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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-01 560US0), and
incorporated herein by reference.

U.S. Patent Application entitled SYSTEM AND METHOD
FORAPPLICATION SERVERWITH 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 to a system and method for application

server with self-tuned threading model.
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server wth self-tuned threadi ng nodel . Background: In
a typical application server or web server

ort housands of concurrent users (clients), each of
these clients can send requests to the server. Figure
1 shows an exanpl e of such an environnent. A nodern
server 100 may have many 2rocessors, and nany threads
102 servicing those processors. The threads take
requests 110, 112, 114 fromthe clients 104, 106, 108,
and apply themto the processors in a queue-like

f ashi on. The actual nunmber of threads used has a big

| rBackgroanidhe performance of the server, and its
ability to handl e Iarge nunbers of users. However,

fi gur i ng out Intentypisil EPRiCaTiaRRaTVer OF WebA@sverservironment,

cQ c

ool SRS B gy Ry AEBLORLS tidhep bR Py R Rers
t NERAHS), ebBROF thedediefts dditsendlRRiuests tBtRE @éﬁ@rs Figliries1
ensures that requests are alnpbst immediately fed into
t leheadsan dxampleetsuch aareswireninbat. A imoderr seyuerst0d rmaghave
qui ckly taken up by the processors. A nore recent
a|m@mhanqceésmsarwé@wnvéhr@aéaflQZﬁﬁr\@@agHmespromswrs The

bR i 0B 0 Wi he Seleltidnob e e
pgép. hbhtbBe faceggdﬁsﬂﬁag%@ﬁﬁ% RIdkp TR udiAlnber of

runt1 nme environnment wever rocess

i sthl'miﬁlUSﬁddmmaWImpncttdmethelpelrﬂormbncb@f the server, and its
adm_nistrator, and, since it is larg ¥
erﬁh"f yimkandle Lad% Géﬂ‘tbe&fh@f ‘éste&$ i Idowpger@ igWiRg oyidae @ﬁ’ﬂmal

értoft}ﬁﬂﬁysr}g aa&ﬂ“ ? RSk poses. In real-life
S

|ons enviro are Sso varied that this
St at i C appr q@aé approdvh t@&hiséﬁr@bkam has peenrtdiddgl suenwiate

! S:chpe%%%egoItﬁatathger?gr%b];%f ?Arlegéms g?eg}tlysgcye%rds the number of
processors. This 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 alternative has been to create thread pools, with
aflexible number of threads operating within. The actual number ofthreads
canthen 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-dependent and static, is of most use only for test-benching and
marketing purposes. In real-life situations, the environments are so varied
that this static approach is not satisfactory.

Accordingly, what is needed is a means for allowing a server
to automatically determine and implement the optimal number of concurrent

threads based on objective predictions for the workload. Because of the

where there exists perhaps manyhpemUSII®s/017744
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wee@ditct4ions for the workl oad. Because of

to automatically determ ne and inplenent the optinal
nunber of concurrent threads based on objective

thelimtations of where an application server sits
(above the operating system this thread control

cannot be enbedded within the operating system but
nmust be able to existat & higher |evel. Accordingly
there should be a nmeans for controlling the nunber of
the threads in the application server, and the queues

t .

ARG o e DKok SofeE SHARBGTC NS petingsytom)
apthid the&adacorstml vannoi héresbledded metlhm ﬁmbragngmylsibm but

e B 5SS o ERoERS R
! P g T BRI R SOERLARS e

praqusuds that fdealtthane nore natural and closer to the
busi ness users than sinply the nunber of threads.

Flexibility is still retained to express the threads
[ q ers where this mght be desired (for
e there is a known calling sequence that

woul d dead| OI?n“ack%Blfo%?r%e@vlt%%?Férﬁb&d|H1é'f‘f98lfth9fn\fehh8ﬁ§%ystem
were made avail able), or to express constraints on'the

nuarice method Hoeaqb@hcatldjeseam vaﬂalsbti{bllueed)rhhraeadmg model is
syste ? gorkl o&ﬁ basi s. ?ccordance wWth a

e QY IGFEN ”%‘qu e W ﬁﬁf%%o@ﬁ‘@@ feene gugue ‘asa
ar‘pﬁé}ft{/ rs%@&n{éoﬁh&@du 'éﬁuhﬁ#r%?t tﬁ&etﬂgrgﬁoé%ﬁemﬁtled with

pri ori etween entrties recelve

rawcewbdrecﬁlem aht evHicH allowsithb entries tahdvd exqurgssaalpriorities
there may perhaps be nore than 100, shares, the shares
artbahare lﬂil%!‘ﬂtﬂaélz!\ﬂal apd ﬁ@%%ﬁ@ dbe buginesa U@@és than sigiRiy the

G Forth/ IR EIH T S B8 rb Y B raw

numbers where this might be desired (for example if there is a known calling
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 total
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

PCT/US2005/017744
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to each entity. The system (or al gorithm operating
t hereon) then ensures that, over the longerterm the

wais®saf44tihe threads (in terns of thread tine) MT/USE5/017744

di stri buted according to those shares. Any entitywho,
for exanple, usestwi ce as nuch tine orthread m nutes
as they had been allocated will then be penalized to
bring the relative usagedproportion back into bal ance.
In accordance with an enbodi nent, during runtine the
algorithmcan al so be used to size the thread pool and

t I?\W:egsl 68k ﬁpﬁlﬁ%ﬁ%&\@?‘ﬁmm&s@é}hb AkdPReh-allbBated will then

accordance w r|or|ty queue S

Menpenalizdd tEdeingtheuelativergsage proporfion bexkintbéaance.
client, can issue requests that go into the ueuF {Ld
that are spdBearc@ianceawdhr an Rmbediment, dugpg yuntime

" et an SO © it 1Ry 2084 pbpla e AcARIH:
thn’Hdd\witMnthﬂ‘pcbtn in the queue and wi II start
getting threads i medi ately, ared to anot her

entity who HadaGeosdangs wisu anaﬁ mbedimest, ar PHREY ayeaiigeis

o R £ PEestite RS B SxarplsRtishl fAA Bl s
C%ﬁaﬂ”@ﬁ RtHH cﬁjei%péhéﬂﬁat%@!dﬁaééﬁ apart chdmgt@mh@sélam\re

he prlorlty queue and also in the maxi mum t hr ead
c shsresaiSa, fcqwe(amplewifean ety haxnotexcehded s atiosationitimen its

I | h
e A B A
£ HRUERE, infin B, Somirge OLRBINEE iywAB AT ther

arallosatiemenhasa Iawdehnenlw&ed)allcmwonfortsher@m sting

ool. This is perforned on i odi ¢, basi s
gxanm e everpa(%ﬁgr@ncpmﬁg ﬁg)é)d?ment ora maxflr%umthread

constraint the system can maintain a separate queue for holding a request
in the priority queue and also in the maximum thread constraint queue. When
the maximum thread constraint queue is cleared 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, for example every one
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 model for a specific business logic, or set of customer needs etc.
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The overall result of the self-tuned threading nodel
is a dramatic i nprovenent of the server in out-of-the

be further tailored to suit specific needs. This
feature also allows the server custoner to have nore
flexibility in the setup of their system and provides
themwith ways to prioritize their threading nodel for
a specific business logic, or set of custoner needs
etc.Brief Description of the Figures: Figure 1 shows
arBri¢f Description offthe/Figaves:onnent in which multiple
clients access a server using threads. Figure 2 shows
an i |l ustratfignrefl showsman ilvistration ofi antsnvivonmienit i evhich

S S server u3|n% hreads and a prierity
bR EER SochaicasSiven uahUdhiRAoent of t he
i nventi on. |§HF@2%h%Q%V‘§n f”ﬂuELrQ{’*bﬁ BRGh efng/ygﬁpgeg.gcesﬂ.ch

of accessing a server usin Feads o
wintitiple didntsliaoeeds afsdrier uélMQﬂhl*e%@is ani aip rﬁﬁl‘q( queue, in

P I pl tion server cus
([j)e@?:g(rar 855%%%#1} Q'SEW@GQEGf 'été?iﬂbéub@ t helj r size to
di.fferenti ated service.,
This i s qui FOGrEREBIRY ntartlors biicess of asepesins e
a@m\rériﬁsrr%wh@@adsemgéqrdggta?% eé(ﬁéﬁlbo‘?jﬂ%ég%‘fﬁﬁ'e'iﬁ‘@enﬁon.

out a conflguration ( or manc
accordance wi th an enbodi nent of the present

ipvention, a self-tuned server dynamcally adjusts the
n&é@ﬁ&%%to avoi d deadl ocks and achi eve

[ t to concurrency constraints.
opti mal t hr?,ig%%#@csub y

It al so nee PR Paﬁem?rf%ﬁsm?ﬁ(&f"ﬁemwwead
E@@I@ aPelconfigliRIhai 8iz8 tehsld 88alIBEROARFool IR dHPdtsftiated

ares, and priorities.
service. Thisis qwte adifficult process. A talented software administration
team may spend several days puzzling out a configuration for optimal
performance.

In accordance with an embodiment of the present invention,
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

The thread characteri stics cR@I/URZNNS/017744
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In accordance with an enbodi nent, the system addresses
requi renents related to workl oad nanagenent, execute

wQo@aslghean- up, thread count tuning, and overPOHUS2005/017744

protection. The nunerous execute queues in the server
can be collapsed into a single, priority-based queue.
The systeminplenents a priority based work schedul i ng
scheme, where high priori@y work spends less tine in
the queue. Scheduling takes into accountresource
constraints. The prinary focus is to nmake the
sclagd lLdertQ)rEﬂ‘éﬁgs svﬁég f&usr@ﬂ rﬁaﬁ@mé%a{erd%hﬁgmﬁwdﬁ%l
specl y wor mana enen rul es. In accordanc
anscatdine ane phabie adneinistratons ioapeciy woskiead madagemlan‘dules
r wth self-tun

f | t h d del
s provi ded. 'n?a%cﬁ@i%ﬁam@mmwme@%faéef@%n @gﬁ%%m
UUSHE 1l 885 FoflcRiGPbier SAIF TBI-UAS! U8Ry RIERR

entries n assocl ate receivea re

arpiromiedh halabmmlahbewhtahleenbdsdmmwta sernpreaeadis usedas a
priorities that are nore natural and closer to the
m@ﬂqmwcn@mes, Im%wnguarﬁumh%@ rRITRs ﬂaﬁretrha%mated with

KAt SRR bR BB Al s

exmapkaee norbheiterdl aind didiW”toQﬁé'bu%me%%W§ ¢hdrhaimply the
woul d dead| ock unl ess a specific nunber of threads

wehwmbeadef thredadsa bilexibilityis stilogisiredtapressihetibreadsimeaw

b f th d b d
Qﬁ%@h?%wier% AR p2elies B darie T e isa kpown galling

éﬁ%@tthaﬂhb&lﬂ'déa%%dmlé& 8 Qﬁéd:lﬁb Anber df trﬁ@éﬁ'is?were
an stract notion which reflects the proportiona

prnnadelayatlmnlwb@mtmexnresesomstealntmdri theewenbear of threads to be
{ HBPES R IBRPHAbS SeleRbMAS REROIdALRAP S, i e Shar es
Fhey "t e S SEhoRRLEST AR AP RBEARISHS AL HE) be
(i spdoifietba®h “sharescamabdteact natibnaaiietl reflects the proportional
priority between entities that will receive the requests. Since the total
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, over the longerterm, the use of the threads (in terms of thread time) will
be distributed according to those shares. Any entity who, forexample, uses
twice as much time or thread minutes as they had been allocated will then
be penalized to bring the relative usage proportion back into balance.
In accordance with an embodiment, during runtime the
algorithm can also be used to size the thread pool and then allocate the

thread within that pool.
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to each entity. The system (or al gorithm operating
t hereon) then ensures that, over the longer term the

was@soisthe threads (in ternms of thread tine) BET/US2005/017744

bedi stri buted according to those shares. Any entity
who, for exanple, uses twice as nmuch tine or thread

m nutes as they had been allocated will then be
penalized to bring the rglative usage proportion back
into bal ance. In accordance with an enbodi nent, during
runtime the algorithmcan al so be used to size the

t hread pool &’?}%Cbm%hmﬁaéﬁ 0(]|H-{e$ﬂld \Ffpﬁ&lt? c&f&{e is

pool . I n acc nce w an enbo

q lr‘ﬁéiﬁtdnr%d@h@h paduedtindrentity ffecsiestploa cent, tan istoe requests
exanple a client, can issue requests that go into

qdli@t@o intectheleaaeugs @n@ﬁwjgas apread aparbacraigingdo mférelatwe

Shabb s Stomih [ BBV b SRaERbl % Hisefeh o

r %@T‘téé@béln B ﬁibc@ﬂ rél@tl\ffél?h@h@pﬁn trglieMd, bnd@ Wall étart getting

getting threads i medi ately, rrparedto anot her
emhnaaxdswmméchalteth,s @@mgaredécb anathem@a\tltwwh@malda@e@l Upiheair

- based aIIo atio or d th
o ARaRIRPr hab A RSkt e BoR S BhARE ¢ he syt em
can maintai n,a-sERAe %wﬁﬁ%#*@nfb%nﬂéhtdm% ﬁla&ﬁﬁuﬁﬁhréda

the priority queue an I'n the maxi mum t hr ead
C @opitraindtherpystem cith emaihtaéin aseparate queussor bolditg aiequest

L o or i o B STl BB B
SRR P o T o

arbrldﬁi@%_@ﬁ@@é (i, sensksthingfenthebyarmeeonbirhint) witlits alfgved to
pool his is perforned on a periodic basis, for

e)a¥eglte.every one or two seconds.
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. This is performed on a periodic basis, for example every one
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 model for a specific business logic, or set of customer needs etc.

' 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 in Figure 2, a
server 120 may have many processors, and many threads 122 servicing

those processors. A priority queue 124 takes requests 110,112,114 from
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The overall result of the self-tuned threadi ng nodel
is a dramatic i nprovenent of the server in out-of-the

be further tailored to suit specific needs. This
feature also allows the server custonmer to have nore
flexibility in the setup of their system and provides
themwith ways to prioritd ze their threadi ng nodel for
a specific business logic, or set of customer needs
etc. Figure 2 shows an illustration of an environnent

| thehdligmtsnlo4, pl 0B, C108 NaRd /eBes theSEnifRs, gﬂoﬁﬂ ing them
threads and a priority queue, in accordanc vvltﬁ gn

erdgedidingito arty preeonfigenedishare vialus boeenstrairits gbeferepassing
server hav n rocessors, and many threads
138 B (R et WhGhaBeg pBpvapeinyfa thp kacessarsa

t akes request; , cl.ients 104, 106,
108, and quﬁég%ﬁesﬁﬁ?éé?‘f%?%ﬁ?ﬁ qucges?hcé‘rﬁdcessmg a
agepratiugihd treats, I £ccoPddn GWigdas @ﬁ(ftﬁ)dﬁﬁbﬁﬁoﬁﬁe invgntion.
constraints, before passing them 126 to the threads

wiishowein Figyre 3 tinstap 130, He serveds sonfigureddo skai® thread
a flow char cess of accessing a server

h I f
S S30UrERs A0 itigs B6eaTdMEdo ahore valoesous Mavbehratgh

I BV i 0h. ; W OhiEi : e 0,.the

o SRR afoB oIy Wchill BchipistatrcBatrR bt amyes
emunierizalipoc thirdugly sbmedtheetyy@ be@svicd Nirsstepy 32€the server
through a consol e application in which an

afiefalyes reguestssiiemraliestsarle step 134 theureguiests are queued in a
t hr.ough sone ot her E‘%@e ﬂf device. In step 132, the

s BP9 ustdiargording inibe sherealues and an thabasiept howmuss
r i 3 [ [ QLAt !
A S T Ra B R UBEL] b B3R b AT bfer

t froen gegbricrity qlgubandiresattisd 46 &k tHreads it pkébessing by a
requests are taken fromthe priority queue and

pPEXESERH to the threads for processing by a
processor.

Implementation Details

Performance engineers and application administrators are the
primary users of these features. An administrator states 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 setis 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 entitlement to use threads. When service

classes compete for threads they will be allocated threads in proportion to

The thread characteri stics cR@I/URZNNS/017744
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w0 hwsa1f4e@mt ur es.

| mpl enent ati on Details Performanceengi neers and
application admnistrators are the primry users of

obj ectives of an application |ike the fair share and
response tinme goals. As used within the context of
this section, the follow ng definitions are used:
Constrai ned work set - W&k can be grouped based on
the resources they share. The performance of all work
in this set is constrained by the capacity of the

s ftheie despesitive shardsnThis frepoitionE PEEIRS o

met Ede de:gri pt or, I—FI'TF_’mLEQI , rol(]/DBgefxm gﬁg d\?&ééﬁ@amagefor
Wil mngélonign@@m;s(edum whighathe semicectlasséssempeta All
u [ |l asses conpete forthreads
3ok e WIBRAREY ) € SoRIAR0ES: PSHErd S e
respective Suif-RmingHise élﬁiﬁ@@ﬂhé’éér\zértg%%gdrﬁﬁﬁcé?%s)ét R
an average for sufficiently’l ong periods durrng I'C

t HveskerapkRaremetare Adroimjstnators Abh defineapisiicatiyn keguirements
S LA o e el Lot S0 LT 1

aydvrigidl pakdviefets doB¥tdifyy! kernel parameters.
Adm ni strators can define application requirenents

t hey under stRasponeedime geaboAgpd forthgoabgim@ithuriSer of
ser.wer Wi its | owlevel paraneters accordingly.

I
REYYBREYYS fht@%%h@'apsa\b@w@enfaorﬁquﬁét areYingrahamentnepoiot in
nifd ssePara d 3 ofigs E)g!rﬁsss&t%%'i.m’een a request

arriving at an entr i n the server and a

response beiSegvisemntassut A sSeVivé eRiss! #56ps WOrR i W Server.
Ss .groups work in the server. Qbjectives are

gl &dVeq 24 @XPrefsre Anduirackeskioviacsergicasigssyobt individual
'dégtiu‘r@r%‘fiéjn :fq%g%s‘[gﬁl %CoeuT@ 53%?%&;”%&3%%% RS s2Rics Hiass ofa
request before it is enqueued. Some useful service classes arise by
grouping according to: entry point, J2EE module, transaction name, current

user, or some designated work area field.
Scheduling policy - Determines the wait duration of a request

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

Workload Management

This feature describes how the server schedules work using
service classes, constraints, and the observed load condition in 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

An adm ni strator states schededT/m§005/017744
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request before it is enqueued. Sone useful service
cl asses arise by grouping according to: entry point,

wd2EE1madul e, transacti on name, current user, PCT/ER2005/017744

desi gnated work area field. Scheduling policy-

Determ nes the wait duration of a request based on its
service class and requests from conpeting service

cl asses. Workl oad Managgnent This feature descri bes
how t he server schedul es work using service cl asses,
constraints, and the observed |oad condition in the

server. The server mts differ. I

deinenay thekerpmbsiodly asdgmikisdE B UpBEERRY ahBibyerioad
the.priority queue. This is possible by specifying a
%@H@'%Q?class with the submtted work. This feature

|l ets the system schedule high priority work before

| ess inmportant work_even when the high priority work
Autdrpatic Thread CouRi h¢niperi ods of contention the nunber

of threads.servin ' I GE; ipaf
Pts' ot ated DB RERRtASR eSS RbAd Conandmiagfor

ﬂ%{kgﬁ&nﬁﬁr‘ﬁuﬁghﬁuﬂ%ﬁmbl@h@ﬂir@ rhiaimallia CaOCUITENGY gugrantees.
eadl ocks and overload conditions. Automatic Thr 88 d
CavarnefBusiikedhrBadskeraase oatireapaNidmun %’cﬁ"j'l?é?’ég?rtng ed.
thread count striving for maxi mum throughput and

i mpl enmenti ng m ni mum concurrency guarant ees.

IF> mtég{e%g{é Kb SLadates bR3EAUP hr eadsMaxi mum are no

ger needed.” Reduce execute queues created on ¢
startup | n Ihrieatliioreal EnplemperéationsasHbsysteRgEGRIESKSCUte

create execute queues of their q ' r
(QueueaeEieaTPEVIRIRaS IOtk BReehiEn AR
threads guarantee etc. Self-tuning obviates the need to create multiple

execute queues and meet those requirements using service classes and

constraints.

Overload Protection
Overload protection protects the server from degradation of

service under heavy load. In an overloaded condition the server rejects
requests in a configurable way. Administrators are able to specify a
threshold queue length after which the servermay reject requests. Bursts of
low priority requests are most likely to get rejected. They can also specify

more specific thresholds for individual service classes.
(

JCA 1.5 WorkManager
JCA 1.5 WorkManager API provides a way foran adapterto

schedule work in a server. This APl exposes the thread scheduling
functionality. Applications can use the WorkManager AP[ to execute work

asynchronously and receive notifications on the execution status.
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t hreads guarantee etc. Self-tuning obviates the need
to create nultiple execute queues and neet those

WO e@dittanent s usi ng service cl asses and const r BETUS2005/017744

Overl oad Protection Overl oad protection protects the
server from degradation of service under heavy | oad.
In an overl oaded condition the server rejects requests
in a configurable way. Aditinistrators are able to
speci fy a threshold queue | ength after which the
servermayrej ect requests. Bursts of low priority

r eyioeldoad Managemhenti Kahytidrial Miscripi@st ed. They can
al so specify nore specific thresholds for individual

servi ce cl agidwinigiators mayRfikesokedling@alidiesto state special
[ i d f daptert
AV RY ol B S 1S BB S exemplerbelgw:

schedul ing functionality. Applications can use the

Wor k L. ARl Lo execut . Wwork _asynchronously and
rece%\%gg%%te i 1fAilnlca K nge}bﬁ) O‘t? he é’)?@?:ﬁ%%???ﬁat IS VBF KO

Wﬁa enent Functional Description Adm nistrators

may SEF T nEPAEE REFERF iy PRl dvc hewe = @nest Bhared ppgicaht="1" />
obj I G¥s dapRR tivhyPa pY esgec oSt e:asntmings sshown in

t he exasmpkentystolrubie@IPEIISL= tindRyhhuS PASANPOLLEM sharer
nase=" Shoppi ng" goal - ns="2000" / >

<f ai r<o%B§-r&m9é§hQat:§fé'"p9£idé\é"lﬂ e:"d@‘?StcéhigrS." ; n
per CRBLELL al oz SEQUL EXS, - di Spat ch-pol ey ™™ Sroeping™ />
nar ae=" Cont ext Shoppi ng™ > <case context= "subject"”

val ue="_anonympus" policy=" CGuest Share" / > <case
cont ext PPof e IgaTatdon Birgdife e mexpeiccesess BhoppoHghe

/> apache web server that faces the extranet -->

<min-threads-constraint name="minThreadsForPluginMaxProcessesg"
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 thataslong
as multiple service classes compete, the average number of threads used
by eachis in proportion to their fair share. For example, 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
probability that a thread will work on behalf of A or B will tend toward 80%
or20%, 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

systemdoes not try to meet a response time goal foran individual request.
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w@eoosar4dihat faces the extranet

</ context-di spatch-policy> <!-- This configuration
tracks the nmax-processes val ue of the apache web

-constrai nt nane="m nThr eadsFor Pl ugi nMaxPr ocesses"
count ="10" /> Depl oynent descriptors and RM
descriptors can then refer to nanes |ike

Cont ext Shoppi ng and m nTh2eadsFor Pl ugi nMaxProcesses to
apply themto entry points. Fair shares are refl ected
in scheduling logic such that as long as nmultiple

s Rathest cdrapsies atoleRSIewalting timesh cans
used by eaémﬁ is in pr opo{rﬂﬁnihg;}I t ot ﬂ%lg?& air sgsﬂi rséj!g[r%ﬁing

eXBfpbEervedRyetrge thread use time. Thentit aan sdmecielererueBlyso
a fair share of

t [ asses, A and B, havin _
s é%‘?r%%?%&‘ﬁé@ T&AGNPeNdge ¢lags é'l@%mmt@mtqftheistol@abm
alfirfgtigles Ligd
R e G Blo? BRIl MG B i c1adSEs) A
p O &L Withtresponse time boeals@080his amjrsooomspl é%i@élyﬁvﬁére
y e

B %\%hl tend cijo.ﬂarg 80% or 20% respectively.
st dme Ay Mdyduakreqiestuses g thiaad iatBrciA smaliés. Doring e
apehedatwhith BBtR '%ehﬁé@ﬁl%sgg?greB %fﬁ&%ﬁ nie%ﬁeénm?cb%%g 2@1’9

can differentiate service class

t Hyink timeend raoreaiipatssthah ireadahe b psteRToAnEIAD keep
uest.Rather it computes a tolerable walting tinmne

r .COI :
f VELRQR asPponge dmajindhayiatiad: 5 seythaté isdsemvesh frationas
tﬁflﬁgﬂe%??né Eﬁ??dgggﬁ it can schedul e requests so that

the average wal Or “each service class is in
proportion AaunbeistaridmEsRhb Sc&iiihg bl i
e%angl e, consi der ther egar_e only tl\/\ggg%ﬂ?wecné C nalggglgful
A4 /8 URd@standiag pbihescheawingpilisie20 @k sandcSO898Ras an
r ' re the time an jndividual request
u@g%ﬂgéqtérﬁégé nigg?%%qyessﬁ%lma@@ve 4yque with virtual time stamps
spaced apart by its interval. A high priority is implemented by small

Increments. The scheduling policies can be explained as follows:

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

--> <ni n- t hr epdEUS2005/017744
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period in which both service classes are sufficiently
requested, say, zero think tinme and nore clients than

W0 boosaos1o t he system can schedul e to keep t he POPUSYES/017744

response tine in the ratio 2:5 so that it is a common
fraction or nultiple of the stated goal. An
under st andi ng of the scheduling inplenentation is

hel pful for an understand8ng of the scheduling
pol i cies. Each service class has an increnent and can
enter requests in an event queue with virtual tine
stanps spacedf apaytpby Tty interval. A high priority
is inmplemented by small increnents. The schedul i ng
policies can be expl ained as foll ows: ResponseTine

%gﬁ%ﬁrlé k?lié F)e &&g%géml? {Hg a@vai reftg C'P&ﬁ% Pgelc?gle th{qgé:l use
a\tﬁﬁ@gﬁnd lufeadoufRidntor f4ir sharey td Pﬁbrlf iz fherﬁrlgw@F tan
coefficient to prioritize response tine goals over

f despemnge e gadls. Share Wth attribute percentage of
default share. Therefore, the default is 100. The
increnment isCf / ( PR T) where P is the percentage,
Radgeryrival rate, T the average thread use tine, and
Cf a coefficient for fair shares to prioritize them

| ower than rWéhamelipte casempalappin@pcortextudl tinformiatiop) kke
cases mappi ng .contextual, information, |ike current

uSHTERt Uses of diseroleosRelde, 8F Wik iaraa dields & damed sarice
s%ré/ésaég. cl asses.

SubordinateStepResponseTime
With  attribute, primary, which names a

PrimaryStepResponseTime.

Prii’naryStepResponseTime

With attribute, goal-ms, in milliseconds. Increment is
computed similarly to response time goal. Use the ratio of subordinate
steps to 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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Subor di nat eSt epResponseTine Wth attribute, primary,
whi ch nanes a PrinmarySt epResponseTi ne.

werioaL448i epResponseTime Wth attri bute, goal - PET/UBIW05/017744

mlliseconds. Increnment is conputed simlarly to
response tinme goal. Use the ratio of subordi nate steps
to primary step and subtract that many average thread
uses of the subordinate $4eps to obtain tolerable
wait. Divide the tolerable wait by arrival rate for

all steps, primary plus subordinate, and nmultiply by
response ti Meneffdhaeé eobfficknt Rchdsenat®etabliuti 000 times
attribute increnent.The fair share coefficient is
chBedargest meodui et anivel fateeand IeverageydyeagrustugmenfThe

2880l s AHRLAL RSO 3R bR FORERES

| HeSSORSY tidb JolieRENS Bnlyl o RAHth oF ffe Averafk In@BRdeBE fair
of the average increnent of fair share policies.

cshere gplicies.Constrai nts can be defined and applied to
sets of entry points, which are referred to herein as
a constrained work set. max-threads Limts the nunber
ofcaunaitsent threads executing requests fromthe
constrained work set. The default is unlimted. For
exanpl e, cor3oridairds cambe defimed atef applidd o $dis oferitrypoints,

t hreads of 10 d shared by 3 entry pojnts. The
s VUG P EpPBgHAO BREcin @S 3 FaRstrainediask 8aRn 10t hr eads

are

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 10 threads are

executing requests from the three entry points combined.

min-threads

Guarantees a number of threads the server will allocate to
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 server starts rejecting requests only when the capacity is
reached. The defaultis zero. Note that the capacity includes all requests,

queued or executing, from the constrained work set. This constraint is
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executing requests fromthe three entry points
conbi ned. m n-threads Guarantees a nunber of threads

constrai ned work setto avoi d deadl ocks. The default is
zero. A min-threads value of one is useful, for
exanple, fora replication update request, which is
cal l ed synchronously frofba peer. capacity The server
starts rejecting requests onl ywhen the capacity is
reached. The default is zero. Note that the capacity

i i dINES, VRGPS &

SAEHIS7 L TSRS MBS Sl kol A b
i Ntres dedstraint slihdgpéredent lof ke gMBaI qhem@threshdeh r own
flow control . This constraint i ndependent of the

gl obal queu@ﬁﬁf@ﬁhﬁﬁf\?dutﬁ"gf@"ﬁﬁs an %‘Istrﬁ@ti)éntie@‘gsas

qgl&ggstral nts interact as foll ows: Above, it was
ex Halned that scheduling policy can be based on fair

share and r eslpeves i wasexpliingcihat sctiedutiag pohiegicdn hgbased
ot her work using the sane policy. A mx of fair share

arfh fiedrsheiie @ndireePeRIe &m@w rglawsébmsgbeowm t9 otapkwark

» g thel 8P mick-ARRRH bl SRaRCAGA e ¥ se ek Paticips is

”%tchéﬂﬁle@r\hl‘fh E%aﬁd@daﬁlﬁé)iﬁ flepef AIpRAseeinye schddifing.

however, it will trunp it in the sense that the system
schedul es a A @gjodbreadsqonatraing dplasemﬂmarease adainsare. It

PSR orf R b BEHRE YRR  SBESRe IBb e

A e e

r eppmstrained work set even if its service class has gotten more than its fair
share recently.

A max threads constraint might, but does not necessarily,
prevent a service class from taking its fair share or meeting its response
time goal. Once the maximum threads constraint is reached the server will
not schedule requests of this constrainttype 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
queue 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.

all ocate to requests of the PCT/US2005/017744
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W@ owstitgint type until

time goal. Once the maxi num threads constraint is
reached the server will not schedul e requests of this

executions falls belowhe limt. The server will then
schedul e work based on the fair share or response tine
goal. The adm n_rm and adm n_htm queue requirenent
can be addressed by a m m6threads constraint and a
default fair share. The System queue requirenent is

al so net by a m ninmumthreads constraint. The

Mpddgiaakl Réaui?erﬁ'@ﬁ‘tg rement is met by setting max
threads equal's min threads equals one. This ensures

t hat there iBispatoh polEiesharddonsiadintsscan beedafineg at three
[ticast requests thus guaranfeejn ) L
gﬁ%ﬁ'?@@%ﬁ/ﬂﬁ CoRfig mb e&?amﬁ{l%n i Wehlegin-applicatioexrahar

CqpRt Ll diic ng@@ab%&ﬁju%@e %ebilagﬁ;e d&NEYRend! 888 rntors,

in confidg.X per application
vwehdisiggic-eipfdrixpalandivetidgic.aml.MMese paeids cantRsdufthth e

i n webl ogi c depl (()ﬁ/&raent descri ptors, )
wearsgrending-tags digpatetpoligh ns-threads, andemin-tupads.ciie

D e i i PR SRPABEII A 000 P e or
Mrhax-threadts comdirit akeirtthréddeccdrmdbhint SeSHddiioely Sorimnisdr.
a max-t hreads-constrai ntorm n-t hreads-constrai nt,

r d8 peblagieapplicationumidhesa tagesbeeify an applioatian wide sefault.

o PSR 20 WePaBREt ik Rl sPEe Rty Spiianet wide
c Qi@élﬂ?é’t‘thé\{déﬂe@flﬁWéblcﬁic.krrﬁmq&ggng%‘éfé auéwectj analogous to

webl ogi c. xm "mappi ngs are a anal ogous to tt?
f ithe efiterampppingofoft Hee weeb.xnil, witenee naamedi dispatch-policy,

o RETRABS i 5GBS H Bt names.

o A B AR AR et RS R PRIt 22 nymeric

v aialesoin wlglogic-ejbijagxmil thpahltie-afthe existirgdispatch-policy tag
under weblogic-enterprise-bean can be a named dispatch-policy. For
backwards compatibility, it can also 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
tag.

The following is an example from a weblogic-application.xml

<weblogic-applications>

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

</response-time-dispatch-policy>

<fair-share-digpatch-policy>

t he number of concurr enPCT/US2005/017744
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under webl ogi c-enterprise-bean can be a naned
di spatch-policy. For backwards conpatibility, it can

wabk@s/inane an Execut eQueue. In addition, the SPCI/ER2008017744

al I ow di spat ch-policy, max-threads, and m n-threads,
to specify naned (or unnamed wi th nuneric value for
constraints) policy and constraints fora list of

met hods, anal ogously to 1he present isolation-|evel
tag. The following is an exanple from

awebl ogi c-appl i cation.xm <webl ogi c-applications

<r esponsendiumguitiys patrel- pol i cy> <nanme >Tr adeExecut

I on< / n@BBcent sgRabermasd> 000</ goal - ms>

</r eswa%:sthlag@:dqgﬁ%hcﬁtm@w cy> _

<fair-share-di spatch-pol i cy><nanme >Enqui ry</nanme >
<percent >3 O</percent > </fair- share -di spat ch-pol
icy >"CRRETRIESGRSEEA8ET ai nt > <name >TradeDB </ nane >
<count SAB7O6RICDBFAFEE? count > </ nmax- threads

- const raPwtt>sb qeak-tielevadyntconst rai nt >
<nanme>@astumresdnobB<hivane> <count >db. pool

. CI N¥én@@uUiireadd 1@Xst dalifieads - constraint >

</ webl agh&s2RP driedtd BB /name>
<count>db.pool.crm</count >
</max-threads-constraints

</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"
transactional="true">
</methods>
<method
name="getHomePhone (int) "
dispatch-policy="Enquiry"
max-threads="CustomerInfoDB"
transactional="false">
</methods>

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

max-threads-constraint, ora named connection pool (JDBC or JCA). Ifthe
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The followng is an exanplefroma RM descriptor that
defi nes service classes at conponent |evel: <nmethod

woamsaiges St ockQuote (String) " transact ional BCT/U81005€17744

di spat ch-pol i cy="Enqui ry" max-threads="10" >
</ met hod> <net hod name="sel | Stock (String, int)
di spat ch-pol icy="TradeExecution"
max-t hreads="TradeDB" tr#&®sact ional =" true ">
</ met hod> <net hod nane = "get Hone Phone (int)
di spat ch-pol icy=" Enquiry" max- threads= "Cust oner

Irra%ggﬁ} o dié?ﬂ8?ﬁémhﬁﬂé'asso&éie‘éﬁnm%rﬁ%'?%’& cdMtraint will

s value can be a nunb a nane
meais¢ beehusmio astrchanges as the mesmutce simectianyespool
(JDBC or JCA). If theresource size is dynamc the
associated mn or max threads constraint will also be

d anges.
et e AG T TRt PR AREDEAPURAZ IO o
The thread phge treead pogl stdiemgrth@pnbmyoqmm cHamgeestsidize

si ze
automatically to maximize throughput. Administrators no longer need to

specify ExecuteQueueMBean attributes like threadsincrease and
threadsMaximum. The priority queue monitors 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 better throughputin 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
No userinput is necessary. The server bases 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
queue. In the past, it was necessary create different execute queues to
prevent deadlocks(admin_rmi, non-blocking), prioritize work(system)and
achieve ordering (multicast). These requirements are met by associating
a service class with enqueued work. Allwork 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.



10

15

20

25

30

automatically to maxi m ze throughput. Adm nistrators
no | onger need to specify ExecuteQueueMBean attri butes

wo 2dos/114an@ads| ncrease and t hreadsMaxi mum The PCT/08100§017744

gqueue nonitors the throughput every 2 seconds and uses
the collected data to determne if thread count needs
to be changed. For exanple, if nore threads gave a
better throughput in thefpast, the server wll
increase the thread count. Simlarly, if |ess nunber
of threads gave the sanme throughput in the past, the

Sqfl.}"ﬁ‘,rﬁO%' hgaﬁﬂéﬁgngwe t hread count. Functi onal

Requl r ement user input is necessary. The server
bases t he t hris=ibllowingtatdetkplaing how theexisting exdquie queues
hi story and queue sjze. Reduce execute queues created
orfakt ke MapPederSasVse classes iapdi nstdiNtapse t he

di fferent execute queues into a single priority queue.
In the past, it was necessary create different execute
queBEe Y BrdetiTd8ac It KL AdTASAOTHA- FiHuaeoht JERT Hgpads
pri or insxzehimeek (systen) and achi eve ordering

( muvthlcgst kerblesSgstaqad Nenert Joarestnittiby associ ati ng
a SeeMigec daass. smrb hseRspeeueath wosteicAldn wor k can be
subgiitiRde tRmihenmBr sOibly 0N Usandcthie thread usage

Ui Mg d 80888400 bR ILYPES OF BELW &8 La55883.f hat are
Presenl; b ble GHRHe: EUnGlional Bequirement s The

f ol ow_ng Y46l e explaiRs ho € exi'sting execute
quetfes-icant 58 Iﬁ%ﬁ?pgdlto service classes and

constraints. Execute queue fair-share (1-100) .
e eyl efbung o BRBRR o ion o

Administrators can configure an overload threshold after which
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 recoverfrom the
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 Requirements
Queue limits can be specified at the global level or per class

of work. The global threshold can be exposed as a KernelMBean attribute.
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webl ogic .adm n. HTTP 50 None 2 No restriction
webl ogic .admn. RM 50 None 3 No restriction

woemsagi4sco kernel . Non-Bl ocking 50 None 5 No PCT/US2005/017744

restriction JnsDi spatcher 50 None 15 No restriction
Multicast 80 None 1 1 Overload Protection Functional
Descri ption Adm nistrators can configure an overl oad
threshol d afterwhich the2@erver starts throttling
requests. Throttling is done as follows: The server
rejects requests starting fromlower order fair shares
WA BIdEe &f WbIRUBAA etinesa GiMRShoRl $ingShe o%?fa\tlty &lement in
classes with high priorities or thoSe with m ni num

t ICewdwintonderaisran exampla on hawdeet the capacity eementad
condition continues to prevail, higher priority
requests wll also be rejected since the server is
unablé&1bgid-aesmenrtisam t he overl oad conditi on.

Requests with m nimum threads constraint and

adm nl%%gglttl ogor[sggyl%scgs will still be accepted. A well
defined err o e%E ste i S sent if work is rejected. A
" 503: <8?“{‘/ee>|my <9 ajyn is sent for HTTP and a
renote%?“c%’ﬁtl‘iibﬁﬁ’opé ttrﬁFli‘RM for RM which woul d enabl e
t he ct/ssparitaveanetedingnt to fail over. Functi onal
Requlwediremics agplégetidnyi t s can be specified at the

gl obal |evel or per class of work. The gl obal

threshol d can be exposed as a Kernel MBean attribute. A
cl asg.@bgwork can define a threshold using the
capacity_element in Constraints. Here is an exanple on

<na

% u

how t'G"set the ca aC| t el enent : <webl ogi c-

appl | CREFTHE STy rii“’onst raint >

transactlonal "false">
</methods>

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 serveris in a
cluster. This will allow the plugin to failover. If the server does not belong to
acluster, the systemcan allow customers to configure an error JSP that will
be used as the overload response. Customers can also redirect requests
to another server during the overload period by specifying redirection as the

overload action.
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<nanme >nyConstraint </ name > <treshol d>5000</treshol d>
</ capacity- constraint > </webl ogic-application>

weewshogdinane="*" constraint s= "nyConstrai nt"PCT/US2005/017744

transactional =" false "> </method> A capacity
constraint overrides the global threshold. This neans
that the server will continue to accept requests even

when the gl obal threshol @lis reached. Work will be
rejected only with the capacity constraint is reached.
This is useful for subsystens that performtheir own

f | rRm| eeBHOAH agfidnsannot use the gl obal queue
t hreshol d. HTTP overl oad acti ons The s%/st emw |l send

a 503 error lfothe igerver iseinve ¢Issten, dhe| system throws a
Nn to

|
noeRBIo S cpg S ber ficRls < Blassof RemdtghCoptn. Te
CUSIPIRAISnfcPp e ib gﬁ'é%éé\/é?ébl%rex?:@ tibhahd ddvebg? Y56fher

as the overl oad response. Custoners can al so redirect
r ecjugtst s1ode. aimoa men-slestered deenagot bestowesrs wanh gpadiydan

b f di h | oad
o A oSS B o U s e
:ﬁ@é féHlFe'&'E ﬁescﬂfgfﬁé@’@ér{/&adedacep“ on, vvh! chis a

ass o enpt eException. The client will I nterpret
this as a r ety aseadrewitixoaipiseon @adef dhleadvier sétd out the

anl%gehc%%n responses. Writing a response involves 1/0O which can be slow.

Using a reader thread to write the response can block all the reader threads
preventing incoming socket muxing.

Subsystems can register with the kernel for overload

notifications. The kernel will notify its listeners when the global queue

threshold is exceeded. This notification can be used to throttle 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-applications

<workmanager name="myWM">
<fair-share>30</fair-share>
<min-threads>5</min-threads>
<max-threads>25</max-threads>
<capacilty>5000</capacity>
</workmanagers

</weblogic-applications>
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WO e@aast430 duri ng the overl oad period wll

cluster node. In a non-clustered scenari o, customers
can specify an alternate serverfor redirection. RM

to the alternate server. The server will not use a
reader thread to send out the rejection responses.
Witing a response involves |I/0O which can be sl ow.
Using a readerthread to #2ite the response can bl ock
all the reader threads preventing incom ng socket
muxi ng. Subsystens can register with the kernel for

over| oad notyd é&ﬁs‘s%WoTﬂﬂah &Y8fonitHd ap&ﬂlbbfé’n idne would

i steners when the gl obal queue threshol'd is exceeded
ThHosk optiisfnarag i theclcabenvisadngit (javactdre/ebaj H—‘\mréxaatple:
t he subsystem | evel. Functional Requirenents

Wor kManagers can be app-scoped or gl obal. An

app+ seop edibirkd/ma gertanodx@agefi-ned =i n t he

webl 0gi Gadpplkeairce eptMiodki. kKerkiBgade@) | oW ng:

<Wekalc>o%ekuam Lx;apesmmavﬁawﬁkﬂanager name="ny\W' >
<f ai rdﬁs {,]e@% fair-share> <nmn- threads >5</m n-
S

t hrea > <raax- t hreads >25</max- threads >
<capaci t y>500 0</capacity> </ wor kmanager > </ webl ogi

PP oL N AT S AORTLRATHR o coch
enyiokiviaRagen defirationngll WorkMahayee katansss 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 not intended

be redi/UsmOHO7744



javax. resource .spi .work. WrkManager wm = (j avax
.resource .spi .work .WrkManager) ctx .lookup ("java

wo casplany/ myWM' ) ; wm doWrk (work) ; The sysPENMUSmET017744

not create a thread group for each WrkManager
definition. Al WrkManager instances share the

default queue. They get priorities based
ontheirfair-share or resgdnse-tinme-goal. The present

i nvention may be conveniently inplenented using a
conventional general purpose or a specialized digital

C oBIRkleShanstivE srit@ iR ERSIAPENtINAE PR sade AT slHReIosed t Tige
teachi ngs of the present disclosure. é& propriate

soemhadmejﬂauwejecmoaeea@‘ld geperihacinae rtt9 tma‘t leixptiin the

P IRES of tienfion and i E SR BoBlicstibh, RigRBY enapling
t hstheRf dkidbsh ﬁfetarttbrﬂmagfﬁarﬁﬁﬁ@ MvBRHGSfor Vg0l @rﬁSG@llments

i nvention includes a conputer program product which 1Is
a andmdthe vaddusimodifidationshthdtnare seited doi thes pattimuéat use

periemplates dis i ediatfisioont FheThiabbe drtseyine
T"fﬁ"&’vﬂg"’@%r@‘?%&‘, ncfxg%u,q%mgg but is not linited to,

any t I ng oppy di sks, optica

di scs, DvD, CD-ROVs, mcrodrive, and nagneto-optica
disks, ROVE, RAMs, EPROVE, EEPROVs, DRAMs, VRAMs,
flash nenory devi ces, magnetic or optical cards,
nanosystens (including nolecular nenory 1Cs), or any
type of nedia or device suitable for storing

i nstructions and/or data. The foregoing description of
the present invention has been
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provi ded for the purposes of illustration and
description. It is not intendedto be exhaustive orto

WO RovStI144ln@ | nvention to the precise forns di scPOFEN2005/017744

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 art to understand2é¢he invention for various
enbodi nents and with various nodifications that are
suited to the particular use contenplated. It is

I NCRiigd thatthe scope of the invention be defined by
the folTowi ng clains and their equival ence. d ai ns:
Whathat ¢s claimedds:i s: 1. A system for self-tuned

t hreadi ng nodel in an application server, conprising:
a server, including one or nore processors; one or

no{ € thA%?gt%n‘i ﬁf{ deficta héariﬁrefa%ﬁgfu%fo%lef fCAR 5?bﬁ6§t@naéé‘fjver,
conmuni cat1 ng those requests t0 a processor; and a
préamptigingueue for allocating threads to nultiple
requests accordi to share values, to optim ze

per f or rARER/Ehs INERHBING PR QE MOFe PIREESSPE :iem of cl ai m 1

wher ei [ ' e Sy C or .
The sygkgrié?nogf ﬁ]?lrréﬁpnrélﬁe@i ﬁec{éﬁéﬁ%%ﬁy@é@aré%g %'gg ?r?wd
t heormuaidatingdhese requestsitong precdysor;ratica time val ues.

4. The systemof claim3 wherein the entries are .
queued ARHYIYAHUe toraliecatinpdieads i rwitidriragsiggts accatding

S RilaaRRs b GRE ARk B AR e

according to additional configured constraints

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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6. The systemof claim5 wherein the constraints are
determ ned by queing the entry in an additional

w@oeonstitgint s queue. 7. A method for self-tuned peir/eszdos7744

nodel in an application server, conprising the steps
of : configuring the server to share thread resources
anong entities according to share val ues; receiving
requests at the server f2bm clients; queuing requests
in a priority queue according to the share val ues and
ont he basis of how nuch thread tinme each entity has

al 7 eadya wseflod 308 dIRtingd thReadifgHRes i 49 Bppit@ition server,
g o

priority queue and presenting emto the reads f
prageprsing the stepsraftessor. 8. The net hod of claim 7

wherein_s jd.ser er |nclud rocessors

The e iBNSNG: e sorpebaaeaeet BoBUr e tags eqtiies
t rhiRG ith BhaHSYS) gcordlngto pro-rata time val ues.
155.300% ! ?nethog ? gléal m 9 wherein the entries are
queued recewviny regjuests diethe secvardtand dientsad usage tine

al ready used in conparison, to the tine values 11. The
met hod %e%'ﬂ%r‘?ﬁuﬁﬁ@ﬂé} RiQri degee pECOTRiRg tedh aéba'&lvalues

f
e | R8ags R b AR R kYR eh SR haSafidty et and
det er i takidtglhe gaeests fFotrithe pribiity qusu@andgéisth emtothe
constrai nts queue. 13. A conputer readable nedi um

i ibreadsigr iPrRGassing na PreeesseR whi ch when execut ed
cause the conmputer to performthe steps of:configuring
a server to share thread resources anong entities

aqgor di ik trRethdar 8f ¥RIiMe? wherein said server includes multiple

processors.

9. 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 Q@ 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 constraints.

12.  The method of claim 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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recei ving requests at the server fromclients; queuing
requests in a priority queue according to the share

wae adodasi4and on t he basis of hownruch thread ti mMeCBEHSIV05/017744

entity has already used; and taking the requests from
the priority queue and presenting themto the threads
for processing by a processor. 14. The conputer
readabl e medi um of cl ai n2683 wherein said server

i ncludes nultiple processors. 15. The conputer
readabl e nedi um of claim 13 wherein the entries are

queued édhfighﬁngré QBhler tBUshifte ABPEHd r&bUrBe® 'EndRd @ntities
time values. 16. Theconputerreadabl e nedi um of clTaim

15gcerdingitp sbate vauese queued according to the

cal cul ated. t hr ead u€ar]%% tine alfrea%}ﬁﬁutsed in

conpar i 'SERMNY tELess 18 SGRET TM CHRRSc onput er

r eadabl g, Tl HPURKtGh @ sRokRy YHel&hBcdhABithé SRaf@s

queued (chcordrgr?g to ad iti%gﬁ con?? gu&ggaég‘%gtﬁ?al ntl'gés

1&andidrethebapistof how atlahlterezedimene adh entity hadalreduyrusied; and

the constraints ar% et ey m ne bz gueui ng the entry in

an addﬁgf(lagg?er@g%q? pmtéeaugrlg_q eue and presenting themto the
threads for processing by a processor.

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

includes multiple processors.

15.  The computerreadable medium of claim 13 wherein the entries are

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

16.  The computerreadable 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 entries may

be queued according to additional configured constraints.

18.  The computerreadable medium of claim 17 wherein the constraints

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



