MVT OPTIMIZATION OF BUSINESS PROCESSMODELING AND

MANAGEMENT

BACKGROUN

[0001] Service Oriented Architecture (SOA) refers to acdedesign principles that,

when applied to a comyuter 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 tQ the various systesuch as web sites, personnel databases,
product databases, inventory stems, accountingtersyg, etc., that are built as

interchangeable elements. In this SQA 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 rodel rdifte possible systems, and system
developers to implement the models into large, ated systems that act as new software

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

[0002] Currently BPM process optimization is perform&ghgsan iterative process in
which the existing process is modeled, for exarbglereating mathematical predictions as to
the costs and benefits of each sub-process anag tisese predictiong, an examination is
made of whether a new BPM methodology would thémally improve the gystem. That is,

the same mathematical assumptions would be apptigtally to decide

improvement would be realized, and thus BPM prooggenization is reduced to '] thought
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riment.Once the model is implemented, it cavdglated by confirming if the actual

improvements match the predicted model. An examp&eBPM process includes automation
of a home_mortgage application review and apprgrakcess, which generally involves
computer systemsand human agents for facilitatiegprocessing of mortgage applications.
In such ahome muyytgage application review and afbrarocess, current techniques of BPM
process optimization\may include re-modeling of firecess by including, removing or

modifying one or more

rocesses based on, for ebgngostomer feedback or industry

research.

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

randomized experimental treatment based on a hgpisthand a persistence layer\to collect
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from application of the randomized experimetrteatment to the BPM system. The
multivajate BPM optimization system may optimizeetBPM system by computerized
testing of the hypothesis and generation of resalegld, remove or modify a step or modify a
point in a flo

of the BPM system based on the dailected from application of the

randomized experinental treatment.

[0005] For the multixariate BPM optimization systemddsed above, the logic layer
may includean experiment tragsmitter serviceto fiyodr replace an existing service, and
thus integrate the BPM optimizatioQ 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\n the Bptviazation system, and thus associate
the BPM system or the BPM sub-system\ with an erpamtal 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 odatsecgllected from application of the

randomized experimental treatment.

[0006] For the multivariate BPM optimization system dé above, the utility

layer may include a treatment provider servicetsiggghe randomiz experimental
treatment based on a particular set of attributmataalue pairs, and thug create the

randomized experimental treatment based on a phatiattribute. The utility layer
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inclyde anidentity provider service tomanage th&um identification of experimental test

, and thus manage reference keys used ingtance cache service, a history archive
service, onexternal BPM data systems to uniquadntify experimental test subjects. The
utility layer m

further include an outcome recardervicetostore individual experimental

test results, and thys manage delivery and stmbegeperimental outcomes.

[0007] For the mutivariate BPM optimization system désed above, the
persistence layer may include\a log serviceto tkevents associated with the BPM system.
The persistence layer may also IRcludean instaacbecserviceto store treatment, identity
and segmentation data for accessibi The ptsce layer may further include a history
serviceto store outcome data, and thu$, store the dzllected from application of the

randomized experimental treatment.

[0008] Forthe multivariate BPM optimization gystem desedibabove, the logic,
utility and persistence layers may enable custaimizaand\adaptation of the multivariate
BPM optimization system to the BPM system. Thelmanized 8xperimental treatment may
include an assignment of levels of attributes staistical experimeptal design.An example
of levels of attributes may refer to specific sy of a parameteNin a BPM system.
Different levels of attributes may also refer tdiety different variations of'gub-process in a
BPM system. Thus, the randomized experimentalrireat may includea variation in a

process in the BPM system. The multivariate BPMnogation systemmay furthex include
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an adaptive process toindicateif therandomized raxeatal treatment is suboptimal prior to

compleXon of a statistical experiment. The foiiegaesults may be automatically generated
statistically\significant results for gain and Igsedictions based on modification of the BPM
system. Alteratively, the results may be autocadlyy generated statistically significant
results for determynation of significance of comiion of a particular attribute of the
randomized experimeNtal treatment.Yet further, rbsults may be automatically generated
statistically significant resylts for determinatiohan interaction between different processes

of an optimized BPM systemQr the BPM system.

[0009] According to an embodinent, a method performs dp#ition of a business

process modeling or management (BPM) system. Tétod may include identifying a

location in theBPM systemto test, and definingradmanized experimental treatment based on
a hypothesis for the identified location, and apmyhe randomized experimental treatment
to the BPM system. The method may further inclugimizing the BPM system by
computerized testing of the hypothesis and gemeyatssults, 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 mayeiumycludedefining
attributes of the randomized experimental treatnaewlt assigning levels of the gttributes in a

statistical experimental design.Attributes may disoreferred to as independent
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of statistical modeling. The method may atetude modifying a process or relative
flow of & process in the BPM system for the randmdiexperimental treatment. The method
may also \\nclude automaticallyindicating if a ramdped experimental treatment is
suboptimal prisy to completion of a statistical ekment. For the foregoing method, the
results may be automatically generated statisyicalnificant results for determining

significance of contribytion of a particular attite of the randomized experimental treatment.
Alternatively, the results Yay be automatically gated statistically significant results for
determining an interaction bgtween different preessof an optimized BPM system or the

BPM system.

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

having stored thereon a computer executqble prog@noptimize a business process
modeling or management (BPM) system is pravideche Tomputer executable program
when executed may cause a computer system tofigqnritbication in the BPM systemto test,
and define a randomized experimental treatmentcbasga hypothesis for the identified

location, and apply the randomized experimentaltinent to thg BPM system. The computer
executable program when executed may further daeissamputer system tooptimize the
BPM system by testing the hypothesis and generataglts, 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.
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For the computer readable medium described abbeecamputer executable
when executed may further causethe commystem todefine attributes of the
experimental treatment and assign leeéldhe attributes in a statistical
experimental design. The computer executable progrhen executed may further causethe

computer systemXp vary a process or relative #dva process in the BPM system for the

randomized experimextal treatment.

BRIEF DESCRIPTION OF DRAWINGS

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

description with reference to the followkg figures

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

system, according to an embodiment;

[0015] Figure2 illustrates an additionalsystem diagram &multivariate BPM

optimization system, according to an embodiment;

[0016] Figure3illustrates a methodfor performingmultieaei BPM optimization,

according to an embodiment; and

[0017] Figuredillustrates a computer system, accordirgntembodiment.
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ILED 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 witR_each other. In the following d@siton, numerous specific details are set
forth in order to proyide a thorough understandmghe embodiments. It will be apparent
however, to one of ordiqary 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 hereil\may be used w4t @her in various combinations.

1. Overview

[0019] According to an embodiment,a myltivariate BPM optation system (MVT

BPM optimization system) is provided for applyirtgtgstical experimental designtobusiness
processes (also referred to as business systemmhesith the goal of optimizing specific
target metrics such as cost, efficiency, custonaéisfaction, Rrofit or other business goals.
The MVT BPM optimization systemthus provides fojustimnent\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 refrto as BPM system herein) is an

orchestration engine that decides the order in lwpieces of a business prosess are supposed
to be engaged. The multivariate testing/optimaratior SOA Orchestration/B solutions

includes, but are not limited to, CRM (customeratieinship management)
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rprise resource planning) domains.Generatly, 8OA service composition can be a
candida{e for optimization using the MVT BPM optaaiion system, where BPM systems

can be usey to compose, orchestrate or piece-grgeghvice compositions.

[0020] Thestatistical experimental designapplied by the TMBPM optimization

systemmay include asS$igning an experimental tredtrat a predetermined location in an
existing BPM process. AN experimental treatmena iparticular assignment of levels of
attributes (e.g. independent vaiables) in thassiedl experimental design, or a variation in
any process or relative flow of a\particular praces an existing BPM process. Thus a
treatment is a collection of one randogly assiglesel for each one of the attributes in an
experiment, or in other words, a random gssignraerdndomly decided levels for all of the
attributes in an experiment. A level is one pogsgs#tting for an attribute, where an attribute
is a single variable in the experimental treat er, multivariate testing is the testing of
multiple hypothesis at once.Thus the MVT BPM opEation system enables determination
of improvement in a BPM process based on the sanglius 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-scoreofllevel, or the length o

officer has been with a company. The credit-saareoff level attribute may include any
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level chosen by a user (e.g. 500, 600, 700 eted) tlae length of time a loan officer has been
with a spmpany attribute may likewiseinclude anyelechosen by a user (e.g. 6 months, 1
year etc.).\ the foregoing mortgage applicatiomregle, an example of an experimental
treatment may\be a credit-score cut-off level 0d,58nd a length of time a loan officer has
been with a compgny of 6 months. Another examplenocexperimental treatment may be a

credit-score cut-off lexgl of 700, and a lengthtiofe a loan officer has been with a company

of 1 year.

[0022] The MVT BPM optmization systemcreates a valid isteal 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 @ntire process. The MVT BPM

optimization system uses live data to create regisisal estimates, as opposed to analysis
being dependent on (possibly erroneous) simulagissunptions.MVTmethodology allows

optimization of multiple components simultaneoushg softwaye automation reduces human
effort, and the MVT BPM optimization system creadesual statistical estimates of optimal
levels and expected performance/cost/benefit gaiifwus the M 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 gaindogses. The MVT BPM ogtimization

10
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system also enables inclusion of advanced techsighat "continuously adapt" the

experiment so that early gains can be rapidly ipoated.

[0023] The MVT BPM optimization system can be applied teasiety of industries,

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

and approval process.

2. System

[0024] Figure 1 illustrates a high-levs| 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 nodihénsxisting BPM process (e.g. in the
BPM flow diagram)driven by MVT BPM optimization dgsn 100. The services provided by
MVT BPM optimization system 100may be new servicasd Kay be incorporated as a
splitter in the existing flow diagram for the usegexisting BPM progess. 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

11
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of the experiment, and based on the level of ttiebate, the flow of the modified/optimized
BPM phocess 106 may be directed to one or moreoresifferent paths in the overall BPM

\J. new or different paths in the ov@&@BM flow diagram).

[0025] MVT RPM optimization system100 thus provides afplan that allows a user
(e.g. a business analysY) to define an experinoeattually control existing BPM process 104
in order to create variations and track their ootes, and to furtherperform the statistical

analysis within one system.

[0026] Figure 2 illustrates MVT RPM optimization syster@0lin more detail. MVT

BPM optimization system 100 may be paNjtioned ititcee layers, namely logic/controller
layer 200 (hereinafter ‘logic layer 200’), utili tional layer 210 (hereinafter ‘utility layer
210’), and persistence layer 220, with each lageiNding 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 mosevigesN.ayers 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 thgtpert the attainment of the
associated with service-oriented computing. Eamhise may be assigned its own distinct

12
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funchiponal 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 conytact (much like a traditional API). Adule may be implemented in software,
hardware or a combination thereof, and provideftimetionality for one or more services.

Thus the layers ang services of MVT BPM optimizatgystem 100 as shown in Figures 1
and 2 are provided 1Qr illustrative purposes onhd anay be partitioned, combined or
otherwise modified for fad{itating application VT BPM optimization system 100 to a
user’'s existing BPM proces 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 a coordinated aggeegd services. A

composition of services may thus be comparayle 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 hard software application, or as an

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

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

service 208. The logic layer may perform orchestnaor modify an existing orchesyation of

13
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existing BPM system.Utilitylayer 210 includestreentproviderservice 212,
UID/token/identity providerservice 214 (hereinaftedD (unique identifier) service 214’),

and outcoNerecorderservice216.The utility layer raagible encapsulation of all functional
support sub-systems for the BPM optimization systieah are used to implement a statistical
experiment. If thage is any customization or exgeswapping of components in the BPM
optimization system, Yhe customization may be ieoldo the utility layer. Persistence layer
220 includes log servicg 222, instancecacheser2® and history/archiveservice 226
(hereinafter ‘history service\226’).The functiomgliof each of the foregoing layers and

services may be abstractly appligd to a user'diegi8PM system for BPM optimization.

[0029] Experiment transmitter serxice202 of logic lay®0Zhandles all integration
with the BPM system. In an example, the experinteartsmitter service 202 may be the
single point of integration between the BPM optatian system 100 and an existing BPM
system that is going to be controlled. Thus witljare t§ experiment transmitter service 202,
depending on a BPM system that is being optimixed &s level of automatic or
manualfunctionality, service 202 enables commuigoaind integration between system 100
and an existing BPM system. Delegator service &¥érmines which MVT BPM account,
experiment and input variables an individual “resflies associated wittp an example, BPM
optimization system 100 may be used at a corparatm run several simultaneous
experiments by different departments on differgrstesms, such as ERP, BRM etc. A user

may first set up an experiment by defining attr@suand levels to be used for the\experiment,

and also define segmentation and outcome varidhésvill be recorded by system

14


lalinka
Line


Delegator service 204 determines which BPM optitiorasystem configuration that the user
set upshould be accessed.Segment managerservices 2@Sponsible for all logic and
functionality that takes available data and usds itreate a user segmentation context. The
interface may ke generalized enough to be usableitfter MVT or “behavior targeting”. For
MVT BPM optimigation system 100, segment managewice 206 provides the logic
necessary to pair a oser with an experimental ity the experimental rule being a rule
based on segment information that determines whetheot a certain batch of treatments is
applied to an experiment. \Thus an example of goemxental rule for the foregoing
mortgage application example iay include a detatin of whether an application was
initially submitted using a web interfgce, and lthea segmentation data, such an application
would be removed or not enrolled in thg experimebtatistical engine service 208 provides

the necessary statistical calculations and anagliyscaissed herein.

[0030] Treatment provider service 212 of Wility layet02creates a randomized
experimental treatment based on a particular exytial\ule. Treatment provider service
212 has thus been initialized by an experimentaighe and handles randomization of
experimental assignments. Treatment provider ser2i@ may issNe 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 optiongl 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 gegeration of a

unique identifier and/or a “token”. For various S@Ampositions, other services\may be

15
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\gned to work with either a unique identifieraotoken. The UID provider service 214
enables creation of a mechanism for associatingneetation data, the assigned treatment,
and all ocomes to an individual experimental t@#bject. For example, during a loan
application pragcess in the foregoing mortgage appbn example, the UID provider service
214 may simply Qe the loan number. For exampleloag as this same loan number is
available at the start\of an experiment, as longlasustomer segmentation (demographic)
information can be linkeY to this loan number, asdong as all future outcome data can be
linked to this loan number\the UID provider maynply provide knowledge of how to
extract and give the BPM op¥Ymization system 108 tban number. If a unique loan
numberis not already available, the UID providervee 214 may be a random-number
generator that outputs guaranteed unique numbatsaththe storage systems can use as a
reference key.In some applications, the UND provikrvice 214 may be part of a composite
“token” that encodes the UID reference key Wthiaddal information. For example, in the
mortgage application example, a system may usedirghgth encryption to encode a loan
application number along with the applicant’s sbseciity number (SSN) and the name of
the BPM subsystem. The BPM optimization system 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@ynseqd outcomes to a
persistence system. Outcome recorder service 2jonotanecessarily funcion in real-time,
and some outcome data may be captured in a logsthatier available to be pajred with the

rest of the system for modeling, with such datageinavailable for filtered segmerxs.

16
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[0032] Log service 222 of persistence layer 220 is ag#ized service interface for
recording any type of event that would be usedefqgreriment or system-health monitoring.
Log serviceg22 enables individual operations todoerded to a local file but more important
events such ax errors or system failures to beeateli via a real-time messaging protocol.
Instancecache selNice 224 provides for storing détiered segments, identity, assigned rules
or sub-sampling exclusions) for availability foreudy services other than astatistical
analysisservice. History Service 226 stores ouicdata. This is abstracted as an interface so
that it may be readilyexchanged with a “CloudDB”anr externalsystem such asOMNITURE

or GOOGLE ANALYTICS etc.

[0033] With regard to the data in iInstance cache se@®zkand history service 226,
as an example, for an experimental subject (spgordgage applicant who wants a loan) there
may be three distinct sets of information. e tfiset of information may include
demographic or segmentation information that dbs&(ithe experimental subject. This may
include all the potentially useful information thatknown bgfore the experiment begins. The
second set of information may include the expertaletreatrent (the attributes and their
randomly-assigned levels) that determines what raxeatal paraxeters 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 gettag registered, the
BPM optimization system may intake segmentatiora datg. the first set of lformation) 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)iyay be

17
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made and recorded. During post-experiment anallgsif, the segmentation variables and the
experimgntal treatment/attributes may be accouritgdto determine anyaffect on the
outcomes.\J he segmentation allows determinationhather certain criteria are important in
determining wkich optimal treatment should be aggpliFor example, it may be determined
that of all the moytgage applicants, the new predogrocess optimization is optimal for
people of a certain Packground, 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 imghen implementing the optimal design at

the end of the experiment. That\js, it may be usethe delegator service 204, and as such,
its implementation may have an Mmediate accegf) Availability, caching technology
requirement that the outcome data stoxe 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 informadtion, dhd assigned treatment. The history
service 226 may provide for data related to a BRO&@ss at a future time (e.g. years after an
initial experiment was run (after mortgage applwat ware randomized) data related to loan
default may still be collected). Thus with regmdhe data iNinstance 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 optimizatign seggm100 thus

enablesapplication of system 100 to a user's exjsBPM process. FoOy example, the

foregoing breakdown enables efficient exchange gqfadicular serviceor fun
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system 100 with another software package of a sig8PM process (e.g. SAS Software,

CLOUD\gtc.), and thus efficient adaptation of sgstE0 with a user’'s BPM process.

[0035] Fox example, an existing BPM process may includdes engine that is in the

form of a logical algorithm that takes a look atneodata that has been gathered already by
the BPM process,and bgsed on the data the ruléseemgkes a decision as to another step in
the BPM process. For sucq a rules engine in astiegiBPM process, the rules engine may
be provided with a MVT BPM\pptimization 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 decisjon aBPM estration engine needs to make in terms
of its process flow. Parts of the existing RPMgass 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 gptihe BPMprocess was associated with,
and for determining which experimental treatmens Waing delivered. During this process,
for performing statistical experimentation, an expental Xeatment would first be assigned,
and thereafter, a metric that is being optimizediidoe recorded. MVT BPM optimization

system 100 would thus be added to an existing BiRddgss for Storing and recording data

that would be used at a final stage of modeling.

[0036] MVT BPM optimization system 100 also includes atagtive Wrocess that

allows for flagging of certain treatments as subboal while an experiment is ru
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prioNto completion of an experiment). Thus systEfi can adapt itself in real-time so that it
decreasegs the number of times suboptimal expersremet allowed to continue to process.
This allows\or realization of gains and mitigatiohlosses in an expedited manner. Thus if
an experiment\s 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 experinfimh 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 whjch efdtiributes have no measurable effects
are ascertained. Statistical estimates with cenbg intervals as to what each one of the
levels had as an improvementare also determinedtit@nally, when using standard MVT
statistical processes, the interaction betweenprmgoessesa(e also determined. For example,
the interaction between a processing stepaddedheatbeginging of a BPM process is
determined with a different processing step addezhather locatign 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 amnginemts relating to aspetts that can be

controlled but are generally properties that artecnatrolled independently.
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Method

[0038] Figure 3 illustrates a flowchart of a method 300 performingaMVT BPM

optimization\ on a BPM process, according to an efithent. The method 300 may be
implemented oqg MVT BPM optimization system 100 dixed above referring to Figures 1
and 2 by way of &xample and not limitation. Thethnd 300 may be practiced in other

systems.

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

process for further analysis and op{imization vi&'IVBPM optimization system 100.

[0040] At step 304, the user may identify one or moratmns in the existing BPM

process for testing. In this regard, the user i@agpte a node in the existing BPM process
(e.g. in the BPM flow diagram) driven by MVT BRM tapization system 100 for adding,

modifying or removing an existing BPM sub-process.

[0041] Atstep 306, the user may define a new experi 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 Ynay be part of the

user’s existing BPM orchestration.
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At step 308, the user may modify certain servieeg. services for logic layer
200, utNjty layer 210, orpersistence layer 220)leg MVT BPM optimization system100 to
100 to the existing BPM process. @&ample, the breakdown of MVT BPM
optimization s¥stem100 in layers and services @sakfficient exchange of a particular
service of system\100 with another software packafga user's BPM process (e.g. SAS
Software, CLOUD ety,), and thus efficient adaptatmf system 100 with a user's BPM
process. The functionakty of each of the foregoilayers and services would thus be

abstractly applied to a user'sexisting BPM prodes8PM optimization.

[0043] At step 310, with the experiment defined at stéf,3he BPM orchestration
would be modified by adding a new sexvice assodiatéh a particular attribute of the
experiment, and based on the level of that stteibtite flow of the modified BPM process
may be directed to one or more new or differentigat 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 definexperimeqt to actually control the existing
BPM process in order to create variations and tthek outco

s, and to further perform the

statistical analysis within one system.

[0044] At step 312, MVT BPM optimization system100 uske tQftware for the
existing BPM process (orchestration and rules esgjito control an experimeny, track results

and record outcomes, and uses statistical pradtodisve the entire process.
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[00¥5] At step 314, MVT BPM optimization system100 prasdoptimization of

specifis target metrics as specified by the expenifs) in step 306, and thus optimization of

a user’s existing BPM process.

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

approval process.

[0047] Briefly, in a home mortyage 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 dakryenione from a paper form mailed to a
processing center. Upon receipt of an applicabypoge of these processes, the data may be
reviewed and further clarification may be requestedgme of the entries are erroneous.

After retrieval of an applicant’s credit historyhet applicaion may be reviewed, and a
determination would be made (for example if theditrecore is s\fficiently low) if additional

supporting documentation should be required ofathi@icant. Theresfter, 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 underwritef\for review and
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involve a Nrge number of computer systems, somehef external to the bank (e.g.
retrieving credi{ history from a rating agency). huk in this case, the home mortgage
application BPM “0¢chestrates” all of the necessyrstems and human agents to facilitate the

processing of mortgage applications.

[0048] An example of application of MVT BPM optimizati system 100 for the
foregoing mortgage application precess may incldeermination of an optimal credit score
at which a certain path should be tak&n in the Bffdtess. For example, a rules engine in a
BPM process may state that for a credit’g¢core s than 500, an applicant is automatically
disqualified. A BPM experiment may be pexformethgsMVT BPM optimization system
100 on this rules engine to determine an optimtlléor the attribute of a credit score at
which to disqualify an individual (e.g. perhaps th@inal 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 \npdividual. Additionally, an
experiment may define an applicant’s level of etiocaas a segment. During the data
analysis, statistical methodology can be used tderoéne ether the optimal
disqualification point differs between applicantghaor without a college diploma. In an
example, other factors such as previous homeowipersh age may be \simultaneously

analyzed.
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[0049Q] In an example of segmentation, several loan aficeay be known to have

compleded a training course teaching critical cotapskills. A segmentation variable may be

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

[0050] In another examyle of an application of MVT BPMiopzation system 100
for the foregoing mortgage appligation processum@mes a mortgage application has been
completed by entering either (A) weR 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 progesduides 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 applicationthi\VIVT 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 fwioa (C), where the existing BPM process
includes additional checks to determine if a magegapplication 1S complete. Thus an MVT
BPM optimization system node may be placed at thegss that norally went from a loan
officer submission (option (B)) to the process wbmission via a mail cerNer (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 §etermine if

the modification to the existing BPM process isdfaial. In this manner, multiple utcome
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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. These models can include actual individuals that perform predetermined tasks.

[0002] Currently BPM process optimization is performed using an iterative process in
which the existing process is modeled, for example, by creating mathematical predictions 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



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 systems and human agents for facilitating the processing of mortgage applications.
In such a home 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 results to be used for gain/loss
predictions (e.g. coming up with predictive estimates as to what the actual possible loss or
gain is of an alternative business process), or confidence intervals. Moreover, the modeling

approach also does not provide for a scientific approach for determining optimum settings.

SUMMARY OF THE INVENTION

[0004] A multivariate business process modeling or management (BPM) optimization
system for optimizing a BPM system may include a logic layer to control operation of the
BPM system, a utility layer including software executed by a computer system 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 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 system described above, the logic layer
may include an experiment transmitter service to 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 service to map a specific BPM application to an
appropriate account and configuration in the BPM optimization system, and thus associate the
BPM system or the BPM sub-system with an experimental treatment in the BPM optimization
system. The logic layer may further include a segment manager service to manage all
incoming segmentation variables that identify test subject qualifications, and thus define
experimental segments based on the data collected from application of the randomized

experimental treatment.

[0006] For the multivariate BPM optimization system described above, the utility
layer may include a treatment provider service to assign the randomized experimental
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 an identity provider service to manage 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 service to store 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 service to record events associated with the BPM system.
The persistence layer may also include an instance cache service to store treatment, identity
and segmentation data for accessibility. The persistence layer may further include a history
service to store outcome data, and thus store the data collected from application of the

randomized experimental treatment.

[0008] For the multivariate BPM optimization system described above, the logic,
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 include a variation in a

process in the BPM system. The multivariate BPM optimization system may further include



an adaptive process to indicate if the randomized 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 modification
of the BPM system. Alternatively, the results may be automatically generated statistically
significant results for determination of significance of contribution of a particular attribute of
the randomized experimental treatment. Yet further, the results may be automatically
generated statistically significant results for determination of an interaction between different

processes of an optimized BPM system or the BPM system.

[0009] According to an embodiment, a method performs optimization of a business
process modeling or management (BPM) system. The method may include identifying a
location in the BPM system to test, and defining a randomized experimental treatment based
on a hypothesis for the identified location, and applying the randomized experimental
treatment to the BPM system. The method may further include 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.

[0010] For the method described above, the method may further include defining
attributes of the randomized experimental treatment and assigning levels of the attributes in a

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 automatically indicating 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 readable medium
having stored there on a computer executable program to optimize a business process
modeling or management (BPM) system is provided. The computer executable program
when executed may cause a computer system to identify a location in the BPM system to test,
and define a randomized experimental treatment based on a hypothesis for the identified
location, and apply the randomized experimental treatment to the BPM system. The computer
executable program when executed may further cause the computer system to 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 experimental treatment.



[0012] For the computer readable medium described above, the computer executable
program when executed may further cause the computer system to define attributes of the
randomized experimental treatment and assign levels of the attributes in a statistical
experimental design. The computer executable program when executed may further cause the
computer system to vary a process or relative flow of a process in the BPM system for the

randomized experimental treatment.

BRIEF DESCRIPTION OF DRAWINGS

[0013] The embodiments of the invention will be described in detail in the following

description with reference to the following figures.

[0014] Figure 1 illustrates a system diagram for a multivariate BPM optimization

system, according to an embodiment;

[0015] Figure 2 illustrates an additional system diagram for a multivariate BPM

optimization system, according to an embodiment;

[0016] Figure 3 illustrates a method for performing multivariate BPM optimization,

according to an embodiment; and

[0017] Figure 4 illustrates 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. Overview

[0019] According to an embodiment, a multivariate BPM optimization system (MVT
BPM optimization system) is provided for applying statistical experimental design to business
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 system thus provides for adjustment or modification of a BPM
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 planning) domains. Generally, any SOA service composition can be a
candidate for optimization using the MVT BPM optimization system, where BPM systems

can be used to compose, orchestrate or piece-together service compositions.

[0020] The statistical experimental design applied by the MVT BPM optimization
system may include assigning an experimental treatment at a predetermined location in an
existing BPM process. An experimental treatment is 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 experiment. A level is one possible setting for an attribute, where an attribute
is a single variable in the experimental treatment. Further, multivariate testing is the testing of
multiple hypothesis at once. Thus the MVT BPM optimization system enables determination
of improvement in a BPM process based on the simultaneous testing or manipulation of

multiple processes.

[0021] In an example related to a BPM process for a mortgage application review and
approval process (see discussion in Section 4 — Example), the statistical experimental design
may 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 likewise include 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 system creates a valid statistical multivariate
experiment that can apply alternative algorithms, track results, determine optimal levels, and
automatically adapt business processes. The MVT BPM optimization system uses existing
BPM software (orchestration and rules engines) to control an experiment and record
outcomes, and uses statistical practices to drive the entire process. The MVT BPM
optimization system uses live data to create real statistical estimates, as opposed to analysis
being dependent on (possibly erroneous) simulation assumptions. MVT methodology allows
optimization of multiple components simultaneously, the software automation reduces human
effort, and the MVT BPM optimization system creates actual statistical estimates of optimal
levels and expected performance/cost/benefit gains. Thus the MVT BPM optimization
system provides for estimates of the necessary sample size for statistical significance in
conclusions, statistically significant conclusions to hypothesis, and actual estimates with

specific confidence intervals over probable gains or losses. 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 104 and 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)driven by MVT BPM optimization system 100. The services provided by
MVT BPM optimization system 100 may be new services, and may be incorporated as a
splitter in the existing flow diagram for the user’s existing BPM process. As discussed 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
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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 further perform 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 of
facilitating the description, layers 200, 210 and 220 define a conceptual architecture including
a single service, or a combination of two or more services. Layers 200, 210 and 220 also
describe the general functionality of the respective services illustrated in Figure 2. A service
represents the smallest set of functional operations that a program or programmatic
component delivers. Thus a service may be implemented in software, hardware or a
combination thereof. 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
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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
service contract (much like a traditional API). A module may be implemented in software,
hardware or a combination thereof, and provide the functionality for one or more services.
Thus the layers and services of MVT BPM optimization system 100 as shown in Figures 1
and 2 are provided for illustrative purposes only and may be partitioned, combined or
otherwise modified for facilitating application of MVT BPM optimization system 100 to a
user’s existing BPM process. Further, the layout of the layers and services as shown in
Figures 1 and 2 may not be used to structurally or functionally limit the scope of MVT BPM

optimization system100.

[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 includes experiment 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
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an existing BPM system. Utility layer 210 includes treatment provider service 212,
UlID/token/identity provider service 214 (hereinafter ‘UID (unique identifier) service 214’),
and outcome recorder service 216. 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, instance cache service 224, and history/archive service 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 integration
with the BPM system. In an example, the experiment transmitter service 202 may be the
single point of integration between the BPM optimization system 100 and an existing BPM
system that is going to be controlled. Thus with regard to experiment transmitter service 202,
depending on a BPM system that is being optimized and its level of automatic or manual
functionality, service 202 enables communication and integration between system 100 and an
existing BPM system. Delegator service 204 determines which MVT BPM account,
experiment and input variables an individual “request” is associated with. In an example,
BPM optimization system 100 may be used at a corporation to run several simultaneous
experiments by different departments on different systems, such as ERP, BPM etc. A user
may first set up an experiment by defining attributes and levels to be used for the experiment,

and also define segmentation and outcome variables that will be recorded by system 100. The

14



Delegator service 204 determines which BPM optimization system configuration that the user
set up should be accessed. Segment manager service 206 is responsible for all logic and
functionality that takes available data and uses it to create a user segmentation context. The
interface may be generalized enough to be usable for either MVT or “behavior targeting”. For
MVT BPM optimization system 100, segment manager service 206 provides the logic
necessary to pair a user with an experimental rule, with the experimental rule being a rule
based on segment information that determines whether or not a certain batch of treatments is
applied to an experiment. Thus an 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

the necessary statistical calculations and analysis discussed herein.

[0030] Treatment provider service 212 of utility layer 210 creates a randomized
experimental treatment based on a particular experimental rule. Treatment provider service
212 has thus been initialized by an experimental design and handles randomization of
experimental assignments. Treatment provider service 212 may issue treatments based on full
factorial (e.g. all possible combinations) or fractional factorial (e.g. a reduced subset of
combinations) designs. The experimental treatment can thus be the optional swapping of one
component of MVT BPM optimization system 100 with another component, or with a rules
engine that has a specific set of rules. UID provider service 214 handles the generation of a

unique identifier and/or a “token”. For various SOA compositions, other services may be
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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 number
is not already available, the UID provider service 214 may be a random-number generator that
outputs guaranteed unique numbers that all the storage systems can use as a reference key. In
some applications, the UID provider service 214 may be part of a composite “token” that
encodes the UID reference key with additional information. For example, in the mortgage
application example, a system may use high-strength encryption to encode a loan application
number along with the applicant’s social security number (SSN) and the name of the BPM
subsystem. The BPM optimization system 100 may use this token as a convenient

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

[0031] Outcome recorder service 216 of utility layer 210 may send outcomes to a
persistence system. Outcome recorder service 216 may not necessarily function in real-time,
and some outcome data may be captured in a log that is later available to be paired with the

rest of the system for modeling, with such data being unavailable for filtered segments.
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[0032] Log service 222 of persistence layer 220 is a generalized service interface for
recording any type of event that would be used for experiment or system-health monitoring.
Log service 222 enables individual operations to be recorded to a local file but more
important events such as errors or system failures to be delivered via a real-time messaging
protocol. Instance cache service 224 provides for storing data (filtered segments, identity,
assigned rules or sub-sampling exclusions) for availability for use by services other than a
statistical analysis service. History service 226 stores outcome data. This is abstracted as an
interface so that it may be readily exchanged with a “Cloud DB” or an external system such as

OMNITURE or GOOGLE ANALYTICS etc.

[0033] With regard to the data in instance cache service 224 and history service 226,
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 in take 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 experiment is being run, observations (e.g. the third set of information) may be
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made and recorded. During post-experiment analysis, both the segmentation variables and the
experimental treatment/attributes may be accounted for to determine any affect on the
outcomes. The segmentation allows determination of whether certain criteria are important in
determining which optimal treatment should be applied. For example, it may be determined
that of all the mortgage applicants, the new proposed process optimization is optimal for
people of a certain background, but does not help for people of a different background. A
functional distinction between segmentation data and outcome data is that the former may be
(pending optimization analysis) needed as an input when implementing the optimal design at
the end of the experiment. That is, it may be used by the delegator service 204, and as such,
its implementation may have an immediate access, high availability, caching technology
requirement that the outcome data store does not have. In an example, data in instance cache
service 224 may have a virtually instant-availability by the run-time system, and may include
the UID, segmentation/demographic information, and the assigned treatment. The history
service 226 may provide for data related to a BPM process at a future time (e.g. years after an
initial experiment was run (after mortgage applications were randomized) data related to loan
default may still be collected). Thus with regard to the data in instance cache service 224, this

data allows for immediate retrieval during the processing of an experiment for example.

[0034] The foregoing breakdown of MVT BPM optimization system100 thus enables
application of system 100 to a user’s existing BPM process. For example, the foregoing

breakdown enables efficient exchange of a particular service or functionality of system 100
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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 a BPM orchestration engine needs to make in terms
of its process flow. Parts of the existing BPM process would then be attached to MVT BPM
optimization system 100 for recording information that has been collected along the process
for providing information about a customer or entity the BPM process was associated with,
and for determining which experimental treatment was being delivered. During this process,
for performing statistical experimentation, an experimental treatment would first be assigned,
and thereafter, a metric that is being optimized would be recorded. MVT BPM optimization
system 100 would thus be added to an existing BPM process for storing and recording data

that would be used at a final stage of modeling.

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

allows for flagging of certain treatments as suboptimal while an experiment is running (e.g.
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prior to completion of an experiment). Thus system 100 can adapt itself in real-time so that it
decreases the number of times suboptimal experiments are allowed to continue to process.
This allows for realization of gains and mitigation of losses in an expedited manner. Thus if
an experiment is set with the assumption that a certain change would provide improvements
to a process, if that change is put in place but does not yield an improvement, system 100

would rapidly indicate whether the change is a suboptimal change.

[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 improvement are also determined. Additionally, when using standard MVT
statistical processes, the interaction between two processes are also determined. For example,
the interaction between a processing step added at the beginning of a BPM process is
determined with a different processing step added at another location in the BPM process. In
an example, the interactions may be based on interactions between different attributes,
different segments, or between attributes and segments, with attributes relating to aspects of
an experiment that can be readily controlled and segments relating to aspects that can be

controlled but are generally properties that are not controlled independently.

20



3. Method

[0038] Figure 3 illustrates a flowchart of a method 300 for performing a MVT BPM
optimization on a BPM process, according to an embodiment. The method 300 may be
implemented on MVT BPM optimization system 100 described above referring to Figures 1
and 2 by way of example and not limitation. The method 300 may be practiced in other

systems.

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

process for further analysis and optimization via MVT BPM optimization system 100.

[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] At step 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.
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[0042] At step 308, the user may modify certain services (e.g. services for logic layer
200, utility layer 210, or persistence layer 220) of the MVT BPM optimization system 100 to
tailor system 100 to the existing BPM process. For example, the breakdown of MVT BPM
optimization systeml00 in layers and services enables efficient exchange of a particular
service of 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. The functionality of each of 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
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 system 100 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.

22



[0045] At step 314, MVT BPM optimization system100 provides optimization of
specific target metrics as specified by the experiment(s) in step 306, and thus optimization of

a user’s existing BPM process.

4. Example

[0046] Examples of applications of 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 calculated, with more favorable terms being offered to most credit-
worthy applicants. After submission of the application to an underwriter for review and
approval, if the underwriter needs more documentation, the applicant would be contacted, and

upon request and receipt of the documentation, the documentation would be sent to the
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underwriter. Finally, the application would be sent for decision, and upon approval, the next
step would be to get the applicant to accept terms and schedule closing. This process may
involve a large number of computer systems, some of them external to the bank (e.g.
retrieving credit history from a rating agency). Thus in this case, the home mortgage
application BPM “orchestrates” all of the necessary systems and human agents to facilitate the

processing of mortgage applications.

[0048] An example of an application of MVT BPM optimization system 100 for the
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
disqualification point differs between applicants with or without a college diploma. In an
example, other factors such as previous home ownership or age may be simultaneously

analyzed.

24



[0049] In an example of segmentation, several loan officers may be known to have
completed a training course teaching critical computer skills. A segmentation variable may be
defined that captures whether a loan officer had received the training in the past. Post-
experiment analysis may determine whether the employee training had an impact on
application accuracy. That impact may or may not have an interaction with the length of the

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

[0050] In another example of an application of MVT BPM optimization system 100
for the foregoing mortgage application process, assume a mortgage application has been
completed by entering either (A) web page entry, (B) direct entry by a loan officer in an
internal computer system, or (C) data entry done from a paper form mailed to a processing
center. For option (C), an existing BPM process includes additional checks to determine if a
mortgage application is complete. If it has been determined that for option (B), junior loan
officers have had problems submitting applications, with MVT BPM optimization system 100
an attribute can be set such that if a loan officer has less than four months of experience, the
application would be sent through the process for 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 additional checks to determine if a mortgage application is complete. Based on this
experiment via MVT BPM optimization system 100, system 100 can statistically determine if

the modification to the existing BPM process is beneficial. In this manner, multiple outcome
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