MVT OPTIMIZATION OF BUSINESS PROCESS MODELING AND MANAGEMENT BACKGROUND
[0001]Service Oriented Architecture (SOA) refers to a set of design principles that, when applied to a
computer architecture, creates a system that is built out of smaller pieces (services) that can be easily
reconfigured and reused.In the context of a corporation's IT infrastructure, SOA can refer to the
various systems, such as web sites, personnel databases, product databases, inventory systems,
accounting systems, etc., that are built as interchangeable elements. In this SOA context, business
process modeling or management (BPM) is the "wiring" of individual services into a composite system.
BPM software can allow users (e.g. business analysts) to model different possible systems, and
system developers to implement the models into large, automated systems that act as new software
applications. ThesennpdeiPtam irAKOACEIBubidEsts tha OEdsmonEiet R RR o tasks.
[0002]Currently BPM process optimization is performed using an iterative process in which the existing
process is modeled, for example,by creatingvnakheeBNtENTredictions as to the costs and benefits of
each sub-process and, using these predictions, an examination is made of whether a new BPM
methodology would theoretically improve the system. That is, the same mathematical assumptions
would be applied logically to decide whether an improvement would be realized, and thus BPM

process optimization is reduced to a thought
BACKGROUND

[0001] Service Oriented Architecture (SOA) refers to addedesign principles that,
when applied to a computer architecture, creategstem that is built out of smaller pieces
(services) that can be easily reconfigured andecturs the context of a corporation’s IT
infrastructure, SOA can refer to the various systesuch as web sites, personnel databases,
product databases, inventory systems, accountingtersyg, etc., that are built as
interchangeable elements. In this SOA contextiness process modeling or management
(BPM) is the “wiring” of individual services into aomposite system. BPM software can
allow users (e.g. business analysts) to model rdifte possible systems, and system
developers to implement the models into large, rmated systems that act as new software

applications. These models can include actualiddals that perform predetermined tasks.

[0002] Currently BPM process optimization is performethgsan iterative process in
which the existing process is modeled, for exarbglereating mathematical predictions as to
the costs and benefits of each sub-process anmag tisese predictions, an examination is
made of whether a new BPM methodology would thémally improve the system. That is,
the same mathematical assumptions would be apptigitally to decide whether an

improvement would be realized, and thus BPM prooggenization is reduced to a thought



experiment.Once the model is implemented, it can be validated by confirming if the actual
improvements match the predicted model. An example of a BPM process includes automation of a
home mortgage application review and approval process, which generally involves computer
systemsand human agents for facilitating the processing of mortgage applications. In such ahome
mortgage application review and approval process, current techniques of BPM process optimization
may include re-modeling of the process by including, removing or modifying one or more processes
based on, for example, customer feedback or industry research. [0003]Current BPM process
optimization however does not use methods associated with statistical experiments. The modeling
approach does not provide for the use of live experimentation, hypothesis testing and statistically

significant gdmniereouredifey ariodpss prpliaionsde i@.cooaiited Wihopieiteivg #shimaiesas to
what the actual possible loss or gain is of an alternative business process), or confidence intervals.
Moreover, thgproveleigrgsapprtohchejse diogsi mb pedvidedraafsied Pifi o aerssititiicdetetemoinition
optimum settings. SUMMARY OF THE INVENTION [0004]A multivariate business process modeling

or managenfeat (BRI ) roptigazeti apgysationfoevigtimaag @pBRvasese nwinal igelueiallylogioleger to
control operation of the
computer systemsand human agents for facilitatiegprocessing of mortgage applications.
In such ahome mortgage application review and afbrarocess, current techniques of BPM
process optimization may include re-modeling of fgirecess by including, removing or

modifying one or more processes based on, for ekgngoistomer feedback or industry

research.

[0003] Current BPM process optimization however doesusat methods associated
with statistical experiments. The modeling apphodoes not provide for the use of live
experimentation, hypothesis testing and statisyicagnificant results to be used for gain/loss
predictions (e.g. coming up with predictive estiesats to what the actual possible loss or
gain is of an alternative business process), ofidemce intervals. Moreover, the modeling

approach also does not provide for a scientifica@gh for determining optimum settings.

SUMMARY OF THE INVENTION

[0004] A multivariate business process modeling or mamege (BPM) optimization
system for optimizing a BPM system may include giddayer to control operation of the
BPM system, a utility layer including software extsl by a computer systemto implement a

randomized experimental treatment based on a hgpisthand a persistence layer to collect



BPM system, a utility layer including software executed by a computer systemto implement a
randomized experimental treatment based on a hypothesis, and a persistence layer to collect data
from application of the randomized experimental treatment to the BPM system. The multivariate BPM
optimization system may optimize the BPM system by computerized testing of the hypothesis and
generation of results to add, remove or modify a step or modify a point in a flow of the BPM system
based on the data collected from application of the randomized experimental treatment. [0005]For the
multivariate BPM optimization systemdescribed above, the logic layer may includean experiment
transmitter serviceto modify or replace an existing service, and thus integrate the BPM optimization
system with the BPM system or a BPM sub-system. The logic layer may also include a delegator

servicetomagta sioecitp fRRMispnicationdadurappRsipiiaransthant contigupriansysteen. The
BPMoptimization system, and thus associate the BPM system or the BPM sub-system with an
experimentaluiteainaemtiBRV Bbtivhizptionzaietesysteay. dpenhidsie B nsgytéunthiey inchigatersegiment
manager servicetomanage all incoming segmentation variables that identify test subject qualifications,
and thus deédisteng qfehimbypaitsegisants desrdtam therddtdexiol| eetedviecm mppiiyadistepfahenodify a
randomized experimental treatment. [0006]For the multivariate BPM optimization system described
above, the poility layarfloay ohdhel B2 Meaysiem frasitkose thie statbssigdtiionarafipitatio exgfetir@ental

randomized experimental treatment.

[0005] For the multivariate BPM optimization systemddsed above, the logic layer
may includean experiment transmitter serviceto ffiyodr replace an existing service, and
thus integrate the BPM optimization system with Bi#&M system or a BPM sub-system. The
logic layer may also include a delegator servicetona specific BPM application to
anappropriate account and configuration in the Bptfwiuzation system, and thus associate
the BPM system or the BPM sub-system with an erpemtal treatmentin the BPM
optimization system. The logic layer may furthenclude a segment manager
servicetomanage all incoming segmentation variathlasidentify test subject qualifications,
and thus define experimental segments based odatsecollected from application of the

randomized experimental treatment.

[0006] For the multivariate BPM optimization system déseidl above, the utility
layer may include a treatment provider servicetsiggghe randomized experimental
treatment based on a particular set of attributmataalue pairs, and thus create the

randomized experimental treatment based on a phlatiattribute. The utility layer may also



treatment based on a particular set of attribute name/value pairs, and thus create the randomized
experimental treatment based on a particular attribute. The utility layer may also include anidentity
provider service tomanage the unique identification of experimental test subjects, and thus manage
reference keys used by an instance cache service, a history archive service, or external BPM data
systems to uniquely identify experimental test subjects. The utility layer may further include an
outcome recorder servicetostore individual experimental test results, and thus manage delivery and
storage of experimental outcomes. [0007]For the multivariate BPM optimization system described
above, the persistence layer may include a log serviceto record events associated with the BPM
system. The persistence layer may also includean instance cache serviceto store treatment, identity

and segmeiniatias daladatigcorsaiplitge \heepeisiaienne IngpIEMay ftntheion i dxgehisionyasapgceto

store outcome data, and thus store the data collected from application of the randomized experimental

treatment. KUMpSiEsrémel nhulsivasaie & RVe cpiteikelisusydibgtaescohedeabavicdhe tagiory archive
service, or external BPM data systems to uniquadntify experimental test subjects. The

utility layer may further include an outcome recardervicetostore individual experimental

test results, and thus manage delivery and stmbegeperimental outcomes.

[0007] For the multivariate BPM optimization system désed above, the
persistence layer may include a log serviceto tkevents associated with the BPM system.
The persistence layer may also includean instaacbecserviceto store treatment, identity
and segmentation data for accessibility. The pensce layer may further include a history
serviceto store outcome data, and thus store the dzlected from application of the

randomized experimental treatment.

[0008] Forthe multivariate BPM optimization system desedibabove, the logic,

utility and persistence layers may enable custaimizaand adaptation of the multivariate
BPM optimization system to the BPM system. Thelmanized experimental treatment may
include an assignment of levels of attributes staistical experimental design.An example
of levels of attributes may refer to specific sgji of a parameter in a BPM system.
Different levels of attributes may also refer tdiety different variations of sub-process in a
BPM system. Thus, the randomized experimentaltrireat may includea variation in a

process in the BPM system. The multivariate BPMnogation systemmay further include



utility and persistence layers may enable customization and adaptation of the multivariate BPM
optimization system to the BPM system. The randomized experimental treatment may include an
assignment of levels of attributes in a statistical experimental design.An example of levels of attributes
may refer to specific settings of a parameter in a BPM system. Different levels of attributes may also
refer to entirely different variations of sub-process in a BPM system. Thus, the randomized
experimental treatment may includea variation in a process in the BPM system. The multivariate BPM
optimization systemmay further include an adaptive process toindicateif therandomized experimental
treatment is suboptimal prior to completion of a statistical experiment. The foregoing results may be
automatically generated statistically significant results for gain and loss predictions based on
modificatioarobthgp BrMb RysiestoMigiaaeN ehe dIfitr Al raRpdIal arsamasinally upoptaied ptrjistically
significant results for determination of significance of contribution of a particular attribute of the
randomized@xpériioe utbhteeatgteall. ¥rp dvirtient. tHEhe Ruidg oty e @akp e tcadn gical pigehstaiistically
significant results for determination of an interaction between different processes of an optimized BPM
system or thtiHbAlby signifi(a0083scitefdngaio ancqedictiens hasethad peddicas @pohtizatiRPNof a
business process modeling or management (BPM) system. The method may include identifying a
location in tysBPM sydtemaditelt, dmel crsiniagzasaido mitenidixgaiaesicd tstatintieathasigaiicaat
hypothesis for the identified location, and applying the randomized experimental treatment to the BPM
system. Theeswdithdarmtistermination | wWestgnifiianttied BRIy stemh dypestsplaerpigibtdsting diehe
hypothesis and generating results, andadding, removing or modifying a step or modifying a point in a
flow of the EPNPEYSRNEHRSEMEAtahisceIMEsTeY TEIR ASHIEERbE JhaYeharmBamalisalky aerrimgd

treatment. [0010]For the method described above, the method may further includedefining attributes of

the randonHRPEsRIBtRHMHIOARE AT INFSLIBINAY AN J B tREURR DRSS 4lifferent processes

of an optimized BPM system or the BPM system.

[0009] According to an embodiment, a method performs dp#ition of a business
process modeling or management (BPM) system. Téod may include identifying a
location in theBPM systemto test, and definingradmanized experimental treatment based on
a hypothesis for the identified location, and apmythe randomized experimental treatment
to the BPM system. The method may further inclugimizing the BPM system by
computerized testing of the hypothesis and gemeyatesults, andadding, removing or
modifying a step or modifying a point in a flow thfe BPM system based on data collected

from application of the randomized experimentatingent.

[0010] For the method described above, the method mayeurnncludedefining
attributes of the randomized experimental treatnaewlt assigning levels of the attributes in a

statistical experimental design.Attributes may disoreferred to as independent variables in



statistical experimental design.Attributes may also be referred to as independent variables in terms of
statistical modeling. The method may also include modifying a process or relative flow of a process in
the BPM system for the randomized experimental treatment.The method may also include
automaticallyindicating if a randomized experimental treatment is suboptimal prior to completion of a
statistical experiment. For the foregoing method, the results may be automatically generated
statistically significant results for determining significance of contribution of a particular attribute of the
randomized experimental treatment. Alternatively, the results may be automatically generated
statistically significant results for determining an interaction between different processes of an
optimized BPM system or the BPM system. [0011]According to an embodiment, a non-transitory
computer reagaplsf maditirahavitiesigred teeresheicommp Wirhexe entaifg iy coRot s Oplimirtiae
business process modeling or management (BPM) system is provided. The computer executable
program wiiew @tecptedesayrctics 8 M aystetar foystemdnddaiitipariotaitan tiednad Vheystethtal test,
and define a randomized experimental treatment based on a hypothesis for the identified location, and
apply the ramaipnailsed expedenanisbimatoagm dictiia@PM aystanipdthecograpoientaketreteblerndgrogram
when executed may further causethe computer system tooptimize the BPM system by testing the
hypothesis s giémer auiriey rtss giosn pletiad dofrensiatisticadcefifnenste fror thedidyegpiatnrethidwtbethe
BPM system based on data collected from application of the randomized experimental treatment.
[0012]For tiesglisnpoeyr kedaienadidrlly dengiptetaptalisyieritibficanterexdtsitédle gatagraimngnen
executed may further causethe computer system todefine attributes of the randomized experimental
treatment SAHEIGRILOHF i AR RORTH ISiaAH B0 isinmdonirad SyReTme rGhiperEment.
executable program when executed may further causethe computer system to vary a process or
relative flo/ A BRYsdIE HesHisMEsienaviomaterihosmed sipiricritayeeftABhf eBriE for

DESCRIPTION OF DRAWINGS . _ o
determining an interaction between different preessof an optimized BPM system or the

BPM system.

[0011] According to an embodiment, a non-transitory coraputadable medium

having stored thereon a computer executable prog@noptimize a business process
modeling or management (BPM) system is provideche Tomputer executable program
when executed may cause a computer system tofgantcation in the BPM systemto test,
and define a randomized experimental treatmentcbasea hypothesis for the identified
location, and apply the randomized experimentaltinent to the BPM system. The computer
executable program when executed may further daeisstmputer system tooptimize the
BPM system by testing the hypothesis and generagnglts, andadd, remove or modify a
step or modify a point in a flow of the BPM systbéased on data collected from application

of the randomized experimental treatment.



[0013]Theembodiments of the invention will be described in detail in the following description with
reference to the following figures. [0014]Figure 1 illustrates asystem diagram for a multivariate BPM
optimization system, according to an embodiment; [0015]Figure2 illustrates an additionalsystem
diagram for amultivariate BPM optimization system, according to an embodiment;
[0016]Figuredillustrates a methodfor performingmultivariate BPM optimization,

[0012] For the computer readable medium described abbeecamputer executable
program when executed may further causethe commystem todefine attributes of the
randomized experimental treatment and assign leeélghe attributes in a statistical
experimental design. The computer executable progvhen executed may further causethe
computer system to vary a process or relative #dva process in the BPM system for the

randomized experimental treatment.

BRIEF DESCRIPTION OF DRAWINGS

[0013] Theembodiments of the invention will be descrilredietail in the following

description with reference to the following figures

[0014] Figure 1 illustrates asystem diagram for a mufiata BPM optimization

system, according to an embodiment;

[0015] Figure2 illustrates an additionalsystem diagramn &multivariate BPM

optimization system, according to an embodiment;

[0016] Figure3illustrates a methodfor performingmultiedei BPM optimization,

according to an embodiment; and

[0017] Figuredillustrates a computer system, accordirgntembodiment.



according to an embodiment; and [0017]Figuredillustrates a computer system, according to an
embodiment. DETAILED DESCRIPTION OF EMBODIMENTS [0018]For simplicity and illustrative
purposes, the principles of the embodiments are described by referring mainly to examples thereof.
Also, the embodiments may be used in combination with each other. In the following description,
numerous specific details are set forth in order to provide a thorough understanding of the
embodiments. It will be apparent however, to one of ordinary skill in the art, that the embodiments may
be practiced without limitation to these specific details. In some instances, well known methods and
structures have not been described in detail so as not to unnecessarily obscure the embodiments.
Also, the embodiments described herein may be used with each other in various combinations.

1.0verviewDETAILED DESCRIPTION OF EMBODIMENTS

[0018] For simplicity and illustrative purposes, the pipies of the embodiments are

described by referring mainly to examples thereAfso, the embodiments may be used in
combination with each other. In the following d@siton, numerous specific details are set
forth in order to provide a thorough understandmghe embodiments. It will be apparent

however, to one of ordinary skill in the art, thihé embodiments may be practiced without
limitation to these specific details. In some amtes, well known methods and structures
have not been described in detail so as not toagssarily obscure the embodiments. Also,

the embodiments described herein may be used w4t @her in various combinations.

1. Overview

[0019] According to an embodiment,a multivariate BPM optation system (MVT
BPM optimization system) is provided for applyirtgtsstical experimental designtobusiness
processes (also referred to as business systemm)hesith the goal of optimizing specific
target metrics such as cost, efficiency, custonatéisfaction, profit or other business goals.
The MVT BPM optimization systemthus provides fojustinent or modification of aBPM
process(for example, modification of a businessgse flow, which can be specified in a
flow chart format), where a BPM process (also ref@rto as BPM system herein) is an
orchestration engine that decides the order in lwpieces of a business process are supposed
to be engaged. The multivariate testing/optimaratior SOA Orchestration/BPM solutions

includes, but are not limited to, CRM (customerati@inship management) and ERP



[0019]According to an embodiment,a multivariate BPM optimization system (MVT BPM optimization
system) is provided for applying statistical experimental designtobusiness processes (also referred to
as business systems herein) with the goal of optimizing specific target metrics such as cost, efficiency,
customer satisfaction, profit or other business goals. The MVT BPM optimization systemthus provides
for adjustment or modification of aBPM process(for example, modification of a business process flow,
which can be specified in a flow chart format), where a BPM process (also referred to as BPM system
herein) is an orchestration engine that decides the order in which pieces of a business process are
supposed to be engaged. The multivariate testing/optimization for SOA Orchestration/BPM solutions
includes, but are not limited to, CRM (customer relationship management) and ERP (enterprise
resource plmingiso maioarce praatin Ny Srinsendne @y RS kioseprAbd e chistilidaiectsr be a
optimization using the MVT BPM optimization system, where BPM systems can be used to compose,
orchestratecangigate tiigetpenseatice asimgahitiony TR0 Tpesaéitsticpsexpenmeratst Bpbigyspplged by
the MVT BPM optimization systemmay include assigning an experimental treatment at a
predeterminad becatied i0 eoneposte) g BR&S pate esidoe expetivieatad tnpasitiensis a particular
assignment of levels of attributes (e.g. independent variables) in the statistical experimental design, or
a variation in any process or relative flow of a particular process in an existing BPM process. Thus a
treatment is a collection of one randomly assigned level for each one of the attributes in an
experiment, or in other words, a random assignment of randomly decided levels for all of the attributes
in an experdftAt. A levellRESRAISBSIRXREHAGTE Hratenanei&inde Lie AR SriIkG-OPariable
in the experimental treatment.Further, multivariate testing is the testing of multiple hypothesis at

once. Thus YRRV R PR USRI QB R RIS SR RR8n ?%%UE\%%XEPH?%’@F’NA an

process based on t%%jémultaneous testinﬁ or manipulation of multiﬁ)(I:(El lgrocesses. OOZJf]Iln ar? ex?mple

related to aeéllgwp%r ﬂ&ﬁg%ﬁort@ag%x Sﬂﬁf&%[ﬁ ];%Qﬁg%egﬁdpar r assignment of" levels o

attributes (e.g. independent variables) in thassiedl experimental design, or a variation in
any process or relative flow of a particular precas an existing BPM process. Thus a
treatment is a collection of one randomly assiglese| for each one of the attributes in an
experiment, or in other words, a random assignraerdndomly decided levels for all of the

attributes in an experiment. A level is one pogsgsdtting for an attribute, where an attribute
is a single variable in the experimental treatnt@nther, multivariate testing is the testing of
multiple hypothesis at once.Thus the MVT BPM opgation system enables determination
of improvement in a BPM process based on the samatius testing or manipulation of

multiple processes.

[0021] In an example related to a BPM process for a mgeggpplication review and
approval process (see discussion in Section 4 -mpbe, the statistical experimental
designmay include the attributes of credit-scoreofulevel, or the length of time a loan

officer has been with a company. The credit-saareoff level attribute may include any



approval process (see discussion in Section 4 - Example), the statistical experimental designmay
include the attributes of credit-score cut-off level, or the length of time a loan officer has been with a
company. The credit-score cut-off level attribute may include any level chosen by a user (e.g. 500,
600, 700 etc.), and the length of time a loan officer has been with a company attribute may
likewiseinclude any level chosen by a user (e.g. 6 months 1 year etc.),In the foregoing mortgage
application example, an example of an experimental treatment may be a credit-score cut-off level of
500, and a length of time a loan officer has been with a company of 6 months. Another example of an
experimental treatment may be a credit-score cut-off level of 700, and a length of time a loan officer
has been with a company of 1 year. [0022]The MVT BPM optimization systemcreates a valid statistical
multivariateegxperiomnt byed creie@nly steElDc7ageitNe tErckiesultredeioamiogiantinagl hrels,
and automatically adapt business processes.The MVT BPM optimization systemuses existing BPM
software (owndtreatradapaand atités engnagskevaiesinel wieexmyizoleot @ndhyes arseotegme snanthsises
statistical practices to drive the entire process. The MVT BPM optimization system uses live data to
create real\gtatistica). kstineafose gsing posaddgeargiykis ieargple pandexaimpl g af sivlyeaqperiswmny|
simulation assumptions.MVTmethodology allows optimization of multiple components simultaneously,
the softwarkealienitivaydduaes editrenoesfont-afidave KHLDBPYIepgthizationesgsiemn offaershastual
statistical estimates of optimal levels and expected performance/cost/benefit gains. Thus the MVT
BPM optimbegibivéheeaprani«d Bmetitsitednsittias assaiangesaeneesitad fiaragsticary be a
significance in conclusions, statistically significant conclusions to hé}%othesis, and actual estimates with

specific coffieidiresarfectukiaiblRvieh Rd A e aiilr®s lsn s, airamoificsr KRS IR AtiBha company
of 1 year.
[0022] The MVT BPM optimization systemcreates a valid istefal multivariate

experiment that can apply alternative algorithmeck results, determine optimal levels, and
automatically adapt business processes.The MVT Bipliimization systemuses existing
BPM software (orchestration and rules engines) ¢otrol an experiment and record
outcomes, and uses statistical practices to drihe dntire process. The MVT BPM
optimization system uses live data to create registical estimates, as opposed to analysis
being dependent on (possibly erroneous) simulagigsumptions.MVTmethodology allows
optimization of multiple components simultaneoushg software automation reduces human
effort, and the MVT BPM optimization system creadesual statistical estimates of optimal
levels and expected performance/cost/benefit gaiifwuus the MVT BPM optimization
system provides for estimates of the necessary lsasipe for statistical significance in
conclusions, statistically significant conclusiotts hypothesis, and actual estimates with

specific confidence intervals over probable gaindosses. The MVT BPM optimization
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system also enables inclusion of advanced techniques that "continuously adapt” the experiment so
that early gains can be rapidly incorporated. [0023]The MVT BPM optimization system can be applied
to a variety of industries, for example, banking, health care, manufacturing, government etc., wherever
a business process can be implemented.Examples of applications of the MVT BPM optimization
system will be described herein with reference to automation of a home mortgage application review
and approval process. 2.System [0024]Figure 1 illustrates a high-level diagram of a MVT BPM
optimization system 100, according to an embodiment. Generally, a user (e.g. a business analyst) at
102 would input or load their existing BPM process 104and would utilize MVT BPM optimization
system 100, for example, by creating a new node in the existing BPM process (e.g. in the BPM flow

diagram)driygsicy Mb Bdtongsinmiwhiisiorsysteaolafcdtie tsendrfiiaprovistathby My TBRM" the
optimization system 100may be new services, and may be incorporated as a splitter in the existing
flow diagraexperithentsey'thakisting ¢ paodessapisigipauased] in further detail below, the user may
create a new experiment and define its attributes in MVT BPM optimization system 100. With the
experiment and attributes defined, MVT BPM optimization system 100may be part of the user's
existing BPM orchestration. The BPM orchestration may be modified by adding a new service

associated with a particular attribute o _ _ _ _
0023 The MVT BPM optimization system can be applied teasiety of industries,

for example, banking, health care, manufacturingyegnment etc., wherever a business
process can be implemented.Examples of applicatbbtise MVT BPM optimization system
will be described herein with reference to autooratf a home mortgage application review

and approval process.

2. System

[0024] Figure 1 illustrates a high-level diagram of a MBPM optimization system
100, according to an embodiment. Generally, a (s@r a business analyst) at 102 would
input or load their existing BPM process 104and Moutilize MVT BPM optimization
system 100, for example, by creating a new nodthénexisting BPM process (e.g. in the
BPM flow diagram)driven by MVT BPM optimization dg$n 100. The services provided by
MVT BPM optimization system 100may be new servicasgd may be incorporated as a
splitter in the existing flow diagram for the usegexisting BPM process. As discussed in
further detail below, the user may create a neweewent and define its attributes in MVT
BPM optimization system 100. With the experimend aattributes defined, MVT BPM
optimization system 100may be part of the useristexy BPM orchestration. The BPM

orchestration may be modified by adding a new seraissociated with a particular attribute
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of the experiment, and based on the level of that attribute, the flow of the modified/optimized BPM
process 106 may be directed to one or more new or different paths in the overall BPM process (e.g.
new or different paths in the overall BPM flow diagram). [0025]MVT BPM optimization system100 thus
provides a platform that allows a user (e.g. a business analyst) to define an experiment to actually
control existing BPM process 104 in order to create variations and track their outcomes, and to
furtherperform the statistical analysis within one system. [0026]Figure 2 illustrates MVT BPM
optimization system 100 in more detail. MVT BPM optimization system 100 may be partitioned into
three layers, namely logic/controller layer 200 (hereinafter 'logic layer 200", utility/functional layer 210
(hereinafter 'utility layer 210", and persistence layer 220, with each layer including three services. For
purposes obfaedidtingitherdeantbigsbdayetne (el P e @20 tefingactaneantciiedrhiinein e
including a single service, or a combination of two or more services.Layers 200, 210 and 220 also
describe thBRfeNerad déyn Lt ahidy dfettkireesg chivenseasvines dbrstiéftadnn fagwsar’ths semtak Bivesents
the smallest set of functional operations that a program or programmatic component delivers. Thus a
service maprbeangp(ergenssdon difftvesriep thdivdne ov@Bimtonatiegthereof. In an example, a service
may be a physically independent software program with specific design characteristics that support the
attainment of the strategic goals associated with service-oriented computing. Each service may be
assigned its own distinct functional context and include a set of capabilities related to this context.
Those capabilities suitable for invocation by external consumer programs may be expressed via a
published 8R%ek contraM &M U aeiRohey STy L ARSI R MAY s iR theh RIPWS S HRRIre,
hardware or a combination thereof, and provide the functionality for one or more services. Thus the
layers and %%ié&%%?ﬁr@ﬁ%@&%‘%ﬁ%ﬁ@ﬁ@ﬁﬁ'W@E%&o&%‘ﬁ?kﬁ‘ﬂﬁ%@%ﬂﬁ PrRrEProtided
for illustrative purposes only and may be partitioned, comhbined or otherwise modified for facilitating
application Bt AP GRS 8 EATAS, i 265 A GEIEDw AR A RRCLLEn FR P e your
of the Iayergnarlldslervi es as shov¥nniqn Figures 1 and 2 may not be used to structurally or functionally
limit the scopé\l SR (R/I%Sﬁ?n?zation system100.

[0026] Figure 2 illustrates MVT BPM optimization syster@0lin more detail. MVT
BPM optimization system 100 may be partitioned ititcee layers, namely logic/controller
layer 200 (hereinafter ‘logic layer 200’), utilifwhctional layer 210 (hereinafter ‘utility layer
210’), and persistence layer 220, with each lageluding three services. For purposes of
facilitating the description, layers 200, 210 ar2f 2lefine a conceptual architecture including
a single service, or a combination of two or moeeviges.Layers 200, 210 and 220 also
describe the general functionality of the respectervices illustrated in Figure 2. A service
represents the smallest set of functional operstitmt a program or programmatic
component delivers. Thus a service may be impléedemn software, hardware or a
combination thereof. In an example, a service mayabphysically independent software
program with specific design characteristics thgip®rt the attainment of the strategic goals

associated with service-oriented computing. Eamhise may be assigned its own distinct
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[0027]A service composition may be a coordinated aggregate of services. A composition of services
may thus be comparable to a traditional application in that its functional scope is usually associated
with the automation of a parent business process. Thus system 100 may be implemented as a single
hardware and software application, or as an aggregation or service composition of individual services
as discussed below. [0028]Logic layer 200 includesexperiment transmitter or bridge service 202
(hereinafter ‘experiment transmitter service 202"), delegator or controller (page tag) service 204
(hereinafter "delegator service 204'), segment manager service 206 and statistical engine service 208.
The logic layer may perform orchestration or modify an existing orchestration of

functional context and include a set of capabditielated to this context. Those capabilities
suitable for invocation by external consumer praggamay be expressed via a published
service contract (much like a traditional API). éAdule may be implemented in software,
hardware or a combination thereof, and provideftimetionality for one or more services.

Thus the layers and services of MVT BPM optimizatgystem 100 as shown in Figures 1
and 2 are provided for illustrative purposes onhd anay be partitioned, combined or

otherwise modified for facilitating application VT BPM optimization system 100 to a

user’'s existing BPM process. Further, the layouthe layers andservices as shown in
Figures 1 and 2 may not be used to structuralffppoctionally limit the scope of MVT BPM

optimization system100.

[0027] A service composition may be a coordinated agdeegdH services. A
composition of services may thus be comparable twaditional application in that its
functional scope is usually associated with th@mation of a parent business process. Thus
system 100 may be implemented as a single hardardesoftware application, or as an

aggregation or service composition of individualvg=es as discussed below.

[0028] Logic layer 200 includesexperiment transmitter laidge service 202
(hereinafter ‘experiment transmitter service 20#¢Jegator or controller (page tag) service
204 (hereinafter ‘delegator service 204’), segnmahager service 206 and statistical engine

service 208. The logic layer may perform orchestnaor modify an existing orchestration of
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an existing BPM system.Utilitylayer 210 includestreatmentproviderservice 212, UID/token/identity
providerservice 214 (hereinafter "UID (unique identifier) service 214'), and
outcomerecorderservice216.The utility layer may enable encapsulation of all functional support
sub-systems for the BPM optimization system that are used to implement a statistical experiment. If
there is any customization or exchange swapping of components in the BPM optimization system, the
customization may be isolated to the utility layer. Persistence layer 220 includes log service 222,
instancecacheservice 224, and history/archiveservice 226 (hereinafter 'history service 226').The
functionality of each of the foregoing layers and services may be abstractly applied to a user's existing
BPM system for BPM optimization. [0029]Experiment transmitter service202 of logic layer 200 handles
all integratian wigxigimgP\NspXstersydean enager the espeiitridcaaasmbioniridee/a2 naywbe the
single point of integration between the BPM optimization system 100 and an existing BPM system that
is going to benwkeolliedniitupruithlicegandde 21pe(irarsib afteHnteiqesviderifizrdepaicingier)a BPM
system that is being optimized and its level of automatic or manualfunctionality, service 202 enables
communicatiah @uidontegratiale teetivee2 5§ Stam i yalagyamnreadgila geBeAsyatem. d ek dJatmtiseatice
204 determines which MVT BPM account, experiment and input variables an individual request” is
associatedswithon snlesyatpres BRNhe R admiaiiems)Stea ayehoseskbth dinpleonpot aistatistioal
several simultaneous experiments by different departments on different systems, such as ERP, BPM
etc. A usergnpgrinariet ifithaneeigpenyneurtbin telinin ¢ b aKBEcsapring, efscenironsststir the BPM
experiment, and also define segmentation and outcome variables that will be recorded by system 100.
The DelegaRbimigalies Spatemptdhficestamizatpnnnaytpeiiaeiae sstefivolaglrAriai feR¢RdSr set
upshould be accessed.Segment managerservice 206 is responsible for all logic and functi_onalit%/ that
takes availZBfé ARG IRSsSERI@eata NERRERFABRSESH B NIEL. HROIMBIFAYESRIYIBR 226
generalized enough to be usable for either MVT or "behavior targeting'. For MVT BPM optimization
system 108NSERALIR mBISLY¥r SeIVicR 286 hIdRaBHIOMRS ek inis Jareqqles, Riararand
experimental ryle, with the experimental rule being a rule based on segment information that
determines RHAGFS BPBE FRSHADAARAIGS IR AN BRIEHL R Bk AR IFEU example
of an experimental rule for the foregoing mortgage application example may include a determination of
whether an application was initially submitted using a web interface, and based on segmentation data,
such an application would be removed or not enrolled in the experiment. Statistical engine service 208

provides theygegessary siglisticabaalculalians ARdanaye’s gistiread iy ennles Ul realgeRbn

provider service 212 of utility layer 210 creates a randomized experimental treatment based on a
particular exparimenaivte sterRime BhPEUNBISEVCeintantBHRRICENIERII289 AN be the

experimental design and handles randomization of experimental assignments. Treatment provider

service 21mge isshft BeaitagrisdrpetveeiuihiagPialsiial BpseRielcompinatiPeIsintasbanal

factorial (e.g. a reduced subset of combinations) designs.The experimental treatment can thus be the
optional swappitg Blene GeIRT anest einile BPM@plitaRien syptemafOtviteranrinss GaBEOENt,

or with a rules engine that has a specific set of rules. UID provider service 214 handles the generation

of a uniquedeieatidieigand/'oa aBrIKe By ftomvanaussS Oéirpnoptisiices, athésesanoteautaydiz or
manualfunctionality, service 202 enables commuigoadnd integration between system 100
and an existing BPM system. Delegator service &¥érmines which MVT BPM account,
experiment and input variables an individual “resflies associated witin an example, BPM
optimization system 100 may be used at a corparatm run several simultaneous
experiments by different departments on differgrstesms, such as ERP, BPM etc. A user

may first set up an experiment by defining attrdsuand levels to be used for the experiment,

and also define segmentation and outcome varidghdsvill be recorded by system 100. The
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designed to work with either a unique identifier or a token. The UID provider service 214 enables
creation of a mechanism for associating segmentation data, the assigned treatment, and all outcomes
to an individual experimental test subject. For example, during a loan application process in the
foregoing mortgage application example, the UID provider service 214 may simply be the loan
number. For example, as long as this same loan number is available at the start of an experiment, as
long as all customer segmentation (demographic) information can be linked to this loan number, and
as long as all future outcome data can be linked to this loan number, the UID provider may simply
provide knowledge of how to extract and give the BPM optimization system 100 the loan number. If a
unique loan numberis not already available, the UID provider service 214 may be a random-number
generator thaleyimits guraneedatbithiadwiersBPM abtingsioyegersystainsaaorusemha user
reference key.In some applications, the UID provider service 214 may be part of a composite "token"
that encodeethgpshioulefenenaedasedis egiaition ahinfagaatovicBop@zpomsliblén five atoftgageand
application example, a system may use high-strength encryption to encode a loan application number
along with thecijopiidian thasdeikd s esaiipbielcdiar {66 N3 drtw e ansaf segBeMasobsysieext. Thiee
BPM optimization system 100 may use this token as a convenient mechanism for creating a composite
token that lheipéaoecmane dgarfesalizedaiuyglf tydemsapedBeiddvdo nieieimdiersangetrl 6Fafrutility
layer 210 may send outcomes to a persistence system. Outcome recorder service 216 may not
necessarilyM¥ctBiiVh ppdintizasian$ysee ciBoriediaenimeianaosaliter eiPh amRgdast ikdategic
available to be paired with the rest of the system for modeling, with such data being unavailable for
filtered segRRERESTO0LDIRVY kvl WD Bf pR{BAJIEIRIMaLJMIED rieuRseealiab ELse RetRG RdfiR e for
recording any type of event that would be used for experiment or system-health monitoring. Log
service222R43851 &0iRBRRRRI BiRITRAYAB Y LRIBHTIRES 8VA FR iR IR R LERRIEVENES ISuch
as errors or system failures to be delivered via a real-time messaging protocol. Instancecache service
224 provid @O RYPLSANG UL EMBRY: seJRiEH &N i FRP! & A AR 'l - P (PESBRIGRHNs)
for availability for use by services other than astatistical analysisservjce, History service 226 stores
outcome dAFR PRES AL P B S Brm R B /@b YRR G RGP RIDE

or an externalsystem such asOMNITURE or GOOGLE ANALYTICS etc. [0033]With regard tp the data
in instance'd @?@ gghrmﬁeégﬂsgp% %i\g/%wrﬁg 88’2365, ea segmentattlor[u gat , such a% appﬁceilllon
would be removed or not enrolled in the experimeBtatistical engine service 208 provides

the necessary statistical calculations and anatisgzissed herein.

[0030] Treatment provider service 212 of utility layet02creates a randomized
experimental treatment based on a particular exyetial rule. Treatment provider service
212 has thus been initialized by an experimentaighe and handles randomization of
experimental assignments. Treatment provider ser2i@ may issue treatments based on full
factorial (e.g. all possible combinations) or fractal factorial (e.g. a reduced subset of
combinations) designs.The experimental treatmentticas be the optional swapping of one
component of MVT BPM optimization system 100 withother component, or with a rules
engine that has a specific set of rules. UID piewiservice 214 handles the generation of a

unique identifier and/or a “token”. For various S@Ampositions, other services may be
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as an example, for an experimental subject (e.g. a mortgage applicant who wants a loan) there may be
three distinct sets of information. The first set of information may include demographic or segmentation
information that describes the experimental subject. This may include all the potentially useful
information that is known before the experiment begins. The second set of information may include the
experimental treatment (the attributes and their randomly-assigned levels) that determines what
experimental parameters will be applied to the experimental subject. The third set of information may
include the outcome of the experiment. While an experiment is running and applicants are first getting
registered, the BPM optimization system may intake segmentation data (e g the first set of information)
as inputs and provide experimental treatments (e.g. the second set of information) as outputs. While
the experingesigadieing wark eligeidtions (eniyubadbiitfisebsiokéarMTakouID )y bederasiendbd 214
recorded. During post-experiment analysis, both the segmentation variables and the experimental
treatment/adtrdiiéssorentior atcoundendoistn daterssingaingafiegition thatauthensssigheel Iespnastation
allows determination of whether certain criteria are important in determining which optimal treatment
should be applied. Botcexaenpte, &miayivi daterrmpasiohéndd o femb i nkantgaxrgpelichniagtize lnaw
proposed process optimization is optimal for people of a certain background, but does not help for
people of aagiffératinmackgesand. tAcflioraimiag diwitgdoe Behboerxasyriee bl ara\dddr aanooee
data is that the former may be (pending optimization analysis) needed as an input when implementing
the optimal2ddsigatsinpbnhiefthee lerpeninmeber Thaeisexamplclang seel tstraaes dgatnssiiee is04,
and as such, its implementation may have an immediate access, high availability, caching technology
requiremerA\AdAkic Fulee i d Lh BRRXRRIESSIY: ReVIONI RS EIaMBleS eBREM At {BePasRP G ice
224 may have a virtually instant-availability by the run-time system, and may include the UID,
segmentati PRI EHMCRIBHESkEh R dOde R4TBRe AFdaRE &R aHE HIS Sy Icemfcd s Ampe
provide for data related to a BPM process at a future time (e.g. years after an initial experiment was
run (after MBHEAGE dPISicaHD TR rdRBHIP B HS SNAEPLY RN HErADRWISTIKiIPhI Y IdRted).

Thus with regard to the data in ins he service 224, this data allows for immediate retrieval
during the SRURSSA 0B el RAh BN BIEAHBIL S6IeH ThEoRbi RS BTG B

examplo, (S TOTEBIMY bALK SNBSS Lifcialy SICNATILES 2 barditta? Sor LA UEGTESHy o
generator that outputs guaranteed unique numbatsaththe storage systems can use as a
reference key.In some applications, the UID provikrvice 214 may be part of a composite
“token” that encodes the UID reference key withiaddal information. For example, in the
mortgage application example, a system may usedirghgth encryption to encode a loan
application number along with the applicant’s sbsecurity number (SSN) and the name of
the BPM subsystem. The BPM optimization system 1@ use this token as a convenient

mechanism for creating a composite token that hetpgrate data from a variety of systems.

[0031] Outcomerecorderservice 216 of utility layer 21@ynsend outcomes to a
persistence system. Outcome recorder service 236notanecessarily function in real-time,
and some outcome data may be captured in a logsthatier available to be paired with the

rest of the system for modeling, with such datageinavailable for filtered segments.
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system 100 with another software package of a user's BPM process (e.g. SAS Software, CLOUD etc.),
and thus efficient adaptation of system 100 with a user's BPM process. [0035]For example, an existing
BPM process may include a rules engine that is in the form of a logical algorithm that takes a look at
some data that has been gathered already by the BPM process,and based on the data the rules
engine makes a decision as to another step in the BPM process. For such a rules engine in an existing
BPM process, the rules engine may be provided with a MVT BPM optimization adapter that indicates
that based on one of the particular attributes in an experiment, to use a rules algorithm A vs. rules
algorithm B vs. rules algorithm C to decide what decision aBPM orchestration engine needs to make in
terms of its process flow. Parts of the existing BPM process would then be attached to MVT BPM

optimizatiofoegsfem 100\fog residinglnformpatisisttimichaydeerocrllasieetpserihenimesasolor
providing information about a customer or entity the BPMprocess was associated with, and for
determiningesbidingxpeyitppatal seatmerdtwasubibing uisdiskeftpdriManngrtbisrochss)tfoneritorinmg
statistical experimentation, an experimental treatment would first be assigned, and thereafter, a metric
that is beinbagpsienzee?2? @ ddixdese cativetlid\/ e Biivh s poeneratenhts ystenallile tuautcbtizusnperdalted to
an existing BPM process for storing and recording data that would be used at a final stage of
modeling. [O0SERVBLTIB R/ esmimieatiyateystanilex taldwimeiiddés anrealaiitiee pessasinharaliunos for
flagging of certain treatments as suboptimal while an experiment is running (e.g. prior to completion of
an experim@stRToeGe &R ReNVINB0224navigeRJoN towag-thtered seameantsridarithassigneeraiesmes
suboptimal experiments are allowed to continue to process. This allows for realization of gains and
mitigation ¥ loSsRr-SAME R pRHESIPRENHSF. W@%ﬁgﬂiWefo@lﬁﬁénﬁg\éié?Wi@mﬁé SB0nAstskistita a
certain change would provide improvements to a process, if that change is put in place but does not

yield an imBRAEHRSIVSRIHSIOY RRIYIGG ZABIF ISR AERMRE IS T REAHRGECH SaIBblNeAladRaPe.

that it may be readilyexchanged with a “CloudDB”aor externalsystem such asOMNITURE

or GOOGLE ANALYTICS etc.

[0033] With regard to the data in instance cache se@&kand history service 226,
as an example, for an experimental subject (engordgage applicant who wants a loan) there
may be three distinct sets of information. The tfiset of information may include
demographic or segmentation information that dbssrithe experimental subject. This may
include all the potentially useful information thatknown before the experiment begins. The
second set of information may include the expertaletteatment (the attributes and their
randomly-assigned levels) that determines what raxeatal parameters will be applied to
the experimental subject. The third set of infaiora may include the outcome of the
experiment. While an experiment is running and iappts are first getting registered, the
BPM optimization system may intake segmentatiora datg. the first set of information) as
inputs and provide experimental treatments (e.g.sttcond set of information) as outputs.

While the experiment is being run, observationg.(éhe third set of information)may be
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[0037]MVT statistical experiments performed via MVT BPM optimization system 100 allow for
determination of statistical significance and separation of each one of the different segments and
attributes of an experiment from each other. Thus for a multi-step process, a statistical estimate as to
which one of the attributes contributed more or less to the ultimate improvement are determined and
which of the attributes have no measurable effects are ascertained. Statistical estimates with
confidence intervals as to what each one of the levels had as an improvementare also determined.
Additionally, when using standard MVT statistical processes, the interaction between two
processesare also determined. For example, the interaction between a processing stepadded at the
beginning of a BPM process is determined with a different processing step added at another location

in the BPMrpaaeesnd neud e plgnitieposeadieis snay hejsbedosdgiesaciions Liainees diitetast
attributes, different segments, or between attributes and segments, with attributes relating to aspects

of an exper@nirtiattabnreatreadilytotnitole chapdsegaceotsicetittngétcaspectathaifiean e cowrolled
but are generally properties that are not controlled independently. 3.Method [0038]Figure 3 illustrates a
flowchart obatocostesd B1E $egpenfitatiingalvi dRdrinaptiosatitneoc e BidMisrzeass avporting o an
embodiment. The method 300 may be implemented on MVT BPM optimization system 100 described
above refedaigrioifigginebithangtinay leatmtoksinpiddapel aoblifroitaticmie i ¢ S 0@ ieryihed
practiced in other systems. [0039]At step 302, a user (e.g. a business analyst) may load their existing
BPM procesgtopffigtihtreansiyisiaaen aripifiantatithevReNi T BloMassssigationzafistens 10etimal for

people of a certain background, but does not hedpéople of a different background. A
functional distinction between segmentation daid @mcome data is that the former may be
(pending optimization analysis) needed as an imghwén implementing the optimal design at
the end of the experiment. That is, it may be usethe delegator service 204, and as such,
its implementation may have an immediate accegf) Availability, caching technology
requirement that the outcome data store does natlnaan example, data in instance cache
service 224 may have a virtually instant-availapiby the run-time system, and may include
the UID, segmentation/demographic information, dhd assigned treatment. The history
service 226 may provide for data related to a BRdE@ss at a future time (e.g. years after an
initial experiment was run (after mortgage applmwat were randomized) data related to loan
default may still be collected). Thus with regmdhe data in instance cache service 224, this

data allows for immediate retrieval during the m®sing of an experiment for example.

[0034] The foregoing breakdown of MVT BPM optimization sggm100 thus
enablesapplication of system 100 to a user's exjsBPM process. For example, the

foregoing breakdown enables efficient exchange gqfadicular serviceor functionality of

18



[0040]At step 304, the user may identify one or more locations in the existing BPM process for testing.
In this regard, the user may create a node in the existing BPM process (e.g. in the BPM flow diagram)
driven by MVT BPM optimization system 100 for adding, modifying or removing an existing BPM
sub-process. [0041]Atstep 306, the user may define a new experiment for the identified location or
created node, and define its attributes in MVT BPM optimization system 100. With the experiment and
attributes defined, MVT BPM optimization system 100 may be part of the user's existing BPM
orchestration. [0042]At step 308, the user may modify certain services (e.g. services for logic layer
200, utility layer 210, orpersistence layer 220) of the MVT BPM optimization system100 to tailor
system 100 to the existing BPM process. For example, the breakdown of MVT BPM optimization

system100spsiayersGmaviardasmenadra i cirtikayehangewiaPpaticides Sqe/ige SASy Semnars) with
another software package of a user's BPM process (e.g. SAS Software, CLOUD etc.), and thus
efficient adap@um et gy stednt 09 effitientisdeptBitiv pf eget0Thichfancsiors By Idf mack 3. the
foregoing layers and services would thus be abstractly applied to a user's existing BPM process for
BPM optimization. [0043]At step 310, with the experiment defined at step 306, the BPM orchestration

[0035] For example, an existing BPM process may includdes engine that is in the
form of a logical algorithm that takes a look atn&odata that has been gathered already by
the BPM process,and based on the data the ruleseemgkes a decision as to another step in
the BPM process. For such a rules engine in astiegiBPM process, the rules engine may
be provided with a MVT BPM optimization adapter tthradicates that based on one of the
particular attributes in an experiment, to use lasralgorithm A vs. rules algorithm B vs.
rules algorithm C to decide what decision aBPM esttation engine needs to make in terms
of its process flow. Parts of the existing BPMgass would then be attached to MVT BPM
optimization system 100 for recording informatidratt has been collected along the process
for providing information about a customer or gntlhe BPMprocess was associated with,
and for determining which experimental treatmens Wwaing delivered. During this process,
for performing statistical experimentation, an expental treatment would first be assigned,
and thereafter, a metric that is being optimizedildoe recorded. MVT BPM optimization
system 100 would thus be added to an existing BRdMgss for storing and recording data

that would be used at a final stage of modeling.

[0036] MVT BPM optimization system 100 also includes atagmtive process that

allows for flagging of certain treatments as subboal while an experiment is running (e.g.
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would be modified by adding a new service associated with a particular attribute of the experiment,
and based on the level of that attribute, the flow of the modified BPM process may be directed to one
or more new or different paths of the overall BPM process (e.g. overall BPM flow diagram). MVT BPM
optimization system100 thus provides a platform that allows a user (e.g. a business analyst) to define
an experiment to actually control the existing BPM process in order to create variations and track their
outcomes, and to further perform the statistical analysis within one system. [0044]At step 312, MVT
BPM optimization system100 uses the software for the existing BPM process (orchestration and rules
engines) to control an experiment, track results and record outcomes, and uses statistical practices to
drive the entire process. [0045]At step 314, MVT BPM optimization system100 provides optimization

of specific {pigetdnsngsap argciheskbyifeaRpeTineE(REFastan 306pandainis replifiaiionicdtat
user's existing BPM process. 4. Example
decreases the number of times suboptimal expersremet allowed to continue to process.
This allows for realization of gains and mitigatiohlosses in an expedited manner. Thus if
an experiment is set with the assumption that &icechange would provide improvements

to a process, if that change is put in place basduot yield an improvement, system 100

would rapidly indicate whether the change is a gtibwal change.

[0037] MVT statistical experiments performed via MVT BPdptimization system
100 allow for determination of statistical signédice and separation of each one of the
different segments and attributes of an experinfi@mh each other. Thus for a multi-step
process, a statistical estimate as to which orteettributes contributed more or less to the
ultimate improvement are determined and which efdtiributes have no measurable effects
are ascertained. Statistical estimates with cenfié intervals as to what each one of the
levels had as an improvementare also determinedtitidnally, when using standard MVT
statistical processes, the interaction betweenprmgoessesare also determined. For example,
the interaction between a processing stepaddedheatbéginning of a BPM process is
determined with a different processing step addezhather location in the BPM process.In
an example, the interactions may be based on atiens between different attributes,
different segments, or between attributes and setgnwith attributes relating to aspects of
an experiment that can be readily controlled arnginemts relating to aspects that can be

controlled but are generally properties that artecnatrolled independently.
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[0046]Examples of applicationsof MVT BPM optimization system 100 will be described herein with
reference to automation of a home mortgage application review and approval process. [0047]Briefly, in
a home mortgage application review and approval process, a mortgage application may first be
entered by either web page entry, direct entry by a loan officer in an internal computer system, or data
entry done from a paper form mailed to a processing center. Upon receipt of an application by one of
these processes, the data may be reviewed and further clarification may be requested if some of the
entries are erroneous. After retrieval of an applicant's credit history, the application may be reviewed,
and a determination would be made (for example if the credit score is sufficiently low) if additional
supporting documentation should be required of the applicant. Thereafter, the offered interest rate and
terms may be calculatedpeithognore favorable terms being offered to most creditworthy applicants.
After submission of the application to an underwriter for review and approval, if the underwriter needs

Gotumentaihe docu AN AT B A B LA e e LR Rtabbic be

documentation, the docuntentation wou e sen

sent for de(F‘)I {Rﬂi’z%ﬂ]gr{"lg?ln 2PR5RY ré@ggglegégg%mgﬂg e (gRLRe a\%icrﬂ@{%oa%ﬁpﬁﬁg?ﬁeand

schedule closing. This process may involve a large n er of computer systems, some o

external o e bapln(E oY IR WA S B ANS IS et PRo B dirdaome

mortgage application BPM "orchestrates" all of the necessary systems and human agentsto facilitate

the processing of pyoitagus: ARliFpHOBHd WABIAR GNPl ARRIGAEgNLY MYJBRMORiRization
system 100 for the

systems.

[0039] At step 302, a user (e.g. a business analyst) logy their existing BPM

process for further analysis and optimization vialIVBPM optimization system 100.

[0040] At step 304, the user may identify one or moratimns in the existing BPM
process for testing. In this regard, the user grapte a node in the existing BPM process
(e.g. in the BPM flow diagram) driven by MVT BPM tapization system 100 for adding,

modifying or removing an existing BPM sub-process.

[0041] Atstep 306, the user may define a new experinarhk identified location or
created node, and define its attributes in MVT BBptimization system 100. With the
experiment and attributes defined, MVT BPM optiniiza system 100 may be part of the

user’s existing BPM orchestration.
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foregoing mortgage application process may include determination of an optimal credit score at which
a certain path should be taken in the BPM process. For example, a rules engine in a BPM process
may state that for a credit score of less than 500, an applicant is automatically disqualified. A BPM
experiment may be performed using MVT BPM optimization system 100 on this rules engine to
determine an optimal level for the attribute of a credit score at which to disqualify an individual (e.g.
perhaps the optimal disqualification score should be less than 520 instead of 500). The result of such
an experiment would specify a credit score at which it would be optimal to automatically disqualify an
individual. Additionally, an experiment may define an applicant's level of education as a segment.
During the data analysis, statistical methodology can be used to determine whether the optimal
disqualificafgmazoint differsdiepaas) arplicantmuithodinitberbin cellegeglipinieediansyianagie; other
factors such as previous homeownership or age may be simultaneously analyzed. [0049]In an
example of2gEgotiitiatayerseler alfeasiskicess ayay D2OEWIMD B aptipieteiba BysengLooukse
teaching critical computer skills. A segmentation variable may be defined that captures whether a loan
officer had tat®isydttdre taihiogtive theigiasl. BRst-prquess e angliesisha dy aldidowmefiWgha R
employee training had an impact on application accuracy. That impact may or may not have an
interaction oyitintizationgtysiethé 00ain difiyenss asduse vt es \evabifficigna ssichaithed @fign lpdrdinwatimal
BPM system. [0050]In another example of an application of MVT BPM optimization system 100 for the
foregoing ra6ruieR) ®@hppttemoh(s ovitk sargihienscitwaiegngelaloplivagon FMesaeshiRBAIAS
entering either (A) web page entry, (B) direct entry by a loan officer in an internal computer system, or
(C) data enB§fti6HE oA Pasie Joraneh el /Ificisricadamia Bt mestardr KRlioWtCR asendstigMPm
process includes additional checks to determine if a mortgage application is complete. If it has been
determinecPREERS: optid {BYCHMIBIN R SHREBrOhale FReIribers AbRRAECSHWIRHHoHYISVRE
MVT BPM optimization system 100 an attribute can be set such that if a loan officer has less than four
months of %@%HX@HH@Q&BIQ%H RXIRIBG BEM RIRSIRFBRNM oRiBEAH I option (C), where the
existing BPM process includes additional checks to determine if a mortgage application is complete.
Thus an MVT BPM optimization system node may be placed at the process that normally went from a
loan officer submission (option (B)) to the process of submission via a mail center (option (C)) that

includes adigapl checks (o deteffingt 3/0ogaAmBAPIAIAR 5 QEPEIE. BBRPYAANEa0n

experiment Vi T BPM optimization system 100, system 100 can statistically determine if the

modificatiof & e, eXRHBHHET MyPLRIRSS '8 RRIFICIAlE TS SARART TPARRIGIQHSRMRIte of the
experiment, and based on the level of that attibtite flow of the modified BPM process
may be directed to one or more new or differenthpaft the overall BPM process (e.g. overall
BPM flow diagram). MVT BPM optimization system1Q@Bus provides a platform that
allows a user (e.g. a business analyst) to definexperiment to actually control the existing

BPM process in order to create variations and tthek outcomes, and to further perform the

statistical analysis within one system.

[0044] At step 312, MVT BPM optimization system100 uske software for the
existing BPM process (orchestration and rules eg)ito control an experiment, track results

and record outcomes, and uses statistical pradtodisve the entire process.
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metrics can be tested (e.g. how fast rejection/approval gets to a customer, or number of applicants that
end up getting approved etc.), with the foregoing being an example of how an existing BPM process
can be changed via MVT BPM optimization system 100. 5.Computer System [0051]Figure 4 shows a
computer system 400 that may be used as a hardware platform for MVT BPM optimization system
100. Computer system 400 may be used as a platform for executing one or more of the steps,
methods, modules,services and functions described herein that may be embodied as software stored
on one or more computer readable mediums. The computer readable mediums may be non-transitory,
such as storage devices including hardware. [0052]Computer system 400 includes a processor 402 or
processing circuitry that may implement or execute software instructions performing some or all of the

methods, MOoU8ES, servisesstbnGionsnaud airen stpamiesvibeghencinoCommesstianatidatafrom
processor 402 are communicated over a communication bus 404. Computer system 400 also includes
a computespeifabtargier ageribavice S b yathepd pengsc es stape 808y A hAM)isvdpeiraitaei soidivare
and data for processor 402 may reside during runtime. Storage device 403 may also include
non-volatile dester 'sterasin CBRYyivcesstem 400 may include a network interface 405 for connecting to
a network. It will be apparent to one of ordinary skill in the

4, Example

[0046] Examples of applicationsof MVT BPM optimizationssggm 100 will be
described herein with reference to automation dome mortgage application review and

approval process.

[0047] Briefly, in a home mortgage application review aapproval process, a
mortgage application may first be entered by eitieb page entry, direct entry by a loan
officer in an internal computer system, or dataryenione from a paper form mailed to a
processing center. Upon receipt of an applicabpmne of these processes, the data may be
reviewed and further clarification may be requestedome of the entries are erroneous.
After retrieval of an applicant’s credit historyhet application may be reviewed, and a
determination would be made (for example if theditrecore is sufficiently low) if additional
supporting documentation should be required ofathi@icant. Thereafter, the offered interest
rate and terms may be calculated, with more favertdyrms being offered to most credit-
worthy applicants. After submission of the apgima to an underwriter for review and
approval, if the underwriter needs more documemtathe applicant would be contacted, and

upon request and receipt of the documentation,dibmimentation would be sent to the
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art that other known electronic components may be added or substituted in computer system 400.
[0053]While the embodiments have been described with reference to examples, those skilled in the art
will be able to make various modifications to the described embodiments without departing from the
scope of the claimed embodiments. What is claimed is: 1. A multivariate business process modeling
or management (BPM) optimization system to optimize a BPM system, the BPM optimization system
comprising: alogic layer to control operation of the BPM system;

underwriter. Finally, the applicationwould be sémtdecision, and upon approval, the next
step would be to get the applicant to accept teants schedule closing. This process may
involve a large number of computer systems, somehef external to the bank (e.g.

retrieving credit history from a rating agency). huk in this case, the home mortgage
application BPM “orchestrates” all of the necessystems and human agents to facilitate the

processing of mortgage applications.

[0048] An example of an application of MVT BPM optimizati system 100 for the
foregoing mortgage application process may incldekermination of an optimal credit score
at which a certain path should be taken in the BPtMess. For example, a rules engine in a
BPM process may state that for a credit score g6 than 500, an applicant is automatically
disqualified. A BPM experiment may be performethgsMVT BPM optimization system
100 on this rules engine to determine an optimatliéor the attribute of a credit score at
which to disqualify an individual (e.g. perhaps th@imal disqualification score should be
less than 520 instead of 500). The result of suchxperiment would specify a credit score at
which it would be optimal to automatically disgdglian individual. Additionally, an
experiment may define an applicant’s level of etiocaas a segment. During the data
analysis, statistical methodology can be used tderoene whether the optimal
disqualification point differs between applicantghvor without a college diploma. In an
example, other factors such as previous homeowipersh age may be simultaneously

analyzed.
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a utility layerincluding software executed by a computer systemtoimplement a randomized
experimental treatment based on a hypothesis; and a persistence layer tocollect data from application
of the randomized experimental treatment to theBPM system, wherein the multivariate BPM
optimization system optimizes the BPM system by computerized testing of the hypothesis and
generation of results toadd, remove or modify a step or modifya point in a flow of the BPM
systembased on the data collected from application of the randomized experimental treatment. 2. The
multivariate BPM optimization system of claim 1, wherein the logic layer includes: an experiment
transmitter service to integrate the BPM optimization system with the BPM system or a BPM
sub-system; a delegator service toassociate the BPM system or theBPM sub-system with an

experimentgoagptmentinihgnBéXdrapléntz aégmsyfition aséveral loan officeay be known to have
completed a training course teaching critical cotapskills. A segmentation variable may be
defined that captures whether a loan officer hazkived the training in the past. Post-
experiment analysis may determine whether the eysplotraining had an impact on
application accuracy. That impact may or may noehan interaction with the length of the

loan officer’s tenure, all of which may assist witesign of an optimal BPM system.

[0050] In another example of an application of MVT BPMiopzation system 100
for the foregoing mortgage application processum@mes a mortgage application has been
completed by entering either (A) web page entry), dBect entry by a loan officer in an
internal computer system, or (C) data entry dooenfa paper form mailed to a processing
center. For option (C), an existing BPM procesduides additional checks to determine if a
mortgage application is complete. If it has beetednined that for option (B), junior loan
officers have had problems submitting applicationith MVT BPM optimization system 100
an attribute can be set such that if a loan offi@s less than four months of experience, the
application would be sent through the process fiwioa (C), where the existing BPM process
includes additional checks to determine if a magegapplication is complete. Thus an MVT
BPM optimization system node may be placed at thegss that normally went from a loan
officer submission (option (B)) to the process wbmission via a mail center (option (C)) that
includes additional checks to determine if a magggapplication is complete. Based on this
experiment via MVT BPM optimization system 100,tsys 100 can statistically determine if

the modification to the existing BPM process isdfaial. In this manner, multiple outcome
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a segment manager service todefine experimental segments based on the data collected from
application of the randomized experimental treatment. 3. The multivariate BPM optimization system of
claim 1, wherein the utility layer includes: a treatment provider serviceto create the randomized
experimental treatment based on a particular attribute; an identity provider service tomanage reference
keys used by an instance cache service, a history archive service, or external BPM data systems to
uniquely identify experimental test subjects; and an outcome recorder servicetomanage delivery and
storage of experimental outcomes. 4. The multivariate BPM optimization system of claim 1, wherein
the persistence layer includes: a log service to record events associated with theBPM system;

metrics can be tested (e.g. how fast rejectionfagrgets to a customer, or number of
applicants that end up getting approved etc.), thghforegoing being an example of how an

existing BPM process can be changed via MVT BPMnagation system 100.

5. Computer System

[0051] Figure 4 shows a computer system 400 that may deel @s a hardware

platform for MVT BPM optimization system 100. Coutpr system 400 may be used as a
platform for executing one or more of the stepstho@s, modules,services and functions
described herein that may be embodied as softwaredson one or more computer readable
mediums. The computer readable mediums may bedraosiory, such as storage devices

including hardware.

[0052] Computer system 400 includes a processor 402 arepsing circuitry that

may implement or execute software instructions ggaring some or all of the methods,
modules, services, functions and other steps destrierein. Commands and data from
processor 402 are communicated over a communichtie04. Computer system 400 also
includes a computer readable storage device 4@3, as random access memory (RAM),
where the software and data for processor 402 swsgle during runtime. Storage device 403
may also include non-volatile data storage. Comepaystem 400 may include a network

interface 405 for connecting to a network. It viiét apparent to one of ordinary skill in the
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an instance cacheservice to storetreatment, identity and segmentation datafor accessibility; and a
historyserviceto storethe data collected from application of the randomized experimental treatment. 5.
Themultivariate BPM optimization system of claim 1, wherein the logic, utility and persistence layers
enablecustomization and adaptation of the multivariate BPM optimization system to the BPM system.
6. The multivariate BPM optimization system of claim 1, wherein the randomized experimental
treatment includes an assignment of levels of attributes in a statistical experimental design. 7. The
multivariate BPM optimization system of claim 1, wherein the randomized experimental treatment
includes a variation in a process in the BPM system. 8. The multivariate BPM optimization system of
claim 1, further comprising an adaptive process toindicateif therandomized experimental treatment is

suboptimalgtigido eaekeidbomaiiactatiiiieahep@esimeMay duted or substituted in computer system

400.

[0053] While the embodiments have been described widrgrce to examples, those
skilled in the art will be able to make various rifiedtions to the described embodiments

without departing from the scope of the claimed edaments.
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9. The multivariate BPM optimization system of claim 1, wherein the results are automatically
generated statistically significant results for gain and loss predictions based on modification of the
BPM system. 10. The multivariate BPM optimization system of claim 1, wherein the results are
automatically generated statistically significant results for determination of significance of contribution
of a particular attribute of the randomized experimental treatment. 11. The multivariate BPM
optimization system of claim 1, wherein the results are automatically generated statistically significant
results fordetermination of an interaction between different processes of an optimized BPM system or
the BPM system. 12. A method for optimizing a business process modeling or management (BPM)
system, the method comprising: identifying a location in theBPM systemto test; defining a randomized
experimentaliiggagropimeadsed on a hypothesis for the identified location, and applying the randomized
experimental treatment to the BPM system;

1. A multivariate business process modeling or rganeent (BPM) optimization

system to optimize a BPM system, the BPM optim@agystem comprising:
alogic layer to control operation of the BPM syste

a utility layerincluding software executed by anputer systemtoimplement a

randomized experimental treatment based on a hgpisthand

a persistence layer tocollect data from applicatiof the randomized

experimental treatment to theBPM system,

wherein the multivariate BPM optimization systeptimizes the BPM system
by computerized testing of the hypothesis and gdioer of results toadd,
remove or modify a step or modifya point in a floivthe BPM systembased
on the data collected from application of the randed experimental

treatment.

2. The multivariate BPM optimization system of ofal, wherein the logic layer

includes:

an experiment transmitter service to integrate BR& optimization system

with the BPM system or a BPM sub-system;

a delegator service toassociate the BPM systeime®PM sub-system with an

experimental treatmentin the BPM optimization systand
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optimizing the BPM system by computerized testing of the hypothesis and generating results; and
adding, removing or modifying a step or modifying a point in a flow of the BPM system based on data
collected from application of the randomized experimental treatment. 13. The method of claim 12,
further comprising defining attributes of the randomized experimental treatment and assigning levels of
the attributes in a statistical experimental design. 14. The method of claim 12, further comprising
modifying a process or relative flow of a process in the BPM system for the randomized experimental
treatment. 15. The method of claim 12, further comprising automatically indicatingif a randomized
experimental treatment is suboptimal prior to completion of a statistical experiment. 16. The method of
claim 12, wherein the results are automatically generated statistically significant results for determining

significance of contributigrsefmear inaiaigritrieuisce ibeerarderpeathenphams akteasmen. data

collected from application of the randomized exmemtal treatment.

3. The multivariate BPM optimization system of ofail, wherein the utility

layer includes:

a treatment provider serviceto create the randednexperimental treatment

based on a particular attribute;

an identity provider service tomanage referengs kised by an instance cache
service, a history archive service, or external B&afa systems to uniquely

identify experimental test subjects; and

an outcome recorder servicetomanage delivery amége of experimental

outcomes.

4. The multivariate BPM optimization system of atal, wherein the persistence

layer includes:
a log service to record events associated witBRi system;

an instance cacheservice to storetreatment, tglesntid segmentation datafor

accessibility; and

a historyserviceto storethe data collected fromlieation of the randomized

experimental treatment.
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17. The method of claim 12, wherein the results are automatically generated statistically significant
results for determiningan interaction between different processes of an optimized BPM system or the
BPM system. 18. A non-transitory computer readable medium having stored thereon a computer
executable program to optimize a business process modeling or management (BPM) system, the
computer executable program when executed causes a computer system to: identify a location in the
BPM systemto test; define a randomized experimental treatment based on a hypothesis for the
identified location, and apply the randomized experimental treatment to the BPM system; optimize the
BPM system by testing the hypothesis and generating results; and add, remove or modify a step or
modify a point in a flow of the BPM system based on data collected from application of the randomized

experimentgl treatment. Themultivariate BPM optimization system of clailp wherein the logic,
utility and persistence layers enablecustomizatiod adaptation of the multivariate BPM

optimization system to the BPM system.

6. The multivariate BPM optimization system of aokil, wherein the
randomized experimental treatment includes an asmgt of levels of attributes in a

statistical experimental design.

7. The multivariate BPM optimization system of aofail, wherein the

randomized experimental treatment includes a variah a process in the BPM system.

8. The multivariate BPM optimization system ofielal, further comprising an
adaptive process toindicateif therandomized expemtal treatment is suboptimal prior to

completion of a statistical experiment.

9. The multivariate BPM optimization system of ofal, wherein the results are
automatically generated statistically significaasults for gain and loss predictions based on

modification of the BPM system.
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19. The computer readable medium of claim 18, further comprising defining attributes of the
randomized experimental treatment and assigning levels of the attributes in a statistical experimental
design. 20. The computer readable medium of claim 18, further comprising varying a process or
relative flow of a process in the BPM system for the randomized experimental treatment. MVT
OPTIMIZATION OF BUSINESS PROCESS MODELING AND MANAGEMENT ABSTRACT A
multivariate business process modeling or management (BPM) optimization system and method for
optimizing a BPM system includes a logic layer to control operation of the BPM system, a utility layer
to implement a randomized experimental treatment based on a hypothesis, and a persistence layer to
collect data from application of the randomized experimental treatment to the BPM system. The

multivariate BPM optimizaiiemeysiemadan® Matopdaptmizesykie B b ystamdiyisampristre Giesting
of the hypothesis and generation of results toadd, remove or modify a step or modifya point in a flow of
the BPM sysieymatisaity agetier atath seitetical §raig@ifiptiestits rthztermdoatisadatxgigrifieaiak of
treatment.

contribution of a particular attribute of the rantdeed experimental treatment.

11. The multivariate BPM optimization system ddiot 1, wherein the results are
automatically generated statistically significaetsults fordetermination of an interaction

between different processes of an optimized BPNesy®r the BPM system.

12. A method for optimizing a business process hiogl@er management (BPM)

system, the method comprising:
identifying a location in theBPM systemto test;

defining a randomized experimental treatment base@d hypothesis for the
identified location, and applying the randomizegemxmental treatment to the

BPM system;

optimizing the BPM system by computerized testaigthe hypothesis and

generating results; and

adding, removing or modifying a step or modifyiagpoint in a flow of the
BPM system based on data collected from applicatbrthe randomized

experimental treatment.
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(Figure 1.)

13. The method of claim 12, further comprising diefg attributes of the
randomized experimental treatment and assigningldewof the attributes in a statistical

experimental design.

14. The method of claim 12, further comprising nfigidg a process or relative

flow of a process in the BPM system for the randmdiexperimental treatment.

15. The method of claim 12, further comprising cawdtically indicatingif a
randomized experimental treatment is suboptimabrpto completion of a statistical

experiment.

16. The method of claim 12, wherein the results automatically generated
statistically significant results for determininggsificance of contribution of a particular

attribute of the randomized experimental treatment.

17. The method of claim 12, wherein the results automatically generated
statistically significant results for determiningauteraction between different processes of an

optimized BPM system or the BPM system.
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18. A non-transitory computer readable medium hggitored thereon a computer
executable program to optimize a business proceskelng or management (BPM) system,

the computer executable program when executed sausemputer system to:
identify a location in the BPM systemto test;

define a randomized experimental treatment based dypothesis for the
identified location, and apply the randomized ekpental treatment to the

BPM system;
optimize the BPM system by testing the hypothasi$ generating results; and

add, remove or modify a step or modify a poinaiflow of the BPM system
based on data collected from application of thedoamzed experimental

treatment.

19. The computer readable medium of claim 18, &rrtbomprising defining
attributes of the randomized experimental treatra@at assigning levels of the attributes in a

statistical experimental design.

20. The computer readable medium of claim 18, &rrtbomprising varying a
process or relative flow of a process in the BPMtam for the randomized experimental

treatment.
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MVT OPTIMIZATION OF BUSINESS PROCESSMODELING AND

MANAGEMENT

ABSTRACT

A multivariate business process modeling or mamege (BPM) optimization
system and method for optimizing a BPM system itetua logic layer to control operation of
the BPM system, a utility layer to implement a ramized experimental treatment based on a
hypothesis, and a persistence layer to collect dfata application of the randomized
experimental treatment to the BPM system. The iwarlate BPM optimization system and
method optimizes the BPM system by computerizetihgg®f the hypothesis and generation
of results toadd, remove or modify a step or madgpint in a flow of the BPM system based

on the data collected from application of the randed experimental treatment.

(Figure 1.)
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