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MULTI POOL MANAGER CLAIM OF PRIORITY U. S. Provi sional
Application No. 60/640, 449, entitled MJLTI POOL

wo MBROVEBMENTS, by Rahul Srivastava, fil ed DecertyBUSBD5/046581
2004 [Attorney Docket No. BEAS-0 1789USQ; U.S. Patent
Application No. 11/294,147, entitled MJILTI POCL USI NG
AUTOVATI CALLY MAI NTAI NED ACTHVE CONNECTI ON POOL LI ST,
by Rahul Srivastava, filed Decenber 5, 2005 [Attorney
Docket No. BEAS-01789US1]; and U.S. Patent Application

No. 11/294, 214, ACE FOR

MULTI POOLS, by Raqﬁﬁ;mqu \%VaﬂﬁAI@_% cenber 5,

2005 [Attorney Docke . US2] . BACKGROUND

OF | NVENTI ON Appl | &h&ﬂ%@f‘?&l&ﬁ& as the

Wabkogi pididonat! VRH Pﬁeéﬁbhabh\% ff@@%&'ﬁ&@%ﬁﬂﬁe@f MULTIPOOL

Jose, California, low users to do a nunbe
IMPRQWEMENES, n&abél Biveastayac filednBecepbier 311/ 90@41 Mamme}d Dmgket No.

BEAS&{E?W@I)]OH servers is to provide access to a

In one enbodi nent, a connection pool such as

aygva P@&h@b@%h@cMﬁCNbVl UY/Z@A@B@) ERTNACT MU PPOOT! S USING
rovi ded b he application server. The connection

AUTRYOATE: AL eM YrDED o@ﬁC’ﬁI\fEea{é@N%@tCTl@I\b d%@féthMs by Rahul
S“"awa{’% cacfﬁg&%se St%dg)%jg‘rgﬁ%| %OCkgt rveﬁAg 92% ? Igbch

1ons O tion's

CaNSe Paican Applitaioal N@.\le/Q94 214, edmitlcd & AT BACK I;INTIIERFACE FOR
lications in the appl i catj on server to acce

of a ]
MUT R @05 ebuReIE FromserngenDeaanbnas 2005 htemes DockaaNo. BEAS-
&-o1 he application. BRIEF DESCRI PTI ON OF THE DRAW NGS
0178913S21. ! . . ,
rgure 1 is a diagramillustrating the use of a
mul ti pool with a multipool manager of one enbodi nent.

Fi gures 2A-2B am@K@g{@mND OFENVENTION he use of a

nuAgpIh%gt?én g(?r\r;earg esruC}T 2;,/ It]f{]e aegLogicTM Server available from BEA Syétems of
San Jose, California, allow users to do a number of functions. One of the functions typically
supported by application servers is to provide access to a database. In one embodiment, a
connection pool such as a Java Database Connectivity (JDBC) connection pool is provided
by the application server. The connection pool provides a number of already set up
connections with a database. These connections are provided to applications of the
application server as needed. Such connection pools allow for a relatively large number of

applications in the application server to access a database while reducing the database

connection time for the application.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagram illustrating the use of a multipool with a multipool manager of
one embodiment.
Figures 2A-2B are diagrams illustrating the use of a multipool manager having an
active connection pool list.
Figures 3A-3B are flowcharts that illustrate the use of an active connection pool list

of one embodiment.
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active connection pool list. Figures 3A-3B are
flomcharts that illustrate the use of an active
wa@eoadeissdn pool |ist of one enbodi nent. Fi gur ePdT/S2085/046581
diagramillustrating the operation of a nultipool
manager of one enbodi nent of,the present invention.
Fi gures 5A-5B are diagrans that illustrate the use of
cal | backs with a multipool nanager of enbodi ments of
the present invention. Figure 6 is a flowchart
i [Higise réatis rag diagem skustating|thd aplsitioh tdf & mtlkibbflofdanager of one
b %%r%%?eé%of one enbodi nent of the present invention.
embo PEDICHESER BYFHIMUI t i pool s usi ng Aut omatical |y
Vi 1@ BASECHL \agbRADBEH 1AL oF LB Rad olith
diagramthat illustrates the operation of "a ti'po
managerva gmbodidenty of thopesentsnvention.it is desired to have

.t i pl.e_dat abase .i.nst ances, suc at abase .
BT TR RIS SIS AR v p—,
one erhO6digRAt @ﬂﬁbp%@@ﬁﬁh‘fbnﬁoﬁ.ur rent version of a database

run on independent machi nes, for exanple. Wen there
are multiple database instances, it can be desirable

to use multiple c ' as connection
pool 108 and conn%&#‘%@ﬁ%ﬁ@l’%&er t han
deMitap ol using M ap@hiicaly PRintaield ASivaRYnrelibP Peor gt
114 and 116, to a_sI _nglée connectron poo
stiggre L daraiagan that Hivsisates theuoneration] ofsay suitinoohmaneger 102, In
I:n. [ a..mul.t i pool mapage 02 .
some e LAl P ARl R a o b B Wl Gt gstances
104 and i fiéctliheniatabascainsappdsi et irdn] 00N¢R &RB Batadba%Brrent version of a
ent nethods for selecting a connection

system Difffe
databaﬁgdﬁnacfne “kﬁ%ggfic{ﬁ%maé\lée% Pk ckpBpleneihsy thars arepmiipley database
instanS&N i cti ol. The .
ot R eRle s m B Por QORI fji s combection poot 108
and caywretint pah 160 [Ra&fd tltaheh:dimptlimg éatilqllalppgcﬁlﬁ)ﬁmuchtab ngl_ications 112,
Cc tions are then sent through a backup connection
O L A R TN U
tent B BORMBRE FrOM Snddiyfoofl sk dd i lob ine whi
e connection pool s t%oggﬁg%ﬂé’géj %ﬁgﬁ%@g@ﬁg? gét}rhiéb&% F?l gtreg]nl%ne which
conneglniief fowsego obtain Acommeetibir fobamapydichiieh inso the darbagel s§stem.

Of)if?fe}e%?dmaﬁ&?sn %rngelecting a connection pool are possible. One selection

%I multipool

method has a primary connection pool and a backup connection pool. The connections are
first attempted at a primary connection pool and then upon failure event, the connections are
then sent through a backup connection pool. Another method is a load balancing method
where the connections are distributed between multiple connection pools to balance the load
at the different connection pools. A round-robin method is an example of a load balancing
method.

One embodiment of the present invention comprises a multipool system to connect to
database instances comprising multiple connection pools 202 and 204. The connection pools
202 and 204 are adapted to provide connections to database instances 206 and 208. A
multipool manager 210 is adapted to select and set up connections to a database instance
through a connection pool. The multipool manager 210 is adapted to keep track of dead

connection pools between requests for conections.
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nmet hod. One enbodi nent of the present invention
conprises a nultipool systemto connect to database
WO pwbarses conpri sing nmultiple connection pool BCROK20851016581
204. The connection pools 202 and 204 are adapted to
provi de connections to database instances 206 and 208.
A mul tipool manager 210 is adapted to select and set
up connections to a database instance through a
connection pool. The nultipool manager 210 is adapted
t OrHeaRRItibbAGKaigeASErcHORNREE cOihecBAN BodlahWaBHhner that avoids any
requests for conections. The nmultipool manager 210 can
dead senesstion peelsneken the ¢xeoipld af ﬁgﬁﬂi@nglé; thehmultpeol dwnagey can avoid
ea necti on l.s,, For, the exanpl e.of fiqgure 2A
selecifE CorfBMNGRITH ROR 12 aeal o o8 oFRMBRG O, sctbshitncaficiy non-dead
connd2€ioh Pdld id tdohs eagthodizedobe RMBGdicaBsd., anS 6he Endliment, the
.of only non-dead connection pools is done as ) .
appligalion dn‘%{lﬁﬁés By 2aralthapl iog B conligwiation dnfenwbetheretet switdheconnection
poolsapplication i ndi cates by a call back or by
configuration info whether to switch connection pools.

THthemuibltipga oharmageac?ier cad be adasted® agiapies lis02 IPedMicaidlcahnection
tive, connectjon pools and to use the

list 212 of. a .
poolsiand o B4 he FisHEt iR IE GRRHPS ROPld8Icopapct Brpkady The term
et ”t' " H . " H a . H
s S50 I5nb) Sy st o SBLAEh: SO1ICBkeay poson
list cagninclude Hios¢ commectinT bewle thah asenot trose conrentipopdas tétaimined by the

.are not those .connection pools determ ned by the
multlmﬂﬁﬁ%&%‘?rq?rﬁﬁgﬁﬁf to be dead. Dead connection pools

C BB Roh8tiBA pblsiche b askarin WthAcR
shoSIdobe #etgrngd to the éctive c%%ﬁg%P?%%ng§%%£ﬁ¥?ﬁ§unﬂdbe

returipl ¢o thesactivg cerpiertian pa tistc tTherisp obicgive aontdretion podis edn lof a subset

a candidate lis rovi ded by an.appl.i cation. . .
of a SRR IR\ BpylaB 4B LA i ieaih s MERRHEE! s cpyidate tists and
activd i SarClmbRitaidd) bad BRAnulAPsb] tthaBaH dah ROIGEL IBRRBGIonGRR! that is
sel ect a connection pool that is on both |ists. The

on bohy Jigtspddie mwtingelrmanager 3 earostercaam inditation ifareatiycommeetion pool

' i at. i.th.th idate.list.
S T -
déadxamplecxfifighe A, thqgusmedifon b6 AORNESH] MhsPR&! orf\the active

is dead, thus not on the active connection pool [|ist
connestion peRl dishi212at iAsh 2pRlikkORS SUGh apEni epnlicaor 280, cam request a

conndcBIVERS offe of the database instances 206 or 208 through the multipool manager 210.
In Figure 2A, the multipool manager 210 selects a connection through the connection pool
B.

The multipool manager 210 can test whether a connection pool has been revived in
the background asynchronously. In one embodiment, an asychronous background test
module 214 can be used.

Figure 2B illustrates an example of this background testing. In this example, a SQL
test query is sent to the dead connection pool A. If the correct answer is obtained from the
database instance 206, the multipool manager 210 can update the active connection pool list
212 with an indication of the connection pool A. In this way, the next time an application
requests a connection to a database, a connection through the connection pool A is possible.

Figure 3B illustrates a flowchart illustrating the asynchronous testing of a dead

connection pools. In one embodiment, preset wait time passes in step 300. The wait time
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connection into one of the database instances 206 or
208 through the nultipool manager 210. In Figure 2A,
woheoermabdes pool manager 210 sel ects a connecti oRCThISZMg46581
t he connection pool B. The nultipool manager 210 can
test whether a connection pool has been revived in the
background asynchronously. 14 one enmbodi ment, an
asychronous background test nodul e 214 can be used.
Figure 2B illustrates an exanple of this background
can b{e %éttﬂanﬂl pk)ﬁcﬁtiHn i B5PRY %\uthathes 1ﬁg%§éat1‘3ﬁ & 8rth St LR tﬁé:’multlpool
ead “connect i on pool he correct answer
managit aiardethultrabad daa betatsedds etep r3§2,ahc deD®nnettmnmeot 1S|d.esjt-d If the
manager can ate ti.ve copnection pool |ist ..
dead SaT3 egRaO T YRR S5t Y ER Ao Gt o G aRCtion BOO! list 306
is updaidS oWRYwist, e HRX rebéa[f?w@ﬁm%@lﬁ)é bredd kiale ih 8RPSdDS a
connection to & database, a connection through the
c dhigwere BiAaitlugtoases the iopenptiers phihe reduiesfuipra 8@ricktions tor adaabase in one

el 5 LD bt TR BB g oo

managéﬂre IRASGES 10N t1%d eRuIBHEd] thhgagéRichn teBRE ANcHithesBén PoRN In one
plication and stored with the coi i figureation

embodnn@ﬁn@mmlﬁtlpml mpragau 2@ pfd@ﬂts reeaBegstiop pogl ek PR @Ctve connection
pool glatl U%hcan {;tl(é}t? %gl% Itl?ehslt)ee Qtte ed tﬂle§tge%q2 anechec%ed whether the

e Y8ad Lonnect ron poal

connéc@éh\p@dl ﬁSdela&dlIfJ éeasbnyctionepdo & deakinth &ep B4, the active connection
connection pool |ist 306 is updated, othermnse t he
pool §gicisaindaisdAnd ReaY copRsciip PpPlisetelactedeirom the é‘ﬁtl‘fﬁ)BOOI list. If the

connegc'ugﬂ 8013ftA| onh%ho%t Eﬁag gg]eltqp gﬁéada@ n%f a@%@}}%?ﬂ%@&ﬁmétﬁn pool is

nec dse In one e
full. 3@8hera is exquBilatlo rcomasumenﬂ | then the himalpd:at magerl &n select another

recel ved _ at mu| ti pool manage st e 31
conngglipR pepliio ﬁ%@fé}veﬁﬁn%%qoe@p%ﬁ% Ti6h Igaey selpqiedrumection

pool ¥TRGHLERNbr fﬁlbeth@ﬁ” i pe l31@ﬂ?@§5nn%é’t@or§?§ ﬁ&l‘les tlﬁ'ough tkhe selected

connect1on podl on an active connectlon poo
conneption@obl on can then be attenped. hi step 312, |t S

cked whet her the ecti oal is,.dead f the
COTFREL o hodmvinaryfBaeTe SioBed sedtiERomet yah Seour in one
embo‘aﬁﬁé}ﬁ G HIRNpRERA inlviefior. SInUREPA©d 2 386 o ﬁ%ﬁl‘i‘é‘eﬁbﬂ% the database
pool is selected fromthe active pool |ist.

is reastved et tai wnltipool magageot laleted, 40k gmb,tp)o:elalanagensglects a connection
pool ft3F B el THPLIRE b ROsse o R mERdrio: 1P AP Igbfe sclected
conndBEBAGRI0l GAR B&II§ClevidB@tdd@hiection pool. If so, this is called a failback as
indicated in step 410. In step 412, it is checked whether the connection pool is dead. If a
connection pool is dead, the active connection pool list is updated in step 414, and in step
416, another connection pool is selected from the active connection pool list, this is called a
failover condition. In step 418, if the connection pool is not dead it is checked to see
whether the connection pool is full. If the connection pool is full, in step 420, it is checked to
see whether a spillover is allowed. If it is, in step 422 another connection pool is selected
from the active connection pool list. Step 424, shows a connection is made. As described
below an application may authorize a failback, failover or spillover condition with a callback
or with config information.

One embodiment of the present invention is a multipool manager adapted to select

and set up connections to a database instance through a connection pool. The multipool
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connection pool fromthe active connection pool |ist,
in step 310. If any sel ected connection pool is not

waelemdomsef ul |, then, in step 316, the connect iPCI/US2005/046581
done through the sel ected connection pool. Figure 4 is
a flowchart illustrating different conditions that can

occur in one enbodi nent of the present invention hi
step 402, a request for a connection to the database
is received at a multipool manager, hi step 404 a
managerulst beepodd llxaﬂcage rrask| @iC tisada comreatiant iponlspodihef muitiftook manager
active Its et er m ned

sibl e, as te
impleriggls 2 1AELPRGTERPE b LB e T ROBh SRS o Ry gelctng dead
connecﬁ@ﬂ FU&Q 1ROV RIE ! Rin&eRh for dn ai@gh&amoﬁ is called a
back as indicated in step In step 412, it is
@r@ckmbodmwh@tf thiepressmh ovansian peod meltigleceldsystedm do connect to
ection [ active.connecti.on
databagy Bitinces dRESae mp PR somigod Rl 1R RREk0R ARgBipus adapted
to proxfi&%ﬂ&ﬁﬁx%d:t%s RO Ahtabsse SRR d Af MAMpPoBPmaRidey & SRPRAGHIORCt and
list, this is called a failover condition, hi
set up QQ@BCUDI@ to ipfdatahasecioptaaes: thenvgh dolonhectiospogb Adeimuliigool manager
: nne
18 adaqct dg %é o%??e rta?lg E)f \gégﬁﬁ ngm?c ?11 %%I % é{d ok ﬂ%%opgusly tést whether a
connectibepk6lds te¥vivede whet her a spill over | s allowed. If it
is, in step 422 another connection pool is selected
fromthe active connection pool list. Step 424, shows
a connection i scgwﬁ;kﬁeﬁg@%kﬁggﬁ ghQwW an
application ma . railover or
dpisbimeviastamendi isi desirable ho @hedkl With ke appliﬂatihn befold gwitching the
Lnforgﬁtlon One enbodi nment of the pres nventi on
conneatign po tgwﬁtﬁgﬁngr?aﬁ%’@ﬁl%ﬁ?ﬁ &anily %éplgg c DPEOSESSy, pSometlmes
there afs RAleh AABHAR 1ﬁstgt%§9ﬁ’fﬁ i H&tcﬁgﬁ@d Y @ IRe d}aswnc to another less
necti on pool mul ti pool manager i1s a
des1raHhe dptabasa dhstafce dmbads ¢clonfiese ﬂaﬁabaq@ond;tmceﬂ'lam truﬂlytqumlable In one
manag i npl ements a sel ecti i 0
cmbocfiiitt e Tl bt euth g6 Sut BRedl myetiesh TedlfneRis; Gloecks to an
apphce@i%ﬁ' 18 drerPio0Vdetl QuoRSRMRCEHANhE AppREhtRRPRE iaCRtitdNof Edection
nmbodi nent of the present invention is a nultipool
pools. systen1to connect to database instances conpr|3|ng
The connection pool s

Thspe EabeGRRAD0l 1 beBRRLReOiE. BN Ga) SBuBR Rt Bsefleg gonnect to

databadd iﬂdiahbd%oxﬁith maNaglerconfiectidaRodtk. U%e%hﬁ&hoﬁ%ofsesozl%d 504 are
connections to a database instance through a

adapted ¢mpretide sangrstpns tpiatabase ingaesies Ak agbp 10. A multipool manager 506

is adapted to select and set up connections to a database instance through a connection pool.

The multipool manager 506 is adapted to check with an application 512 before switching
connection pools.

In the example of figure 5A, a callback is available from the multipool manager 506
to the application 512. If the connection pool is to be switched, the multipool manager 506
can do a callback to the application 512 to determine whether the application will authorize
the switch. In example of figure 5A, the active connection pool list includes connection pool
B but not connection pool A. Before switching to. connection pool B the multipool pool
manager 506 can do a callback to the application 512. In one embodiment, in step 1 a
request for connection is received by the multipool manager 506. In step 2, after the

multipool manager determines that a connection pool switch may be desirable, a callback is
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is adapted to keep track of dead connection pools and
to asynchronously test whether a connection pool is
w0 eas®eas6s Cal | back Interface for Miltipools | NnPGDIE2005/046581
instances it is desirable to check with the
application before switching the connection pool.
Switching a connection pool €an be a conplicated
process. Sonetines there are preferred database
instances and it is not desired that the user swtch

done tt@ RO AIRAHOES 52.d g5k bRk dah aRARS éx@ﬁrfpi’en Ql‘i‘e b‘aﬂ 1ﬁ$ of tltecallback
first at abase i nstances are trU| % unavai l n one

methedhbdlt mmth fparthef thee&paah@auonnv%lrﬁt i dhe mlrl@pqnjlmfmg@i 506 can store

manager. | |.ene Ibacks t,0,an_a at| n i n
configRARMT ol Be S0 FPia 3R ipiRad An BBl AL P Blef gongitions the
callb&eW it €b®fert aidIBEL RIdicRAOH 8f theRalibukendibel A@Ad, iRthié Bae, callback
present invention, a multipool systemis used to

meth@br%ne@he eppligation sede ¢ansinmieraent g ¢allbagk mctiod ﬂénn@@mr@wner In

o] h
one 8l ng DS ARMRRSELOPRTbes 200 P08 AR AELE . T
callba’éskméhlidn@@ ohn benadedicdidn whichdayltipebltnargbesis &ﬁﬂué‘eetb determine
up connections to a database instance through a
how te¢i9Heeati on pool . The nul tipool manager 506 is adapted
t g,chec NG »
RSBl ent P REE! RoRtAabelane SUUHNOK indicaion
Whert ahé B&QK” | indmat@dn abplrecdivain thhemnitipobp ondnaganayéchéesOt the new

conngsgionBopL hadotieh 6 TICK FiswaRss RGP 506t defigaton. I a “reiry”
1nd1c§fﬁ4rﬂ ﬁ%&ﬂf&l ttﬁbemﬂﬁfﬂobpﬁfkh%ér 338 bR afleh Ff LH ﬁff a“@b?ﬁa@&fon with the

application w I'l authofize the sw n exa
old comlefctlglm peob AAnpther a@&sml@ caltmale cesponsepindicatios is @ ﬁdcbnid exonnect”

onne on n B but ngt. connection [, A Before
indio§{i o VG2 b 4Bt Febitingit” HatiRAET fe B ER JobimBRe] Manager not
au@n adske D&hne&ibndo a cal l back to the application 512.
n one enbodinent, in step 1 a request for connection

é”lgl@réeﬁﬂlﬂhuswe& npossihle rgreon thibAs Ty smacathm rgtgénp bg provided by
the caei elr% “})olgirrgg exar{qgﬁ%n earysbg,e ggfgégrl%gq %o a ge%aéﬁl pglélgﬁr of attempts

onto- hsﬁﬁﬁﬁ’yt dutdbage ﬁ&t&nb@ dtfopd s€7ilt2hln§ et bhheedndaAndiigbase instance.

for exanple, the calling of the call back nethod 514

'"Flgurm‘fcﬁws@ats%m exAmplpén sl anindeppndent pinhis danetfiqpdhe application

512 M@Qﬁ[ﬁabgg}e insAled 5 s part of the callback method. If the independent ping
comes up with an indication that the database instance 508 is still running, the application

can send a “retry” indication. If the application 512 is sufficiently convinced that the

 database instance is down, a “OK” callback response can be sent.

Any callback method can be 1mplemented by the application 512. In one example,
the multipool manager has a callback interface that can be implemented by any application
code.

Figure 6 is a diagram illustrating the 6p§ration of callbacks of one embodiment. In
step 602, it is checked if the connection pool is to he switched as determined by the multipool
manager. If the connect pool is not to be switched:‘;\the connection is done to the connection
pool in step 604. If the connection is to be switched, \t‘lgen in step 606, it is checked whether a
callback is indicated for the condition. If no callback, »iS indicated, then the connection is

done through the new connection pool without a callback.- If a callback is indicated, in step

i
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configuration informati on 506a which may include an
i ndi cation of what conditions the callback is to be
W@ 2006/023865 or an i ndication of the call back nmetPOOUSENE()46581
in this case, callback nmethod A. The application code
can i nplenent a call back nethod 514 in any manner. In
one enbodi nent, a call back r7esponse is received by the
mul ti pool manager in step 3. The call back response can
be an i ndication which nultipool manager 506 can use
610, a 93]@% SARE. P LR REORARE on | sr}e&ﬁ%cﬁ 'ﬂﬁ@%rﬁ%@ﬁom {shfene with the
response i'ndicatlons includé an
new cbm;lacaaﬁ peoﬂ, in\8hegn6 14 elf "aGkdtty inliéatian |1s)recelsyed,ex:mnnect1om i8 attempted

nul ti pool ger swtches,to t new.connect.i on
to be 4Bt HORE AT |OB§6RH%§%H% it St 1 B o OTHESe ;ﬂf’% econneot’
1nd1ca't18 '1§1%Eé19&1 nbfcoﬁnecﬁgﬁ 'El'lfoug}f‘@écﬁﬁ%ét% podl [s_foRk Vi€ Giep e €.
t1 pool ranager can attenpt to get a connectlon
\Mm bnd brebadithent raumultupooﬂ paviger Arrdapied tpogdestising set up connections
cal | back response indication recon
to 2 dfionsg A IE OPREH s comsHad Rebo MherpR el SRR fdapted to check
with a{n Sllyﬁféntbgfor%ftb}ﬁﬁ%lzoﬂﬂ&ﬁgﬁﬁod@t attenpt to nmake a
nection. Figure 5B illustrates a possible reason
that a "retry" indication mght be provided by the
. 2 Y- be desirable
- dREL a primary
dqh@bﬁm@wlﬁgs t@@&q)tiaﬁf girves Sdhlet ﬁdm-ngumvge rlmmenaemn 6 fultipool
dat abase i nst ance. ure 5B illustrates an exa
implewehtationn Imdtmﬁ@@mbe %h §LVPS OB Fabpdigant, Hait atmﬂeur@&ﬁddﬁ the art
t C 8
will Lg%i%]ista%d tﬁgt ?t% %Bﬁﬁgn&eﬁﬁh%s d(gf @% el%t%eﬂl@%&bgg r%)ﬁgel?ts cant Re done.

Any pdterthdiy dahitaihgt haguadgh eiviat l&b@\B ds ite %antBEpr'éﬁﬂ in Sths tcbhtext of the
runni ng, .the application can send

SpecifiG R M 18 I PROTR S T GREAe o Hai G S5mered ghegots
: Wgacﬁg chif @ﬁecﬁchﬁtﬁjﬁﬁeaagﬁﬁ@aubﬂ %‘éﬁﬂ@ ?alh gf’émo aflernd | Pools This

response can be sent cal | back net hod
is usefidrif the donfipere nest dorbthe Ploel mnmlntl;z au umwerﬁtﬂ)ﬁntem a wndom or transient
the mul tj pool back

falurg it 0% SORUICERGR s BeFori SEh e Ao S AP PR Ysts (DBMS)

instance that’s currently not handling clients is brought back into service or if applications

can specified an identity when getting connections from Pools, and connections from a
matching pool should be returned. This is useful in cases where the DBMS vendor does not
provide native support for setting client identities on anonymous JDBC connections.

A number of improvements can be implemented for multipools.

FAILOVER - Existing MultiPool algorithm “HIGH_AVAILABILITY” will be renamed
as “FAILOVER”. It will also optionally provide the ability to route application requests
for connections to alternative Pools if the current Pool is busy.

HEALTH - Existing functionality will be improved to mark dead Pools so that
application requests for connections are not routed to these Pools.

CALLBACK - A callback interface will be provided to applications to control MultiPool
decision to failover to alternative Pools when a failed Pool is detected, or to fail back to
Pools previously marked dead.

Applications can configure a FAILOVER algorithm. FAILOVER can have

connections sent through a primary connection pool and have these connections routed
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code. Figure 6 is a diagramillustrating the operation
of call backs of one enbodi nent, hi step 602, it is
webwekeisei f t he connection pool switched as deP@r/ns1008046581
by the nultipool manager. If the connect pool is not
to be switched,;the connectign is done to the
connection pool in step 604.°1If the connection is to
be switched, then in step 606, it is checked whether a
cal Il back is indicated for the condition. If no
througalal bagkdary Sconhélitient S6bl dftantHchmilaRNBeehd %rﬂé}é%ﬁﬁection pool.
hrough the new connecti on pool w thout a callback- If
FAILQVER Icaaoptipeallynalse dteeeble ita retigp@plicationc squbsis o1 sonnections to
don . f. "OK" ndi.cation is received, the
altem&%%%%ql? gﬁﬁ‘? %“1‘568530%1? "Phe new connection pool in
Sti&PorRl 4mbbdinfent, ehpplichiléhisC il Odlsd el SH161 Medon@%ure the following
connection is attenpted to be done using the old
MultiPoelrasieibitish pool , in step 616. Qtherwise, if a "don't
reconnect” indication is received, no connection
/*;hrough a connection pool is done in Step 618. In one
enbodi ment, a nultipool manager is adapted to sel ect
d t conpnections.to in nce rqugh
* af} séte, a &olﬁgg:bcgrr %e%ﬂeestﬁsmfc% g%g%%@?&é w§£f b% rcguh:egd‘g% o

a connec manageir 1S adapte

check with an application before sw.t.chin onnect i on
" SRt o B Bt B BOeh ST R L P e
. Exanple The f.ol [.ow I-pLion_gives o

TR e o R B G WP a8, Baute smp1ics
*L%%LGQ?QEQEE%Q ogine discussion bel ow gives one

ermbodi ment Bt those skilled in the art will
Lunderstand that other inplenentations of the

above-descri bed concepts can be done. Any potentially

limtating | uage_given below is to be interpreted
IR SOMt en o or Tt Ae SReS I e hon- 1 i m ti ng
*%gﬁggggptation and is not neant to limt the genera

concepts. MiltiPools can check with the application
*Qgégrguj§giéyg over to alternate Pools. This is usefu

[ e configured test for the Pool currently in use
ncounters a randomor transient failure, if the
application wants to control when a Dat abase

nagement System MS) . instance that's currently not

oA e o0 PR S FE PR G HEBA0K | nto service or |1
puéyielbgﬁg Egt ﬁi g&%ﬁ%g%ﬁ%g%&?ﬁ%ﬁ%gbéé%%g%IE§é1g$$%%$§§é§€19gusy);

connecti 6ns from an onnecti ons
tchin ool ,shoul d be . returned. .-This i useful .in
gzgggic%%g}gé:ap tbg a%&\kg alerasnt fue Jegisier 2 caﬁbacls( wiltt the system. This

callback can be invoked when the MultiPool detects a dead or busy Pool, giving application

*

the ability to control whether MultiPool fails over to an alternative Pool or not.
In one embodiment, applications will be able to implement the following interface:
/**
* Application can optionally implement this interface if it wants

* to control the failover behavior of WebLogic Server MultiPools.

* If application has registered a class with WebLogic Server that

* implements this interface, WebLogic Server will invoke this interface's
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provi de native support for setting client identities
on anonynous JDBC connections. A nunber of
WO aeovBeENt s can be i npl enented for nulti pool BCT/US2005/046581
FAI LOVER - Existing MiltiPool algorithm
"H GH_AVAI LABI LI TY" will be §enarred as "FAJLOVER'. It
will also optionally provide’the ability to route
application requests for connections to alternative
Pools if the current Pool is busy. HEALTH - Existing
* médHaat ranakbéyLratildveb @) 1 mpa cased diFreRédt dealbrB0dHnatng upon
that application requests for connections are not
* thdUeetrd @otibesenRoRl getHoALd BAGKkatiAncal | back interface
will be provided to applications to control Milti Pool
» decision to failover to alternative Pools when a
failed Pool is detected, or to fail back to Pools
» previously marked dead. Applications can configure a @see
web 1 &L MR etk QO rcoh Frigu r Bl dn QiR Mo ati Hva Vs el setibhons isePdolFail
overtdinpagktaadper mary connecti on pool and have these
connecti ons routedthrough a secondary connecti on pool
*/ upon the failure of the primary connection pool.
FAI LOVER can optionally also be able to route
publapphteaticencoreguesingodiFritormreeiitans {0 alternative
Pools if the current Pool is busy. In one enbodi nent,
// applei catthdpsingekfacal so be able to configure the
follow ng Multi Pool attribute: / ** * If set,
applsitegtid on requedis for donakcti onsStwihgy be rourt savB o =
"web¥ogjlct piraeEt eI bRs IChnegati epRoopBol LoverridpackThi s i s
only relevant * when running with the H GH ALGORI THM
algorithm Default inplies * feature is disabled. * *
(c)para pi newal The new attribute value * (c)dynam c
//*ogggpq%fﬁyg|meqhgﬁsggllowPoolFai1over()'

static public final int OPCODE_CURR_POOL DEAD = 0;

static public final int OPCODE_CURR_POOL_BUSY

1;

static public final int OPCODE_REENABLE CURR_POOL = 2;

// return codes for method 'allowPoolFailover()'

static public final int OK = 0; // application is ok with impending
action

static public final int RETRY CURRENT = 1; // retry current pool

static public final int DONOT FAILOVER = 2; // do not failover, WLS will
throw weblogic.jdbc.extensions.PoolUnavailableSQLException

/*

*

MultiPool will invoke this method under various failover/failback
* conditions. Application should return one of the above-defined codes

* from this method, based upon application-specific semantics.
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*/ public bool ean isFail over Reguest|IfBusy ( ) ; public
voi d set Fai |l over Request| f Busy (bool ean

wo anbovssRequest | f Busy) ; Applications can be mi/€51005/046581

i mpl ement and register a callback with the system
This cal | back can be invoked en the Ml ti Pool
detects a dead or busy Pool ,1 iving application the
ability to control whether MultiPool fails over to an
alternative Pool or not. In one enbodi nent,
* a@aRlrh6 atduohsod Fndie @éblcentidrti oI RBENdurt-ber ok h oyeng
interface: /** * Application can optionally inplenent
«t hi srilnterE@eR hfizit wants * to control the fail over
behavi or of WebLogic Server MiultiPools. * If
»application has registered a class wth WbLogic
Server that * inplenents this interface, WbLogic"
* Sfavef  Wektpdd1Vokeunkhbs ai Bé@lat acnséctiRhhesh .
"al | owPool Failover () " and take different actions
+dependi mg WPAN £&r thRodLt ubtorzoermhboENduRe s&ihod’ s
i nvokation. * (c)see webl ogi c . managenent
. configuration.
JDBCMuI ti Pool MBeant t set Connect i onPool Fai |
+ 0REER| lRasddangbdfatién pUbLd GetrimElace
Connecti onPool Fai | over Cal | back { // nanme of this
*i nb@ﬁé]ﬁEQUﬁﬁ_@bbﬁ_mm L ochibalo1 Stid BEad , FMNAME.oWa08i11G
.jdbc .extensions .ConnectionPool Fail over Cal | back" ;
«1 | opgodesr fQp1 Meidhed raahlbowPes! Rahhauebné )ro Sh@ttpbor .
public final int OPCODE CURR POOL DEAD = 0 ; static
+public final int OPCODE_CURR POOL_BUSY = 1 ; Static
public final int OPCODE_REENABLE CURR POOL = 2 ;

* else should return either of the other return codes.

* Application should return "OK", "RETRY_CURRENT" or
"DONOT FAILOVER",
* depending on what it wants the MultiPool to do.
*
* OPCODE_CURR_POOL_BUSY - 'currPool' is Busy, MultiPool needs to
* re-route application requests for connections to 'nextPool!
*
* Application should return "OK" if it is ok with this action,
* else should return either of the other return codes.
*
* OPCODE_REENABLE_CURR_POOL - 'currPool' was previously found
* Dead and was consequently disabled. It has now been found
healthy,
* and MultiPool needs to re-enable it.
*
* Application should return "OK" if it is ok with this action,
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/1l return codes for nethod 'allowPool Fail over ( )
static public final int OK =0 ; // application is ok
wowaok/o73spendi ng action static public final intPCT/US2005/046581
RETRY CURRENT =1 ; // retry current pool static
public final int DONOT_FAILOMER = 2 ; // do not
failover, W.S will throw weblogic .jdbc .extensions
. Pool Unavai | abl eSQLException /* * MiltiPool will
i nvoke this nmethod under various failover/fail back *
*fcondi ti ons. Application should return one of the
above-defined codes * fromthis nmethod, based upon
PUBF| dati on-lopeedlfpElayemisitiiog . *u@peadm cHniP@OolnextPool, int

°Pcodfdie of connection pool currently in use. * will NEVER
be null * * Oparam nextPool - nanme of alternate
} connection pool . * will be null for opcode ' OPCODE R

XENABLE_CURR POOL ' * * (Oparam opcode - operation
Appligationgap segigenthis callppRODEGRRUROOL DEAD - ' curr Pool
“Connestipalub FailoveriCRbibackiradier’t of TDBGMuhiPe6IMBPAG. cat i on

requests for connections to 'nextPool 1 . *

/**Application should return "OK", "RETRY_CURRENT" or

"DONOT_FAI LOVER' , * depending on what it wants the

*Mivd4ddPogd tet dohe “bioXReORRmEURR PEXd BYSYcation class that

implemeys Pool ' is Busy, MiltiPool needs to * re-route
application requests for connections to 'nextPool 1 *
* the interface

weblogic.jdbc.extensions.ConnectionPoolFailoverCallback.
*
* @see weblogic.jdbc.extensions.ConnectionPoolFailoverCallback
* @non-dynamic
*/
public String getConnectionPoolFailoverCallbackHandler () ;

public void setConnectionPoolFailoverCallbackHandler(String className)

i

Multipools can be enhanced to internally monitor and track the health of the Pools
underneath. If a Pool is determined to be dead, it will be marked so and subsequent
application requests for connections will not be routed to that Pool.

In one embodiment, applications will be able to configure the following
JDBCMultiPoolMBean attribute:

/**
* Used to configure the frequency at which the MultiPool checks
* the health of connection pools that were previously found
* dead and were consequently disabled.

*

* @param newVal The new attribute value
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* Application should return "OK" if it is ok with this
action, * else should return either of the other

WO eqoanmseddes. * OPCODE_REENABLE CURR POOL - ' BOT/UPmMOS/046581
" was previously found * Dead and was consequently
di sabl ed. It has now been found healthy, * and
Ml ti Pool needs to re-enablel4t. * * Application
should return "OK" if it is ok with this action, *
el se should return either of the other return codes.*/

« [dhigid nt al | owPool Fai l over (String currPool, String
next Pool, int opcode) ; } Application can register

» {ddega€@ kbP@ck in the attribute
"Connecti onPool Fai | over Cal | backHandl er" of

«AdDBCMuUl ti Pool MBean. /** * Used to set the absolute
name of the application class that inplenents * the

voild e FARA enRRKO S fent HREonEXE B SI00S1) ; _
. Connecti onPool Fai | overCal | back . * * (c)see webl ogic

int detBRO thoRXdKeRSIhRASysecERANGGT i onPool Fai | over Cal | back
* @on- dynamc */ public String
get Connect i onPool Fai | over Cal | backHandl er ( ) ; public
voi d set Connecti onPool Fai | over Cal | backHandl er (String
c |Baslsddaments ; may be implemented using a conventional general purpose or a

specialized digital computer or microprocessor(s) programmed according to the teachings of
the present disclosure, as will be apparent to those skilled in the computer art. 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. The invention
may also be implemented by the preparation of integrated circuits or by interconnecting an
appropriate network of conventional component circuits, as will be readily apparent to those
skilled in the art.

One embodiment includes a computer program product which is a storage medium
(media) having instructions stored thereon/in which can be used to program a computer to
perform any of the features presented herein. The storage medium can include, but is not
limited to, any type of disk including floppy disks, optical discs, DVD, CD-ROMs, micro
drive, and magneto-optical disks, ROMs, Rams, EPROM’s, EPROM’s, Drams, Rams, flash
memory devices, magnetic or optical cards, Nan systems (including molecular memory ICs),
or any type of media or device suitable for storing instructions and/or data.

Stored on any one of the computer readable medium (media), the present invention
includes software for controlling both the hardware of the general purpose/specialized
computer or microprocessor, and for enabling the computer or microprocessor to interact
with a human user or other mechanism utilizing the results of the present invention. Such
software may include, but is not limited to, device drivers, operating systems, execution
environments/containers, and user applications.

The foregoing description of preferred embodiments of the present invention has been
provided for the purposes of illustration and description. It is not intended to be exhaustive or

to limit the invention to the precise forms disclosed. Many modifications and variations will



Mul ti pools can be enhanced to internally nonitor and
track the health of the Pools underneath. |If a Pool is
waledoenndsned to be dead, it will be marked so apdr/us2005/046581
subsequent application requests for connections wl |
not be routed to that Pool. In one enbodi nent,
applications will be able to %onflgure t he fO||OMAng
JDBCMUl ti Pool MBean attribute: ** * Used to configure
the frequency at which the MiltiPool checks * the
be api%%%hf B He sORBRGEH QN ROBleSelbal aY’t@rF‘or x%iﬁh)w $tebs h}&lf&ﬂled in the
and were consequently di sabl Opaf a
emqummt&is of e meventéan distased Gﬂalh@eﬁerfotﬁ)ldgl immitermate orders, certaln steps

c)def aul t */ . vpid setHea ckFr.e uenc Secon
can. e Rt adeorial SR 3R R CRUAEA 1 B6 B UBEDR dieig Sposen and
describeBTR Qﬁleml?@ bé&st BRYlafetht PRhEPRE bﬁﬂleblﬁ{réiﬁloﬁ 288 SRddtieRNBlpplication,
gener al purgose or a specialized digital conputer or

therebd cfmabhm:e@ o ( shillpd oigr dlrereet de condéirsignd ghe hamvention for various

b SRR, Sich Bl Ao IH Rl e parictar oo
conteﬁ@m@@ It BlifteBOId that e SEsPentd tieAinvéRei HeYddBiRe® b B @8nRYnd their

skill ed programmers based on the teachings of the
equ“@k@%bnt di scl osure, as wll be apparent to those

skilled in the software art. The invention nay al so be

i mpl enented by the preparation of integrated circuits

or by interconnecting an appropriate network of

conventional conponent circuits, as will be readily

apparent to those skilled in the art. One enbodi nent

i ncl udes a conputer program product which is a storage

medi um (medi a) having instructions stored thereon/in

whi ch can be used to programa conputer to
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performany of the features presented herein. The
storage nedi um can include, but is not limted to, any
wo ywe/0ed86dli sk i ncl udi ng fl oppy di sks, optical PBECBHUS2005/046581

DVD, CD-ROMs, micro drive, and magneto-optical disks,

ROV6, Rams, EPROMs, EPROM s, Drams, Rans, flash

menory devi ces, magnetic or optical cards, Nan systens

(i ncludi ng nol ecul ar nmenory 1Cs), or any type of nedia

or device suitable for storing instructions and/or

data. Stored on any one &@LARMSconputer readable

medi um (nmedi a), the present invention includes

software for controlling both the hardware of the
Whatge8lemadd ipur pose/ speci al i zed conputer or

m croprocessor, and for enabling the conputer or

m croprocessor to interact wwth a hunman user or other

C ' tilizing the results of the present
L A A e a0 B iR
| iniailtigle coanectior i poRlsdithe/ B6rectidie pEd1s @g%}ié!cf’tt@ Weovide connections to
executi on environnents/contai ners, and user

databags dnstanges;884. The foregoi ng description of preferred
eghpdiinent resent. invention has been provjded
for t Hggﬂu@%%%‘éég@%’ Peldﬁ usgtef a%rlldg%ett SRECBREEPIHIY gﬂ?tat’%se Instance
throughsa nanectidrepetapthe andiepexastsicty &lapted!td Kebplirhclt Bdead connection
nvention to _the precise forns disclosed.” Many
pools hﬁ‘ﬁ‘i#?&%ﬂl?%@r&ﬁan%@%ti ons willbe apparent to one of
ordinary skill in the relevant arts. For exanpl e,
steps perfornmed in the enbodi nents of the invention
2. difbemvdtipoaiarystem plrchaonnkdvheteial thermatiBoslr @efidber tests whether a
Connectertali St eﬁs an be omtted, and additional steps can
Lonpeedlias BRivednhodi ment s were chosen and descri bed in
order to best explain the principles of the invention
and its practical application, thereby enabling others
3. sTkhe madtipeolt sustear toft dain s rwharmin theetesnvemonerinf @ backeround
asynclﬁﬁﬁ%u%gys enbodi ments and with various nodifications
a fe suited to the particular use contenplated. It
is intended that the scope of the invention be defined
big the clainms and their equival ents. CLAIM5 What is
4. cls madfinog! systenn ofiglaiinpdowheryist thmtess ic domepériddically with a time
: RSt onprising: nmultiple connection
permdgg%[l%gt?ﬁgﬁg%ggﬁ%égﬁ?agl rlpool s adapted to provide
connections to database instances; and

5. The multipool system of claim 1, wherein the multipool manager sends connections

through a primary connection pool preferentially.

6. The multipool system of claim 5, wherein there is spillover to a secondary connection
pool
7. The multipool system of claiml, wherein the multipool manager load balances

connections through multiple connection pools.

8. The multipool system of claiml, wherein the multipool manager check with an

application before switching connection pools.
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a mul ti pool manager adapted to sel ect and set up
connections to a database instance through a
W@ 0v6eTI8sHN pool, the mul ti pool manager adapt ePCT/USI00HPI6581
track of dead connection pools between requests for
connections. 2. The nultipoo!ssysten1of claim1,
wherein the nulti pool manager” tests whether a
connection pool has revived. 3. The nultipool system
of claim2, wherein the test is done in the background
9. ashrCiunpoUb kisterd .of emn8) Whpedl tikysiukiPool nféndbdh wes a callback
. wherein the test is done periodically with a tine
interfas i od that can be set by an application. 5. The
mul ti pool systemof claim1l, wherein the multipoo
manager sends connections through a primary connection
10. pddle mokipeok systah lof.cléim $Thehenshit cgitbakk dyfhanial icClegisired with
.5, wherein there is spillover to a secondary
multipog] sudemdly thogrlipatiothe nul ti pool system of claim,
wherein the nultipool manager | oad bal ances
connections through nultiple connection pools. 8. The
11. mitheimpeltiposlysysiem of cleinail jrivheratretheimultiheolmidntagpombintains a list of

i RS 5 BTl oS RECr SR %t comec

throupier ein the nul tipool nmanager uses a cal | back
Interface. 10. The multipool system of claim 8,
wherein call back information is registered with

I pool - system by t lication. 11. The nultipoo
12 AR SRRl o e BeliPresBio i ger
nailtipliencondedtiont pddfis, Ad byithceORN 661k WAaRLR S pRAHILI SEishections to
the l1st to determ ne what connection pool to connect

databgseripsignees;md A nul ti pool systemto connect to database
[ . Sh.eL i nnection. pool s, e .
canEpR3 SRl deq B PelesP it R GuhRUioRS B, & dplsDle instance
through a connection pool, the multipool manager adapted to keep track of dead connection

pools and to asynchronously test whether a connection pool is revived.

13.  The multipool system of claim 12, wherein the multipool manager sends connections

through a primary connection pool preferentially.

14. A multipool system to connect to database instances comprising:

multiple connection pools, the connection pools adapted to provide connections to
database instances; and

a multipool manager adapted to select and set up connections to a database instance
through a connection pool, the multipool manager adapted to check with an application

before switching connection pools.

15.  The multipool system of claim 14, wherein the multipool manager has callback

interface.

16.  The multipool system of claim 14, wherein if an “OK” indication is received from the

application, the multipool manager switches connection pools.
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dat abase i nstances; and a nultipool nmanager adapted to
sel ect and set up connections to a database instance
WO booe0gise®m connection pool, the multipool nmanaPET/US2005/046581

adapted to keep track of dead connection pools and to

asynchronously test whether connection pool is

revived. 13. The nultipool system of claim12, wherein

the nul ti pool manager sends connections through a

primary connection pool preferentially. 14. A

mul ti pool systemto connect to database instances

conprising: multiple connection pools, the connection
17. pddregniytiperlsyster gficdaimde, sdarsatifiaomery dndigetidynisaeceived from the

- e ' ' I ted.to0 sel ect ..
spptideh E SR e AR B SRR SRR RO B R ghe orisina
connegticmpoact i on pool, the nultipool manager adapted to

check with an application before swi tching connection

pools. 15. The multipool system of claim 14, wherein

t i | C <ol N 5 s E. . .
R T e
receivied dramatthoapplEatiet ¢he sniltipooimtahegea@pks net switch dddgection pools and

| ti pool .manager sw tches connection pools.17. The
does lﬁ|f?tr>8§8|°“§§7§fg‘?ﬁn8?ﬁ%m°ﬁ1 14, wherein if a "retry"
indication is received fromthe application, the

mul ti pool manager does not swi tch connection pools and
19. r dibeinaeliippel sysicyi nfitlatoddevhewm geahultip8ol flanager checks with the

-mul t i pool temof claim14, wherein if a "don't
apphclg’tég%hgt‘éaa%ﬁ??&?rcm ion is received fromthe
application, the nmultipool nanager does not swtch
connection pools and does not retry the origina
20.  cdhaeetlfipeolpystem ebclaipmd4nwhetepothie mykipeoh menagenicheckd with the
. LAt he . i pool manager checks with the
apphcﬁggﬁ%@ %%%11%¢%re a failover. 20. The nulti pool
system of claim 14, wherein the nmultipool manager
checks with the application before a fail back.



