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Claim of Priority:

U.S. Provisional Patent Application entitled SYSTEM AND
METHOD FORAPPLICATION SERVER WITH SELF-TUNED THREADING
MODEL, Application No. 60/572,938, filed May 20, 2004, by Anno Langen
and Naresh Revanuru (Atty. Docket No.: BEAS-01560US0), and
incorporated herein by reference.

U.S. Patent Application eniitled SYSTEM AND METHOD
FOR APPLICATION SERVER WITH SELF-TUNED THREADING MODEL,
Application No. , filed May 19, 2005, by Anno Langen and
Naresh Revanuru (Atty. Docket No.: BEAS-01560US1), and incorporated

herein by reference.

Field of the Invention:
The invention is related generally to application servers and
messaging systems, and specifically {o a system and method for application

server with self-tuned threading modet.
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The invention is.related generally to application
servers and nessagi ng systens, and specifi:cally to a
VWO H0FI4AH] met hod for application server w tPCTAS2005/017744
sel f-tuned threadi ng nodel. 30 WO 2005/ 114410
PCT/ US2005/ 017744 2 Background: In a typica
application server or web server environnent, where
t here exists perhaps many2hundreds or thousands of
concurrent users 5 (clients), each of these clients
can send requests to the server. Figure 1 shows an
exanple of such an environnent. A nodem server 100 may
have many processors, and manyt hreads 102 servicing

t hBackgroundsors. The threads take requests 110, 112,
114 fromthe clients 104, 106, 108, and applythemto
the processof® 3 tﬁplﬁah@%é@ﬁlhpﬂ SePvEIHiToMeb saevel enyiipnment,

nu ; Lg f QN

o WPEfherd e pERSDS ) h el BL b RRK o Bonilfirgusers
| a(@ient)batisolthess lients DaWRERH rediidts kb thedstirvbe Figure 1
optimal nunber of threads is a conplicated process.
Ongheywpan example afsuch am etiromntend. Aesodem saner 9@ maydiove
threads, so that the nupber of threads greatly exceeds

th @qq\y,p&@¢e§§ors,ﬁld§p@r@ét§§§ﬁgs 10@,&;@5'; _ ese prgessors. The
éﬁﬂﬁ%%%aﬁéeﬁr&@@%%h%?ﬁﬂ B8 oL s 104 TR 08 ana
LD REREPORRE oSt O OB FUSER T Bt

t htheeads oped hbs rgbigimpact o the paforaharedithe ebnidil aad &s
ne-tuned by an adm nistrator to provide

t ﬁ%?ihgég h%S@ %@W%Sﬂﬁpsgsp Reweyer.diguring oukie optimal
e ainRe B thro pBUR ol oGRS St rator . and.
since it is Dmeggiproacintd ﬁ@%@b‘erﬁ%ﬁ’&rﬁtﬁdﬂj SVeH friore
is of nost use only fortest-benching and marketing
puihpeads; sq that dhe number oif dbrgeds reatly exeernds thempumnber of
ar Sro%gsgcﬁrsi. ?’ﬂis ensures that requests are almost immediately fed into
threads, but doesn’t ensure that those requests are quickly taken up by the
processors. A more recent altemnative has been to create thread pools, with
aflexible number of threads operating within. The actual number ofthreads
can then be fine-tuned by an administrator to provide the best performance
for a particular runtime environment. However, this process is heavily
dependent on the skill of the administrator, and, since it is largely
~ environment-dependentand static, is of most use only fortest—bénching and
marketing purposes. Inreal-life situations, the environmenis are so varied
that this static approach is not satisfactory.
Accordingly, whatis needed is a means for allowing a server
o automatically determine and implement the optimal number of concurrent

threads based on objective predictions for the workload. Because of the
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that this static approach is not satisfattory. 25
wOs6R9kngl Yy, what is needed is a nmeans for al PoOWusmos017744
server to automatically determ ne and inplenment the

opti mal nunber of concurrent threads based on

obj ective predictions for the workl oad. Because of the
i WD 2005/ 114410 PCT/ US2Q95/ 017744 limtations of
where an application server sits (above the operating
systenm) this thread control cannot be enbedded within

hi GreRiareRt 34 Bbcatton sRRE B RRYE Hidoperatina stéim)
c ogfié Hrbh@8okird dinmbEDe embidad ctifwitan thd dpérating system, but

application server, and the 5 queues that feed them
Sunmest e able taexistatarhigharieve!. iccerdiody thare sbeuldipe a means

e e

acﬁﬂéﬁ@@ﬁ%t‘fééd”t enbodi nent a server queue i s used
as'a prrority schene, including a nunber of entries

therein associated with received requests, and which
allows the entries to have expressed priorities that
ar SWINArYiat ural and cl oser to the business users than

sinply the umber (of thread exi i ki | SSk il
retained to E;@chggaqq?gy'{*@e%gg@“ﬁ@.@éfﬁf&ﬁ‘_{??}é'ébg élystem
wheng ﬁx@frpd”fcﬂf&p&i%aﬁ@slsbﬂﬁér(\hm Sefa0REE thfeddiey enddel as
known calling sequence that woul d deadl ock unless a

s perivided. o miceordance withafeembodiman aseseiiquebidg Usestasa
express constraint a on _the nu(n]q‘ger%f. threads_to beted ith
e BEOEY8qnERNS 1BRUGING, 3 UARGTRT QiR MFsIh2paRrdted |
ac I i
o LRl TB e, AR I AR The RGO DS X pricitios
r ethateire rhtve matapad raridoclaser tprthe husindsst wases than sinply the

nuAbETbaref tvnds: dgaND AUl e ias Furpss e Resassinmy

SRR inel B USSR B Sppgpumcati
sequence that would deadlock unless a specific number of threads were
made available), or to express constraints on the number of threads to be
made available on a system-wide or workload-basis.

In accordance with an embodiment, priorities may be
specified as a “share”, an abstract notion which reflects the proportional
priority between entities that will receive the requests. Since the fotal
number is arbitrary and there may perhaps be more than 100 shares, the
shares are notidentical to percentage thread-use, although they are similar.
Shares determine the thread usage (in terms of thread number) allocated
to each entity. The system (or algorithm operating thereon) then ensures
that, overthe longerterm, the use of the threads (in terms of thread time) will

be distributed according to those shares. Any entity who, forexample, uses
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Shares deternifpe: the thread usage (in ternms of thread
nurrber]z al | ocated 25 to each entity. The system (or

overthe longerterm the use of the threads (in terns
of thread tinme) will be distributed according to

t hose shares. Any entity who, for exanple, uses WD
2005/ 114410 PCTI US2005/ 014744 4 twice as nuch time
orthread m nutes as they had been allocated will then
be penalized to bring the relative usage proportion

batWce as murhl time ertl-lr@a@mnéa aec ¢hey tdd beereallsuditeg will then
during runtine the algorithmcan also be used to size
t hie Prpabzedigdhring the neative ysage: Rroprdionsbagk istibalaneen

that pool . |

priority que@egfggg{dgﬂeés"’dméé‘ g@é’&%géﬁe‘ﬁflﬂ@%’?ﬂm? >}he
f oglgeKtiit canalsd bé tibed t6 BiZeths ehreadUasdl and ithah aﬂ@cét@ttﬁe
the queue, and that are spaced apart according to the

r ethegad withishleépookso, for exanypl e, if an entlty has
not exceeded, its al|l ocaU% then,its 10 reques

be placed rel"aPFERIFG ﬁ?d\’f ﬁ'nl ﬁrribf?g 3 5’98 PP”e is
St MalntSiRbE! Fath r&ﬁﬁ@ﬁﬁrg érﬂ'gg e tLrE)IIeQEI e idQie requests

another entity ‘ocat 1 on or
hathatgb inte the qmda anddhal drecpaced apartsiceorling to the relative
accordange WI th enbodi nent, for a nmaxi mum t hr ead

oﬂlﬁr P& P@; FPHRX ?e’fﬁ“&ﬁﬂ“%ﬁﬁﬂ&? W@@@Héﬁﬁé‘!'@cmen its

| g8l o SRl i 35 e el 81 i
nrwarémm inivhedidtalpnssmpaned mmheﬁemitﬁmwuséd G‘pltﬁé;r

itemin the r|or|t)[t/ gueue . sonething for th
s aMtecabiaB or Hiagtd lower timssbase alé@pat@n @)@é@me I'n

meor o R R B 0 ey

oA e ot b oo oot ol e

orinthvepriorityguatie and also in the maximum thread constraint queue. When
the maximum thread constraint queue is clieared any similar item in the
priority queue (i.e. something for the same constraint) will be allowed to
‘execute.

In accordance with an embodiment, the sizing of the thread
pool can be distilled down to an increment or a decrement by one of the
existing pool. Thisis performed on a periodic basis, forexample everyone
or two seconds.

The overall result of the seif-tuned threading model is a
dramatic improvement of the server in out-of-the box performance. The
thread characteristics can then be further tailored to suit specific needs.
This feature also allows the server customer to have more flexibility in the
setup of their system and provides them with ways to prioritize their

threading model for a specific business logic, or set of customer needs etc.

At operating thereon) then ensures ~t hRCT/US2005/017744
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The overall tesult of the self-tuned threadi ng nodel
wi 50@5/119{1@nati c i nprovenent of the server in opErRk2de8B817744

ox pertormance. The 25 thread characteristics can

then be further tailored to suit specific needs. This
feature also allows the server custoner to have nore
flexibility in the setupgof their system and provides
themwi th ways to prioritize their threadi ng nodel

fora specific business logic, or set of customer needs

et Brie‘l“@e’s%?@'@“ﬁ#ﬁ ;P%(UV§§DO71017744 Brief
y ' . : fgure 1 shows an
i I'1ustrati onFRfura™ ERwE BRMRETHBNSH HenvitnhditSn which

clients access a server using threads. Figure 2 shows
anmiditiple clients access asepreriusimgibmeads which 5 multiple
clients access a server usilﬁ%tth_reads and a priority

queue, in attdreAehows en ilktiatiosffasgndpnment in which

[ i . Fi S ] hart for a process .
or DS Bt HtcBss 2 RENRr Bshp S bnd S pdoftidrise, in
Wi gdvordasciatth FRSmbbdikiimit o e iriveRtiod0 Det ai | ed
Description: Presently, a% cation server custoners

define new thigeuel 3 gowsa charftifgua pradessrofsiccessing a
avoi d deadl ocks and provide differentiated service.
THRIVPRUR g areads; indceardaneduit 3 erphainestioE g nuetion.
adm nistration team my spend several days puzzling

out a configuration for optimal 15 performance. In
aDeiledPestiiptian: enbodi ment of the present

invention, a self-tuned server dynam cally adjusts

t he nunber dPreshnihg@pplicatiorosetvereastbmeksdafitk askitBread

g pﬂtﬂiﬁgléqlél{:]ér_?#q%(hg %}e@r%%’;%@%&oitgaeé%?qc : rgﬁg g%/ovide differentiated
i L . . . , _ t od
eI RUESE RASRLASHHYER Aok

ateamdaayesparidhseveraindmai pexdingtdig 5 ysifjuratsh assestimal
performance.

In accordance with an embodiment of the presentinvention,
a self-tuned server dynamically adjusts the number of threads to avoid
deadlocks and achieve optimal throughput subject to concurrency
constraints. It also meets objectives for differentiated service. These
objectives are stated as response time goals, shares, and priorities.

In accordance with an embodiment, the system addresses
requirements related to workload management, execute queue clean-up,
thread count tuning, and overload protection. The numerous execute queues
in the server can be collapsed into a single, priority-based queue. The
system implements a priority based work scheduling scheme, where high

priority work spends less time in the queue. Scheduling takes into account
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requirenments related to workl oad managenent, execute
gueue cl ean-up,  thread count tuning, and overl oad

W 0¥UtH1En. The nunerous execute queues in tRETIE2WS017744

can be collapsed into a single, priority-based queue.
The 25 systeminplenents a priority based work
schedul i ng schene, where high prioritywrk spends
less time in the queue. SBheduling takes into account
3 WD 2005/ 114410 PCT/ US200-5/ 017744 resource
constraints. The primary focus is to make the

schesbilr® on@ieEihts. SR ritharydocliEisad hakadnt BERéddingriodel

to speci fyworkl oad managenment rul es. In accordance

wi ishalablestisenabieadministragors v epraiiyworkoad managemeant rules.
met hod for application server with self.tuned..

Chr eadi ng modbptsdtagShi AEmborhe o ninanton, asvstem

enbadi MBfHoP fseaySicaliBh Werier Wits bestufel' thiddiMg model is
schene, including a nunber of entries thereln

as powiided: dnecchrdarseatiitheah embodintent acstdvenqjueneds Uisedas a
the entries to have, expressed iorities .that are )
mo PECHE m%nlactqu&cbg Q%“*?@feg%%tf'ﬁ‘é&e'iﬁ%@swawd with

i i ElL oxicbili . S
PRt g SUEn B Al b oitd vt
whehicet drbirsord ghturblearntieiosecto(therbiesinedy @sark thas sinply the
known cal | i ng sequence t hat woul d deadl ock unl ess a

s.

s pagmbiet oftiveads. dflexihilibda stillsitainediriexpreas thetthegadsdn raw

B BGE FgRA Rk Akl Sieb BB hisTint S kgpuf cafing
ac gefEEEthat WouRld&stIesh (MBss a F%bb@iﬁbtrﬂuﬂ%éﬁxﬂhﬁadé Were

specified as a "share", an abstract notion whic
r efiasietavailableprarjo expressaiconpiraiots arythestuneber afitiviends $o be
that wll .receive the requyests. Sin t he total
nultdl aailgble o 2 sySTam N AL WosdopdbasEs be more t han
100 shares, t o i cal e
percont age. ¢ 1y GugoRRRS, MR 36| eRBliMGR, drries may be
Shapexdfietkbsafishara’han tbstract notisgavifich réftects thed p al

nurrberrit%, al | ocat ed_ 20 é‘o eﬁch entity. The system (or
al goeTtyY hRtweeRfntiigsithatl wiiieceivethefegrests.  Bince thedetal

{ PRutBBPRarbtFy ahbthétea) péiipk BeTAR thahl 108 dRaré, the
shares are notidenticai to percentage thread-use, although they are similar.
Shares determine the thread usage (in terms of thread number) allocated
to each entity. The system (or algorithm operating thereon) then ensures
that, over the longer term, the use of the threads (in terms of thread time) will
be distributed according tothose shares. Any entity who, forexample, uses
twice as much time or thread minutes as they had been aliocated will then
be penalized to bring the relative usage proportion back into balance.

In accordance with an embodiment, during runtime the
algorithm can aiso be used fo size the thread pool and then allocate the

thread within that pool.
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be distributed according to those shares.” Any entity

wohes/figno exanpl e, uses tw ce as nmuch tine orptivusamls/or7744

m nutes as they had been allocated will then be
penalized to bring the relative usage proportion back
into bal ance. 25 In accordance with an enbodi nent,
during runtinme the algorithmcan also be used to size
the thread pool and then allocate the thread within

t hat pool. WD 2005/114410 7 PCT/ US2005/ 017744 1In

ot oy neq. [RrRaOAIIES M AR Y difeue is
3 _ . _ ! .
gnllgg{ﬁ%amétﬂ Bakh ?%@ggﬁg% 8alit§, fof daimsle a'dléﬁ’tﬁ&émsgw Fjuests

at are sp art "according to the relative
S htﬁhﬁ?o infntheauetseaand thatfaraspacad aparhascordingds deetative

e 55 e s R4 BBl SO
TS p SRR AR BTe 490 e ekepiing

al thsats ifTmediativ/ompared o @ndtre entityt Wwha haerdszd e their
for a maxi numthread  constraint the system can
nedllocation ar bap arlawer tjnesbasest allpsaliPR @7 8haRuest 10 in

the priority queu nd al,so ip.t ' f

constrai nt o,[]gl‘f PF%%@%V{"HLQ'}[&??P#@%‘%& c&%&ﬁ?‘g}tmead
qUESHtriafht ASS/<88BaY nSaifitdiRth sbparatd duddesfor ROIRG 4 bequest
gueue (al.e. sonething for the sane constraint) wl| be
al indvesptiarity queneande@lsad in theooaxiogndbread apnghiaiahgiertan¥vien

R RGN N BTN R

AL 4PO0 i e 5 5 Sop gy s, i o

reéxédult@_f. the sel f-tuned threading nodel is a

Sé?m Im(;n IC gP Ih%gﬁdnatnc%fwitthhaen gr%rb\clag {melglt, t%lgs_ir?l;aé to?ﬁwebt%ead
pool can be distilled down to an increment or a decrement by one of the
existing pool. This is performed on a periodic basis, for example everyone
or two seconds.

The overall result of the self-tuned threading model is a
dramatic improvement of the server in out-of-the box performance. The
thread characteristics can then be further tailored to suit specific needs.
This feature also allows the server customer to have more flexibility in the
setup of their system and provides them with ways to prioritize their -
threading modei for a specific business logic, or set of customer needs efc.

‘ Figure 2 shows an illustration of an environment in which
multiple clients access a server using threads and a priority queue, in
accordance with an embodiment of the invention. As shown inFigure 2, a
server 120 may have rﬁany processors, and many threads 122 servicing

those processors. A priority queue 124 takes requests 110, 112, 114 from
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20 thread characteristics can then be further tai I ored
to SUIt specific needs. This feature al so atlovvs

WORXHH st oner to have nmore flexibility in tH 7”@%?ﬁﬂ"T“4
of their system and provides themw th ways to
prioritize their threading nodel fora specific
busi ness | ogic, or set of j,custoner needs etc. Figure 2
shows an illustration of 8n environment in which 25
multiple clients access a server using threads and a
priority queue, in accordance wth an enbodi nent of

t héhe wlientsi 384, A96sHORN and gueues the entrieer proritiAty ribym
ds 122

T T T qf@i%eﬁ‘@its%rams%‘éb&%@mg

tlﬁ@‘ec"ﬁf'2&3‘?4?%3%%%?‘@%&‘”%‘2‘%5%3'&5@9@3%Qf?ﬂ"e%éy

prioritizi ngFidwe 3 shewead ﬂ@Nmaﬂnﬁbr@fﬁm@:@% bﬂ%@é’ssm a
share val ue orconstraints, before passing them 126 %

t heenver esing tlweada, m Iaenoraiapbge wmhmn embbbienentof tesiovention.

Fla 5 3 sh \Q' agbt for roce s of accessing
SEEM) t%‘l"'ﬁ HeR ‘#‘ﬁsg @W@W%}ﬂrethread
ma I Y/ h

S RAEER fﬁé’"égﬁtv'ﬁeé% Fedolfif to,gtfart VBllest iz iy Bhroudh

reamonselaﬁppucanm In hicic epr édﬁ%:&ﬁa@h%rﬂer‘éaéh@% values

Thi s maybe through a consol e lication in which
adwmﬁgealbwﬁhw@maﬂ@rmdﬂewmnmp 132,dhe server

s g ERs e Eeds §om pliits lnSfp it iedrauctis are gaéﬂe}m a
t oFirRAYFELS aBodtaity Bk oferB yaRldedird dn MR T ROW it

t hithegat! imewachantiytias Ardaly WdER A bt $36 réqmeégse&eltéﬁen

requests are taken fromthe priority queue an
prieerarihe griodity gueushand peeseatetothesthreristfpr processing by a

pr &%gggsoorr 15 I npl ementation Details

Implementation Defails

Performance engineers and application administrators are the
primary users of these features. An administrator staies scheduling
objectives of an application like the fair share and response time goals. As
used within the context of this section, the following definitions are used:

Constrained work set - Work can be grouped based on the
resources they share. The performance of all work in this set is constrained
by the capacity of the shared resource.

Entry point - Examples include RMI method descriptor, HTTP
URI, MDBs, and JCA 1.5 WorkManager instance.

Fair share - An entittement to use threads. When service

- classes compete for threads they will be allocated threads in proportion to
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Per f or mance -engi neers and application adninistrators

m ni strator states scheduling objectives of an
application |like the fair share and response tine
goals. As 20 used within the context of this section,
the follow ng definitionggare used: Constrained work
set - Wirk can be grouped based on the resources they
share. The performance of all work in this set is

c r.al ; bW -0f : : .
Bl B tve Yookt TRRAREDHGH infr iz ok 81 ARG for
HTSiRfici2btiyidng pBRsds doring @hich the/éekidinalaeses BSINPRES . All
Fair share - An entitlenent to use_ threads. Wen

seihjgads mayhesalocaipmia a sepice asaifa elbgravarg adive.

2o Bboos, SR HEREIbTR b b aASRRHN A B
prieps kbfn@ﬁ?é@nﬁ@@ﬂsi. AgsiristtatoRTapiticing Ea?)?lﬁ:aftieﬁ requirements
sufficiently | ong periods during which the service

cl they axdesstpad e.0Al Nespemgectime gaals.mndatieosatver wilbtuae its
no_others are active.

servi.ce class |

SaPTHBEe R B ARrsHBIdg0% "t he server to -

aut omat i cal 'l§(e§|§éné.eoﬁl"nf_e?T,;ola!ﬂ/%I gﬁrfﬁﬂhdjﬂa@(ﬂﬁﬁﬂ mber of
Adnmi ni strators ‘can define applTcation requirenents

t heijlisecdnds that dan elapse betsgams rduestagoingsat an eAtry peint in
sstéver wi | | June its |IoQwlevel paraneters

a

BISEMYRJI3NC RESTRINSE Qﬁ'%s%é?”t A goal for the
maxi mum numbeky ple oiLd Lihsecondsia rro&%g cy?c#r?qﬁ ﬂ\e fgrver.

bet ween a request arriving at an €en

t f@bjeetivey arnekpressspans Grablked fbreesérvivit cla§ie Mot Gflividual
class - A_service class groups work in the server.

odpavestse d harsystsmp sbeuld beatde to detesmineihesandee class of a

cl n indi vi I e _system should b
B0 o ) o SR el o R T e By
g(rijl‘rgtfé ;ﬁgg beberdiitio e porR IR EFSRbHLIeS RANS Scfioh hafaurrent
user, orysome designated work area field.
Scheduling policy - Determines the wait duration of a request

based on its service class and requests from competing service classes.

Workioad Management

This feature describes how the server schedules work using
service classes, constraints, and the observed load conditionin the server.
The server permits different scheduling policies for the various classes of
work enqueued in the priority queue. This is possible by specifying a
service class with the submitted work. This feature lets the system schedule
high priority work before less important work even when the high priority
work arrives later. During periods of contention the number of threads

serving a given service class depends on its stated objective. Constraints

Sﬂsh_lilﬁtmpri mary users of these features. AN pCT/US2605/017744
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15 groupi ng according to: entry point, J2EE nodul e,
transacti on nane, current user, or sone desi < "
WRHWRSAHAY fi el d. Scheduling policy - Deterni ngfrsa:[ﬁ%owmﬂ“
wait duration of a request based on its service class
and requests from conpeting service classes. 20

Wor kl oad Managenent This feature describes how the

server schedul es work ud40ng service cl asses,

constraints, and the observed |oad condition in the
server. The server permts different sggfggligg load
policies for ' wsrReughg deadiocks gue G¥ar
t&%ﬁ'ﬁn%'}’h%}(édﬂgluéﬁdﬁﬁgngg pOSSi blge by specifying a

2 ﬁﬁm?ﬁ§e class with the submtted work. This feature

| ets the system schedule high priority work before

| ess inportant work even when the high priority work
arrives_later. ' i ods of contention the nunber
oﬁwqm@%iﬁf%%%{qg”‘gﬁgen servi ce class depends .on.

its stated ghbeshiarauidiaticalyiadiustyits thoedn eauiFy™Mpd 1o

PCT[ US200, 5/ 017744 defi ne how he, ker ne
s trondpt e NPT B S BB 4 iy S 2RteEs.

‘Aut omatic Thread unt_ Tupj HAmS ho longer needed.
aﬁanﬂ@ﬁt%hﬂ%ﬁh'%ﬁéﬁ?geqs(eslﬂp % ?%‘g%\x counfyf és,(rtéri Vi ngg for
maxi mum t hr oughput and i npl enenti ng m ni num
concurrency guarantees. Paraneters |ike

t s sRfs Heiches quenes bresded MBEINM are no | onger

needed. Reduce execute eue At ebdecute
traditional lnﬁbﬂ@“@?ﬁ'éﬁ‘g ?%ﬁ%@?ﬁgﬁﬁgﬁgg{% ;é‘iequt e
queues of .t heir : hidifke cRagivek prevention autirsam
prauaesio e, W@r’u%aﬁ Sfeeéggg guar ant ee grc. fiole
Se{hfré;tﬁd%@eﬁaﬁ@éi gceSeihmningabyistesrthgmeeg fograpie multip

' e

execu ueues and neet those, requir US| d
sesxeante guesssand meet tipag legupEIents Sﬁﬁ&%@nﬁlﬁ Hlsses an

constraints.

Overload Protection |
Overload protection protecis the server from degradation of

service under heavy load. Inan overloaded condition the server rejects

fequests in a configurable way. Administrators are able to specify a

threshold queue length after which the server may reject requests. Bursts of
low priority requests are most likely to get rejecied. They can also specify

more spegific thresholds for individuat service classes.
' f

JCA 1.5 WorkManager
JCA 1.5 WorkManager AP| provides a way foran adapterto

schedule work in a server. This AP! exposes the thread scheduling

functionatity. Applications canuse the WorkManager API_ to execute work

asynchronously and receive notifications on the execution status.




10

15

20

25

30

15 Overl oad ‘?'F?:r"ot ection Overl oad protection protects

mgg@ﬁyﬁ,r from degradation of service under plgaxygooso17744

| oa I'n an overl oaded condition the server rejects
requests in a configurable way. Adm nistrators are
able to specify a 20 threshold queue length after
which the server nay rejeft requests, Bursts of |ow
priority requests are nost likely to get rejected.
They can al so specify nore specific thresholds for

i nqAsMj ' I - - WWor kManager 25 JCA

1. m@g‘éééﬁ%&p@%ﬁ@@%@ﬁw an adapter to

schedul e wor k\cﬁnmnietreiewmeyd@ﬁhéseﬁ%ﬂum@ml%resttb§te¥tﬁ§§@éi‘al
e

scheduling functionality. Applications can use t
Vo ORigstig® andpnay expiees goastiainks, assshowhr iortbe xampie below:
receive notifications on the execution status. WO
2005/ 114410 11 PCT/ US2005/ 017744 Wor Kkl oad Managenent
Funct¥efRaNSBESBe | PrePoirhAHM il s prest=08loring "d @bahes="2000"
scHedul ing policies to state special objectives and
MRy €BepE eSBreaispatannpElLicRSnaabowebbhbe QXAREE 1 /5
bglh owopeeag;r.esgfeaepgn g%{) ga[iagzatie&-esa@éﬂoggi@a@= |

op =R = " P "
<f Lr? gaqu%r gﬁ_&%i s%—gtg}:_ﬂfﬁj-?epol i'Cy %—a%ggm GJest BRyFar Guestshare
pefcent="1" /> <context-dispatch-policy
nanme="CBAT SRESAGPPTHG" PlieaddotrRsmiext 2okiaftdopping” />
val ud=eifghy e pBPHiey=" Guest Share" <case
context="rol e" val ue="Bi gSpender" policy=,, Shopping"
/> <«<feontiexdondigpat odir peddxeYPhe<hax-pFBtsse®Rh HAIIAL LN
t r acksapdife RX- P5:06€5988 MWl ofdh8ner --»

<min-threads-constraint name= "minThreadsForPluginMaxProcesses"
count="10" /-

Deployment descriptors and RMI descriptors can then refer
to names like ContextShopping and minThreadsForPluginMaxProcesses
to apply them to entry points.

Fair shares are reflected in scheduling logic such that as long
as multiple service classes compete, the average number of threads used
by eachis in proportion to their fair share. Forexample, consider a situation
in which there are only two service classes, A and B, having a fair share of
80 and 20, respectively. During a period in which both service classes are
sufficiently requested, say, zero think time and more clients than threads, the
probabiity that a thread will work on behalf of A or B will tend toward 80%
or 20%, respectively. The scheduling logic ensures this even when Atends
to use a thread for much longer than B. '

Response time goals can differentiate service classes. The

system does nottry to meet a response time goal for an individual request.
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apache web server that faces the extranet -->
<m n-t hreads -cons traint name=" Y
WA ¥ Pdads For Pl ugi nMaxProcesses Count =" 10" / PCT/US2005/017744
Depl oynent descriptors and RM descriptors can then
refer 20 to names |ike Context Shoppi ng and
m nThr eadsFor Pl ugi nMaxProcesses to apply themto
entry points. Fairshares We reflected in schedul i ng
| ogic such that as long as multiple service classes
conpete, the average nunber of threads used by each

is aquft@pmmiteaﬂtodaerahleiwaiﬁra_:jtimefwaaserﬁ'@écl%ééﬂ?k@otracting

co&sﬁi@g a%éituati %ﬁ 25 in which there are only two

ser (i TPy ¥rads headpiserime.nthen it ebn sshadderequeds so

angh %;,' ' riod in.,which hoth

ser \‘}‘l2 glg' a[:vf%as S eséi}gﬁer ga%%%'iwc&lgg E’ﬁ%js {niyQeettion to E’H%V tolegakle

t hvaltingrienea forexamplé i conskier fittedhe 84 otglf}(ice lasses, A
beha oF R or’

prob intéathat a thread will work o
B R P, with, SPOREP Msorale?00tms and 5peems relpectvety, where

S j 4ok res this even when Atends 30 to
oeCHine M BRidu RIS oBh % fiRAe S Rlidhsrmalien Ruring 2
goqudrivdianviiti betressdrvebe i HRssft ystem

does not trg to neet a%r%?%gr?ggstﬁl me g@gpapgf’tegnsay' Zero
i ffinkitimpand egre sientythardbans#hbkysim can scheduletokeep

P / 744 Rather it . conputes a tolerabl

waq% %ﬁé%.gﬁg&‘;%’}% e ffﬂ% rafjos s sgythaiitis eccommgn frabtion or
ohagltisldofane 'statedidysgad use tine. Then it can schedule
requests so that the average wait for each service

class is in/wplerstandingof theschedbIRiAR pRomRialibAR helpful
tlan. FOA’ eéagﬁ{ge, consi der there are only two service
cr'grnadessignding ¢ thesehedulingpelinies. Fachyssrvice 2888Ms an
a FRRGE where . the ti an

i %r?i?ﬁg%‘dr({e qu es?It H& égéytg}q%%\’f@t ﬂge%WﬁF‘ ¥iip| tipe stamps
Dspacer apapieby @d intervali ch i

suffici er}?tl y;equlest_ed, sa'?,ghgpéﬁwt'ﬁﬁ'ﬁﬁ’ke?ﬁ%eﬁgﬁﬁfﬁ%%
c Mgt Jhetsahesyting policiey car Irecmplainbddisl felléws:keep

ResponseTime

With attribute, goal-ms, in milliseconds. The increment is

((goal—T)Cr)/R

where T is the average thread use time, R the arrival rate, and Cr a

coefficient to prioritize response time goals over fair shares.

Fair Share

With attribute percentage of default share. Therefore, the
default is 100. The increment is
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the average réesponse time in the ratio 2:5 so that it

' n fraction or 10 multiple of the statRi005017744
under st andi ng of the schedul i ng

i npl enentation is hel pful foran understandi ng of the
schedul ing policies. Each service class has an

increment and can enter rgguests in an event queue

with virtual tinme stanps spaced apart by its

“interval. A high priority is inplemented by small 15

i ncrenents. The ,sched Iing policies can be expl ai ned
as follows: ﬁgséor{ng' Wth attribute, goal-ns, in
mlliseconds. The increnment is 20 ( ( goal - T ) C )
/| Rwhere T is the average thread use tinme, R the
ar nva@k P it the perdefilage, Rdbefdriiedl eate, Tahpreiverage theead use
response time goals over fair shares.. 2!

{ Boye

3 F%r Shar e
w fimeadnd; GliecCopiticien Brshpges d9 (Prigrfize themeloyes,than
th f ' 00. The increnment is WO 2005/114410
Pc%i?g’gﬁgga/‘ﬁﬁ@ﬂ%’ 13C / (PRT) where Pis the
percentage, R the arrival rate, T the average thread

use tine, and Cf a coefficient for fair shares to
pr iConkextze them | ower than 5 response tinme goal s.

Context 1 i e 588 BB FEBLEHE Hhimgen, e
or cUREKt BE&OF it8!rBfe, lCdoRATRSH WEVARR: fidlds abassfsd service

Subor di nat eSt epResponseTine Wth attribute, primary,
V\hictz_issaarres a 15 PrimaryStepResponseTi ne.

SubordinateStepResponseTime
With  attribute, primary, which names a

PrimaryStepResponseTime.

PriharyStepResponseTime

With attribute, goal-ms, in milliseconds. Increment is
computed similarly to response time goal. Use fhe ratio of subordinate
steps fo primary step and subtract that many average thread uses of the
subordinate steps to obtain tolerable wait. Divide the tolerable wait by
arrival rate for all steps, primary plus subordinate, and multiply by response

time coefficient.

Fixed increment
With attribute increment.
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Pri marySt epResponseTine Wth attribute, goal-ns, in
vJE&(IIE‘}i_EﬁeConds. Increment is conputed simlarty to
r

LY e goal . Use the ratio of subordi naR&E/U2005/017744

steps to primary step and subtract that nmany average
thread uses of the subordinate steps to obtain
tolerable wait. D vide thf tolerable wait by arrival
rate for all steps, pri ma‘g/ pl us subordi nate, and
multiply by response time coefficient. 25 Fi xed
increment Wth attribute increment. WO 2005/ 114410

PCT/ US2005/ 0 The4air shameneoafficientisahesentd be abent 1000 times
ch t.1000 times the |argest product of
ar e, arbBs o oy VRl el e Aeerade derearhuse time. The
r esgaposeet ire coefidiest i - he
‘average increnent Cf(iadf}Iﬁ I?ghggﬁge&??% @glé\;cé?é%é i'%crsme)';‘t of
onkeSPeREh tigte policies/isramiy one deritesftthe bvbRige inBrethaitof fair
p%ﬁ& SP':,.H Constraints Constraints can be defined an
appllg Y§Set s of entrypoints, which are referred to
herein as a constrai ned work set. 10 max-threads

Limts the nunberof concurrent threads executing

r dgomstraints rom t he constrai ned work set. The defaul t
is unlimted, For exanple, consider a constraint

def i ned wi t CRBTaRRCAR besefned andappliedshsste of dytndolts,
i ing 1 ogi that not
© Witth REE R ferrolitE (RESHHS & Bnsiingd Wtk sete < 1 om ¢ he

three entry points conbined. mn threads Guarantees a

nunber of threads the server will allocate to
max-threads

Limits the number of concurrent threads executing requests
from the constrained work set. The default is unlimited. For example,
consider a constraint defined with maximum threads of 10 and shared by 3

entry points. The scheduling logic ensures that not more than 10threads are
executing requests from the three entry points combined.

min-threads

Guarantees a number of threads the server will allocate fo
requests of the constrained work set to avoid deadlocks. The defaultis zero.
A min-threads value of one is useful, for example, for a replication update
request, which is called synchronously from a peer.

capacity
The serverstarts rejecting requests only when the capacity is
reached. The defaultis zero. Note thatthe capacity includes all requests,

queued or executing, from the constrained work set. This constraint is
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20 requests of the constrained work set to avoid
wdeadhesls . The default is zero. A nmin-th r eadscHabidgso17744
of one is useful, for exanple, fora replication update

request, which is called synchronously froma peer.
capacity 25 The server starts rejecting requests only
when the capacity is reg@ghed. The default is zero.
Note that the capacity includes all requests, queued
or executing, fromthe constrained work set. This

oty Derided G GRS TR M RERAS U St conyro.

t h@iig cOMBraihe iRABHERIent ofh’qég@%ﬁhﬁéué‘lhrb%oid
i ndependent of the global queue threshol d. Different

: schedul i ng ifflectrdsschedution Policiest and moestaintainteract as
% 4 5 Above, it was expl ained that scheduling
p P'Wcan be based on fair share and response tine by

rel atlng thensoe s Rplehd et stk BLIRY dolfhsiali

policy. A mx of ftair s are and respons

I on faireicne eadwesporsentimé &y rolatingithe Sakedulivig tbetﬁlmerrwerk
time scheduling,, Anint reads co@raint does not . .
i Msingthe %?mﬁll%o}'%aﬁén'xlq faif ghaea @ ?%Wﬁéﬂ%ﬁomes Is

A1SEPab BT SR AIRAEL in 05K of RAKBHEL tnld sdfdduibg ™

sense e system scC

froma mn tmhﬂﬁdﬁreaagrd:@hé@amedowhk}t ARred36ea faif shar. It
service class has gotten nore than its fair share

r éﬁ@ﬁnrlsyanlvionaa alrmogdesdloshked saiver. Theghhoweuer dodibtrump

nce revent asrwcecas fromt.a

88 senks thatihB e senSdiite ErsrB3P rofbd o thihas
O&eﬁsﬁﬁmea%mts@t EEARAS sERAE (E|§$§‘F|aé ?oﬁ@ﬁ‘ﬁ%@é tHdfits fair
serverw || not schedul e requests of
c@hatemcalmype until the numberof concurrent -
executionsfalls b l?ﬂ\g he |i serverwi || then .

schedul ewor QC}P@""P@[}’EH‘"@HEH%H &Oeﬁé%@ﬁ%sstﬂﬂ%

g‘iﬁ"évent a service class from taking its fair share or meeting its response
time goal. Once the maximum threads constraint is reached the serverwill
not schedule requests of this constraint type until the numbef of concurrent
executions falls below the limit. The server will then schedule work based on
the fair share or response time goal.

The admin_rmi and admin_html queue requirement can be
addressed by a min threads constraint and a default fair share. The System
gueue requirement is also met by a minimum threads constraint. The
multicast queue requirement is met by setting max threads equals min
threads equals one. This ensures that there is only one thread that is

processing multicast requests thus guaranteeing ordering.
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20 The adm n_rm and adm n_htnm queue requirenent can
be addressed By a min threads constraint and a
WALT0R¥IH4X03i r share. The System queue requi r erREGTUS2805/017744
al so net by a mi ninmumthreads constraint. The

mul ticast queue requirement is net by setting max
threads equals mn threads equals one. This ensures
that there is only one thtad that is 25 processing
mul ticast requests thus guaranteeing ordering. WO
2005/ 114410 PCT/ US2005/ 017744 16 Functi onal

Re fruncéoreal tReduirgpadsts pol i ci es and constraints can be
defined at three |evels: globally in config.xm,

per appl i cat i Blispatchaslisigs andopansiaints warne defined at three

o Bels BT Do PGt RS Bpmligation i or

Th
fsre spRofie CRERDemidtialhd nﬁmwafro éogb?%ﬂ;%gngie%%ﬁtors

di spat ch-policy, max-threads, m
maxeblogiaelb-iangmhand Wﬁb@g wmla'ﬁhesakwnas cah be usbdfroirsthe
onst r ai

1 FOFFsRbriENg s Pep A dollh bR TR ds el Rilareads; Fhe
meﬁié%&h?eaﬁ?ﬁﬁ@ﬁh-ﬂﬂeéﬂ% tédl&eé{? bméﬁ%ﬁ? i & éfn}rfél? apame of a

application wde default

we laxdhreadpisonsirairtor mlhdmeadswhstraintcmspeﬂway, ot dleumber.
de{ ault atthe to I ev webl ogi c. xnl mappings are
al Ino¥ekiogic-ARRl6a Eheéeﬁlg& ppieRglieatianwide default.

we Lo X- 1t hr eads or
b o TSP S e o
nadefault affthe topievehirasstslogie xp! ﬁfhpﬁlj’ﬁbs are allowed analogousto
m n-t hr eads- nappl&g also tolerate nuneric 15 val ues.

| nth@e diltsgmanging j o then webetWlal whetst namsed x dispaiah- poltcy,

BB e S 0 B e
C OTi@dniaRithicads-rhapsiag apd Rfh-FREBdS te r‘nﬁ}nenc
addition, the systemcan allow dis po Icy, max

t hvaluess In wablogrme;bhjaeauﬁ thetvalspefthé gxustlagrd&p(atnh po!ncy
unn'?:d;reﬁ vg qe rS‘luefor constraints) policy CP
Ptlpgiccentgmyiser ?abeaﬂé%ad%amﬁﬁlaqh@@%tﬁbfeow For
t NSadkwafd¥ borhAatiAlty, Atah 2 name an ExecuteQueue. In addition, the
system can allow dispatch-policy, max-threads, and min-threads, to specify
named (or unnamed with numeric value for constraints) policy and
constraints for a list of methods, analogously to the present isolation-level
fag.

The following is an example from a weblogic-application.xm)

<weblogic-applications

<response-time-dispatch-policys
<name>TradeExecution</names
<goal-ms>3000</goal-ms>

</response-time-dispatch-policys

<fair-share-dispatch-policys
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tag. The following is an exanple froma
Wfb'o.%ﬁi&foapp' ication.xnm 25 <webl ogi c-appl i capr@aR20t6@17744

spons e -tune -dispatch--pol i cy>

<nanme>Tr adeExecut i on<f name> <goal - n6>3000</ goal - ns>

</response-time-di spatch-policy> 30

<fair-share-di spatch-pol Hgy> WD 200- 1114410

PCTJUS2005/ 017744 17 <nane>Enqui r y</ nane>

<per cent >30</ percent> </fair-share-dispatch-policy> 5

<max-t hr =CconsiraLnt> <name>Tr adeDB</ name>

<count >a§£{gg%ﬁ§?}<£ézg§gunt > </ max-t hreads-constraint>

<max- t hiBadS- constiarnt > _ 10

<nanmesCERGAAERfBBBLF HERESY2c ount >db. pool . cr nx/ count >

</ max-+t-hr eads- constrai nt> </webl ogi c-application> 15
Thef ol 4mewithgedds-egnsexaimpble from a RM descri ptor that
def i nes <nGebM=@er®d/asses at conponent |evel: <nethod

name=" getshesd el et Stdd-pgunt ~t r ansacti onal . ="" fal se”
20 di spgteRnRolakCYmst ERGRLT Y
<max-threads-constraint>
<name>CustomerInfoDB«/name>
<count>db.pool.crm</count >
</max-threads-constraint>
</weblogic-applications

The following is an example from a RMI descriptor that defines

service classes at component level:

<«method name="*getStockQuote (String)®
transactional="false"
dispatch-policy="Enquiry”
max-threads="10" >
< /method>
<method
name="sellStock (String, int)"
dispatch-policy="TradeExecution®
max-threads="TradeDB"
transacticnal="true®:>
</methods>
<method
name="getHomePhone (int}"
dispatch-poliey="Enquiry"
max-threads="CustomerInfcDB"
transactional="false">
</methods>

The max-threads value can be a number, a named

max-threads-constraint, or a named connection pool (JDBC or JCA). lfthe
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max-threads="101" </ nethod> <nmet hod
nanme="sel | Stock(String, int)" 25

W) 2081 1dht0pol | cy="Tr adeExecuti on" max-t hr eads="PHTAFDI/017744
transactional =" "true"> </nethod> <nethod 30
name="get || omePhone (int) " dispatch-policy="Enquiry"
max-t hreads=" Customer| nfoDB" transactional ="fal se">
</ met hod>- 35 The max-threlds val ue can be a nunber, a
naned max-threads-constraint, ora named connecti on
pool (JDBC orJCA). If the WD 2005/11-1410

PCTédd0260 8iz8 15/difandi8 tHeeasdichred hiia ok ﬁldﬁ(ﬁﬁl@'@d@ cbﬁﬁra:gt will

associ ated m nor max threads constraint will also

dy aladi ke diisaminangkehangasas hesesotEce size chRngees .

Aut omatic Thread Count Tuni ng Functional Description 5
The thread pool serving the priority queue changes its

si A@torAHti® méafoatbumt?uﬁiﬁg gmﬁ&drm wﬁpeﬁon

Adm nistrators no [onger to speci
. Execut eQueue WIBeahrmdtpodb serdng iheepridritg gdelia changes iddize

t hAGREAR %@m‘%?z%é&h&%%aﬂﬁﬁaé@a%@ﬁ%?éEpff%?geweed to
cnspetly (ke QGelemBRRT B M TicadidBase and
t htmeedjwaxirmmh €The priority queue momtors the throughput every 2
seconds and uses the collected data to determine if thread count needs to
be changed. Forexample, if more threads gave a befter throughput in the
past, the server will increase the thread count. Similarly, if less number of
threads gave the same throughput in the past, the server will reduce the

thread count.

Functional Requirements
Nouserinput is necessary. The serverbases the thread count

entirely on the throughput history and queue size.

Reduce execute queues created on startup Functional Description
Collapse the different execute queues into a single priority
gueue. In the past, it was necessary create different execute queues to
prevent deadlocks(admin_rmi, non-blocking), prioritize work(systém) and
achieve ordering (multicast). These requirements are met by associating
aservice class with enqueued work. All work can be submitted to the priority
queue and the thread usage time is based on the types of service classes

that are present in the queue.
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past, the server will increase the thread: count.

w@hﬁbs/ﬂﬂﬁ‘ if less nunber of threads gave thecsaRB0s5/017744

roughput in the past, the server will reduce the
thread count. 15 Functional Requirenents No user i nput
IS necessary. The server bases the thread count
entirely on the throughpylg history and queue size.
Reduce execute queues creat ed on startup Functional
Description 20 Col | apse the different execute queues
into a single priority queue. In the past, it was
neE@Q@W'%W@“’EﬁW?erent execute queues to prevent

dead | ocks(a
( ‘ﬁﬂa '?19 %@e ég(llpgéglﬁ ﬁkﬁ):thé&)&léifnbtéxééute queues

wor k(system ng (rmulticast). These

r e@hh b@fmﬁppe@t@seﬁicebjamchmmjralatsser vi ce cI ass
w th enqueued work. All work can be submtted to the

priority 25 queue and the thread usage tinme is based
on thechypeseod merwhaes Ol agneseshdnae-tame- grd seint-thrpads
t he qugg@,thmc%OOS/ 114410 PCT/ US2005/ 017744 19

FU”C“ QQ <. Regih | §FROL SsoThshef 8l Pk italie expl ains
how { g X SEL0RERCCH LB 0UPUES . Ak dIGa mapped o

ser VI®E°¢1%8 donst. rain ecute queue

f ai reSRaFE i‘d‘TG’O T e8pise? tm’nﬁESt L% n. - thr eads
nax- ‘feml@%\?d%kmlo’&?ncﬁ’ PARY 5§y’§‘?r§m'55¥? RBTe 18590

r est Jispt $mevtcheve 5P Oyine . Hid AP resFT =S80 None 2 No
restmilgién sowbhegi a¢. adnmin. RNl 50 None 3 No
restriction 10 webl ogi c. kernel . Non- Bl ocki ng 50 None 5
No restriction JnsDi spatcher 50 None 15 No

r egiveriohd ProtédtivhdasictiBfaiNdeseriptibnOver | oad Protecti on

Funct 1 onal D%\%%l}ﬁg%rét%?s can configure an overload threshold afterwhich
the server starts throttling requests. Throttling is done as follows:

The server rejects requests starting from lower order fair
shares with no minimum threads constraint set. Service classes with high
priorities or those with minimum threads constraint are still accepted.

If the overload condition continues to prevail, higher priority
requests will also be rejected since the serveris unable to recover fromthe
overload condition. Requests with minimum threads constraint and
administration requests will still be accepted.

A well defined error response is sent if work is rejected. A
"503: server is busy" error is sent for HTTP and a remote exception is

thrown for RMI which would enable the cluster aware client to failover.

Functional Reguirements
Queue limits can be specified at the global level or per class

ofwork. The global threshold can be exposed as a KemelMBean attribute.
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15 Adm ni strators can configure an overload threshold
after which the server starts throttling rFequests.

WEhtW9p14iHy i s done as foll ows: The server rej diIEUS2005/017744

requests starting fromlower order fair shares with
no m ni numthreads constraint set. Service classes
with high priorities or those with m nimumthreads
constraint are still accé%led. 20 If the overl oad
condition continues to prevail, higher priority
requests will also be rejected since the server is

ung@btiast of nesriivean Hefime tahthresivald lushey tendapacdity element in
Requests_wi th m_ni mumthreads constraint and,

ad fRamsaids. Hereris gne@mpleian kew i spbthgceanacity elemant: |
defined error response is sent if work is rejected. A
25 "503: server is busy" error is sent for HITP and a

r endévebiagiepaprdficatsont hrown for RM whi ch woul d enabl e
the clyster aware client to failover. Functional

Requi regentis, Qugue Jibfd ts can be specified atthe

gl obal | eyel ¢l a 30 of work. The gl obal
t hr eshof%m% 0 Ongt%'ral&l'e;é%%%?a Kenei MBean attri bute. WD

eXPOoS
2005/ 11212‘1?63 >§°?ﬂcﬁlf 017744 A class of work can
def i ne/ &R BEIREPF STy t he capacity el ement in
Const/vab¥rag c-agpl ecdtdorn exanpl e on how to set the
capacity el enent: <webl ogi c-application>
<capaci ty-constrai nt> <nanme>nyConstrai nt </ nane>

- <t reghelgdy5000</treshol d> </ capacity-constraint> 10

</ vvebln ,gézq.-*appl i cati on> <net hod

constraints="myConstraint"
transactional="falge"»
</method>

A capacity constraint overrides the global threshold. This
means that the server will continue to accept requests even when the global
threshold is reached. Work will be rejected only with the capacity constraint
is reached. This is useful for subsystems that perform their own flow control

and cannot use the global queue threshold.

HTTP overload actions
The system will send a 503 error code if the serverisin a
| cluster. This will allow the plugin to failover. If the server does notbelong fo
acluster, the systemcan gl[ow customers to configure an error JSP that will
be used as the overload response. Customers can also redirect requests
to another serverduring the overload period by specifying redirection as the

overload action.
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name=" 15 c‘onstrai nt s = "nmyConstraint "
wbaspagiponal ="fal se"> </ method> A capacity PCT/US2005/017744

constraint overrides the global threshold. This 20

nmeans that the serverwil|l continue to accept requests

even when the global threshold is reached. Work w ||

be rejected onlywith theXapacity constraint is

reached. This is useful for subsystens that perform

their owmn flow control and cannot use the gl obal

qu 5 HITP overl oad actions The system
o ﬁml 6\%(5%%9%@1%3

sen error code if the server is in a
cluster. Thi ¢f whé!l sedvbowist e pl clyistert dhkaisystesr . thrdws a
t he serverdoes not bel on

I t ste
CapeavaroNeieariosRipeptas. Bhiohiga ggﬁq%ss S RaTOQEERanton The

be used. . r I

2 B o e LRSI o BaR 81 67 9 hBtner
oV @fstadnaes.i ¢ohl dJMoﬁ-@ﬁﬁtémUnsxzemaﬁot euktamesscarhepecify an
over|l oad action. WD 2005/ 114410 PCT/ US2005/ 017744 21

RMalternate serverferredinection. RMI regussds duing thegverioad period will

th WS er | oadedExcepti on, which
% H@?ﬁgg glf' ﬂ@?wgﬁée\é%["g&. on. The client will

' nt er pr et thitheaSerdef WIPYBE ABk e padRt thPsachifisénd lout the

over to another 5 cluster node. In a non-cl ustered

sceejection responsesr ¥ riting sresponhge involvestl £ which can be:slow.

for redirecti uests during,the erlo

peid Ui dearier e e e MaTebaoR et et AR e threads
z’fé‘%ﬁ{ﬁ‘ fH\t‘:cBrlm oc'l-&é?m%x der thread to send out

h rejection sponses. t|ng a response invol ves

[ /O which catsdmsysﬂem caﬂzOrég;asteg with dbdekermekdor toverload

wite the response can 1{; t he readerthre%f
notifications. The kernel wﬂl l’lOtl its Iisteners when the global queue
threshold is exceeded. This notification can be used to throtile back work at

the subsystem level.

Functional Requirements
WorkManagers can be app-scoped or global. An
app-scoped WorkManager can be defined in the weblogic-application.xml

like the following:

<weblogic~application:>

<workmanager name="myWM">
éfair~share>30</fair-share>
<min-threads>S</min-threads>
<cmax-threadss>25«</max-threads>
<capacity>5000</capacity>
</workmanagexrs

</weblogic-application:>
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preventing incom ng socket muxing. Subsystens can
regi ster with the kernel for overload notifications.

WEhSBOREHAY will notify its |isteners when the RTSHERO05/017744

queue threshold is exceeded. This notification can be

-used to throttl e backworkat 15 the subsystem | evel.

Functi onal Requi renents WrkManagers can be app-scoped
or global. An app-scopeddnrkManager can be defined in

t he webl ogi c-application.xm 20 |ike the foll ow ng:
<webl ogi c-appl i cati on> 25 <wor kmanager nanme="nyWJs' > <f

ai r - - shar e>3Joucsebsthe-Wehdliarager from the application, one would
<m n-t hr eads>5</ m n-t hr eads>

<miock tp #amentsiy theloeairaswitesment (java:comp/eny). For example:
<capaci t y>5000</ capaci ty> </wor kmanager> 30

</ webl ogi c-applicati on> WO 2005/ 114410

PCT/ 1iS28 0501 774 4P D XoBk Ryriiareger whe=

Wor k Mandggerafr ossoheceappl ivoak iwonkMoiagemoul d [ ook up its

nameci:N 16hepk ok : @y sonREnt) () ava: conp/ env) . For
exang Qowd:AM@Xek); €sour ce. spi . wor k. Wor kManager wm = (]
avax. resource. spi.work.WrkManager)

ct x. 1 ookup("j ava: conp/ env/ nyWM') ;  wm doWor k( wor k) ;

The system does not create a thread group for ‘each
WorkManager definition. All WorkManager instances share the default
queue. They get priorities based on their fair-share or response-time-goal.

The presentinvention may be conveniently implemented using
a conventional general purpose or a specialized digital computer or
microprocessor programmed according to the teachings of the present
disclosure. Appropriate software coding can readily be prepared by skilled
programmers based on the teachings of the present disclosure, as will be
apparent to those skilled in the software art.

In some embodiments, the present invention includes a
computer program product which is a storage medium (media) having
instructions stored thereon/in which can be used to program a computerto
‘perform any of the processes of the present invention. The storage medium
can include, but is not limited to, any type of disk including floppy disks,
optical discs, DVD, CD-ROMs, microdrive, and magneto-optical disks,
ROMs, RAMs, EPROMs, EEPROMs, DRAMs, VRAMs, flash memory
devices, magnetic or optical cards, nanosystems (inclUding molecular
memory ICs), or any type of media or device suitable for storing instructions
and/or data.

The foregoing description of the present invention has been

provided for the purposes of illustration and description. Itis notintended
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“&ﬁomqh&ﬁ%nager definition. Al WrkManager gt@ %ﬁyanl“
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theirfair-share or response-tine-goal. The present

i nvention may be conveniently inplenented using a
conventional general purpgsge or a specialized digital
comput er or mcroprocessor programred according to

the teachings of the present 15 discl osure.

S0 Rp PR HyRuHs arhBma BE L A% B8 Plicith B fRtEY. The
%ﬁf@glﬂbﬁfé ward ho% ‘th'dé%@nbé@m@'b%‘ér tPbb&OSDlain the

in the so tmare art. In sonme enbodi nents, the
pr psinoiplasofeheiimreritionl antkits aracboalmnwcammghammmtahhng
which is a storage di.a) vi.ng .20 .
|n§lth€e§§§kilb$ﬁs'n§h!%@%@ T Sang Tie iVaniAn i apua empogiments
t r e

PR ERIER o BicRBbh S R Ee DuegeIc G JR GRS use
' n‘ébﬁiéﬁn I&tat. it imtohdeéd thiat the stope aiitie invpatiat beldsfined by the
|nclud|ng fl oppy disks, _optical discs, DVD, CD ROWVs,
m deliawing elains @ndehREESUBAENCR:. di sks, ROVE, RAM,
EPROVs, EEPROVs, DRAMs, VRAMs, flash nenory 25
deV|ces magnetic or optical cards, nanosystens
(including nol ecul ar nenory 1Cs), or any type of
nmedi a or device suitable for storing instructions
and/ or data. The foregoing description of the present
i nvention has been provided forthe purposes of
illustration and description. It is not intended WO
200 /114410 PCT/ US20051017744 23 to be exhaustive or
tolimt the invention to the precise forns discl osed.
The enbodi nents were chosen and described in order to
best explain the principles of the invention and its
practical application, thereby enabling others
skilled in the artto understand the invention
forvarious enbodi nents 5 and with various
nodi fications that are suited to the particul ar use
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contenplated. It:is intended that the scope"of the

i nvention be defined by the follow ng clains and

WORMNYIES val ence. . WD 2005/ 114410 PCT/ US2005/RGFATSEA05/017744

24 Cainms: Wuat is clainmed is: 1. A systemfor
self-tuned threading nodel in an application server,
conprising: a server, including one or nore

processors; one or nore t#feads for receiving requests
fromclients and comrunicating those requests to a
processor; and a priority queue for allocating threads
t oGlaimspl e requests according 10 to share values, to
optim ze performance of the threads. 2. The system of
cl dVhetis\ghimadissai d server includes mul tiple
processors. 15 3. The systemof claim| wherein the
entries are queued in the priority queue according to
pra:rat & sysiemvial seifturfod theading trBdU&lfin ehApplidaibieE&har
the entries are queued according to the calcul ated ’

t hEeBWpngde tine al ready used in conparison to the
stemof claiml| wherein the

time 2Q values. 5. The s |

ent i s AREE JIRNHIG 2Be S AR POSOSRRIF | onal

configu ' . : [

wher ei nbtﬁ %esgg‘?g’{é?gq}%téggg?g rgce%lgmy ﬁéecgjgg)flg f'qglﬁid%ﬁE%gnd
entommunieatirgyithoseoaqliests s trpboessayapne. WO 2005/ 1110

25 PCTI USZ.OQg,/ 01774]}4 ? A net hod for self-tuned .

t hr eadi APTREYAVEUR ferallgeatinaihreasds osnuliiple requests according

to share values, to optimize performance of the threads.

2. The system of claim 1 wherein said server includes multiple
processors.
3. The system of claim 1 wherein the entries are queued in the priority

queue according to pro-rata time values.

4, The system of claim 3 wherein the entries are queued according to
the calculated thread usage time already used in comparison to the time

values.

5. The system of claim 1 wherein the entries may be queued according
to additional configured constraints

6. The system of claim 5 wherein the constraints are determined by

queing the entry in an additional constraints queue.
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conprising the steps of: configuring the Server to
wohaéfiifipead resources anong entities accor dPEHUBI0S/017744

share val ues; receiving requests at the server from

clients; queuing requests in a priority queue

according to the share values and on the basis of how

much thread tine each entdbty has al ready used; and

taki ng the requests fromthe priority gueue and

presenting themto the threads for processing by a

Pr 9cessal yetfhror LR-1HRdfleadingmbdel Tn wheipplicati strver,

server es multiple processors. 9. The nethod of
cl abmpfisiMicihe stephief:entries are queued in the priority
15 queue accordi nﬁ to pro-rﬁta i me,val ues. 10. y%%tities
met hod epnfiguing shaseper 1o sharethread LeSquIces, alnog
accordip 0 cul ated thread usage tine already
us@&c?#?&f‘%gl?érgglﬁ?"?%s’the time values. 20 11. The

net hod efc&ilingredusdietiive sdyweefron eéentsly be queued

-according to additional configured constrajnts. 12
The et lpeeuiiy reaapHSIT & BHENB HAURRCSORIPE 4 INasTiarg values

The et IubTc . . > are
cormontae borjaepith tend Brch nltyffhs ey ok and
| ncl udi Raihdfid gheasRomins BRIty Ride artesentiagttiemto the

cause the conputer to performthe steps of: WO

20QRfcEHs40P pRICESBIRY(HAE PIOTES$E0RE confi guring a server
to share thread resources anong entities according to
share val ues; receiving requests at the server from

c| iSe.nt S'The method of claim 7 wherein said server includes multiple

processors.

0. The method of claim 7 wherein the entries are queued in the priority

queue according to pro-rata time values.

10.  The method of claim 9 wherein the entries are queued according to

the calculated thread usage time already used in comparison to the time

values.

11.  The method of claim 7 wherein the entries may be queued according

to additional configured constrainis.

12.  The method of ciaim 11 wherein the constraints are determined by

queuing the entry in an additional constraints queue.

13.  Acomputerreadable medium, including instructions thereon which

when executed cause the computer to perform the steps of:
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queui ng requests.in a priority queue accordi-ng to the
share values 5 and on the basis of how nmuch thread
WO RSAEEH entity has al ready used; and taki ngPGHES2005/017744
requests fromthe priority queue and presenting them

to the threads for processing by a processor. 14. The
conputer readable nmediumof claim 13 wherein said

server. 10 includes nulti%@e processors. 15. The

conmput er readabl e nedi um of claim 13 wherein the

entries are queued in the priority queue according to
pro-r at a:anifigarimgilajeer.vemo Khard liereatnmesoarces atwigeentities

nmedi umcﬁ fl a%m 15 wherein the entries are queued
ac @SCAIHRT iQ,5hare valyesil at ed thread usage tine al ready

used in 17. The

conput er98&2@96}938&%%ltjtrtnﬁéc;?é%f%ﬁligme’r ein the
entries qmw;ng&@qbeslewa@ﬂnoﬁqaﬁrevmdo@dm %the%wére values
configured constraints e conput er readabl

e @A basis 6f oW MHeh t:_hrﬁad h@e@mbtenatmhas aligady used and
det erm :?%Iﬁgé) %Sg%tidjestsqfr eeé]rgorn\/y queue an%dpresen%ng themtothe

constra
threads for processing by a processor.

14.  The computer readable medium of claim 13 wherein said server

includes multiple processors.

15.  Thecomputerreadable medium of claim 13 wherein the entries are

queued in the priority queue according to pro-rata time values.

16.  The computer readable medium of claim 15 wherein the entries are
queued according to the calculated thread usage time already used in

comparison to the time values.

17.  The computer readable medium of claim 13 wherein the entriesmay

be queued according to additional cohﬁgured constraints.

18.  Thecomputer readable medium of claim 17 wherein the constraints

are determined by queuing the entry in an additional constraints queue.




