @RaHageN 210 or
ment 200. More particularly, MaxCGenerationNotifier may
adpénistrsoradi §,atiter wiveyularynor yormbinededet@dOthar tidSimpending GC is an
adm ni strator 215, either singularly or conbined,
impletrectatibhatf afute eeadtiog A& A therdfFoieEis GH@EUEI SReep or scan the
environnent 200 nmay run so long as to cause a tinme-out
largest t dne@ee coft hedp Qé.gt, e GRANBRr@ftta’NQhb&r C@Pmltlycé\ﬁahlgﬂﬂe %rocessing

program nethod, function, or other assenbl age of code

casubilitigft | AEE a EreOEIHT d@RUESH bf QRANEIMicARM, pPUGRMIGh&RLA Cflinction, or
may be based upon the allocation of the threshold

otrRARSEMKEgdBMesde MRGMIHEIJuR BefdtE GHPI&IYN &Xﬁféultai:eQEe ration GC
the application, program nethod, function, or other

sin_@@%ﬁlﬁb{;@gﬂ!r&fdscﬁﬁﬁgegu%ér@l‘éﬁidﬁ‘?iln ra 50&D oPcan of a memory heap.

i nstantiation of xGenerationNofifier may provide

Thhi) ddrdp@kb JTCEH such magnitude begins, MaxGenerationNotifier may be instantiated

to notify load balancer 315 of at least a need to redistribute at least a portion of the

execution of the application, program, method, function, or other assemblage of code.
[0047] Of course, the 2GB heap is described above only as an example of a

late~generation GC. The magnitude of an impending GC that may act as a catalyst for

instantiation of MaxGenerationNotifier may vary based on myriad of factors, and may

- increase as processing capabilities evolve. Such factors may relate to processing

capabilities of the processing device as well as time anticipated for the GC to complete.
Further, the preference of the programmer who wrote the executing application,

program, method, function, or other assemblage of code, as indicated to administrator

13
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with a proactive notification of the state of runtine
execution environnent 200. [0046] More particularly,

wORNGesms@t | onNot i fier may be instantiated whePCTYBSINg038117

manager 2 10 or adm nistrator 2 1 5, either singularly
or conbi ned, detect that an inpending GC may
0 al.ly _exceed a.threshol d | ogical or physical
2‘%&%9%!? é‘?')('ﬁtéra“i Inaraayatg ‘ng@ﬁEP%h"?tHf?ﬁb‘t’l 1 ©e nregrammer is

e _[nstantiated menory manager 2 0 or

mcgtalr#ei tapcal?aﬁi 0%e %%ﬂc'émyr@d SEFYHYIcaRtyner conbi ned,

deth %ha& the inpending GC is an inplenentation of a

| at gdé erdh6h 1L andt t Heasét opee | seiferasive t bmelameptation  of
or. scan the | argest anpunt of heap {e.g., 2 GB)

Max&eRset NG TR il §ORPAi A épwf%rcéwuﬁgons for redirecting
ca _abiil ities. As a result, execution of an

exXaUONCef i B eashrdb GPEIAN Rt aorrespesdingnaprdicatiah, qarhgram, method,
assenbl a%e of code may tine-out before conpletion of

fungiign, oft dhgersseablagn ofcods brivg mueratrstbyt tangatisexeaytidyeenvironment
suspended during a sweep or scan of a nenory heap.

208hus, before a GC of such magni t ude begi ns, -
MaxCGenerati onNotifier may be instantiated to notify
| 0ad0A] arldaiGegeragonompletepmsifiea meagd réfer r edi at rddsst @f which

~at least a portion of the execution of the

insggiplatieng jaom intpndagr samnoBt heed, bdlamat | 5, tiort WEhE@C instantiated by
assenbl age of code. 20 [0047] O course, the 2GB heap

MaixGepgrgitoriNsgifienbbee deby asmatetekanplm@eaffora, an instantiation of
| at e-generation GC. The nagni tude of an inpending GC

Maxf enteration Gooipl etsNatiftatnad yysetrvef tornatifs foad thiaRht @B 16f that redistribution
MaxCenerati onNotifier may vary based on nyriad of

of aetarrmereapaitiony of nbe @aseutag FPpMcasH, Mogapakhéthbd ERinction, or
evol ve. Such factors may relate to processing

otheapadEnblideesf oddet may REQRESBHANG AOWISEQ A Ex@c%tibhr@/ runtime
anticipated for the GC to conplete. 25 Further, the

exquueber @ivirenaténd 26001 aggranp@Eticudy, WHAL ®1akBEnEXESHNIHRGr may be
application, program nethod, function, or other

insehtierEdl agen Oheri®Yemanfodrneli & ajregrhPisRAMBNb 58 I 3kRE2sihgularly or
may al so initiate an instantiation of

corlVBiK &8, Nk @ 1D TIOL bikd 6f: coMBRBoh RS I BEHANRIvddSas catalyst of a most
notivated by at | east one of efficiency an secur|¥y

rec@@cn%@faﬂﬁati&rpgﬁ&]ax@ﬁ&laﬁ%ﬁ(gti)f!telr;' a Prel&BHinO8 8hreshold of time has

alternative inplenentation
passed since the instantiation of MaxGenerationNotifier: or another programmed module

of code has been executed for the currently executing application, program, method,
function, or other assemblage of code.

[0050] Load Balancer 315 may refer to a either a hardware device that is
physically separate from either of client device 105 or as firmware or software
cémponent on at least one of client device 105 or server devices 110A and 110B.

[0051] Upon an instantiation of MaxGenerationNotifier, load balancer 315 may
redistribute processing of at least portions of a currently executing application, program,

method, function, or other assemblage of code to avoid a time-out during GC. For
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MaxGener ati onNotifier may include one or nore specific
instructions for redirecting execution for at |east a
w@enrigine®f the correspondi ng application, proRCHI$2006/038117
met hod, function, or other assenbl age of code being
executed by runtinme execution environnent 200. [0049]

MaxGener at i onConpl et eNoti fi er er.to | ass. o .

exaiipice WPPR SEEMN DT HHEY ma@asa?m%ﬁg%ﬁﬂ %Ee) H"cﬁ‘fﬁ&‘f W?‘I“g%ﬁda" itantiation
bal ancer 3 15 that the GC instantiated by d bal

of MaxtespetianNeigtrferano Faadn HRBSN A bR OCe el L b igad balancer
an instantiation of MaxCGenerati onConpl eteNotjfier nqy

31 SS@AY EeGelye Ee] FTyMPISIGANRSLAIRE exeentipy qiportionsypiihe spie; G pnother
of one or nore portions of the executing application,

curgangy rexecuting BaRlicatighc PIOGRAM o Mesath rfURCHQ T  gleh asiigiage of
may cease W thout adversely affecting execution by

codeuand reediss@sueh execarion forieast opeof proses 392BtaNne pragess 305C.
t he MaxCenerationNotifier may be instantiated when
neni9O§2lrabage rnang@nigtioadifi Mvdianaragipngompleteotifgy, load balancer
singul arly or conbined, detect at |east one of: i

31T anp) ekieen redistribeti@C afhatocsssinge df agorsignal §fs@  e¥rrentlyprecuting
recent instantiation of MaxGenerationNotifier; a

apiicatket, erograed roétheg hfuhdtia, oriateerhzssephkge df siode dotiipcess 3058
instantiation of MaxCGenerationNotifier; or another

andd pagesnIest. bk, dozuf batoder BRS nbwdrave tee apéeh pbhavitgethe balance
currently executing application, program nethod,

of fengGiricatly eRécudingerppicsienbbagearof meved, fr@060) or othdr assemblage
Bal ancer 3 15 may refer to a either a hardware device

of ¢dMtexkEutpdnyh ipeddeby3e®parate fromeither of client
device 105 or as firmwvare or software conponent on at
| eagjosane Apflegdti 6 attemiatie 1@pledtensrionenf dawd flew 30@Aloes not
and 110B. [0051] Upon an instantiation of

incVs GeReNsaldreaNat 5f | ghat Ispadcaliamatve 3mpler@dyations achieves load
redi stribute processing of at |east portions of a

bal H&ﬁfﬁ{: hivife Brdtbtdes 30PR! 30%a( hanzogr ogram  net hod,
unction, or other assenbl age of code to avoid a

U MRy 3UY G | gh difs: exBRIpRXSHIBA s8ingURMN4 0 B EQr&5pB BB B &Y least one
managenent data 3 10 which includes an instantiation
example implementation of load balancing 120 (see FIG. 1). Example processing flow
400 is described below with references to features from FIGS. 1-3, although such
implementations are provided only as examples and are not intended to be construed in
any limiting manner.

[0055] Block 405 may refer to execution of at least a portion of an application,
program, method, function, or other assemblage of code being implemented as part of
process 305A, process 305B, or process 305C, either singularly or collaboratively in
various combinations. Although load balancing 120 is not so limited, block 405 may

refer to execution in a managed execution environment (ie.,, runtime execution

environment 200).
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 already beeto Al

of MaxCenerationNotifier referring t o an inpending GC

on process 3CbA, |oad bal ancer 3 15 may recei ve one or
woreng/osweuest s for execution of portions of theECEHHEA®I©H38117

anot her currently executing application, program

nmet hod, function, or other assenblage of 5 code, and

re-direct such execution t o at |east on& of pro

ces
3058080l Plreic&d8 mewcrefer des@fm%’oﬁ"aaﬁg‘?r QY i 'B‘ﬁ”BtPf 215,
MaxCener ati onConpl et eNotifier, |oad bal anc

eithep @ulRE)| Yt iR ‘EﬂJn“:{‘)tP‘Bﬁ‘Qﬁ‘f’ dﬁFE‘é@é@%ﬁ’ MRt 6\;’56 q?%r‘i‘?oé‘f’t 2P heap has
currentl| ?/ executing application, program  nethod

lo@gkedh WERG §¥LEHBN £ wrr%luee%utmgo%r&gléatm @rogram,

and process 3CbC. Thus, |oad balancer 3 1 may have

methied, ticiiom cszOtharvaSrsgmbl@eewélca%earrmhéfef?rﬁé EGrfFaeVn'?# y“pe“d‘“g

executing application, program nethod, function,
Altmateaelyab@@htﬁl19gea\ofef@ro@ememewuméalaqsﬁ 25pd5@§1§1|@egggor 215, either
[0053] At least one alternative inplenentation of data
singllay 800 dambination,i inepastieg [abdekshal rafder of the progiginmed code to
such alternative inplenentations achi eves | oad
detbahianchatg Hyeepacri stgn pf aorevey IBRBAS tROBMCessiny geBE ympn which
[0054] FIG 4 shows exanpl e processing flow 400
rungidter @@paivth enyirbomant 2@his trumrieg exagplimpemgin@nent at i on
of | oad bal ancing 120 (see FIG 1). Exanpl e processing
f | og040D iDecideacslisbmdy befeove wientory efaprgerc2®) pr edministrator 215,
features fromFIGS. 1-3, although such inplenmentations
citidresipguaiyded iantomisisatnanpbesingntheamagnivddd ©f eheleaticipated GC
be construed in any limting manner. 20 [0055] Bl ock
implOfReh@Mon eélelivd & axaetdteonined txtesha@dshlua. pOnd mssesohemnmay be
appl i cation, program nethod, function, or other
ma@@&@”@t&%n@fwlﬁéﬂﬁ’@ thei ;Blg/slcmphﬁ@‘mﬂlﬁc%j oﬂ&h@&némm’fy heap exceeds a
process 3(bA, process 305B, or process 306C, either
pre?i'efbngrféﬁlt}irégﬁol@lq}ah@b@rgat 2 bY roRe)AAT WUGIdANKELY thak+dn execution
Al t hough | oad bal ancing 120 is not so limted, block

of 4QarrBRY, &H&LEIInd pRIBGI, I PBgra, %éﬂ%tﬁ@f&ﬁ’ct@h?@ﬂbtmﬂ assemblage of
envi r onment {|.e., runti ne execution

code. According to one alternative, the assessment may be made of the time anticipated
for the GC to complete against a predetermined time threshold for avoiding a time-out.
According to yet another example, the assessment may even include inspecting at least a
portion of the programmed code to determine whether the impending GC is deliberately
intended to serve as a catalyst for at least portions of the executing application, program,
method, function, or other assemblage of code to be redistributed.

[0058] Block 420A, subsequent to negative decision 415, may refer to memaory
manager 210 implementing GC for‘the executing application, program, method, function,
or other assemblage of code on the host one of processes 305A, 305B, or 305C.

Processing flow may then return to block 405 to continue execution of the currently

executed application, program, method, function, or other assemblage of code.

16



25 environnment 200).[0056] Block 4 10 may refer t o
menory manager 2 10 or adm nistrator 2 15, either
w@2wgkAsé y or in conbi nation, determ ning thaPCHUS2006/038117
t hreshol d anount of heap has already been all ocated
during execution of a currently executing application,

program nethod, function, or other asse age of
COd@,OS%JndB|l°ﬁ|é|4§\5oF‘ébsﬁq@trfﬁypoag'VFrf{féﬁm"ngﬂ' rgay refer to memory

Alternatively, block 4 10 may refer to nenpry nmana ek

mapagep 24P YdreHRNISIRER0F! 22 efthsr SigpyiREy %i'ﬂ&ﬁ?’%ﬂ'%/ay’i‘olﬂr ”8% ying load
conbi nation, inspecting at |east a portjon of the

balgncey BaAmiwdt Strdanti@paed &irimeets AREXESRap RIFILRAMNGY thyeshold
menory heap of the processing device upon which .

valyagntThat ise xeenbREHAMENG Foh Adedica 00 Phsica PR HSf the anticipated
i npendi ng. [0057] Decision 4 15 may refer to nmenory

5 GCrimmagmstedtol &xaepd adhtashsidrvluss nEnagementt Hagulg 2 Quragqryinistrator

or in conbination, assessing the magnitude of the ]

215 rdithei gag@drhGy inmondieaitoat mew nedfyvdpad balppcey that the impending GC
predeterm ned threshold val ue. The assessnent may be

is Medle td @adket ertma@untiet hequrtendy Fxpeited|aprtigationu@eogspm, method,
the nenory heap exceeds a predeterm ned threshol d

fur¢abmier(othay.asséBBagy ofiade) Evéramomppdrdcliaity|nganagameniumodule 210
execution of a currently executing application,

or pa@giantonet $iodthef ymgulacly,ordn @htbiratmss oyl ingenidte an APl (e.g.,
code. According to one alternative, the assessnent may

10 Mak€enmsieorotifibe, white peovides iapatiédatfooroftaneciG@etl state.

conpl ete against a predetermned tine threshold for
avoighedy an titmRadutlone AgRahakiveg irhplemeatatianobhdrlock 425, memory
exanpl e, the assessnment may even include inspecting at

man§§&t 21 BPhlnANstkort DES, PdiOQF aMgRLrlg alen tcombtiettienhrag provide a
whet her the inpending GC is deliberately intended to

nof8EXiBn 3% afothel Rr¥StFof exarAple] @@Slotipedtionafay bE ah legent that includes
executing application, program nethod, function, or

cal {@%ﬁe AR RGRoGhNC ARNESD Rt 0B ok el Lk &b h§OBBEode that is

ock 420A, subseguent t o negative decision 4 1 5,

15 exPEYed & Bhrt 0P pPRAR Yo SR NAHDEdss 3018, biplo_ERN 0 JTYprKiolisly registered
e executing application, program nethod, function,

B RRET ShEyhgpeganst he st one of
[0061] An example of such a notification event may include each of processes
305A, 3058, and 305C in FIG. 3 subscribing to the one or more memory management
events (e.g., MaxGenerationNotifier) via memory manager 210 or administrator 215
20  either singularly or combined. For example, process 305A may implement two functions
that may be called when MaxGenNotifier is issued by memory manager 210 or
administrator 215 either singularly or in combination. Non-limiting examples of such

calls are as follows:

1M GC.MaxGenerationNotifier += new

25 MaxGenerationNotificationHandler(On_MaxGeneration_Notify1);
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Processing flow may then return t o block 405 to
conti nue execution of the currently executed
wa@ppliogasé on, program nethod, function, or otPEr/US2006/038117
assenbl age of code.[0059] Bl ock 425, subsequent t o
positive decision 4 15, may refer to nenory manager 2
10 dmnistrator._2 15, either singularly or in
Q%on%#ﬁ@?%%ﬂ?”ﬁﬁ?i Ulitlgr T $88 bal ancer 3 15 that the
ts, or exceeds the predeterm ned

antici pated GC nee _ _
M BER B aNA CEUEH el QrsMaximierationeNandng { hat a
IQ% | or Physicaj paranmeter of the anticipated 5 GC
wheg é&%’é@l’eéﬁ afiog Natifgletn dMpx{rengrasion-Netifvid arenin afrremantioned
mpdul e_2 10 or administrator 2 15, either singularly
furgtionsy EYHRrANEMNSs Maxhensrtipy-Nosiid and Max@enerdiion_Nomfy2 may
ippending GCis likely to cause a tine-out for a
”°E%P%P?'?“‘@ké&étoééh%@ls?r&!%@iwmﬁpﬂbgwm, yrstnhasdyrrence of a
function, or other assenbl age of code. Even nore
subserippe grenty lpad halapess 3e htmayosalkd waRested toad ddhinningtactoror
215, either singularly or in conbination, my
i ns{QAfi3] atBbodk 3MPmay eefey to 190 MilxGen 81 AtredisiNbuiihg et east portions
whi ch provides a notification of anticipated state.
of flpoBwientin executeshanplicatnabtagraat ingthodninetiemtatokion a@$emblage of
bl ock 425, nmenory nmanager 2 10 or adm nistrator 2 15,
cogd ameng rorgedeardOfAOBOSR andrdistat Thus, fareaxapipdyiiitheanotification at
notification in another form For exanple, the
blagkt425i saterevedrity atwdcipgmioavefnd GChiiplémehtdtes i€ akddraghdeNGith host
application, program nethod, function, or other
prassesbbagslak édaemhhatfer Stoi load e¥Bentee B 13S r@@ivindfa request for
process 30bA, process 305B, or process 306C previously
exeaagjbs tofra deast tahpdreionIof thBRAGE or Zanbeh@lcud@RtieRkbs AP hpglication,
15. [0061] An exanple of such a notification event may
prdgnarh U dhetteaiC Huiedtiop| oF @&fee issiiags3 6P Bod aNthd306irdR thé Gequested
3 subscribing t o the one or nore nenory nmanagenent

ex@Veoh $o f€ledst oBXIGEReEALd 90NOhLd BBEQ. Wha: REBRICK 430 may refer to
manager 2 10 or administrator 2 1 5 20 either

loagliBagunlcar 315 @ddiaFbine &k IeEﬁrpcﬁﬁ&@bﬁthepd'quéﬂ(jﬁ? exEQftedBYplication,
i mpl enent two functions that may be call ed when

profPare Bidbl | fuRktibrs 3r§§ﬁ’&cﬁs%m§@5yfdmmﬁrcu?rem Alhning process
admnistrator 2 15 either singularly or In
305084 BHuARntNARmtAd e &%r@&%@@l R58%haSese,

[0063] Block 420B may refer to memory manager 210 implementing GC for the
executing application, program, method, function, or other assemblage of code on the
host one of processes 305A, 305B, or 305C, while at least portions of the respective
application, program, method, function, or other assemblage of code are being executed
on others of concurrently running processes 305A, 305B, and 305C. Thus, for example,
if the notification at block 425 is received in anticipation of a GC implementation in

accordance with host process 305A, block 430 may refer to load balancer 315

redistributing at least portions of the currently executed application, program, method,
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calls are as follows: ( 1) GC. MaxGenerationNotifier
+ = new 25

wOR0Gesms@t | onNot i fi cati onHandl er (On_MaxCGener ap¢DIS2406/038117

fyl ) ;(2) GC MaxCenerationNotifier + = new
MaxCener ati onNoti fi cati onHandl er (On_MaxGener ati on_Not i
; Ceneratjgn tifyl anpd
f”ﬁﬁ%ﬁﬁgg{efg#e@?%‘f %re tPﬁél\l?e&‘PBP'é“rrBﬂPT%ﬁ%“Gs 3058 and 305C, and

1,0 Eurther, functions MaxGeneration Notifyl
bIGGk AT s SRR MAP298es! BtAeNtBac- B an ARetatrogess 305A,
- 15 3606ﬁe 5y sggébed events. Therefore, upon o
occurrence” Bf UBRE B dC dURAPTY MBBRISH a 1t eerdministrator 215,
e.tgaly t ake reguest e%_l oad bal anci ng acti on. {0062] Bl ock
80 SIEYap L PE N €oMPURG oBaNek¥Ee 193d balaamers3 15 Biatithy Gt has been
| east polg;ti ons of the currently executed application,
C°B}pgf‘§?damT STRPTHEAtOR GRYLQrgRay Rt iBe nds insryelinrisageceade « oareent load
bafiTon gocesses 305A, 305B, and 306C. Thus, for
alapging) Inplemeptalonot VPR abiPth RartigMlastk maBagesienecmiodeld 210 or
in anticipation of a GC inplenentation in accordance
adglinisiraes 21 pr GEBes sigaBIArlY [irdivk car@ignatign, referindtantadadn APl (e.g.,
bal ancer 3 15 receiving a request for execution of at
Maxggagraioristifiednwhicht previdasre rotifieatmnhel curoent estitky Processing flow
executed application, program nethod, function, or
maytthen reyseivbblage48s te odujnuarkecioni ofec turkdralyre@ue@sd agplication,
execution to at | east one of processes 305B and 305C.
Progigm, method| buktidd®r welyer aefeamblage éfamdebal ancer 3 15
redi stributing at | east portions of the currently
exefQ6ell Sppilarcatireressipg agbik 4pBthestifidatios i@ m&finclude each
ot her assenbl age of code fromcurrently running
of prasessss 3BGBA30BB,aartioBeiq reAiGl B Subd&litigy @0&h®%one or more memory
processes 305B and 306C. [0063] Bl ock 420B may refer
managereeT rey et iage MakGeOeratiph @drRpIEieNdtifkr) VR mbRA8ry manager 210 or
executing application, program nethod, function, or
adotirat@ssientitiey 8iriuleRtr @mbiha. Mtl, fve@hpl, ?)‘F@C%§$§OSA may
305A, 305B, or 3BC, while at |east portions of the
implespeciiovianegidtsi at map be AN Afdn WRLOOSEohMBENGARer Qlissued by
ot her assenbl age of code are being executed

memory manager 210 or administrator 215 either singularly or in combination. Non-
limiting examples of such calls are as follows:

m GC.MaxGenerationCompleteNotifier += new
MaxGenerationCompIeteNotificationHandIer(On_MaxGenerationComplete_Notify1);

(2) GC.MaxGenerationCompleteNotifier += new
MaxGenerationCompleteNotificationHandler(On_MaxGenerationComplete_NotifyZ);
whereby MaxGenerationComplete_Notifyl and MaxGenerationComplete_Notify2 are the
aforementioned functions.  Further, functions MaxGenerationComplete_Notifyl and
MaxGenerationComplete_Notify2 may notify load balancer 315 of the subscribed events.
Therefore, upon occurrence of a subscribed event, load balancer 315 may at least

temporarily cease load balancing, as requested.
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on others of concurrently running processes 305A,

305B, and 305C. Thus, for exanple, if the notification
w@roonlgmwks 425 i s received in anticipation of aP@ZUS2006/038117

i mpl ementation in accordance with host process 305A,

bl ock 430 may refer t o | oad bal ancer 3 15

redi aégé bugi ng at. | eas gorti ons of the current Idy _ .

exed??%d Zﬁbel PEMPHAT %’P Yr BRHAIWEY N9d FeSndrfofpadopalancing with
reotggr assenpl agag) gf code to at |east one of processes

FOBEC RAG CBEBEE RRUCIIOHE 1IeXaDHIRT Al Fgttipe eXeLURRGNYironment may
peBRager 2.10 inplenmenting GC on host process 3CHA
Nk %TQ'EF%dR %g% daRGe Wi efata @ssasiased Witinaigaion? mamagement data.

adm ni strator 2 15, either singularly or in
HowsKHi Hst $GTPI% Bmitaientgdeseeibrdhbgraincase ngt limized fiafust herdd@lancing

has been conpl eted. The notification my or may not
bageg: Py dRe Pt MARAGERIREt atae eBatiern  netifigation dad, batificationyymay be
_ i nplenmentation. Even nore particularly, managenent
insttigres! to implespens insdratancimodrased a1 myeind fesricad andnhysiday criteria.

or in conbination, may instantiate an APl {e.g.,

Vax €36t atTinenNermpyter ) envidrahentr ofer demya ot ithd cakamples and
_of current state. Processing flow may then return to
impleteRrtatioss degsribedhirboneemey énaliideon compatirgiteeed hyving, for example,

executed application, program nethod, function, or
ongtoienorgsprentrsageonpracesking LOBG S s\Biterh [ raémbryd and a system bus to

processing at bl ock 425, a notification event may
couple Vartheis sugthmofonponeesses 305A, 306B, and 305C in FIG
3 subscribing t o the one or nore nenory nmanagenent
evellas 8] e The, cdvhpuEaige tatico mimcaideNat vdrie®y Jof Védnputer readable
menory manager 2 10 or adm nistrator 2 15 either
megliangndl@dihy both eolatiiengtt ndhuslatifc ne@ied MBBvatlé QA8 Sfon-removable
3CBA may i nplenent two functions that may be call ed

mevdhe mhiviy e nGasmbat e Incfudercomputes FEERRALRYMEBA™Y Yhe form of volatile
manager 2 10 or administrator 2 15 either singularly

me@Hory, ‘sueRrHi raAd drd hiccd¥e théMb |@gwxﬁfmbﬁﬁoﬁivo%@nﬁmdrﬁ such as
are as follows: (1) GC MaxCenerationConpleteNotitier +

read dhMmemory (ROM) or flash RAM. It is appreciated that other types of comput
MaxGener at 1 onConpl et eNot i fi cati onHandl er((m_l\/ax%;pener at Pt

reat BB LWRIchNRhA fs¥drd dafa?that is accessible by a computer, such as ma neti

GC. MaxCener ati onConpl eteNotifier + = ¥1ew puten gnetic
cassettes or pther magnetic storage devices, flash memory cards, CD-ROM, digital
versatile disks (DVD) or other optical storage, random access memories (RAM), read only
memories (ROM), electric erasable programmable read-only memory (EEPROM), and the

like, can also be utilized to implement the example computing system and environment.

[0069] Reference has been made throughout this specification to “an example,”

LLI nowu

“alternative examples,” “at least one example,” “an implementation,” or “an example
implementation” meaning that a particular described feature, structure, or characteristic
is included in at least one implementation of the present invention. Thus, usage of such

phrases may refer to more than just one implementation. Furthermore, the described
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MaxGener at i onConpl et eNot i fi cati onHandl er (On_MaxGener at
i onConpl ete_Notify2); whereby MaxGenerati onConpl ete
w7 0yioe@nd MaxGener ati onConpl ete_Noti fy2 ar eP€T18S2006/038117
af orementi oned functions. Further, functions
MaxGener ati onConpl ete_Notifyl and
MaxGener at i onConpl ete Noti f may notify | oad bal ancer
reafliEs, G HEs UBORFEE GVERY 62 CoHBned it 41y Sgahle manmer in one or
occurrence of a subscribed event, |oad bal ancer 3 15
moFEyMBEMeBONsenpor ari | y cease | oad bal anci ng, as
request ed.({)OOGG] The descrjption above, pertaining t o
FI GE0070] PemFkiiedaicithey f@levanty agamayt tecopeizer hawpyer, that the
_applications executing on a runtinme execution
'”‘@HBP'? aavebe PhaG)icert withprepehoednera aicberwatifie details, dawith other
associated wth nenory managenent data. However, the
Methedep esoLrGes t MAteHAls, ef6s dif PHhed inseansen vealldknown stiugiuresd resources,
to just | oad bal anci ng based on nmenory managenent
or chperatiorathage noj heerishpwatdrodesgiibesl jn detailf mewdyi om paverdyobscuring
be instantiated to inplenent |oad bal anci ng based on
aspgetd efdhe dyieotidn.and physical criteria. [0067] The
conmput er environnent for any of the exanples and
i mplled@int aWhitnsexdemdy | ingderadowttormsaiandnabplietians of the present
conputi ng device having, for exanple, one or nore
inyenvere e\ lseearill prtacas i chdesanbdds it ia te Ps uadeservartiat thadn&ntion is
system bus to coupl e various system conponents. [0068]
nof Hanitaahpait thagpikersk ceonfigyrating | arite rasouddds e tiyscoibed OdHME.ET Various
readabl e nedia, including both volatile and
matiificaviohs tchbegdsp dhd varidivay appareaited thobe ElANEY AR dFEfHad.be made
The system nenory may i nclude conputer readable nedia |,
in it hi@ndediamt,0dperaicH, iah@ Jd¥BTRIOf, the URdthads hRNARIRMAE GEIRe present
menory (RAM; and/or non-volatile nenory, such as read

inv@hAtioh aeRREYd GREM wWithofid a%hrwlfrom theS s@PRT &FCihatipekntiBAL as both
ot her types of conputer readable nmedia which can store

destithad bbale drit ASRRAYRIe by a conputer, such as
magneti c cassettes or other magnetic storage devices,
flash nenory cards, CD-ROM digital versatile disks
(DVD) or other optical storage, random access nenories
(RAM, read only

21
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menories (ROV), electric erasable programmabl e

read-only nenory (EEPROM), and the like, can al so be
waieioziozmes t o i npl enent the exanpl e conputi ng SPGT/ER20861088117

environment. [0069] Reference has been nade throughout

this specification t o "an exanple," "alternative

exanpl es, " "at Ieast one exanple,"” "an

i npl enentation,”™ or "an exanpl e inplenentation”
WE€dAIMg that a particul ar described feature,

structure, or characteristic is included in at |east

one i nplenentation of the present invention. Thus,

usa of r may refer t o nore than just one
|np?Enent§t|ow&p gﬁ?ﬁ &fore, the descrlbedfeatures

str S, characteristics e _conbined in an
sui t UFP ?V'% 4ﬂ5§r an; ipdiggron, tihahglregloph%[o& f'%?ecmméﬂ%) of an
Cﬂe . %he rel evant art gg% reco nize,
2Rk &%V@H” at“i’?é’tagF ESHURRENBIP LYt BOOPAEef T a dhrsphaidalue; and
mor e of the specific details, or with other
et rﬁ‘f&?t 'tftlég'adr‘*é@sexq?ﬁ?%m PhPE leagk & portiprophie application across an
i nstances, well known structures, resources, or
IsQjg qY9H&Yhave not been shown or described in detail
nmerely to avoid obscuring aspects of the invention.
[0071] Wil e exanple inplenmentations and applications
of the present invention have been illustrated and

des I bed, IS to be understo hat the invention
STt T PERORCARABTEY 88 WMo oG Ao meAGH 1o performed in
aourcesﬂa §§5 Fed above. Various nodifications,
ach AYEIIthg 92 bala8tsons apparent to those skilled in
the art nmay be nade in the arrangenent, operation, and
details of the nmethods and systens of the present
i nvention disclosed herein w thout departing fron1the

ol aed béP*Eevtvh%S i 18 T e RO B0y Feg: ndlestion incluces
t t hat [ t
o B Kl B bR oY oL ocat on
execution environment (200) exceeds a threshold val ue;
and

4, A method according to Claim 1, wherein the received indication includes a
notification that an impending sweep of memory heap is expected to cause an execution

time-out.

5. A method according to Claim 1, wherein the received indication includes a

preview of state in connection with execution of the application.

6. A method according to Claim 1, wherein the receiving further includes
receiving an instantiation of an application programming interface (APl) from a memory

management component associated with the managed execution environment.
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Redi stributing (430) execution of at |east a portion

of the application across an isolation boundary. 2. A
woregohodroaccording to Claim 1, wherein the net hpdl/Ds2006/038117

performed in accordance with a | oad bal ancer. 3. A

nmet hod according t o Caim1l, wherein the received

i ndi cation includes notice to prepare for an

antici pated execution time-out. 4. A nmethod according

t o daiml, wherein the recei ved indication includes

a notificati hat di :
is gxlpelct/édrl‘e(%@ ‘%3%%’& ‘g8 t% n I Fqﬁé?rewet ufgfg’fg&r kompy may be
an RECA FoAFHOF R °ar‘v’p?‘a;$r%w R

with execution of the application. 6. A nethod
boyegasy.dir#g asserelybayndarsherei n the receiving further

i ncludes receiving an instantiation of an application

programm ng interface (API) froma nenory nmanagenent

conmponent associated with the nanaged execution

?R\él N 7 geaéﬂrr] mPraaV gagrlnng %e% 'tmz’remﬁ?rrb%lnng includes

& sol afy € any one 0

boundary rocess boundar. thre d boundary, a
fe‘éﬂﬁté@gt'ﬁ%smfap 197 ot lgiet 2Rt o WEGRELAYS'S 8. A met hod

according t o Caim1l1, wherein the redistributing
i ncludes redistributing execution of at |east a
portion of the application. 9. A nethod according to

dal eCt i :gg flaqnfetslgceor{[‘l%g t rdl:RMt h ngvh'feFE(flln L{ﬂgsreblls?nbutmg includes

r edi executioh o

reglg%élag:]rssgqgi%s I?ir %gwgcaglcfg agtr %%Et%?rt on% dfst%l a&ﬁp\aﬁlaﬂon across the
the redistributing includes
isolation boundary.

10. A method according to Claim 1, wherein the redistributing includes

redirecting a request for execution of a portion of the application to another server.

11. At least one computer-readable medium having one or more executable
instructions that, when read, cause one or more processors to:
monitor (410) allocation of memory during execution (405) of managed code;

determine (415) when the memory allocation exceeds a threshold value; and

transmit (425) a notification that the memory allocation has exceeded the

threshold value.
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redirecting a request for execution of a portion of
the application t o another server. 151 . At |east
wo@p@7ogput er - r eadabl e nedi um havi ng one or noOPET/US2006/038117
execut abl e instructions that, when read, cause one or
nore processors to: nonitor (41 0) allocation of
menory during execution (i%g) of managed code; . .
det é2ni neA(lgastmne qoatpui¢iareadille ey Aafqrdingdedaigy 1Ly wherein
threshol d value; and 20 transmt (425) a notification
the prg o MeretrsHipble ingEERoBh thE3NWNE 6uedhe RBE PRVEHBIOgessOrs to
val ue. 12. At | east one conputer-readabl e nmedi um
trapsotite nefification & aiortibal@nései n t he one or nore
executabl e instructions to transnmt cause the one or
nore processors to transmt the notification to a | oad
bal ancer. 13. At. |east one conputer-readabl e nedi um
according to Claim11l, wherein the one or pore _ . .
exeddt abl & RS FECHIBHLCT tFagRElR AU A CRrd{getocTainy 1, wherein
nore processors to instantiate an APl class. 14. At
the eRGPr BREE DXRFHIRDEY INFEYEIRNF &0 HRS Tk CBYSCIPEICA] Of B1FF BIqfessors to
11, wherein the notification includes an indication
ingtirdiatean AMp@asdi ng i npl ement ati on de-al | ocati on of
obj ects may cause the execution of managed code to
time-out. 15. At |east one conputer-readabl e nedi um
according to Claim1l, wherein the notification
includes an instruction to re-direct a re%uest épr 1 wherei
exeddt i ngAalepd YNeorPreRUteHEAFANE JRYF LY AECHELY Higim 11, wherein
i sol ati on boundary. 16. At |east one conputer-readable
therpelifigarige éuurlen gntindiegtionthatan ipepding IR "?F(S‘fartfqnc‘%f piigration of
i ncludes an instruction to re-direct a request for
objsctscmey fRy'sa thoexdcgtonpf mpeagedifagesr EH8eer oss any one
of a machi ne boundary, a process boundary, a thread
boundary, a class boundary, or an assenbly boundary.

15. At least one computer-readable medium according to Claim 11, wherein
the notification includes an instruction to re-direct a request for executing a portion of

the managed code across an isolation boundary.

16. At least one computer-readable medium according to Claim 11, wherein
the notification includes an instruction to re-direct a request for executing a portion of
the managed code across any one of a machine boundary, a process boundary, a thread

boundary, a class boundary, or an assembly boundary.

17. At least one computer-readable medium according to Claim 11, wherein
the notification includes an instruction to re=direct a request for executing a portion of

the managed code to another server.
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17. At | east one conputer-readabl e nmediumaccording to
G aim 11, wherein the notification includes an
WO p@Ui04mo66 on to re-direct a request for executPEUs2006/038117
portion of the managed code t o another server.18. A
system conprising: a manager (210) t o nonitor (410)
al l ocation of nenory during execution (405) of nmanaged
codd8- an AeMHeN sIOMRIEING 21 5) to send (425) a
notification when the nonitored allocation exceeds a .
t hr eshol @& manager (Y ta reasiien (eI allacation of speyRplYedyrifg execution
the notification, to distribute (430) portions of the
mand¢sd of oveadest casleecut i on across an isol ation
boundary. 19. A system according to Claim18, wherein
t he not i fancatrioistiati @4kt s¢valt (42R) Rrpsifigrtien wham the monitored
the menory will tine-out the execution of managed
5 codello@fion Axsesis ahesbolddeig; aral Cl ai m 18, wherein the
i sol ati on boundary is one of a nmachi ne boundary, a
process houampoyenta(3t By, emdmpoach dhar the aotificatisn.bou miikiripyte (430)
or an assenbly boundary.
portions of the managed code for execution across an isolation boundary.

19. A system according to Claim 18, wherein the notification indicates that an

10 impending scan of the memory will time-out the execution of managed code.

20. A system according to Claim 18, wherein the isolation boundary is one of
a machine boundary, a process boundary, a thread boundary, a class boundary, or an

assembly boundary.
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