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SYSTEM AND METHOD FOR BALANCING INFORMATION LOADS

CLAIM OF PRIORITY  This application claims priority to U.S. Patent
Application No. 11/707,870, filed 20 February 2007, which is incorporated

by reference in its entirety. BACKGROUND OF THE INVENTION |. Field

of th%‘{}’é‘fﬁﬂg”ﬁ&g Eﬁlpﬁf'@?} Mﬁ‘%‘&lﬁﬂﬁ@ﬁ@ Wﬁ/ﬁ%’ﬁ@ﬁ LOADS
balancing and throttling mechanisms. More specifically, the presen

invention relates to a load-factor reported by the targeted application that
influences a load-balancing algorithm in real ti . Discussion of
Background Information 15L o Ok ﬁﬂ}&'ﬂ gterprise Services Bus
(ESB) eptdilative dharagigdsticse & degtination@nid dhemoute: AroutEroafled 20
Fdiigtribut thg? tr%ffi to several dt_—:gﬁigﬁ%g)n‘s. The ESB settings allow for
A 1A DAL TR IEHES 1 e e Htion SiGRted by a route.

For example, for a given route, two destinations can be weighted with 6

and 4, respectively. Based on this weighting, 60% of the traffic will be

routed to the first 20déttihdteh R 468k - thd Dt i 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
]INM o g to an aspect of the invention, there is provided a
methoqh{@@r@ggmgn%égm 21318y R SOMRASING SRLRIMIRING A nifal

fixed distribution pattern for the routing of messages to different
"dediinativhs Mete ppfiaiigad qubtierparainiaer brsedass & relsdaletirermported by

RMQHLQS SysiRm:Yse ANt A madMULRateRtial Ry SIS H8e lt@sgi%a{ﬁ&% _

site at a destination; determining a time parameter based on the time that
a message in the application at the destination has been waiting for its

P r%?{ﬁ?&' 09 %@%&@%@%Qrﬁi Iﬁﬁgl'maﬁon

Load balancing in an Enterprise Services Bus (ESB) entails two characteristics: a

destination and the route. A route can distribute the traffic to several destinations. The
ESB settings aliow for allocating load-balancing weighis to the destinations targeted by a
route. Ior example, for a given route, two destinations can be weighted with 6 and 4,
respectively. Based on this weighting, 60% of the traffic will be routed to the first
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 aspect of the invention, there is provided a method for routing
data in a system, comprising: determining an initial fixed distribution pattern for the
routing of messages to different destinations; determining a queue parameter based on at
least a current amount of system use and a maximum potential system use of a target site
at a destination; determining a time parameter based on the time that a message in the
application at the destination has been waiting for its processing; determining a load
parameter based on at least the time parameter and the queue parameter; and modifying
the distribution pattern based on at least the load parameter; wherein said determining the

time parameter comprises applying the following formula:



30parameter based on at least the time parameter and the queue
parameter; and modifying the distribution pattern based on at least the
load parameter; wherein said determining the time parameter comprises
applying the following formula: LFet= (ATT -TTT)/ TTS where KIT is
calculated based on the average transaction time computed by the
5application; TTT is a predetermined minimum time; and -ITS is a
configurable parameter that dé&fines oW {fast the To8e factor reacts to an
increase in transaction time. The above aspect may have various
optional features. The determining a time parameter, the determining a
Woadk parametate dacdiesad difyinganaydea recursive timbemodifyingycan

be.in res to changes in the system on a substantially real time basis.
RGO Wit G ST NS A bAoAt CRHERE Perometer
tekiringi perieds afssystamoverioagadhedsnathademay relyiipetoa time.

line-drawing Bresenham 5algorithm to compute in substantially real time a,

distribti6riS h @SR AT Y YHIHA g PHAY U FTHEF Comp s HppIity: @ tme
dhedeimulae duheimikisthenpnbeeek neasasescaleadyracaives-bwthe

ESE, .1\1; is the number of messages already sent to the destination i,

and Wi is the weight of destination i. 10The determining a queue

parameter of the above features may comprise applying
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the formula: LFq = QUP / I11LFM where LFq is the initial queue load factor,
HLFM is a preset percentage of the maximum number of messages that a
gueue can process, and QUP represents the number of 15messages in

the queue as compared to its capacity. The queue parameter may be

based on the initial load factor. The determining a queue parameter may
comprise setting the queue parameter to the initial queue load factor when
the tmidalvicad-fadieiis evithirsaleahanseanydiessiting thie yeidueepasdmeertime
ﬁé’ﬁ.%‘é‘?&%‘i%ﬁ%ﬁ%&% ﬂﬁ’h{&%e{Qé‘é%h!ﬁé‘ﬁh’?g??éd&&%&?%%é?c‘fﬁéﬁé“dus:gng
range, and/or setting the queue parameter to a predetermined 20value
[vaisdd ospttteastwtenithEhinitiathod dofgctolisabovéincedraim gapiyeenham
%H{pnet %{r)%_m %{g rmm S‘% ngnggﬁeg‘e%pé&% g‘%@%n %(Lll%telg] %? l%rfps%af%%to ri‘"h-léqgodifyin g
ermining A time parameter may comprise setting the time parameter to
rthe initialrexistpriee djmky factoe Whenlhe initial existence time factor is

within a certain range, and/or setting the time parameter to a

predetermined value when the initial existgnce time factor is below a

certain range. The modifying may he& ﬁﬁ-ﬁﬂl at least a combination of

the time parameter and the queue parametéf, or a weighted combination

of the time parameter and the queue parameter. According to another

aspect of the invention, there is provided a method for 5routing data in a

whystént bompridisige derssadairgrardinitietidietdribltien pattdinisoheramber of
ing.of me 1o, dif inAtions:: inj
R Lt i 2t & e b ion
deterniininty @ 1time ppeamete posmadorrilibaithe whatauressag edmphise applying
t@g?&%ﬁiﬁn at the destination has been waiting for its processing;
etermining a load parameter based on combination of the time parameter
and the queue 10parameter; ahd'medifyiig thietdistribution pattern based
n the following formula; Wd(i), = Ws(i - LE() ) Where: Ws(i) is eight .
b B Rt B At T L R s Ry mum
nigtiter bF(heisdhes|dad parameten foothe particuldP destinatiomandWel(i)f
is the u .daEed weight for revising the distributi%gattern.
messages in the queud as compared Yo ils capacity. queue parameter may be based on

the initial load factor. The determining a queue parameter may comprise setting the
queue parameter fo the initial queue load factor when the initial load factor is within a
certain range, setting the queue parameter to a predetermined value when the initial load
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 certain range.

. The time parameter may be based on the initial existence time factor. The
determining a time parameter may comprise setting the time parameter 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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15The above aspect may have various optional features. The load
parameter can be based on at least a combination of the time parameter
and the queue parameter, or at least a weighted combination of the time
parameter and the queue parameter. The method may further include
determining a period of system overload and disregarding, during the

igtiod.messageshatmalehaderarmined Gier i%ﬂ@%@:ﬁ@ﬂ% may ﬁ?g'}éased on

upon a line- 20drawing Bresenham algorithm to Compute in substantia
Fdghsime ardistaberioh tbf messzryescRiarddlifyineg mpgrfarthey comprgshted
ing the formula: where K is. the r of messages already

C%e%%%%%%&%ﬁ%%% Rﬁ'\{ %%ﬁﬁn%ﬁ%%%@r?ﬁ% %aag‘%% %{I'ready sent to the
destinatign:ijiap doaaeh NAdrissihre weidiet iof destmatiore i sQhetdsdemptangd for
o0 %%d@g?ts asnsg[e%jvgfg}%a IeS%JOt t(ﬂi%@?lgelgle n L%Vﬁri]tti%n ns]‘gybpl{a on pattern for the

ascer alne%abyy reviewing‘the p%‘esen discigstre and the accémppanylng
rdrainingsSnBRHe Es DESTRIAT #ed Ofohl BDRAWINGS uthe presentr based on the
big\}/entiontjs Iurghter.des%cri eg:tl.in the_dcfgiaijed descrg tion which fogow , in he ti
FEtRFEHCE to'the hidte & phiialit) b dr awlRgL BY vy S ddhfinihgased on the time
tRxamples V@ 200§/102230RCTHI B20RSR0REI-of certaith g fbodipentssing;

of the present invention, in which like numerals represent like elements
f’cﬁ‘FéB‘dﬂ%‘@t%‘éﬂgé{%‘}‘ﬁﬁ‘}%\]@@SSf‘% Cdiﬁatfvﬁhagé%ﬁ“ Hihipafparameter and the queue

parameter; and modifying the distribution pattern based on the following formula:
Wd(i) = Ws(i) (1 - LF(Q1) )

Where: Ws(1) 1s a weight as set by the initial distribution pattern for a particular

destination P(i) in a route; LEF(i) is the load parameter for the particular destination; and

Wd(1) 1s the updated weight for revising the distribution pattern.

The above aspect may have various optional features. The load parameter can be
based on at least a combination of the time parameter and the queue parameter, or at least
a weighted combination of the time parameter and the queue parameter. The method may
further include determining a period of system overload and disregarding, during the
period, messages that match predetermined criteria. The method may rely upon a line-
drawing Bresenham algorithm to compute in substantially real time a distribution of

messages. The modifying may further comprise applying the formula:



Fig. 1 is an overview of an embodiment of the invention with equal load
factors; Fig. 2 is an overview of an embodiment of the invention with
unequal load factors; and Fig. 3 is a graph showing message distribution
for the embodiment of Fig. 2. DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENT The particulars shown herein are by way of
example and for purposes of 10illustrativeuiscussion of the embodiments
of the present invention only an aré pregented in the cause of providing
what is believed to be the most useful aﬁr@é‘dily understood description

of the principles and conceptual aspects of the present invention. In this

regard,.ng attempt is made to show structural details e.present -
RSN On Otk A A BeARy T e e T muber of
rpdesstandingyokthepriesantnvgst orathentbudseription talker Withitladon i.
drawin sémaking pparle?%tt those %sﬁljl%gd in the ar£ how the several forms 5
of the ﬁ? SeRt TR AHOTRAS BE S YARBFELHEE e PretSphuRTR 85 ay be
seadxncieg eptailschanaiagibe distiibution ahstaticilorthbalaneingbased.

on the behavior of the target site at the destination. The target site and the
network exchange a load-factor real time that represents the loads

evolution at the targat sitepHiis 2Glgadr{pcioris vssed Aovupdate

distribution weights. The load-balancing methodology of the preferred
embodiRfeRErSHrETEraBRNI P HRBhTEErHEhtt B EHES frediRdrpicddch
fBuSLESB)@IthRuaR ihiseaualy.apnlicable. io:ather, enUroNmeNtSniting examples
Preferably there 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 25 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 30between 0 and | (or a corresponding percentage), then
dynamic weight Wd(i) for the
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destination will be: WO 2008/102230PCT/1132008/000351 Wd(i) = Ws(i)
(I - LF(i) ) Occasionally the target site may be so overloaded (LF(i) = 1)
that it does not send load factor updates. The ESB will therefore not
sages until the load-factor 5decreases, Whateve
\Jﬁe%%g’fw tis. 7ﬁmessages are not being sent, the overall routing aﬁ%%&%moam
us remains the sa whether dynamic load balancing is used or not. A
?ES?gaé?f%?é W&B@ﬁf&?ﬁ%&%ﬁ‘é‘cﬁ e A58 UKeABEUSIErHESR) ke
dleating mmtghamulmmn&ﬁaﬁav&meimei}@ad@g:mxaﬁ&aﬁdated The
load f tor is preferabl ut n the lication.side.and b 0
1OIeagf§No Eritena: rﬁ% ‘%I%ﬁmeber B het qaata Y v?é%ﬂ’i‘é ﬁé’ el focfoes
procesSed; andh (Rx:thewavé ragendxistencefinhe iThativeightafigatibad
ég%fgcaﬁ%gs can be configured for the calculation of the global node load
actor. The first factor is calculated based on the number of messages
waiting't® bés provebsedvRartissasl disaifonica higheloambiddiotont of Fig. 2.
watermark" is user or operator defined 15preset percentage of the
maximum number of messages that a queue can process and a "queue

compar%tﬁa&ncﬁewaww;{ Heaﬁe&@w Qiﬂ@t&% @%&%&%@Q'V
calculated as follows: tFq = QUP / HL Owhere: LFq Is the preliminary
1&35{@1 SRR of the embodnments of the present mventzon only and are presented
in the cause of providing what 1s believed to be the most useful and readily understood
description of the principles and conceptual aspects of the present invention. In this
regard, no attempt is made fo show structurai details of the present invention in more
detail than is necessary for the fundamental understanding of the present invention, the
description taken with the drawings making apparent to those skilled in the art how the
several forms of the present invention may be embodied in practice.

Dynamic load Balancing entails changing the distribution of static load balancing
based on the behavior of the target site at the destination. The farget site and the network
exchange a load-factor real time that represents the loads evolution at the target site. This
load-factor is used to update distribution weights. The load-balancing methodology of the
preferred embodiment is preferably implemented as part of an Enterprise Services Bus
(ESB), although it is equally applicable to other environments.

Preferably there is somne minimum rate at which the load-factor updates. By way
of non-limiting example, the minimuwm time between two ioad—factor\exchanges couid be
set to | 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:



QUP is the Queue Usage Percentage; and FILFM is the High Load Factor
Watermark. In most cases, the preliminary queue load factor will be
the final queue load factor. 25There are preferably exceptions, however,

“@H&H{@E%@ear the upper and lower limits of potential value%,f]%%%& 00351
W ¥ efow a:'}..

0 such exceptions are as follows: When the preliminary LFq'is
minimum percentage, the final LFq is set to a minimum value. Non-limiting
examples of the minimum p&é@hﬁ&@@ @O%If%(ﬁ)d)the minimum value is
0. 30 When QUP=HLF, then LFq reaches its maximum value. If the'
reliminary LFq is still greater than a imum percentage during
TN RGBS e HiE A TR s I anriChara (g
TR Pt M OIEE WD 20084102230RC/E/HE2 Q080003 HelinatiTg:or
xamples of the maximum percentage is 95% and maximum value is §

S e BT RS b T e B hhagyone
Pedothen snyleceeent literativelheihtt eneonditenbdbated esgstdor not. A more
SRR MK YANG MO L U0RS DRI G D RXINoin
percentage), or for a ixed number of iterations' The pevr%entagéspané
spatutsicamcpenfivad be Vendalbitors areTimslgedond factor, referred to herein

as Ihe AKARAGING, A AGINLERIEE SN NS G RN 3 HISSPA0S:
in the application for its processing. It is preferably updated every time a
10 Isfeshugerisprodeé s Sednaptsrding tesases foiowihy foiraital e oloretsed( ATAT(2) the

avihbé Thadaere. Ll ixiba EXIRLERES IS fAGIL can b@‘\égﬁﬁ%‘gre(ﬁ for the

Transaction Time (AU) is the average (preferably on a 2 secon

?ﬁ%?&ﬂBﬁ%ﬁ@& EPRdsckiBh Beier(time between the receipt of the

MESSagk: first factor is calculated based on the number of messages waiting to be
processed. For this calculation, a “high load factor watermark” is user or operatér defined
15  preset percentage of the maximum number of messages that a queue can process, and a
“queue usage percentage” represents the number of messages in the queue as compared to
its capacity.
The preliminary queue load factor is accordingly calculated as follows:
LFq = QUP/HLFM
20 where:
LFq is the preliminary queue load factor;
QUP i1s 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 toad factor.
25 'There are preferably exceptions, however, particularly near the upper and lower limits of
potential values for LFg. 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,
30 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-
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15query and the reply to the message) computed by the application;
Transaction Time Threshold (T1l ) is user or operator defined preset
minimum time; and Transaction Time Scale (TTS) is a configurable

M&M&%ﬁ”ﬁt defines how fast the load factor reacts to an | %@%&B%G%Sl

transaction time. OIf the ATT is lower than TTT, then the load factor Is set

to a minimum value. This value is preferably O B on the above .
IS L s ety
WqLfq + Wet LFet 25Wqg and Wet are customizable weights (multiplication
factors) that permit. customization of the system. . Any weights may be
e Rl e S e TR R B
spdlatedforisath thessadge prodessediband sgp bitedaodine £ 8B wivemum value
rni I I ' Qhas -
g SR AT RN 8 £ B Rber G AR, e
P&%&Pﬁ@ﬁlﬂﬂéa’aibﬁ&ﬁ@i‘?@ﬁﬂﬁfeﬂrd{ﬂé%br}ﬁangges_ one or more routes,
where-gach JuieRARAIERQRE OIS IERINALRNS. AN TAUUEIZEISES Qens

route based on the message to distribute, and then applies load balancing
ARy BFhFRCHBHOBEMSHEE 7 heraBHCRH AomEsBEgEsHSt hessepieathly updated
Eoses thearauter L0 sendsdhe-messads ep Ebﬁofm&eﬂgm!ﬁadestination

based on the decision variable. If there is no network connection

established for the chosen &g&i"ﬁéﬁt}rr{ tm&fo?ﬁﬁn continues the loop
Wikt

v be for a

LFet 15 the existence time facior;

Average Transaction Time (ATT) is the average (preferably on a 2 seconds
integration period) transaction time (time between the receipt of the message
query and the reply to the message) computed by the application;

Transaction Time Threshold (TTT) is user or operator defined preset
minimurn time; and

Transaction Time Scale (TTS) isa 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 = WgLfg + 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 reported to
the ESB when returning the reply message.

Referring now to Fig. I, 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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5finds a connected destination; if no destination is still found, the ESB 110
replies with an error message indicating that no destination is reachable.
Each destination associated to a route has a static weight, which is

witaligally,sst by configuration. By default, a load factor equal
associated to each static weight. The dynamic weight is the sgit?(lzgvz\;g%?iﬁmﬂ

L&{tl% %Fd by (1.- load factor). The load factor is 10calculated using the
i 8%'gy noted herein. Each destination is associated with a
dems@aovarrabkemm@emﬂéxéf dhe dest&aaﬁom'tswﬁgﬁblea@@ﬁ@ﬂla message on

ion.variable js refera er of messa
taﬁ E gles%n{]toeﬁw On ?ﬁag f?)n rﬁffnl@s ’i‘h‘ééc?raé %&al numbat St E'riﬁe“g%rgges
mmhtmmstdb}hakraitfeethesémwmkﬁdmmh,etmmmmmamham@ thegsagentil it
el Q%ﬂa O?E,[Tﬁd%éls% Si7oH '”aff'oné’es}’ ﬁt%‘x'}%sdéﬁ?%f '%“%%%‘Y?o eotfawith an

examp e operatlon oranem O Iment o e p?ese invention Is

sshowressrEdsditaBnmipdcle degaativoiteseohdists of a set of destinations,
and a welghi-aliasts he lalle ook each.deatnaion OLRRI RGN e by

embodiment, the application reached by the route RIs distributed on
WirestEs Ry BAHILC 1o GrineESbieilés hwriite RORDsotaiRg . The

Hestinationsiosrerch e spnlica [g%aﬁggi ¢5- Tiedaad facter.qampyled i
on each node (LF = W%?Iié g + Wet [Set discussed above) is reported to

Hevtelse wiinkcihamstieanesi erjrts'a&digned to each destination. Since

the loaddaeterHadbisi example-is e, RAuab Nveiahts W ate-assigneddo
the |nd|V|duaI destination nodes as follows: Dest A: Wa = 10 25Dest B: Wb

desiigsaRitehgiRieiq §ond 2 fesagn e S d SR UHI RICtTRETARI b Higgrpmber

cﬁlﬂq’&h&@@@l&ﬂ@lg&ﬁStaﬂdsIhesfﬁﬂé.@Mﬂﬁlfﬁﬂmh&&heW@zca I number of messages
0 8 }OPCT/lBZOO%/OO 351 where; k is the number of

Wmécssag B85 et ety RAE S8 RO FrERP bR PERAR, A0 ﬁfeesem toa

dgrti@ytion only if this difference is negative.

An example of the operation of an embodiment of the present invention is shown
in Figs. 1-3. In each case, a route consists of a set of destinations, and a weight affects the
traffic flow of each destination of the route. In the embodiment, the appiication reached
by the route R1 is distributed on three nodes A, B and C. So on the ESB side, the route
R contains 3 destinations to reach the 3 application nodes. The load factor computed on
each node (LF = Wql.fq + 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 foliows:

Dest A: Wa=10

Dest B: Wo=10

_ Dest C: We= 10
Messages are distributed to the nodes based on the above weights and the

following formula:
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N, is the number of messages already sent to the destination I; and W1 is
the weight of destination i. Application of the equation ensures that
the number of messages already sent on a destination | doesn't exceed a
whegislical,yalue, proportional to the weight of this destinatiopcéglﬂghis 00351
case, the equal weights of the destinations creates an equal 10distribution
of messages (e.g., 33%) to each destination node. Referring now to
g2, messages accumulating in various queues associated with the
nodes inducé & derraspondingehaggaindhe rvadious o akk AW (Sofrgpdhding
shows an xam Ietin hich the load factor for nodes A, B, and C increase
from Or?g%lg, ) ?alﬁﬂ .9, respectively. This changes the weight of the
different destihatitvaspasofoltdws:sifPest i Ware {d xdds@hb)en3; Dest B:
Wb =10 x (1-0,%) = 3.Dest C: We = 10 x (1-0.9) = 1 Based on these
weights, 560/?51](%%})— lr%te%sgé@\thqﬁg%%gasheﬁtlto the node A, 33% (3/9)
20messages must be sent to the node B, and 11% (1/9) of messages

must %gs&ﬂ&taﬁtﬂgg&&&%my%&g&@%&m@?géﬁqmggévg %ﬂfr&@y &nt on o

The three diagonal lines'in Fig. 3 represent the theoretical

deessiiged focsadtruesdialicrrcipg vales Biepptdnel odserepreldarititie
Jeahflawn (8ach: s1eR-CAILeIRANTS: [9:2 JPERSALE RAING S8RII0.A cqual

destination). The resulting load balancing methodology 75therefore

HFHROKHACD S SRS -2 Stép e areh AR IS aleNFs the Bresenham
algoritharctaendsed ta perfarmfast compiation MR- integeEAYMBS!Sed with
instead of floating point numbers.  An optional feature of the above
RSN SR FSRRRG SHARGS IBWRDF B RYSRSEsRGIE ard dlidrdgaray
avhepiéhe euriathapplicalion Bovarleaderd shorexamplenidthe 3AUcad.7, and
factor of all the destinations behind a route exceeds a given load factor
B Al TR AR B I el G BT o, b o
originator foriastance):ard discamer: 5

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

DestC: We=10x(1-09)=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 throtiling, in which low-priority
messages are disregarded when the ;)verall 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) are

ldiscarded.



WO 2008/102230PCT/IB2008/000351 It is noted that the foregoing

examples have been provided merely for the purpose of explanation and

are in no way to be construed as limiting of the present invention. While
whehe Qgﬂlnventlon has been described with reference to

embod%h%ents it is understood that the words which have bégéﬁ?ﬁsﬂ 38 go/anesst

herein are words of dea%;:rlptlon and 5illustration, rather than words of

limitatiBris BHEhEES - BEmadE RRITING PeiRRR Sth B aspeitagty purpose
clainps s preseatlyisiaiedandasamensed, Wilhaydepasingd ametion.

€, and spirit. of the present in n.in |t ects. Although t
R R e e o e P e Gt
meaitsstmaitﬁmhsl@wdrémbmdmnésqd@eup@éﬁemamemmsswmmﬁmieﬁhd
be limited to artl uI lose hereln rather 1 the nt . .
ml\}senﬁ ?%?r? g)%%eeﬁtjé %unctlé)ﬂrliI ?%/Oélql?lzva?gn? isrf?' C%Freiaé me}tﬁfﬁ dts% aRg™ e of
Useppsudiy akiane mubnwmé}%@tpé ofdhe mppeededidiaimépWiHAT IS the
% IM‘EQ ﬁt& {H gi}%%z(?{ RP@%' glaittg;!; gc%é’ SEEE'?]C @& n Ingent invention has

etermini g an initi xed ISt utlon pat ern fort ting 0? e sages to
erffe fspvrthostiationeith refadenerrio mm@@lqumnpamﬁqeﬂéx @ais@db@dlatents the

Ipashaicurent ameunk of sysiem Usaang %@WH&@&%%E@B%%WMthW

use of a target site at a destination; determlnlng atime parameter

Bageera metiine mindsriraldeeiivmiyaspicato e uestnetiossnad uses,

Q@ﬁ%é’\@étkﬂﬁhﬁﬁft%s%%m;%%%@@'&w&@ load parameter based on at
least the time parameter and the queue parameter; and modifying the

distribution pattern based on at least the load parameter;



wherein said determining the time parameter comprises applying the
following formula: Lfiet = (ATT - ITT) / TTS where ATT is calculated based
on the average transaction time computed by the application; TTT is a
WHAPIedeiaiviFpedsminimum time; and TTS is a configurable parameter
that defines how fast the load factor reacts to an increase in transaction
time. 2. The method of claim I, wherein said determining a queue
parametérpsthiol deterniimingta itimeypaameterjsaid determining a load _
PasRmsIeL: an %ﬁﬁﬁ”%@@@&%@gg ﬁ%@éﬂlﬁsl%et he rou ti%ﬁ E@%Q&%‘Qq 18‘637‘!3%
1, wherein said modifying is response to changes in'‘the system on a
destinal{QB%tantially real time basis. 4. The method of claim 1, further

coerprisiing: distegapalingeracizsages matehing:predeteimine & eriteisduang
mﬂlrﬂgﬁrl%%%l%mgé/ g)‘r Ltoﬁgiet site zg Ta%stma?th()d of claim I, wherein the

determining a queue parameter comprises applylng the formula. 1_,Fq =
CERPIINEN Wi aTEigrsaee itk Gue dweaerfaom HIOMISapresahe

destinapiefidentage ofithe maxipwrruBrber of messages that a queue can

process UP represents %e number of messages in the qﬁjﬁue as ‘
c%arﬁéné}%(%to Its ¢ pamq A& htRBY BT URFRE IR A fe Tyt rameter;

and  parameter is based on the initial
modifying the distribution pattern based on af least the load parameter;

wherein said determining the time parameter comprises applying 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 i fransaction time.

2. The method of claim 1, wherein said determining a queue parameter, said
determining a time parameter, said determining a load parameter, and said modifying are recursive.
3. The method of claim 1, wherein 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:
LFgq =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 gueue as compared to its capacity.

S 10 -



load factor. The method of claim 5, wherein said determining a

gueue parameter comprises setting the queue parameter to the initial

gueue load factor when the initial load factor is within a certain range.

8. The method of claim 5, wherein said determining a queue parameter

COMPrisesSeiting ke AHBHS PRIRRAIRRLC A-RLesRItmIned nRIME MRED nitial

the initial load factor is below a certain range. 9. The method of claim
load fagtQfnerein said determining a queue parameter comprises setting the

gueue parameter to a predetermined value based on at least when the

initial load factor is above a certain range. 10. The method of claim 1,

wherein tHe BfTESL AR SisHisel SRYHRCIRfRNEsteNes iRt

compribés Ihapethofalchaina-wherein saichagiRimining adimme Rerameiehial load

comprises setting the time parameter to the initial existence time factor
factor Wﬁé‘ﬁifﬁéi irfitfale48&nce time factor is within a certain range. 12.
The method of claim 5, wherein said determining a time parameter
comprises setting the time parameter to a predetermined value when the
iffitial exidteMERheakER s BlisHR %éﬁ)ﬂ%w@é?g a qUESE THEARF0d
comprRECkEMnL, tgrRiR: $ald meditgngis Rased; Ay akleastRRAMBINGLIP LA factor is
the time parameter and the queue parameter. 14. The method of
below g665241 {9REFein said modifying is based on at least a weighted
combination of the time parameter and the queue parameter. 15. A
method for routing data in a system, comprising:. . determining an initial

distributicls FEHEeH Rt Uttt 6P h ek AG e i cr BHE HoRHHAIRIRS:

comprdetesniningafuedeRanmeter baserkemihe behrviorQla: g elsite alihe
tig(%[ion; determini%%_a time parameter based on the time that a

... de v
initial lr%as il #h YpPREHABNAR%Re destination has been waiting for its

processing; determining a load parameter based on combination of

the time_parameter the queue parameter; and modifying the o
iStribut BE&E?H &?%?@Hrb}? {HETSHBWIA G RFIRALI9HE) oA oa the miyal

existence time factor.
il. 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 -



Where: Ws(i) is a weight as set by the initial distribution pattern for a
particular destination Ni) 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. 16. The method of claim 15, wherein the load

parametends;Ragsd Qn-aLls @?%%@@ﬂﬁt@%@%ﬁﬂﬁi . @%ﬁ%%ﬁ%%%&e@%%mprises

. the queue parameter. P.The method of claim 15, wherein tf
settingfhe S diareBesE doon el SRS iusavdamishedtidfe b tiretinretime factor is
below Balameiesand the queue parameter. 18. The method of claim 15, further
comprising:bdetermining a period of system overload; and disregarding,
during the period, messages in that match predetermined criteria. 19.

The memrﬁéﬁl@%fj@}Mﬂﬁ[?@ﬁ&%iﬂ‘%ﬂﬂ%&l@?nﬁﬁ?'?)a%éi{‘Sﬁdé?‘J‘gL@Qa

.Bresenham algorithm to compute in substantially réal time a distribution of
combipglieaHdle timeygrayRgishamchorEaPABIWEErein the method relies

upon a line-drawing Bresenham algorithm to compute in substantially real

time a distribution of messages. ~~ 21. The method of claim 1, wherein

shifd odifisgrcthad cEsimides pisiinaithaddifinainiased onpidrask isweighted
combitRgdERRRS mf&%@@ﬁﬁ%ﬂx geEMVEARY e ESB. N, is the number of

messages already sent to the destination i, and W1 is the weight of
destination i.

15, A method for routing data in a system, comprising:

determining an initial distribution pattern for the routing of messages to different
destinations;

determining a queue parameter based on the behavior of a target site at a destination;

determining a time parameter based on the time that a message in the application at
the destination has been waiting for its processing;

determining a load parameter based on combination of the time parameter and the
queue parameter; and

modifying the distribution pattern based on the following formula:

Wd(i) = Ws(i) (1 - LF®))

Where:

Ws(i) is a weight as set by the initial distribution pattern for a particular destination
P(1) in a route;

LE(1) is the load parameter for the particular destination; and

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

16. The method of claim 135, wherein the load parameter is based on at least a

combination of the time parameter and the queue parameter.

17. The method of claim 15, wherein the load parameter is based on at least a

weighted combination of the time parameter and the queue parameter.

172 -



22. The method of claim 15, wherein said modifying further comprises
applying the formula: where k is the number of messages already
received by the ESB, N1 is the number of messages already sent to the
destination i, and W1 is the weight of destination i.

18. The method of claim 15, further comprising:
determining a period of systern overload; and

disregarding, during the period, messages in that match predetermined criteria.

19. The method of claim 1, wherein the method relies upon a line-drawing

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

20. The method of claim 15, wherein the method relies upon a line-drawing

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

21. The method of claim 1, wherein said modifying further comprises applying the
formula:
W,
N, <k —
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,

22, The method of claim 15, wherein said modifying further comprises applying

the formula;

W’Z.
N, <k
W,

i

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

messages already sent 1o the destination i, and W, is the weight of destination i.



