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SYSTEM AND METHOD FOR BALANCI NG | NFORVATI ON LOADS
CLAIMCF PRICRITY This application clains priority to

whhds/1Pasent Application No. 11/707,870, fil edp@01B2008/000351
February 2007, which is incorporated by reference in

nesFRTENT wivp METHOREG b A At NG Rk FiGy dfhps

| oad bal ancing and throttling mechani sns. Mre
specifically, the present invention relates to a

Ioad factor reported GLAINBOFRRJORIHYapplication that

. uen a oad hal.anc | gorithmin _real i .

b i R ol aae PP RS U S e rirbeatsnate 1 iz i, fkd 20
F@E}ug@tﬁbﬁ’ IWii€h %ﬁé’drﬁ&%te@%% réf%%ﬁle ﬁmsaén'n%et&
characteristics: a destination and the route. A route
can distribute the traffic to several destinations.
rahte tot heo Bk En b SR NN PRS 0F 300
wei ghts to the oute. For
exanple, for a given route, two destinations can be

wei ghted with 6 and 4, respectively. Based on this
IwEighof thg Ineftiomf the traffic will be routed to the

first, destination, d 40%to e other. This
| on THG PEFET gy Pon e SyBtmie [pebr Binsrar ot Bt
b Rdrignd. %Qret%%leélﬂi‘?dl@gtﬂe%r&@ﬁt 15@&1%%&1&1%5 ¥o°a R)%@ %%t&freported by
the underlying systém
thederged ngplicatian tenhddenes t 1axdd- bdhmcmgwégrtntlnn,m acaimmhod
for routing data in a systemis provided. The nethod
i ncludes determning an initial fixed distribution
2P@51§<ﬁ5§?on8’ﬁ§§dk@o%&‘%f@nﬁéﬂ%ﬂe paraneter based on at
| €aST a current anount of sSystem use and a maxi num
pot ehbachbal&}w’(galmanfm,terplnstee&anvmesr@use(BSiBﬂentpds anetharacteristics: a

based on the tinme that a pessa he a at.i on
dpstina LA fF FulE 4 tHtS (28 dgﬁtla‘agg& fﬁa&%ﬁ% L‘i? Gsfjnafions. The

E'SQas‘éttﬂlgE IS &r MBERLH %‘ada{‘ialér{% w&@ﬁts ) Hr‘é déﬁ'iréﬂ@ﬁs%rgeted bya

queue paraneter, fying t
raitst Fortenample, foaitatgevan rbuts,etdvoaitsﬁrﬂatiloeasan lteheelgh!adi with 6 and 4,

B R s G B WaBEAH O Khe A6 will bé routed f the firs

destination, and 40% to the other. This type of load balancing is called static load

balancing. Such static load balancing is not responsive to needs of the underlying system.

SUMMARY OF THE INVENTION

According to an embodiment of the invention, a method for routing data in a
system is provided. The method includes determining an initial fixed distribution pattern,
determining a queue parameter based on at least a current amount of system use and a
maximum potential system use, determining a time parameter based on the time that a
‘message in the application has been waiting for its processing, determining a load
parameter based on at least the time parameter and the queue paraﬁleter, and modifying
the distribution pattern based on at least the load parameter.

The above embodiment may have various optional features. The determining a

time parameter, the determining a load parameter, and the modifying may be recursive.
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time paraneter, the determning a | oad paraneter, and
the nodi fying nmay be recursive. The nodifying can be in

wWo e®pansy t 0 changes in the systemon a subst apti/a82098/000351
real tinme basis. The nethod may di sregard nessages

tchi.ng predeterm ned criteria during periopds of .
TSP e BrT Bl TeRE ot Rty e Sy T 5B syB Ay rel time
bastsNeFANhRImBY BREHAATTEds IRk 'rﬁdﬂéﬁiﬁ%’pr@@éf&%iﬁed &iteria during

substantially real tinme a distribution of nessages.
perteds ebebistepn avertoag. The methodaeaypelyswon ppingidngvingdresenham

A b o ISk T Bl TR0 R
mﬁﬁ%ﬁﬁﬁ?éorﬁbﬁé%aﬁwng%e*f&ﬂulr& destination i, and Wis
t

e wei ght of destination i . The determ ning a queue
paraneter of the above features may conprise applying
the formula: LFq = QJP}(, KL MWhere LFq is the initial
gqueue | oad factor, HLFMis gpet percentage of the
maxi mum nunber of nessages t d gueue can process,
and QUP represents the nunber of nessages in the queue '

as conpared to _its capacity. The, gueue_ paraneter y
whes I dbemBRber1Rg mq%ﬁgr:%ﬁrqa_(%éae%e@ _gy ﬁwﬁ@,a“eﬂ%@mnﬁ%r of
n4SHS PRUTEREL Y RIRSL 0,0, N0 LR P

en the

i ni t Thd ddteradnihgatqoeud saravnéthi of the alervedeatureangg cosptitd applying

the queue paraneter to a predetermni ned val ue when the
the formu3: | oad factor is below a certain range, and/or

setting the queue para er det erm ned val ue

based on at | east V\henmts' e ?tr{?t/?{alfm oad factor is
whtre\[#qds therihidiahqueana fpad fddier, HEFM iviapragt pérecritagesof the maximum

paraneter of the above features may conprise applyin
nyrpRerod pgssages thats queue sgarprocesgand/ QHR enpgrsnts thum%er 0

[ ; t [ '

R i D0 PRy TR BRI B Binay be based on
thélmasHoddlfac®r.aThe deteingininignapicné paramiatet map cormpdse setting the

Transaction Tine Scale is afg confjgurabl e parapmeter .
I4avs PargETel SR & thednitipkaueue fpad fecter Whieythe inieal dead fagfops within a

c%ﬁéﬁ‘[)%ﬂ%@ sé:t'ﬁn% ﬂ%ﬂﬁ.}%ﬁ% F%Fm%ﬂepﬁ) a J@@et&ﬁﬂ]ﬁe@@aﬁ@é@hé{ th€5itial load

sed on
factor is below a certain range, and/or setting the queue parameter to a predetermined

value based on at least when the initial load factor is above a certaih range.

The determining the time parameter of the above features may comprise applying
the formula:

LFet=(ATT -TTT)/TTS

where ATT is calculated based on the average transaction time computed by the
application, Transaction Time Threshold is a predetermined minimum time, and
Transaction Time Scale is a configurable parameter that defines how fast the load factor
reacts to an increase in transaction time. The time parameter may be based on the initial
existence time factor. The determining a time parameter may comprise setting the time
parametér to the initial existence time factor when the initial existence time factor is

within a certain range, and/or setting the time parameter to a predetermined value when
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exi stence tinme factor. The determining a tine
paraneter may conprise setting the tine paranmeter to

wo hesiini2ee al exi stence tine factor when the i npeT/a2008/000351
exi stence tine factor is within a certain range,

and/o settin et ar a er to ermn
el atk et eiohis RIver Sets e ThmofiTyigs B i based on
aRisk @oBmbRG ofE Rk G HRUNOGucBPEANRRHr o BABftcd

a conbi nation of tinme paraneter and the queue
cqabiaatainesf, thotime paﬁalr@madd tlendienaparemesf. the tinme

paraneter. and th u ar a Accor di 0 . .
Dot RErordinga el ogifBet: A Bisc intiog A1t Hg K gputing data in
S}Fs@é"t‘ﬁ [sHRoHatR TH: ReB¥S (RNdes dRERYihH8n idiB8) dT8tBOShn pattern,
I ncludes determining an initial disStribution pattern,
dctemuanmgm qmgutapaxamam piateanenm 3 tivhetperanietdrydptamtining a load
ar arre det erm ni ng{.ﬁﬁl oad par anet r based on

PUBRGIH AL A0 GPmPRtes Eneley A R diyE parameter; and
nﬁﬁff?ﬂ@tﬂ%dlstﬁﬁgnmﬁeﬁi %e& b& tlﬁ:‘ fﬁfl&»bﬂ%tfbr?ﬁhl@at tern
based on the follow ng formnula: (i) (1-
LF(O ) where: V\S(I ) |Vs§d(aa) gD (1 adFeig) by the initial

LB S E0 B Pl bR
d&ﬁﬁﬁt‘l&yﬂ’(@rm ‘AQ&E& N@kE)q8 theabsh ;\M&ﬁla:telsfo'i' bR #ﬂ%ﬁﬁ%e%agaﬁ and

for revising the distribution pattern. The above
Wit aslihempdatediyetghv for veuisingithealitributin fateur es.  The

| oad_paranmeter ¢can be based on at | ea a co | atlon
of B FHSE cibpdRAnEmay DAV HEHoyaRBHPTL eaetier] edadgarameter

czlne&%as@d dehabised c&ﬂmhﬂ@ﬁ 610&1% AfnetddfanididBnk ‘?ﬁeﬁ%ﬁﬁ gax‘aﬁ‘l@ter or .

t he queue paraneter y further
atdedsen merghm;gi @nhéndtiod ofthestirs¢ parameter hrobitie gnebe parameter. The

di sre ur i t he. er.i qd ssages t hat tch
mﬁFhé?d St rthgncliie ddbripiminka pravds SYYE Qveripa ﬁa&ﬂ&gegwdmg’
duﬂlr{kethg E@x’%d" %ﬁ%ﬁ%@ﬁ%@h %%d%{e?rHLteQ cﬁ%ﬁguﬁﬁe hathod may rely

subst anti al’l time a dist ution of nessages.
uﬁdnea mmaldrhwnr@Blreagnhﬁmraigmrthmanpompme applbgiangaltyheal time a

wher e s the. nunber nmessages al r eady
A Giaroent wsseaeé 88 medifying ey ﬁ%@mweﬁaﬁ ¢ formula:
al ready sent to the destination i, and and VV is the
wei ght of destination,i . Clhem;exenplary enbodi nent s
and advant ages of the pVeseht nti on may be

ascertained by review ng the pregent disclosure and
t he acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE
DRAW NGS

where k is the number of messages already received by the ESB, Ni is the number of
messages already sent to the destination i, and and Wi is the weight of destination i.
Other exemplary embodiments and advantages of the present invention may be

ascertained by reviewing the present disclosure and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is further described in the detailed description which

follows, in reference to the noted plurality of drawings by way of non-limiting examples
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The present invention is further described in the
detail ed description which follows, in reference to
wo b@snoted plurality of drawings by way of nonpdi/m2009n®0351
exanpl esof certain enbodi nents of the present
i nventian,,.in . which like.nuneral.s repr.esent |ike .
of AR T PIRETE Proveradiraar i whie! B Himerdl Tprovga ke
clamentdRgoeiidut fikGevetal vievd b faNEaMVEEsOdndaphasRodi ment  of
the invention with equal |oad factors; Fig. 2 is an
over FigeWisoin cueréerh ofiimembodimentrd theipeentianwigh eqpal load factors;

unequal .l oad factors; and Fig. I s. a graph..show

oochie? i Brenicy 8han BPbodatalsht et BRVE R Aona
faleffah&D DESCRI PTI ON OF THE EXEMPLARY EMBODI MENT. The

particulars shown herein are by way of exanple and for

pur pBiges$ isof grieph showving mgssage disundution fasfthe ¢rabediventi afdg. <.

of the present invention only and are presented in the

cause of providing what is believed to be the nost

usef ubpadL EBISES TR PTIONSOP U FIES EMANA Y EMBOMEMENT

princi ples and conceptual aspects of the present

i nvenThepartigulars Whawn kegeindire byoway oEengmpleantaige prmosss ol

AR B oS D op PP IRT AR o R S presncd

intRE 843t BNFoREIRS whdtes RIRSENMo BetHE RosOusefl] BRd readily understood
description taken with the draw ngs nmaking apparent to

deshopteonsidith¢ pandiples dnsl concepttealastestsé ey presenbinventisin. il ghis

resent. i nvention be enbodi ed i racti.ce. nani ¢
B oG mw SERERET B o R PRy S cpfféB i Bre
d&hidthah id RREssBR! B TendagRa] eRdd it ddeNefhe predént ifi®ntion, the
target site at the destination. The target site and
deshmptinat takerkwiglk tiealngeings mekidgfapparont tp drwise skilted inHthe art how the
re §sent§ t he | oads evol uti,on at tge ta%%et site.
SeYRIAb TP §T e dFeset 1BVeTEion Ay R Saphodi e i PFICBER 1 on
- wei ghtgamithsad &%t&?'eﬁﬁ% BBanFRighAd lsemhatieh of B8tic load balancing
preferred enbodi nent .is preferably inplenented as part
baskd an therhebayint eidhGtrssdt sitsatBhe d¢sHEBB)jon. Allteanggtsifetanil ghe network
equal | y, applicabl.e to,other environments..Preferably . .
orchanes 4 Aot iea) TSP ERre SIS AP (70T REP ST ALag Brgel site. This
1&@9‘9&%% ufd théRlé dRBIbukibAWel ghk. emrmé@balhmn%igeihwabgy of the

ti me between two | oad-factor exchanges coul d set to

preferdentoditmnt ypefomblyaimplerneritedian partad apduniteiphise Services Bus
ect.ed with a corresppondi ngq update of | oad factors
¥ Db g iiSe ol Bl ds Chet PR his, o Eop oot

not  pRESAYIS tiere is some minimum rate at which the load-factor updates. By way

of non-limiting example, the minimum time between two load-factor\exchanges could be
set to 1 second. Any appropriate minimum time could be selected with a corresponding
update of load factors in substantially real time. As long as the ESB does not receive a
new load factor, it assumes that the load factor‘ remains unchanged.

The load factor of a given application affects the static weight Ws(i) of the
corresponding destination (Pi) in the route. If the load factor is considered as a value
between 0 and 1 (or a corresponding percentage), then dynamic weight Wd(i) for the

destination will be:
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new | oad factor, it assunmes that the | oad factor
remai ns unchanged. The | oad factor of a given

wa@ppsiicasi on affects the static weight Ws(i) obct/mB2008/000351

correspondi ng destination (Pi) in the route. If the
| oad factor is consi a etween 0 and 1
(or a correspondi ng 3&?@%?@%@# #Zlﬁ?dynam c wei ght
Wi(i) for the destination will be:Wi(i) = Ws(i) (
LF(i) ) Occasionally the target site may be so

OgvasidnaHy g thige( $i9e n:a}&l)e sotreverloaded geE(i)rol ) henid dbesat send load
SB.will therefore not

facfie wigere® T hE BB, BRir S agt g e et onif B Rpdtrartor

d&drédskE wWiRtIBE itd §at1<! \fvelgﬁtsﬁ A GvesSgls Ql@tnobﬁélﬁg s&feNthe ol d1811 routing
overall routing al gorrthmthus remains the sane,

al@hst}heﬁludymms:thleoade bdledm dmlgamls lcwslémlaunmnlgm used arope A more

f t B h dt
ARSI R R P i
cil@tﬁgtl&é%taé’r( A% MRUACRA, oTigabiano factor s

preferably conputed on the application side and based
on aiTh¢ bmdtfadtowais praferebly zompdfed bh ehemnpbeatlanfmdﬁeamldage@i on at

ueued waiting.to b cessed, avera
163%. g grieia | (1Eme BBl RS anded v b embeicaid. and (2) the
%et@usqafé@ igte efle WéfghF Giethgs@ t&elsab 'f&'ibr@ﬁaﬁ I;Eecogllfggéh for the
|oad factor. The first factor 1s cal cul ated based
cdmlhﬂtmmﬁlhbglobalfnquleé@@@omvaltl ng to be processed. For
t'his al.cul.atian, .a "hi f act.or ter mar k",

user ?ﬁs%éarcaqrd? C%J%‘fliitﬁ%gasﬁiié@ © DRpbeL of Bigesages Ww@ng to be -
pf&égswrpopméncasnamas %ﬁsogdf@émlawg@ﬁy&kcms@f gartor defined

and a "queue usage percentage” represents the nu
pefetpessapes of thehﬁaamqumumnﬂ:sr clonpaaga tha aicplsua:aqnqlrbcteys, and a
JThe ﬁrellmnaraé ueue Io actor.is accor&e %1{
“QUEUE YPage PETRIARY)| eBV%éemsL '-““Ef]#’ /MESE3EGE WhiEF Qlieers qompared to
itk Qgpagirt l'i m nary queue Ioad factor; QUP is the Queue

Usage Percentage; and HLFMis the H gh Load Fact or
Wat eiThapteliminary queue load factor is accordingly calculated as follows:

LFq = QUP/HLFM
where:
LFq is the preliminary queue load factor;
QUP is the Queue Usage Percentage; and
HLFM is the High Load Factor Watermark.
In most cases, the preliminary queue load factor will be the final queue load factor.
There are preferably exceptions, however, particularly near the upper and lower limits of
potential values for LFq. Two such exceptions are as follows:
e When the preliminary LFq is below a minimum percentage, the final LFq is set
to a minimum value. Non-limiting examples of the minimum percentage is
10%, and the minimum value is 0.
e When QUP=HLF, then LFq reaches its maximum value. If the preliminary
LFq is still greater than a maximum percentage during subsequent processing,

then the final LFq is set to the maximum value (as if QUP=HLFM). Non-

-5
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In nost cases, the prelimnary queue |oad factor wl|
be the final queue |load factor. There are preferably

wExoepizens, however, particularly near the uppErB2063/000351

lower limts of potenti al values for LFg. Two such

t + \Wh
s bl OMAnAFHATIIA Det BT PEREM PR B0 Ry lue i
a mninum value. Non-limting exanples ofthe m ni mum

percentage is 10% and the m ninumvalue is 0. « Wen
QUP=MDb{ apprhpmate Fqlucsamdb’rewerqeatagmmmbn vegtludhe pdttinhimay be for a

I til t
el Y L6 5ot Rpede oL ru rgximum value
uflt'llrlf"éirohf Belbw t%ailﬁufnjﬂ BerdBhth "Br\f@ij dExddfunitler of iterations. The
. Nonlimting exanples of the maxi mum

pgreerttmag@valsem%baﬁaednxvmﬂbiwal ue is 1. Any

2P! TG sh BBt Srared SheBRLE N 9T indiEnd M, bsems
t}{é%ﬁ@éﬁéhi hPhmealgd & tﬁ@a lickfi Gh foR TR pReding h?ls%%m updated

val ue unti’l it drops ow t he maxi mum per cent age),
eYapy timefai m@dagn:usrpmcessf:d a¢oerdatxg trtbe follvavipe farmptaages and

val ues can be fi xed vay j.apl JTh econd factor,
referred to herein ag%?%é{éﬁém&é%ﬁne | oad factor,
wiRpL-esents the time spent by a nessage in the

application for its processing. It is preferably:
updat ed ehEﬂySthermis@nnesimgfectbls processed according to

the follo r mul —et = IT. - TTT) .,/ TTS \Where:.
e % ORiOel Saliaclon TBE (ATTHS thegubfash sorp eyl p & seconds
Ti ﬂelx{tég@onl nBH'Ftr%\é%tﬁ‘ﬂQuﬁ@(tﬁxﬁe%e%@Eéﬁ 8 reidt SLHR RSsage
integration period) transaction tinme (tine between the

r eceijpdry afid theecpiye ssthg enaysagey camplitediey the pbplidation;he

message ut.ed tion; Transact,ion Tine
s eanel dTEePFFf e RS AAB LT B} 45 Rty oRa R e Prve
M Ni PfhduhBmedddd Transaction Tinme Scale (TTS) is a-

configurabl e paraneter that defines
Transaction Time Scale (TTS) is a configurable parameter that defines

how fast the load factor reacts to an increase in transaction time.

If the ATT is lower than TTT, then the load factor is set to a minimum value. This
value is preferably 0. -

Based on the above computations, the total load factor is given by the following
formula:

LF = WqLfq + Wet LFet ‘

Wq and Wet are customizable weights (multiplication factors) that permit customization
of the system. Any weights may be applied, including a weight of one.

The load factor is preferably updated for each message processed, and réported to
the ESB when returning the reply message. |

Referring now to Fig. 1, the ESB 110 has one or more routers 120 (referred to
herein collectively as “router”) tasked with load balancing. The router manages one or
more routes, where each route handles one or more destinations. The router selects a

route based on the message to distribute, and then applies load balancing algorithm

-6-
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how fast the |oad factor reacts to an increase in
transaction tine. If the ATT is lower than TTT, then
woheslioado factor is set to a mni nrum val ue. ThPeT¥EdOVE000351
IS preferably 0. Based on the above conputations, the
‘%tg | oad factor is given by the follow ng forrrula
mefodolgey.f g + wet LFet Wy and Wet are custoni zabl e

vei ghhch t(rH&'laHeQia' € ﬂ{dsp& JeACSP4 futd, gt roBRE M & sends the message on
custom zati on of t e system Any wei ghts may be

tbap‘m;tu edigibl¢ destinationgpasednei thhdewsion mariablhelf theaelisfraotebrork s

f bl te h.
capurrom bR Eencliteh drpanon U 1 KU Rty TS dhejeop unil i
ﬁﬁ?sf £EJrinBed @b Ridd, & no%esﬁﬁhﬁogﬁtﬁﬂ@uﬂ@sth@ﬂgB Qn 0 F@plies with an
routers 120 (referred to -herein collectively as

ertoroueseage)indiastirathati notdebtomatiot Iamhahg: The router

t
S P e B S S P DR SR DB M G s
(Qﬁ&ﬁ{;ﬁtl‘aﬂ BYleMRASARAd tfé%td}"eaﬁz{l it Ut@ass&ﬂgteg e oucARRki SRight. The
| oad bal anci ng al gorit hmret hodol ogy. Each tine a

d)massfag/elglmEstthd:)satgewelgblrmaltlpb@d by (It-hbvad danter). ThOloge fabtor is

he firs | igible destination based on
aﬁﬁgatg&ﬁ@ %{fl? gé'noﬁq‘dell a?e is no network
connggdy RRHSTHAM ds3h§sled Qﬁthtarlﬁcﬁm%ﬁaﬂg% Haainindif thdre
al gorithm continues the loop until it finds a

destnatext ie dligibktto nertd omessage. n'ﬂudé@nswnat/mabla is pstferdably the number

ound, t SB 110, r es wth rror. ssage
of fgtsialgadssent T hig ety it &0 Bilieal aumpdcef messages
wHR sh&al have e QA8 RE0 bP1HR Wkt SeRgtich; %tn%sk%e%ﬁ 88%ent to a
which is statically set by conlguratlon faul t,

destihateh drdy tfdhis deftra¢nce ¢s Begagvassoci ated to each static:
wei ght. The d amCV\m is, the statjc weight . .
e e aabs A pperaign i gpBdmei & the piesg dpysptionis shown
moiﬁlk§ Ylat gcbabisbRg, 4 6t ThH L BF 29 JTAL&HaNEKLC LAY a %@fght affects the
deStination is associated with a decision variabl e
trafificdlow ofecach destimatitesafi thatdutm In$hee¢rn@0dnﬂnentt thesa@pkncaaon reached

o5 T A PSS o P SR b e o
R McBigink RRebMERLRE ﬂoCi‘@allchQHéT’fv’ %ﬁpl%ﬁtl&@ﬁ&%e $he load factor computed on
each node (LF = WqLfq + Wet LFet discussed above) is reported to the ESB, which
affects the weights assigned to each destination. Since thé load factor in this example is
zero, equal weights W are assigned to the individual destination nodes as follows:

Dest A: Wa=10

Dest B: Wb =10

Dest C: Wec=10

Messages are distributed to the nodes based on the above weights and the

following formula:
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whi ch shoul d have been sent, based on the wei ght
repartition; a nessage can be sent to a destination
wondog/105236 his difference is negative. An exanpber/m2068m®0351
operation of an enbodi ment of the present invention is
gfl;rown in Figs. 1-3. In each case, a route consists of
Set of destinations, and a weight affects the

traffic fi g%@huﬁa&fbf%ee%&dge@m&a eéceivla@bszSB tcfbnteﬁ%ndmg

enbodi nent, the application reac ed e route i's
di stmugluib'é@iﬂmmmﬁree nodes A, B and C So on the ESB '
e R, contains 3.destin I.ea

The 3 apphl S BAPHRGALEESSHRe 3HGa 1AL EdRe BEBRRE on

each nodey{d,; i tNlvEhioMREtiddiBh 1di scussed above) is
reported to the ESB, which affects the wei ghts

assigned to each destination. Since the |oad factor in

t hi le | ht
TR TN TR IR TR L
d&¥inatidn@ de8siP’t Eiceda thebrefeddatue Grofértiondl @ %ﬁﬁﬁgﬁ%f Mie

distributed to the nodes based on the above weights
dextivlatidne I i caserthe fequaimleghtwﬂﬂle destikatons creatosfaricgual k

is.the nunmber S a rec | ved by the ESB
P PG (68t ) (o hARITHES SE8 s ¢ he number

of NRERAMRETMOW foSaEY2 %?é%ag%?a@cbﬁluﬁ%ﬁg i RE qheue@'&‘j’somated with
Wi s the vvelght of destination i. Application of the

the quddsi inducerrsagrresponidang chhrgerin thivevariofis loed datms. Hig éahkyws an

sen on a destin I e ed at eoretlc
e Y B PO orRe Sy Sdds METRSS HEG et h G and
0. bnreggacﬁvé@wmstch@n guR! weylghtwffafe cﬁffekh@déaﬁﬁéuda@tdsmws
creates an equal stribution of nessages (e.g., 33%
to each ststtlAmWaownl@mdbO 5)=5

Dest B: Wb=10x (1-0.7) =3

Dest C: Wec=10x(1-0.9)=1

Based on these weights, 56% (5/9) messages must be sent to the node A, 33% (3/9)
messages must be sent to the node B, and 11% (1/9) of messages must be sent to the node .
C. The resulting distribution is shown in Fig, 3.

The three diagonal lines in Fig. 3 represent the theoretical flow of messages to
each destination. The three stepped curves represent the real flow (each step corresponds
to a message being sent to a destination). The resulting load balancing methodology
therefore approximates a line with a stepped curve. This allows the Bresenham algorithm
to be used to perform fast computation with integer numbers instead of floating point
numbers.

An optional feature of the above methodologies is throttling, in which low-priority
messages are disregarded when the éverall application is overloaded. For example, if the
load factor of all the destinations behind a route exceeds a given load factor threshold, all
the messages matching some criteria (service type or originator for instance) ére

. discarded.
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Referring now to Fig. 2, nmessages accunulating in
vari ous queues associated with the nodes induce a

wa@ ogosaepRsndi ng change in the various | oad factpeEIB2HIP00351

2 shows an exanple in which the |oad factor for nodes
A B r%ase.fron10 fo 0_§; 0'7’1§Hd 019,

Bz s Qregpin GEampIfthaws; Bt PO Ide el g tBppurpose
ofl&31dmaabh HMBare &Fnd Yl BYEe cdiRhed s l%tiﬁ%@hh@%‘r&e@in%n@ion.
Dest B: W = 10 x (1-0.7) = 3 Dest C = 10 x
WlileGh@present iBastch ks bebe describédywits refeieee( tb/coitaimendbadiasents, it
.must be sent to the node A, 33% (3/9) nessages. frust .be
ST T toter B B o1 65Ty DERInATE SAGRa T gaygn and
iIARRAtIO rdthe tRAARords of RRithESH | Ehddgecthgy bd REdd, MtHiSthe purview of
shown in Fig. 3. The three diagonal |lines in Fig. 3
theeyppesied claiths as heserdlyl tabd dndoay apiended; sdthest dapadgmgHiom the

RN ST i
b&&@Nestribed haRa! WRTdBRhee thHfart @fdt ntdaRg) lrﬁa@&ﬁal@ﬁlﬁ%o@ﬂnents, the

nmet hodol ogy therefore approximates a line with a

pssep pednton isawot fiknsleditd BansmitbdtoBhe pamibalarsalisgpbosed hereinprather,
be used to perform fast.conputation with integer
RS S TSR 5 eBHS 1o Db H Y FA B SiTuctUtes TBishpdand uses.
stk i hinkhSscBPOUPERbBGAR) ogirfe s throttling, in
which lowpriority nessages are di sregarded when the
overal |l application is overloaded. For exanple, if the
| oad factor of all the destinations behind a route
exceeds .a given |oad factor threshold, all the
nmessages nmatching sone criteria (service type or
originator for instance) are discarded.It is noted
that the foregoi ng exanpl es have been provided nerely
for the purpose of explanation and are in no way to be
construed as limting of the present invention. Wile
the present invention has been described with
reference to certain enbodinents, it is understood
that the words which have been used herein are words
of description and illustration, rather than words of
limtation. Changes nay be nmade, within the purview of
t he appended clains, as presently stated and as
anended, w thout departing fromthe



10

15

20

25

30

scope and spirit of the present invention inits

aspects. Although the present invention has been
walemsnozed herein with reference to parti cul arPEEE2808/000351

mat eri al s and enbodi nents, the present invention is

i-pten be limted to the particul ars
V@ﬁégﬁgégﬂgﬁg$%ﬁ%j rather, the present invention
extends t @ @bthodl @Gbhtipalatyin@kybreml, Bsthpsdingict ur es,
met hods and uses, such as are within the scope of the

appedelednioing angnijigifixqdligipptivmpattem; 1. A net hod for

routi data in a syste conprising: determning.an

i t HRPPRIAER el PIATERhReSgaPD aF o3 g PTem) Aoty g Sotem use
aflVE HRx AR PBlcatialkgsied w8 at | east a current anount of
system use and a maxi num potential system use;

det edetemninipgen tirerparpactgnbased op sheclgme that henessage in thgapplication
hnq%sagy.gn ghg application has been waiting for its
Bt TEBIA Y 08T BRIy a | oad paraneter based on at
| easHeteARinidgEloR@pAARERF bABE oh BElcEH BWEtiRE haaRIeRE andhd queue
nodi fying the distribution pattern based on at | east

peametesaadpar anmet er. 2. The method of claim 1, wherein
id_det 1,0 t i.d d i ni
o o ) S PR AR T BT R R,

said nodifying are recursive. 3. The nethod of claim
1, wherein said nodifying is response to changes in .
t he 8yst efthemethodigistazmtly wheginrsayd detenmining giqueuelparatheter, said

SRS it B BB PR odising
rRafsiveds of system overload. 5. The nmethod of claiml

wherein the determi ning a queue paraneter conprises
applying the fornula: LFg = QUP / HLFM where: LFq is

the 5N t EHle \thod olf%ﬁlgmfl,achgrréi.n said modifying is response to changes in

the system on a substantially real time basis.

4. The method of claim 1, further comprising disregarding messages

matching predetermined criteria during periods of system overload.

5. The method of claim 1, wherein the determining a queue parameter
comprises applying the formula:
LFq = QUP/HLFM

where: ’

LFq is the initial queue load factor;

HLFM is a preset percentage of the maximum number of messages that a
queue can process;

QUP represents the number of messages in the queue as compared to its

capacity.

-10-
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HLFM is a preset percentage of the maxi mum nunber of
nmessages that a queue can process; QUP represents the

wousisan22ed nessages in the queue as conpared tPCTAB2008/000351

capacity. 6. The mat hod of claim5, wherein the queue

par anet er (o) n|t| | oad factor.,7. The . ..
ot nBa. of Th AR of g hin Mg ab SR RariTI S e &1 the nita
IRAITANEL er conpri ses setti ng the queue paraneter to the
initial queue |oad factor when the initial |oad factor

is within a certain range. 8. The nethod of claimb5,

wherein sajd determpi.ng a eue rameter conpri ses
Setting ¢ b RIS s e Bhoiey s TR ER e oG rReter
cm&rﬂse"s @&tlh% kel cﬁlleué Pﬁgmfeﬁﬂocﬁle irdtid) %IquYE 1%a& Blcldiwheh @9itial load

9. The nmethod of Im5, wherein said determning a
fagtrruewphinanesrtain renggr i ses setting the queue paramet er
to a predeterm ned val ue based on at | east when the

initial load factor is above a certain range. 10. The

et hgd of Tg} ﬁiemoa’ofm%%' Q/h@l%irfjsaﬂﬁﬁe%rmlﬁ‘ihg 4 ﬁlﬁ]@@e ﬁdrgfﬁeter

par amet er conprises apply the follow ng for

compuisET settiiig the queld; &rameﬂeeto/hTﬁ'ethemaheﬂNadiﬂee\dhdm&e ahlt)ai load
the .average transaction tinme conmputed by the

faﬁﬁ%l‘?&e“j gr?’artar*?farigf a predeternined mininumtine; and
TTS is 'a configurable paraneter that defines how fast
the |l oad factor reacts to an increase in transaction
timed. 11. Thheettednddlanh Scivheninl@id ddtemening kigactd pazameter

RS scing Mo pAURC Y ot BFAR ST YDA pasad g o least when
tHGhRaMoRd Rttd i§ ATR e RREAMR &lge.

10.  The method of claim 1, wherein said determining the time parameter
comprises apply the following formula: - |
LFet=(ATT-TTT)/TTS

where

ATT is calculated based on the average transaction time computed by the
application;

TTT is a predetermined minimum time; and

TTS is a configurable parameter that defines how fast the load factor reacts

to an increase in transaction time.

11.  The method of claim 10, wherein the time parameter is based on the initial

existence time factor.
12. The method of claim 5, wherein said determining a time parameter

comprises setting the time parameter to the initial existence time factor when the initial

existence time factor is within a certain range.

-11-
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conprises setting the tinme paraneter to the initial
exi stence tine factor when the initial existence tine

whaaigan223¢ Wi thin a certain range. 13. The net hpdr/o$2008/000351

claim5, wherein said determning a tinme paraneter
conprises setting the tinme paraneter to a
predeterm ned val ue when the initial existence tine

fact pf i STREMRWoR of latAiSNwhaRfesaidldbtertiSingR tikRGhaPdmeter
claim1l1l, wherein said nodifying is based on at |east a

caroprivies s¢tiingtheftimedparameter toar pradstermirgdcvalyeewhpnghe initial existence
.Eeggar{et.e o1 15. The nethod of claiml1l, wherein said

U5 dg i‘ﬁéelog' DHLBY BR8%t | east a wei ghted combi nation

of the time paraneter and the queue paraneter. 16. A

method for routing data in a system conprising:
det et4i ni hpe methodiof ckaim di wherelnsaidomogifitingisrbased on at least a

det.erm ni ter; det I Ni ti
cBp Sireet e Brd b g A0 CseBSPARBIEF based on
conmbi nation of the tine paraneter and the queue

paraneter; and nodifying the distribution pattern
basedi5.on Themetiod eiclagn flowherear saifkfipgifyangis(bayed(or atleast a

ikl hriahopal tertnd BrontEh il bERute et on p(1)

in aroute; LF(i) is the |oad paraneter for the
particul ar destination; and WI(i) is the updated

wei ghé. f oA methodfargouting ddiesinrisysieinpeomperisig:n. 17. The
met hgd of. cl ai m.16 rein the | oad paraneter is

, wh
basefCtEPIANG AR ARaLdIFHRNELRAUSH of the time paraneter

and §AemiHRYe RRIGPRESBEtr;18. The nethod of claim 16,
wherein the |l oad paraneter is based on at |least a

wei gtitctemnivmglai tma¢ payametier;t he time paraneter and the
O S ERb oS oSy TR et an e
q@é?l‘é parameter; and :
modifying the distribution pattern based on the following formula:
Wd(i) = Ws(i) (1 - LF(i))
Where:
Ws(i) is a weight as set by the initial distribution pattern for a particular
destination P(i) in a route;
LF(i) is the load parameter for the particular destination; and

Wd(i) is the updated weight for revising the distribution pattern.

17.  The method of claim 16, wherein the load parameter is based on at least a

combination of the time parameter and the queue parameter.

18.  The method of claim 16, wherein the load parameter is based on at least a

weighted combination of the time parameter and the queue parameter.

-12-
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di sregardi ng, during the period, nessages in that
mat ch predeterm ned criteria. 20. The nmethod of claim

wd2008hengi n t he nmethod relies upon a |ine-drawagiB2008/000351

Bresenham al gorithmto conpute in substantially real
time a distribution of nmessages. 21. The nethod of
claim 16, wherein the nethod relies upon a

151 neTHe mettod JBeRHRNBAMALO gt 0 conpute in
substantially real tine a distribution of messages.

22. ¢¢terlmtﬂg@cpe®tbdolfaysmnlovmdeand sai d nodi fying
furt t he f Kk
L 60 PEF 0t GLRc o

t he nunber of messages al ready sent to the destination
i, and WLis the wei ght of destination i . 23. The
mst hd@ of Th¢ micthod®f claire rlewhelgm the mﬁdlddyﬁh@ ypgniatiae-drawing

BE e der O ShebBmyfion Py Bebrifed dyrbilnagindsSaes

NlIS the nunber of nmessages already sent to the

destination i, and W is the weight of desti.nation i
21.  The method of claim 16, wherein the method relies upon a line-drawing

Bresenham algorithm to compute in substantially real time a distribution of messages.

22. The method of claim 1, wherein said modifying further comprises applying

the formula:

N, <k

S w,

where k is the number of messages already received by the ESB, N; is the number

of messages already sent to the destination i, and W; is the weight of destination i.

23.  The method of claim 16, wherein said modifying further comprises
applying the formula: ‘

w,
N, <k —=—

where k is the number of messages already received by the ESB, N;is the number

of messages already sent to the destination i, and W; is the weight of destination i.
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